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Abstract
Background The use of laparoscopic and robotic procedures has increased in general surgery. Minimally invasive robotic 
surgery has made tremendous progress in a relatively short period of time, realizing improvements for both the patient and 
surgeon. This has led to an increase in the use and development of robotic devices and platforms for general surgery. The 
purpose of this review is to explore current and emerging surgical robotic technologies in a growing and dynamic environ-
ment of research and development.
Methods This review explores medical and surgical robotic endoscopic surgery and peripheral technologies currently avail-
able or in development. The devices discussed here are specific to general surgery, including laparoscopy, colonoscopy, 
esophagogastroduodenoscopy, and thoracoscopy. Benefits and limitations of each technology were identified and applicable 
future directions were described.
Results A number of FDA-approved devices and platforms for robotic surgery were reviewed, including the da Vinci Surgical 
System, Sensei X Robotic Catheter System, FreeHand 1.2, invendoscopy E200 system, Flex® Robotic System, Senhance, 
ARES, the Single-Port Instrument Delivery Extended Research (SPIDER), and the NeoGuide Colonoscope. Additionally, 
platforms were reviewed which have not yet obtained FDA approval including MiroSurge, ViaCath System, SPORT™ Surgi-
cal System, SurgiBot, Versius Robotic System, Master and Slave Transluminal Endoscopic Robot, Verb Surgical, Miniature 
In Vivo Robot, and the Einstein Surgical Robot.
Conclusions The use and demand for robotic medical and surgical platforms is increasing and new technologies are continu-
ally being developed. New technologies are increasingly implemented to improve on the capabilities of previously estab-
lished systems. Future studies are needed to further evaluate the strengths and weaknesses of each robotic surgical device 
and platform in the operating suite.

Keywords Robotic surgery · Surgical robotics · Laparoscopy · Endoscopy · Robotic-assisted surgery

As the trend in general surgery moves toward less invasive 
procedures, there has been an increase in the use of laparo-
scopic and robotic procedures. Laparoscopy has helped tre-
mendously in reducing patients’ scarring and hospitalization 
time [1]. In some cases, it has also limited the surgeon’s dex-
terity, sensory feedback, and visualization, relative to open 
procedures. The development of surgical robotic systems 
has continued to address those limitations that laparoscopic 
surgery potentially places on the surgeon [2, 3].

Minimally invasive Robotic-assisted Surgery (RAS) 
has become an avenue to integrate current technology 

advancements in traditional minimally invasive surgery. As 
laparoscopy continues to gain ground, a push to develop 
surgical systems that deploy laparoendoscopic single-port 
surgery (LESS) instruments has followed [4]. Furthermore, 
as natural orifice translumenal endoscopic surgery (NOTES) 
has grown in popularity, developers have focused on produc-
ing congruent robotic platforms. For instance, the master and 
slave transluminal endoscopic robot (MASTER) platform 
seeks to expand user control dexterity, instrument sensory 
feedback, and location triangulation, which have the poten-
tial to increase procedural capabilities in NOTES. Surgeons 
who continually search for procedures and technology to 
improve outcomes, and leave patients with no visible scars, 
support this effort [5]. However the benefits brought forth by 
advancements in the physical capabilities of RAS systems 
must be supported by data before widespread adoption is 
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realized and the potential to progress current practice using 
emerging technologies is limited by the results of their 
implementation.

Setting the bar for robotic-assisted surgery in 2000, the da 
Vinci® Surgical System (Intuitive Surgical, Inc., Sunnyvale, 
CA; Fig. 1) has grown to become one of the most commonly 
used robotic surgical systems [5]. As of 2015, over 3400 
systems were in use around the world [6]. Since its incep-
tion, the system has been cleared for a variety of procedures 
including cardiac, colorectal, general, gynecologic, head and 
neck, thoracic, and urologic surgery [3]. In its wake has fol-
lowed a breadth of unique systems, which aim to find their 
niche in an expanding market heretofore dominated by the 
da Vinci. For instance, the Senhance robotic platform is a 
console similar to da Vinci with multiple manipulator arms 
controlled from a remote station via laparoscopic handles 
providing multiple degrees of freedom (DOF). However, 
unlike the da Vinci system whose haptic feedback is via vis-
ually displayed cues, the Senhance platform provides actual 
tactile haptic force, allowing the surgeon to feel forces gener-
ated at the distal end of instruments while handling tissue. 
Additionally, the Senhance incorporates a novel eye-tracking 
technology, which centers the camera image at the point 
the surgeon is looking at, as opposed to the da Vinci, which 
uses a binocular display controlled by a footswitch panel [7]. 
Utilization of new technologies in this fashion may provide 
newly developed platforms the necessary edge to acquire a 
portion of market share. Another robotic platform seeking 
greater utilization in the operating suite is the Flex Robotic 
System. Flex is a single-port (SP) flexible endoscope for use 
in laparoendoscopic single-port surgery (LESS). Separating 
itself technically from the da Vinci SP, the Flex system is 
capable of defining a non-linear path to surgical sites that is 
allowed by advancing a flexible outer mechanism through 
which inner channel instruments are deployed. This is in 
contrast to da Vinci’s line-of-sight based platform, and may 
allow for enhanced access relative to non-flexible straight 
approaches.

The use of robots in surgery has made tremendous 
progress in a relatively short period of time, realizing 

improvements for both the patient and surgeon. For the 
patient, there has been a reduction in hospitalization time, 
fewer complications, and less scarring [1]. The surgeon 
has seen benefits in ergonomics, including consoles that 
allow them to sit while operating, joystick controls which 
compensate for the fulcrum effect from the use of laparo-
scopic tools, and 3D glasses displaying magnified views of 
the procedure. Another example of engineering applied to 
medicine is the integration of haptic devices, which receive 
information from distal sensors and feed them back to the 
surgeon to allow for careful manipulation of tissues. This 
is achieved through torque and force sensors in the instru-
ment tip that relay information including grasping force back 
to the user. Intraperitoneal surgical robots are also being 
optimized for minimally invasive surgical use and improved 
intraoperative surgical triangulation [8]. Procedurally, sur-
gical robotic technology has had a transformative impact 
via the automation and teleoperation of robotic platforms. 
Furthermore, greater dexterity and precision as well as 
increased visualization and better control and stability of 
instruments has been obtained through improved optics and 
display modalities.

The purpose of this review is to explore current and 
emerging surgical robotic technologies in a growing and 
dynamic environment of research and development. This 
article describes currently available devices, identifies their 
benefits and limitations, and describes applicable future 
directions. The systems featured in this review are applica-
ble to general surgery, and a summary of all the technologies 
discussed is shown in Table 1.

FDA‑approved platforms

Da Vinci surgical system

The da Vinci Surgical System’s latest model, the Xi (Intui-
tive Surgical, Inc., Sunnyvale, CA; Fig. 1), is composed of 
a master console and a mobile platform with four boom-
mounted robotic arms. Each arm is capable of three DOF 

Fig. 1  The da Vinci® Surgical System (Intuitive Surgical, Inc., Sunnyvale, CA) [5]
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and able to manipulate the proprietary EndoWrist instru-
ment, which provides an additional seven DOF by mimick-
ing the movements of the human wrist [9]. The master con-
sole is equipped with two cameras that together provide a 
magnified HD–3D view of the surgical field [10]. The slave 
is controlled via master–slave finger-cuff telemanipulators, 
which were designed to allow the user to be rapidly trained 
[6].

The master console was created with the surgeon’s needs 
in mind; it has adjustable finger loops on the telemanipu-
lators, adjustable intraocular distance, and a padded head-
rest and arm bars [5]. Instrument motion is made possible 
through cable-driven joints at the distal end of the instru-
ment [10]. The system achieves its precision through high-
resolution 3D visualization, tremor filtration, motion scaling, 
and a comfortable user interface [5, 10].

The da Vinci Surgical System is well suited to act as a 
prototype in discussion regarding utilization of robotic sur-
gical systems; current clinical application, procedural data 
generated, and overall literature volume of the da Vinci Sur-
gical System far surpasses its competitors. Therefore, this 
section will focus on robotic-assisted procedures utilizing da 
Vinci in place of open surgery and conventional laparoscopy.

Currently, data suggest an overall trend for conversion 
from open surgery to robotic-assisted surgery in procedures 
such as colectomy, cholecystectomy, inguinal hernia repair, 
ventral hernia repair, and bariatric surgeries [11]. From 
2008 to 2015 across more than 300 academic medical cent-
ers and affiliated hospitals, there was a significant increase 
in da Vinci-assisted surgeries in inguinal and ventral hernia 
repairs. Additionally, the volume of open surgery in colec-
tomy, cholecystectomy, and bariatric surgery decreased 
simultaneously with a reported increase in robotic-assisted 
surgery utilization in those procedures [11]. Conversion 
from open to robotic technique has been facilitated by the 
da Vinci’s 3D visualization, wristed instruments with motion 
scaling and tremor reduction. These characteristic abilities 
of the da Vinci Surgical System seek to build on the widely 
reported ability of minimally invasive surgery to improve 
outcomes while reducing infection, readmission, and length 
of stay postoperatively [12–14]. Although the workload 
placed on the da Vinci is a fraction of total procedures rela-
tive to open and conventional laparoscopic procedures, the 
overall increase in robotic technique utilization has been 
attributed to expanding availability and variety of systems 
[11]. Additionally, the marked increase in utilization of the 
da Vinci Surgical System is exemplified by a relative tenfold 
increase in its use for cholecystectomies and colectomies 
during a 7-year evaluation [11].

The majority of systems currently available and under 
development likely seek to mirror the success of the da 
Vinci Surgical System. Surgeons who support the utiliza-
tion of robotic-assisted approaches in their practice may have Ta
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previous exposure to the da Vinci Surgical System, thereby 
decreasing the initial learning curve experienced while 
implementing newer technologies. Additionally, a significant 
barrier to the incorporation of robotic-assisted systems such 
as the da Vinci is the cost per procedure relative to open and 
conventional laparoscopic surgeries. One study found that 
procedures utilizing the da Vinci were less expensive than 
open surgery; a finding attributed to the longer length of stay 
and additional costs associated with the latter [15]. Although 
da Vinci may reduce costs compared to open procedures, the 
same benefit over conventional laparoscopy has not been 
shown; the cost of supplies and instruments associated with 
the da Vinci were cited as a contributing factor [16].

There are several hurdles that have limited the advance-
ment of this technology including the cost of the robot and 
instruments, lack of haptic feedback (which gives the user a 
sense of touch), the size of the system, and the inability to 
quickly switch instruments during a procedure [3, 10].

Sensei X robotic catheter system

The Sensei X robotic catheter system (Hansen Medical Inc., 
Mountain View, CA; Fig. 2) is a cardiac catheter insertion 
device [17]. The system is controlled by an electromechani-
cal slave guided by a computerized master, which translates 
the user’s movement via an external handle located at a 
remote workstation [18]. Manipulation allows freedom of 
motion and the ability to maneuver in three dimensions. The 
slave contains an 8 Fr inner leader capable of 275° articula-
tion, with an outer sheath capable of 90° articulation [19]. 
The motion of each component is controlled by pull-wires 
via a remote joystick or buttons on the master console [20]. 

The robotic catheter manipulator can support several differ-
ent catheters within its guide catheter [18].

The Sensei X is unique in several ways; the tip of the cath-
eter can be moved in three dimensions via remote control 
and is coupled to a robotic navigation system that measures 
the forces at the distal tip. These haptic vibrations are then 
translated to the user via the controller. Information is inte-
grated and displayed visually on multiple workstation imag-
ing monitors, including 3D mapping, ICE, fluoroscopy, and 
EKG recordings [18]. Additionally, the function of sensing 
grams and direction of contact force via the IntelliSense™ 
sensor system allows quantification of the force applied by 
the catheter tip [21]. This device has been successful for use 
in cardiac mapping, ablation, and endovascular aneurism 
repair [20]. A clinical trial of 100 patients which used the 
Sensei X for catheter ablation in atrial fibrillation took place 
in Prague, Czech Republic, in 2011. In this trial, 100% of 
pulmonary veins were acutely isolated, freedom from subse-
quent atrial fibrillation was successful in 63% of cases, and 
zero complications were reported after a median 15-month 
follow-up [22].

Although compatible with a variety of procedures, the 
required sheath may increase the risk of cardiac perforation 
[23]. In addition, the large size, high cost, and relatively long 
setup time limit the system. FDA approval was obtained in 
2007.

FreeHand v1.2

FreeHand 1.2 (FreeHand 2010 Ltd., Cardiff, UK; Fig. 3) is a 
robotic camera controller developed for minimally invasive 
surgery that enables the user to control the camera hands-
free. This system is composed of a lockable articulating arm, 

Fig. 2  Sensei® X (Hansen 
Medical, Mountain View, CA) 
[17]
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an electronic control box, and a robotic motion assembly 
unit [24]. Mounted on railings around the operating table, 
the camera can be moved in three dimensions, controlled via 
operator head movements, and laser-pointed guidance [4, 
17]. The camera operator wears a small lightweight headset 
or surgical cap containing an infrared transmitter that sends 
a signal to a receiver on the monitor. To select the direction 
of movement, the operator moves his/her head in the desired 
direction; an LED arrow with the selected direction will be 
displayed. In order to initiate movement, a foot switch is 
pressed until the camera is in the desired location; releasing 
the switch will terminate movement [24]. After choosing 
the desired combination of pan and tilt, actuating the move-
ment, and releasing the pedal, the scope maintains its posi-
tion. Additional functions include zoom, speed of movement 
adjustability, and position memory to allow scope retraction 
and reinsertion retaining field of view.

Device functionality decreases dependence on an assis-
tant due to the surgeon’s ability to control all camera move-
ments without halting the operation. Another advantage is 
the capability of transferring the headset between personnel 
without interruption or reconfiguration of the system. The 
system is often preferred due to its fast and easy installa-
tion, minimal training for use, compact size, and precise and 
accurate movement. Training has been shown to result in 
effective skill acquisition after three repetitions [25].

FreeHand v1.2 is commercially available and currently 
in use for a variety of procedures worldwide including 
urological, gynecological, and general surgery. In 2010, 
a study was performed including 16 patients undergoing 
robotic-assisted single-port inguinal hernia repair using 
the FreeHand camera controller. FreeHand out performed 

conventional unilateral LESS repairs in the number of times 
scope cleaning was necessary, total time spent cleaning the 
scope, and total duration of surgery. No wound infections 
were reported, and outcomes were shown to have no post-
operative failures [26]. FreeHand has improved considerably 
over its predecessor the EndoAssist. However, the device 
response may be sub-optimal in several instances: when 
moving in the vertical direction, if someone other than the 
surgeon is operating the camera, or if the ergonomics of the 
head movement control interface is not desirable [4, 24]. 
FDA approval was obtained in 2009.

Invendoscopy E200 system

The invendoscopy E200 system (Invendo Medical GmbH, 
Germany; Fig. 4) is composed of a reusable handheld con-
troller and processing unit, as well as a single-use sterile 
colonoscope [27]. It is operated by manual insertion for 
visualization, diagnostics, and therapeutic endoscopic sur-
gery. Individually packaged, the scope and its components 
are sterile and allow an aseptic setup in order to prevent 
transmitting infection [28]. The robotically assisted colo-
noscope has a 170 cm insertion length, with a tip that can 
be deflected 180° in all directions. A 35 mm bending radius 
allows retroflection and visualization of the colon. In addi-
tion, maneuvers with standard flexible instruments are pos-
sible due to its 3.1 mm working channel.

The handheld controller (invendo ScopeController) is a 
lightweight joystick, which is detachable from the colono-
scope (invendo SC200). The controller’s low profile, integral 
buttons, and ergonomic design reduce the musculoskeletal 
burden on the operator, while maintaining conventional 
colonoscope functions. Tip deflection, insufflation, suction, 
and image capture can be operated using one hand. The HD 
camera consists of three white-light LEDs and a comple-
mentary metal oxide semiconductor (CMOS)-imaging chip 
[27, 29]. Images are processed with the SPU E200 graphical 
user interface. Maintenance, data entry, and setup functions 
are accessed via a touchscreen device. FDA approval was 
obtained in 2016.

In a 2011 feasibility study of intubation rates using Inv-
endo Medical technologies, the safety and efficacy of com-
puter-assisted robotic colonoscopy was reported. In healthy 
volunteers aged 50–70 years, carbon dioxide insufflation or 
water instillation on demand was initiated without sedation. 
The rate of intubation was reported at 98.4%, with 95.1% 
sedation-free completion. Additionally, no device-related 
complications were experienced [27].

Flex® robotic system

The Flex® robotic system (Medrobotics Corp., Raynham, 
MA; Fig. 5) is a single-port operator-controlled flexible 

Fig. 3  Freehand®, a next generation endoscope holder (Freehand® 
2010 Ltd., Cardiff, UK) [17]
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endoscope adapted for minimally invasive transoral sur-
gery of the oropharynx, hypopharynx, and larynx [30, 
31] Its design allows the surgeon to specify a path around 

anatomical structures by steering a robotic outer mechanism, 
through which an inner mechanism follows. An operational 
tower console consists of a touchscreen, magnified HD 

Fig. 4  The SC20 colono-
scope. Invendoscopy E200 
system. This figure shows A 
the complete system, B the tip 
introduced through the driving 
motor, C the tip in full flexion, 
D the tip with biopsy forceps 
shown through the working 
channel. (Invendo Medical 
GmbH) [27]

Fig. 5  Medrobotics Flex™ Sys-
tem (Flex System, Medrobotics 
Corp., Raynham, MA) [30]
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two-dimensional visual display, and a joystick controller. 
The system can articulate at nearly 180°, and allows 3 mm 
articulating instruments to be operated via joystick [32].

The snake-like flexible scope includes an inner and outer 
segment with a single point of articulation between adjacent 
segments [30]. Each segment can be placed in a semi-rigid 
or flexible state while manipulated and steered in a non-
linear self-supported path. Moreover, the endoscope has two 
lumens that provide a pathway for electrical connections 
or an irrigation tube. The two flexible guide tubes, called 
External Accessory Channels (EAC), allow utilization and 
exchange of compatible flexible instruments during proce-
dures [30, 33]. The multi-linked concentric mechanism with 
working channels accommodates instruments such as scis-
sors, needle driver, grasper, and dissector. A camera receives 
illumination from six light-emitting diode lights on its tip, 
and can be moved vertically, horizontally or within its own 
axis, providing a wide visualization for the endoscopist. 
Digital zoom functionality provides magnification of the 
image [30, 33].

Utilization of the system in cadavers has shown good 
visualization of the oropharynx, hypopharynx, and larynx 
by the robot, and has verified the system’s ability to over-
come the disadvantages of standard rigid instruments [7, 
33]. Additionally, use in cases with patients who underwent 
head and neck surgery has demonstrated the safety and feasi-
bility of the system, especially due its capability of reaching 
difficult anatomic areas [30, 31]. In a 2015 clinical study 
at the University Hospital Essen in Germany, 40 patients 
with lesions of the oropharynx, hypopharynx, or supra-
glottic larynx underwent surgical resection using the Flex 
Robotic System. Of those, 95% of the lesions were success-
ful with zero adverse events reported [34]. FDA approval 
was obtained in 2015.

Senhance

Senhance (TransEnterix, Morrisville, NC; Fig. 6) is a con-
sole type robotic platform consisting of a remote control sta-
tion unit, manipulator arms, and a connection node [35, 36]. 
The robot system comprises three arms, each individually 
mounted on its own cart [37]. Laparoscopic style handles 
provide haptic feedback from the cable-actuated arms, which 
provide 7 DOF [37].

The system’s design incorporates a remote HD–3D-tech-
nology display coupled with an eye-tracking camera control 
system, which centers the image at the point the surgeon 
is looking at. While pressing buttons on the handles, the 
surgeon can control the zoom by moving his or her head 
forward and backward relative to the display monitor. The 
implementation of eye-tracking technology is an evolution of 
current visualization technologies, such as the da Vinci Sur-
gical System’s binocular display controlled by foot-operated 

switches. An incorporated haptic interaction, in addition to a 
scaled 1:1 force feedback, allows the surgeon to manipulate 
the instruments with amplified sensed forces and to perceive 
tissue consistency and the stress exerted by the instruments. 
This tactile force feedback translates sensation from an 
instrument’s distal end to the surgeon’s hand, contrasting da 
Vinci’s feedback, which is displayed visually rather than felt 
at the controller. The laparoscopic instruments, mostly reus-
able, are attached via magnets, facilitating their replacement 
during surgery [35, 36, 38].

Senhance has been successfully used in clinical gyneco-
logical surgeries such as hysterectomy [35, 37, 38]. Further-
more, in a 6-month study of 45 patients requiring surgery 
for inflammatory bowel disease, colorectal cancer, adenoma, 
and complicated diverticular disease, Senhance was shown 
to be feasible and safe; three procedures were converted to 
standard laparoscopy, with postoperative complication rates 
reported as 35.5% [39]. In November 2017, The Florida 
Hospital Institute for Surgical Advancement became the first 
site in the U.S. to purchase the Senhance robotic system for 
commercial use in minimally invasive surgery [40].

One of the disadvantages of the system is the large size of 
the equipment, requiring considerable space in the operating 
room. Moreover, the robot platform lacks articulated instru-
ments, limiting its applicability in more complex procedures. 
Additionally, use of polarizing glasses is required with the 
3D-monitor eye tracking [37]. Still, authors have shown it to 
be comparable to standard laparoscopic counterparts [36]. 
Formally ALF-X of SOFAR S.p.A. FDA approval gained 
in October 2017.

Auris robotic endoscopy system (ARES)

Auris robotic endoscopy system (ARES; Auris Surgical 
Robotics, Silicon Valley, CA, USA; Fig. 7) is a teleoper-
ated endolumenal bronchoscope designed to clarify the 

Fig. 6  Senhance robotic console and operating system (TransEnterix, 
Morrisville, NC) [36]
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visualization of the respiratory tract during bronchoscopy 
[41]. It consists of a surgeon console, controller cart, patient-
side system, and bronchoscope.

This patient-side system is made up of a robot cart, robot 
arms, as well as camera controls and power boxes. The 
robot has two arms, each with six DOF, and an Instrument 
Drive Mechanism with four axes of actuation. A flexible 

bronchoscope with articulated tip can be attached at the end 
effector of the arm, and the design allows an endoscopist 
to bend the bronchoscope in four directions. Moreover, the 
working channels can be used for standard procedures, such 
as irrigation and aspiration [41].

In a 2014 clinical trial in San Jose, Costa Rica, in diag-
nostic bronchoscopies on 15 patients with respiratory 
lesions, we completed using ARES. Successful navigation 
without adverse effects was reported in all cases [43]. FDA 
approval was obtained in 2016.

NeoGuide colonoscope

The NeoGuide Endoscopy System (NeoGuide Endoscopy 
System Inc, Los Gatos, CA; Fig. 8) is a computer-aided 
colonoscope that utilizes computerized mapping to travel 
along the natural curves of the colon, resulting in less force 
applied to the walls of the organ [44]. The system decreases 
colonic looping in order to perform endoscopy without 
sedation; it uses a programmable overtube that prevents the 
reformation of colonic loops once endoscopically reduced 
[45]. Real-time 3D mapping of the colon enables viewing 
the position of the scope, identifying loops, and identifying 
anomalies in pathology. It is intended for use in lower GI 
endoscopy and interventions, providing enhanced access and 
visualization [44].

The scope is composed of sixteen equally sized elec-
tromechanically controlled segments. Each segment is 

Fig. 7  Auris robotic endoscopy system (ARES), artist’s rendering 
from Auris’s patent application, Source: United States Patent and 
Trademark Office (Auris Surgical Robot, Silicon Valley, CA) [42]

Fig. 8  NeoGuide™ Endoscopy System. A The console system con-
tains the video, light, and insufflation functions and the motors con-
trolling the segments in the insertion tube. B The insertion tube with 

multiple segments that allow the scope to navigate the colon (NeoGu-
ide™ Systems Inc.) [44]
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manipulated by an actuation controller and follows the 
natural shape of the colon using an algorithm that deter-
mines its precise anatomical position [28]. As the scope is 
advanced the articulating segments take on the angle and 
shape of the distal tip as they “follow-the-leader” negotiating 
through colonic flexures [28, 45]. The design has resulted 
in an immense reduction of the pressure and force applied 
to the colon walls, and the tip can be guided to the left, 
right, down, up, or a combination of directions [44]. One 
user can operate the system in two available modes: pas-
sive or active. In passive mode, the colonoscope is relatively 
stiff although more flexible than a standard scope. In this 
mode of operation, it is primarily used for therapies and 
biopsies. In active mode the scope relays information from 
the user’s commands to the actuation controller. The tip of 
the device has an internal position sensor that measures 
the commands from the user as well as an external posi-
tion sensor that measures the scope’s insertion depth. In a 
human clinical feasibility trial for unsedated colonoscopy, 
ten consecutive procedures successfully reached the cecum. 
The study reported visualization of pathology such as diver-
ticular disease and colonic polyps with no complications, no 
adverse effects, and high patient and physician satisfaction 
[46]. FDA approval was obtained in 2006. Intuitive Surgical 
acquired NeoGuide Systems Inc. in 2009.

NON‑FDA‑approved platforms

MiroSurge

MiroSurge (RMC, DLR, German Aerospace Center, 
Oberpfaffenhofen-Weßling; Fig. 9) is a telemanipulated 
minimally invasive robotic surgery (MIRS) system cur-
rently under development. The system incorporates 3–5 

individual instrument carrying minimally invasive robot-
assisted (MIRO) arms that allow multiple modes of control, 
the capacity to utilize various devices, and the ability to be 
mounted to various locations on table rails [17, 47].

A height adjustable master control console and an auto-
stereoscopic display are the central components of the Miro-
Surge system. Configurations allows three to five MIROs 
to be used: two for guiding instruments via dedicated left 
and right manipulation, and one for guiding the endoscopic 
camera [49]. Each MIRO arm accommodates seven DOF, 
which gives the user a variety of manipulation configura-
tion options [49]. Furthermore, the MIRO arms can be com-
missioned to a variety of uses including actuated surgical 
instrumentation adding additional DOF (MICA) and HD 
stereo/video laparoscopy [47]. The MIRS instruments are 
equipped with haptic devices, and the surgeon is able to view 
all information via the master console 3D-display [47, 50].

Although primarily a teleoperated master–slave robotic 
system, a soft robotics feature enables the surgeon to manu-
ally shift and position the robot arms. This is possible due 
to the joints of the MIRO arms, which contain torque and 
position sensors; the robot can be operated in impedance-
controlled mode. Here, the points of insertion are planned 
prior to surgery with assistance from algorithms that account 
for the kinematics of the robot [49].

The system has been used extensively for endoscopic tel-
eoperated minimally invasive procedures and open surgeries 
in the abdomen and thorax [49]. MiroSurge is in develop-
ment at the Robotics and Mechatronics Center (RMC), a 
multi-institutional cluster entity of the Federal Republic of 
Germany national aeronautic, space research, and project 
management center. It is speculated that the MiroSurge tech-
nology has been licensed for use in applications that will be 
announced imminently [47]. During publication, no infor-
mation on FDA approval was available.

Fig. 9  A The DLR MiroSurge user interface, B robotic system (DRL, German Aerospace Center) [48]
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ViaCath system

The ViaCath system (BIOTRONIK, Berlin, Germany; 
Fig. 10) is a steerable flexible diagnostic catheter [3, 51]. 
It is a teleoperated endoscopic robot, composed of a master 
console and slave with long-shafted instruments that run 
along a standard colonoscope or endoscope via a flexible 
articulated overtube [3, 51]. Designed for NOTES, its hap-
tic interface and interchangeable instruments provide pro-
cedural precision [52].

Electronically controlled narrow bore instruments with 
end effectors such as a grasper, scissors, electrocautery knife, 
and a needle holder have been specifically designed for this 
system [3, 52] The instrument shafts are constructed with 
stainless steel and Teflon to create increased flexibility and 
reduce friction. The instruments, along with the position-
ing arm, have seven DOF, which are controlled by 14 ten-
sion cables [52]. The overtube itself has two joints in series, 
which provide two additional DOF for a total of nine when 
in combination with the positioning arm [46]. The overtube 
is responsible for properly situating the endoscope and the 
two channels used by the instruments; the instruments are 
oriented in a triangular fashion via a nose cone. The nose 
cone contains cable-actuated gripper devices which allow 
for increased rotary motion [52]. Surgeon guided motion to 
catheter tip movement, in a 1-to-1 ratio, function to increase 
maneuverability [53].

Limitations include inappropriate spatial orientation 
immediately upon entering the peritoneal cavity, lack of full 
triangulation due to parallel orientation of instruments, and 
manipulation forces smaller than the instruments used in 
traditional laparoscopic surgery [51]. Reports describe 3 N 
force transmissions, which may negatively impact controlled 

manipulation of the device [46], developed by endoVia Med-
ical, acquired by Hansen Medical, currently available from 
BIOTRONIK. During publication, no information on FDA 
approval was available.

SPORT™ surgical system

A console-based platform for LESS, the Single Port Ori-
fice Robotic Technology (SPORT) Surgical System (Titan 
Medical Inc., Toronto, Ontario; Fig. 11) is composed of a 
workstation and robotic platform controlled by the surgeon 
via hand controllers, foot pedals, and a touchscreen [4, 54]. 
The workstation allows the surgeon to interact with the 
robotic platform, including a 3D–HD endoscopic view via 
fiber-optic illuminated images displayed on a high-definition 
flat-screen monitor [37, 54].

The design utilizes a collapsible system that can be 
inserted into the body cavity through a 25 mm incision. 
After the system is inserted, it is manipulated into place 
and controlled remotely. The device was developed with 
multi-articulated instruments using single-use replaceable 
tips, an ergonomic workstation, and a mobile patient cart. 
The system has been shown to be successful in single-port 
nephrectomy in animal models [37]. SPORT is not for sale 
in the United States, FDA approval pending.

SurgiBot™

The SurgiBot™ (TransEnterix, Morrisville, NC; Fig. 12) is a 
robotic surgery system undergoing development. A patient-
side minimally invasive device, the system is being devel-
oped to provide underserved populations surgical robots 
with minimal acquisition investment [2, 55].

Fig. 10  ViaCath System. A The flexible instrument with fixed end effectors. B External actuators (endoVia Medical) [52]
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The system provides surgeons with controlled flexible 
instruments inserted through a single-incision site. The 
robotic system allows for several instruments to be placed 
through the channel into the operating space, with function-
ality including 3D vision, ergonomic operating controls, 
and precision movement with scaling. The device is being 
developed to provide a less expensive approach to robotic 
surgery utilizing internal triangulation, 3D vision through-
out the operating field, and close proximity of the surgeon 
to patient [55]. In a 2015 pre-clinical trial in the porcine 
model, SurgiBot was shown to be successful in several gen-
eral surgery and urology procedures at Baptist Health Medi-
cal Group in Miami, Florida [56]. SurgiBot is not available 
in any market; approval by the FDA was denied in April 
2016 with resubmission to follow.

Much of the technology implemented in the previously 
described SurgiBot was gleaned in the development of the 
Single-Port Instrument Delivery Extended Research (SPI-
DER) system (TransEnterix Durham, NC; Fig. 13). SPIDER 
was created to give general surgeons LESS access through 
smaller diameter incisions, and allow angles of articulation 
that could not be achieved by other single-site techniques 
[57].

SPIDER consists of four working channels that are con-
tained in a single port that gains access to the abdominal 
cavity through the umbilicus. The two static channels and 
two flexible channels allow tools to be inserted and manip-
ulated through the single port. Once the port is created, 
articulating instrument delivery tubes (IDTs) are inserted 
into the abdominal cavity and instruments are guided to the 

Fig. 11  Single Port Orifice Robotic Technology (SPORT™) robotic system. Shown (clockwise left to right) is the robotic console, surgical 
robot, and the multi-articulated instruments with end effectors (Titan Medical Inc., Toronto, Ontario) [2]
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appropriate location. As the tools are eased into the abdo-
men, a retractable sheath covering the distal end of the tube 
protects internal tissues. SPIDER maintains visualization of 
the operative field and instrument orientation (triangulation) 
similar to other current laparoscopic techniques. There are 
several advantages to this device, including simple retrac-
tion and true triangulation without added operating time, 
lower morbidity, improved cosmetic outcomes, and quicker 
recovery. Improved endomechanical vertebral arms provide 
increased strength for dissection and retraction. Additionally, 
the design incorporates true right and true left instrumenta-
tion, which eliminates ‘crossed-arms’ movement [6].

The design of SPIDER limits instrument size to 5 mm, 
which necessitates alternative options for procedures 

requiring larger, non-compatible instruments such as trocars. 
Endoscopic suturing was also shown to be challenging due 
to instrument design [58]. Additionally, smaller size ports 
(5 mm) often result in more trauma to the tissue than larger 
ports (10 mm) [57]. FDA approval was obtained in 2009. A 
sister technology to SurgiBot, both owned by TransEnterix, 
the SPIDER system was developed and sparsely used, lead-
ing to its merger into the SurgiBot platform.

Versius Robotic System

The Versius Robotic System (Cambridge Medical Robot-
ics Ltd., Cambridge, UK; Fig. 14) is a lightweight modu-
lar robotic system designed for laparoscopic upper GI, 

Fig. 12  A SurgiBot™ robotic system and B flexible instrumentation (TransEnterix, Durham, NC) [2]

Fig. 13  A TransEnterix Single-Port Instrument Delivery Extended Research (SPIDER®) device, also showing a cross-sectional view of the 
delivery tube with four working channels. B SPIDER® in use for a laparoscopic cholecystectomy (TransEnterix, Durham, NC) [57]
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gynecological, colorectal, and renal surgeries. The modular 
design allows flexibility and versatility of positioning in the 
operating theater while providing numerous robotic arms 
connecting instruments such as graspers, scissors, electro-
cautery electrodes, and needle drivers [59].

The system is composed of an operator console and mod-
ular wristed robotic arms. The surgeon controls the robotic 
arms via joystick controllers at the console, while wearing 
HD–3D glasses and viewing a monitor. Haptic feedback 
from instrument to controller provides force feedback to 
the operator. Several variants of robotic arms using 5 mm 
instruments have been developed in order to reduce incision 
size [59].

Cadaveric trials held at The Evelyn Cambridge Surgical 
Training Centre have successfully shown the system’s abil-
ity to perform electro-surgery, needle driving, suturing, and 

tissue manipulation. Europe’s CE Mark and FDA approval 
are estimated for Early 2018 [59].

MASTER

The master and slave transluminal endoscopic robot (MAS-
TER) (Nanyang Technological University and National Uni-
versity Health System; Fig. 15) is a multidimensional robotic 
device for NOTES [52]. The platform allows bimanual steer-
ing of two arms, provides dexterity, triangulation, haptic 
feedback to maintain spatial orientation, and a navigation 
system that allows a three-dimensional reconstruction that 
can be utilized to maneuver in real time [51].

Composed of a master console with a cable-driven flex-
ible robotic slave, the device incorporates two end effectors, 
a monopolar electrocautery hook, and a grasper [5, 49, 52] 

Fig. 14  Versius Robotic Surgery System (Cambridge Medical Robotics Ltd., Cambridge, UK) [60]

Fig. 15  MASTER; Nanyang Technological University. A The MASTER system has two cable-actuated robotic arms with fixed end effectors. B 
The system is shown attached to a conventional endoscope [52]
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A full-time forceps operator guides the telechir (a robot arm 
under human control) through a master control device and 
actuator, while a second operator working in conjunction 
with the first is responsible for the use of an endoscope [52, 
61]. The first operator is the surgeon, controlling the master 
interface slave manipulator, and executing the treatment. 
The endoscopist directs the endoscope to the desired loca-
tion, and has control over suction and inflation. Cooperation 
between the two is required for the surgery [62]. Endoscopic 
vision and surgical navigation systems are viewed on digital 
monitors [62]. The flexible endoscope uses a tendon-sheath 
mechanism for actuation, and is capable of nine DOF.

Although non-linear backlash and hysteresis are intrinsic 
drawbacks of friction in the tendon-sheath actuation mecha-
nism, the modality provides larger forces with a smaller size 
than alternative technologies [62]. The developer’s future 
directions include improving automated movements, as well 
as enhancing haptic feedback [52]. MASTER has been vali-
dated clinically in performing endoscopic sub-mucosal dis-
sections (ESD) treating early gastric neoplasia [62]. During 
publication, no information on FDA approval was available.

Verb surgical

Verb Surgical (Verb Surgical Inc., J&J/Alphabet, Mountain 
View, CA, USA) is a company formed through the collab-
oration of Johnson & Johnson’s medical device company 
Ethicon Endo-Surgery, Getinge, and Alphabet’s (Google) 
Verily Life Sciences [63]. The company became incor-
porated in August 2015 and aims to create a true surgical 
robot—a device that is not simply the extension of a sur-
geon [64]. A demonstration of the digitally enabled surgery 
platform prototype was delivered to collaboration partners 
in January 2017 [63].

The device incorporates advanced instrumentation, con-
nectivity, data analytics, advanced robotics, advanced visu-
alization, simulation, and machine learning [65]. One of 
Verb’s main goals is to “democratize surgery” and increase 
information that the surgeon is given during a procedure 
[64]. The goal of Verb Surgical has been reported not to 
be the introduction of a new robotic surgical platform so 
much as the introduction of a new category of digital surgery 
[66]. Colloquially termed Surgery 4.0, Verb is attempting to 
create the successor to open, minimally invasive, and first-
generation surgical robotic platforms, Surgeries 1.0, 2.0, 
and 3.0, respectively [66]. The prototype has been reported 
to combine robotics and data-driven machine learning in 
a way to reduce surgical costs and expand the use of such 
devices to a larger array of surgeons [65]. Several attempts 
to contact Verb Surgical regarding further dissemination 
of information regarding the platform were unsuccessful. 
Contacting the media department via electronic mail was 
met with an automatic reply confirming the correspondence, 

while suggesting that information is being kept strictly pro-
prietary. Ironically, using the powerful Google search engine 
to elucidate contact information for further queries was 
unsuccessful.

Miniature in vivo robot (MIVR)

Virtual Incision, in collaboration with The Center for 
Advanced Surgical Technology (CAST) at the University 
of Nebraska Medical Center in Omaha, has developed 
a MIVR that can be used in a variety of robotic-assisted 
procedures (MIVR, Virtual Incision, CAST, University of 
Nebraska Medical Center, Omaha, Nebraska, USA; Fig. 16). 
The development of robotic tools that are miniaturized may 
be of great benefit to minimally invasive surgery [3]. The 
MIVR platform has been developed in order to significantly 
reduce size and can be maneuvered completely inside of 
the peritoneal cavity. Additionally, MIVR can be quickly 
repositioned to enable multiquadrant access in the abdomen 
[67]. The robot is composed of two arms, each with multiple 
joints. The forearm of each robotic arm allows interchange-
able end effectors to be utilized for grasping and monopolar 
electro-cauterization. Miniaturized devices have the capabil-
ity to improve laparoscopic surgery or even overcome many 
of the limitations of laparoscopy [68]. Reducing the size of 
robotic-assisted surgical platforms will increase the ease of 
use in the operating room due to a smaller footprint [17]. 
Depending on the procedure to be performed, multiple tools 
can be inserted into the peritoneum without any limitations 
from the size of the natural orifice [3].

One of the key technological advancements of the MIVR 
system is the miniaturization of robotic arms and the motors 
that drive them, which allows for a reduced footprint and 
greater access to the patient relative to conventionally sized 
robotic-assisted platforms [67]. While MIVR has end effec-
tors similar to current robotic-assisted laparoscopic systems, 
novel technology has allowed the robot to compartmentalize 
all of its drive technology into the arms themselves, thereby 
eliminating the need for large motors and pulleys as seen 
in full-scale platforms [67]. The compact nature of MIVR 
allows it to be inserted through a single incision the size of 
a traditional colectomy extraction site [67].

In a study performed by Wortman et al., the MIVR robot 
successfully performed a robotic-assisted single-incision 
colectomy in a porcine model. In that trial, two arms and 
a camera were inserted and extracted via the same port, 
thereby serving as a true single-incision miniaturized 
robotic-assisted surgical system [67]. Additionally, in South 
America, initial feasibility and safety trials in humans have 
proven the system capable of both right and left colectomy 
[9]. Multiple surgeries were accomplished without any harm 
to the patient, and demonstrated the ability of the robot to 
dissect, ligate, and suture [9]. The continuing development 
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of MIVR by Virtual Incision, a University of Nebraska 
Medical Center start-up company, is leading to the com-
mercialization of the system. Additional iterations on the 
platform are planned, including small inexpensive robots 
for gallbladder removal, and a robotic-assisted hernia repair 
system. Virtual Incision is currently performing final design 
phase development and applying for 510 k FDA clearance 
for sale in the United States.

Einstein surgical robot

The Einstein surgical robot (Medtronic, Minneapolis, MN) 
is a platform currently under development by the Minimally 
Invasive Therapies Group (MITG) at Medtronic. The flexi-
ble system with robotic arms will implement parallel pathing 
of minimally invasive surgical instruments [59]. Initial uses 
will include bariatric, thoracic, colorectal, and urologic sur-
gical procedures [59]. Average cost of procedure, relative to 
existing commercial platforms, was identified as prohibitive 
to system implementation. Therefore, design of the Einstein 
has focused on its utilization in an extensive array of proce-
dures [59]. Einstein’s development has been in conjunction 
with a variety of partnerships including Mazor, the German 
Aerospace Center (DLR), as well as the acquisition of the 

medical device manufacturer Covidien [59]. The timeline 
for FDA approval was not available, with India reported as 
the initial launch location [59]. A Medtronic external com-
munications representative declined a permission request for 
the reuse of a figure depicting the Einstein Surgical Robot 
from Medtronic’s 2016 Investor Day Pamphlet, therefore no 
image of the platform is provided here.

Discussion

The rising use of robots for assisting surgery has allowed 
the integration of modern technology in medicine. The digi-
tal robotic-assisted surgery platforms discussed here have 
spawned from a generation of designers who are comfortable 
with video game like interfaces and are able to implement 
heretofore unparalleled computing power and visualization 
modalities [69]. However, the quest to break through exist-
ing barriers in procedural capabilities is not new to our time. 
In his treatise on fistula, Hippocrates wrote of the earliest 
recorded tool for investigating body orifices: “…examining 
the ulcerated part of the bowel by means of the rectal specu-
lum…” Millennia passed before the advent of endoscopy, 
which preceded electricity. Throughout time, technology has 

Fig. 16  Miniature in vivo robots. The Virtual Incision surgical robot is shown (Virtual Incision, Omaha, NE) [2]
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provided a platform on which to advance medical proce-
dures: laparoscopy in 1910, robotic-assisted surgery in 1983, 
and the world’s first in vivo miniaturized robotic surgery in 
2016 [8, 70]. To date, the use of surgical robotic platforms 
for minimally invasive surgery has made considerable pro-
gress. Advancements in the field have allowed movement 
from open surgery to laparoscopic and other minimally 
invasive surgical procedures. This has led to an increase in 
the development of robotic laparoscopic systems. Available 
devices continue to reduce in size and become more proce-
dure specific as technology becomes cheaper, smaller, and 
faster.

With each successful implementation of robotic technol-
ogy in the operation room, the foundation for future systems 
is solidified. One independent research organization, involv-
ing over 50 participants in the market, forecasts that surgical 
robots will account for $20 Billion in annual revenue by 
2021 [69]. With a growing footprint in the arsenal of options 
available to surgeons, it is possible that eventually all surgery 
will contain at least some robotic component representation. 
Additionally, with recent commercialization of partially and 
fully autonomous systems such as self-driving cars, public 
perception of and trust in artificial intelligence pertaining to 
matters of personal safety is likely to change rapidly [71]. 
Robotic surgical systems capable of automatic suturing, 
identifying tissue types, and performing autonomous proce-
dures may follow in the wake of successful implementation 
of expanded automation in other industries. Furthermore, in 
August 2017 the Chinese artificial intelligence robot Xiaoyi 
developed by Tsinghua University scored 456 out of 600 
points on China’s medical licensing exam, proctored by the 
National Medical Examination Center. The passing score is 
360 [72]. Although the development of autonomous surgical 
robotic technologies have not been widely reported, it seems 
prudent to expect them considering the historical relation-
ship between emerging technology and its implementation in 
medicine. However, it will be necessary to address the cost 
per surgery, outcomes, and training involved along the way. 
Limiting costs to providers and insurers may prove to be a 
substantial hurdle in future development.

Studies to identify the feasibility of incorporating surgi-
cal robotic systems into existing practice have compared 
available technologies to conventional techniques. For 
instance, operative times and perioperative outcomes of a 
selected patient cohort undergoing Robotic-Assisted Lapa-
roendoscopic Single-Site (R-LESS) surgery by a single 
physician were shown to be competitive with conventional 
techniques [73]. Although data to support the potential 
effectiveness of emerging systems will require time to gen-
erate, the prototypical da Vinci Surgical System has been 
demonstrated to safely and feasibly address robotic sur-
gery challenges in multiple institutions [74]. Furthermore, 
complication rates in technically complex procedures have 

been shown to be comparable to open surgery, with the 
additional possibility of reduced recovery time [75].

The clinical need that robotic surgical technologies ful-
fill is largely dependent on, and determined by, the indi-
vidual surgeon. Once initiated, implementation of new 
technologies into existing routines and standard operat-
ing procedures may encounter a constellation of possible 
ramifications, ranging from short learning curves to col-
laborative inter-professional resistance. Quantifying this 
process is difficult due to the evolving nature of the field 
and the rarity of reports comparing evidence-based out-
comes across comparable datasets. One evaluation report-
ing on robotic versus laparoscopic procedures found that 
integrating surgical robotic technologies into practice was 
influenced by several factors including adequate training 
of all team members, operating room size parameters, and 
previous experience with robotic platforms [76]. Addi-
tionally, the timeline to integration endpoint is dependent 
on the procedure; the number of procedures completed to 
become proficient varies between operations. For instance, 
it has been shown that preparation with the da Vinci Sur-
gical System leads to proficiency of basic skills with five 
repetitions, while 15–20 are necessary for more compli-
cated skills [77]. Studies have also shown that once pro-
ficiency has been established for a particular operation, 
improvements in morbidity, mortality, and operative times 
are gained [77].

Generally speaking, the surgical robotic platforms 
described here market benefits over their open surgery 
contemporaries. However, in spite of increased adoption 
of robotic platforms in the operating suite, insufficient lit-
erature exists to concretely exemplify the superiority of 
these robotic systems over their conventional analogs. The 
need for additional research on robotic procedure patient 
outcomes is amplified by indications of potential bias in 
current reports, influenced by conflict of interest leading 
to positive conclusions [78]. However, retrospective data-
base evaluative studies exist that have described longi-
tudinal use of robotic systems that address the clinical 
need of physicians. For instance, a report on the use of 
robotic-assisted radical nephrectomy for renal mass over a 
12-year (n = 27,753) span found no increased risk of neg-
ative postoperative outcomes compared to conventional 
procedures, although operating times and cost of proce-
dure increased [79]. While the implementation and use of 
robotic-assisted surgery was found to increase 25.5% from 
2003 to 2015, it was conceded that the increase may have 
been due to influences beyond large sample size evidence-
based randomized studies, such as marketing efforts of 
system designers and the impetus to offer the most inno-
vative technology [79]. However, additional studies have 
shown that the trend of conversion from open to robotic-
assisted surgery is clear. Additionally, the overall growth 
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in robotic-assisted procedures in surgical subspecialties 
may enable further conversion from open to robotic-
assisted surgery [11].

Both patients and surgeons will likely benefit from more 
advanced surgical robots. Patients are expected see better 
outcomes and quicker recovery times, while surgeons will 
enjoy devices with increased dexterity and more compatible 
instruments. Additionally, with further advances in surgical 
robotics, it may be possible to perform procedures in isolated 
areas that are difficult to access. For instance, platforms that 
are operated teleremotely are being designed to allow the 
surgeon to be separated from the patient by great geographi-
cal or even planetary distances. However, the current land-
scape is full of challenges for the system developer, least of 
which is the process of obtaining FDA approval. The FDA 
clearance process requires surgeons to report events that led 
to halted surgeries or patient death. A denial can result in 
costly delays bringing products to market or send the devel-
oper back to the drawing board. Additionally, while there 
have been rapid advances in robotic systems, large gaps in 
technology still exist; although the cost of computing power 
has continued to decline, a corollary decline in available 
research funding has stung developers. Furthermore, certain 
technology applications require continued refinement if they 
are to meet the expectations of specialized physicians. For 
instance, haptic feedback devices, safety mechanisms, and 
instrument range of motion of instruments must be highly 
evolved and error free [80, 81].

The area of robotic-assisted surgeries is rapidly changing. 
Some of the technical information is proprietary and was 
not available at the time of this publication. There might 
be other companies awaiting FDA approval that we are not 
aware. Therefore, the list of robotic systems present in this 
article cannot be the complete list of all potential devices or 
companies that currently exist. In fact, we believe that this 
list will continue to grow with the advances of technology 
and improved outcomes for patients and surgeons.

In conclusion, emerging platforms for robotic-assisted 
surgical procedures are increasing in number and fueled by 
growth in the current market. Developers are rapidly imple-
menting new technologies to improve on the capabilities of 
previously established systems. The upward trend of conver-
sion from conventional to robotic-assisted surgery provides 
encouragement for the surgeon seeking to utilize robotic-
assisted technology in their practice [11]. Although further 
studies are required to evaluate the strengths and weaknesses 
of robotic involvement in the operating suite, initial data 
have shown that robotic-assisted platforms are able to pro-
vide comparable results relative to conventional procedures.
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