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Abstract:
Purpose:

Neurosurgical robots are acknowledged for their advantages in assisting neurosurgeons in enhancing their precision and accuracy. Here, the aim of
this study is to report the first use as a robot-assisted Endonasal Endoscopic Transsphenoidal (EET) approach, applied to reach sphenoid sinus in a
cadaver. The introduction of the seven tenets for the Endonasal Endoscopic Transsphenoidal approach will propel the feasibility of neurosurgical
techniques and instruments for intrasellar lesions.

Methods:

Endonasal endoscopic transsphenoidal approach in a cadaver was performed under robot assistance with simple navigation system. This
preliminary study reveals the accuracy and precision of the robot to reach a target at sphenoid sinus safely and within the shortest duration .
Results:

This robotic technology provided the foundation to support neurosurgeons when they are working in narrow and complicated surgical corridors
with accuracy and precision.

Conclusion:

This article reveals the first robot-assisted Endonasal Endoscopic Transsphenoidal approach. This demonstrates the feasibility of the evolution and
will augment neurosurgeons toward their limits of minimally invasive surgical techniques, manual dexterity, and spatial orientation. These tenets
will be as state of the art and overcome the future challenges of Endonasal Endoscopic Transsphenoidal approach shortly.
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1. INTRODUCTION

routinely used cases like 3D viewing, and Picture Archiving
and Communication System (PACS) connectivity [1, 2].
Recently, big data analytics has caught attention in the medical
imaging field for its exceptional contribution to the care
continuum and for the maintenance of Electronic Health
Record (EHR) data [3]. The personalized medicine got
modernized only after the 1950s. With the introduction of first
automated and programmable computational machines (Fig. 1),
neurosurgery field progressed rapidly and resulted in the
development of modern computers.

1.1. New and Upcoming Technological Advances in the
Medical Field

The field of medical imaging technology is growing fast,
and the enormity of changes in the area is hard to fathom.
Mobile application based medical imaging and Internet of
Things (IoT) is blooming in the medical imaging arena and is
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between conventional paper-based data collection and compu-
ter interface data collection is outlined (Fig. 2).

Development and utilization of robots in medical imaging
is another potential area of technologic growth [4]. Use of
Robots in the neurosurgery field is not a new concept.
However, they are less commonly used compared to the extent
they are used in other medical areas. When a surgeon reaches
the human limits of precision of motor function, robotic
devices help in stabilizing physiologic tremor and minimize the
invasiveness of a surgical procedure.

Fig. (1). The Zuse Z3- world’s first operational computer designed by
Konrad Zuse in 1941. (Original image courtesy: Venusianer.).
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Fig. (2). Conventional paper based data collection method versus
computer interface data collection method during a clinical trial period.

1.2. Medical Robotics

Crucial advances in computer technology are also
potentially providing the opportunity for minimally invasive
procedures. Based on the development of the rapidly growing
computer technology platform, there are feasibilities to
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generate several accurate and precise neurosurgical procedures
under experienced neurosurgeons. However, human error is
still alarming in this field. Additionally, the quality
improvements (QI) in engineering industrial applications of
robotics have enthused. These QI applications not only work
for the present technology but can also be applied in the
minimally invasive neurosurgical area. The advantages of the
robotic applications over the human works include high
precision, high accuracy, reliability, and repetition of the
process, no exhaustion and no hand trembling. Practicing,
working in surgery and ergonomics studies demonstrated that
muscle fatigue occurs due to the long-time procedures and the
position of surgical instruments [5 - 8]. So, the drawbacks of
surgery by a human being include the possibility of inaccuracy
and mismanagement. The visualization, manipulation, posture,
mental and physical workload and environment are the factors
that play a key role in restricting the neurosurgeons’
capabilities [8]. Several robotic systems were developed and
exercised in neurosurgery regarding a patient’s safety with
ethical concerns. The neurosurgical robots have been invented
for clinical practice while some others still have been in the
research. Even though robotic surgery is getting more attention
in the last decades, there are still a few limitations associated
with the procedure. Not all minimally invasive procedures can
be reached out with a robot. Also, not all medical cases are
appropriate for robotic surgery. The traditional endoscopic or
open surgery is still the preferred option in many surgical cases
[9]. Some of the more common procedures that use robotic
surgical technique include (a) Cardiovascular surgery, (b) Head
and neck surgery, (c¢) Gynaecologic surgery, (d) Partial knee
replacement surgery, (e) Abdominal, colon and rectal surgery,
(f) Urologic surgery and more recently (g) Neurosurgery [9].

1.3. Endoscopic Endonasal Transsphenoid Technique in
Neurosurgery

While focusing on the several different techniques in
neurosurgery that offer “minimal invasion” during the surgical
procedure, Endoscopic Endonasal Transphenoid (EET)
technique is widely used by neurosurgeons and otolaryn-
gologists [10]. This method provides minimally invasive access
to the anterior cranial base and substitute’s endoscopic
technology in resecting part or the entire tumor in the sellar
region. Like any other endoscopic technique, EET comes with
its pros and cons. The scope positioned within the nostril or
sphenoid sinus, blood and other bodily fluids easily clouds the
lens and interferes with the surgical procedure. Also, the
magnification factor and optical quality of the microscope are
slightly superior to that of endoscopes, even though the
difference is nominal in the majority of procedures and more
than compensated for the improved degree of visualization and
dexterity the endoscope provided the surgeon. Also, though the
endoscopy is two-dimensional and most neurosurgeons are
familiar with the typical stereoscopic vision of the
microscopes, the EET is rapidly adopted by the surgeons [11].
Irrespective of the valid limitations of endoscopy (not a cost-
effective technology, longer operative time, number of
surgeons required is more than conventional microscopy
approach), it compensates by the multitude of advantages that
offers during the transsphenoidal surgery [11]. However, there
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Patients are placed in a horseshoe headrest with the head in slight extension
with the bridge of the nose parallel to the floor.
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Fig. (3). General EET workflow.

is still an active debate going on the field if the endoscopic
surgery should be the preferred mode of operation or not. A
general EET procedure is outlined (Fig. 3).

2. LITERATURE REVIEW

2.1. History of Surgical Robots

The very first US FDA approved robotic system since
1994 is Automated Endoscopic System for Optimal Positioning
(AESOP) from Computer Motion Inc (CMI). There was some
evidence that AESOP had some benefit, but some limitations
were reported [12, 13]. CMI (Computer Motion Inc.) and SRI
(Stanford Research Institute Inter- national) were the two first
pioneers in the surgical robot that later in 2004 merged, and the
da Vinci system was proposed. Its unique features like 3-
dimensional visualization, a stable camera, and operating
platform, 7 degrees of freedom articulating instruments, com-
fortable ergonomics, and trembling- free movements, the
clinical utilization took the product to the next level [14 - 16].
Because the advantages mentioned above, the da Vinci systems
received mostly outstanding positive reviews [17]. However,
on its flip side, since the surgical robot is mechanical based,
there are some disadvantages associated with it. Da Vinci
system lacks feedback sensation or haptic technology and also
it is bulky. Because of its bulkiness and lack of haptics system,
it might possibly be harmful for the patient under visualization
during the surgical procedure [18 - 22]. Programmable Uni-
versal Machine for Assembly or PUMA; (Advanced Re-search
Robotics, Oxford, CT) was initially designed for holding and
manipulating biopsy tools since 1988 [23 - 25]. PUMA is the

first robot in neurosurgery that was evident [26, 27]. In 1989,
Benabid et al. reported the experiment with an early precursor
to the robot named NeuroMate (Integrated Surgical Systems,
Sacramento, CA) [28, 29]. Concerning a real-time monitoring
issue with the image-guided system, Minerva was developed in
1993 from the University of Lausanne, Lausanne, Switzerland.
It comprised of a robotic arm placing within a Computed
Tomography scanner (CT). The robot allows neurosurgeons to
monitor and adjust during the operation in real-time under the
proper clinical decision. Subsequently, the US National
Aeronautics and Space Administration (NASA; Washington,
DC) developed the Robot-Assisted Microsurgery System
(RAMS, NASA; Washington, DC) in 1997. This robot could
provide a dexterous platform to perform surgery with high
precision. In 1999, the SteadyHand was developed at Johns
Hopkins University (Baltimore, MD) to be the surgical tool
manipulation. The SteadyHand is another dexterity-enhance-
ment system. It was designed to reduce shaking to augment
microsurgery. NeuRobot (Shin-shu University School of
Medicine, Matsumoto, Japan) was subsequently used to
remove a recurrent or atypical meningioma. Table 1 shows an
overview of the evolution of surgical robots over time.

2.2. The Evolution of Robot Assisted Neurosurgery

Robots are also used in neurosurgery, as they are the right
tools for integrating computer technology, medical imaging,
and engineering to accomplish the most complicated tasks in
the brain and spinal procedures. They are also used during
neurosurgery to apply the numerical image explosion and
multimodality medical imaging. As outlined in Table 1, few
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Table 1. History of surgical robots.
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Publication Date Robot Application Investigator
1988 PUMA 560 Stereotaxy Kwoh et al. [33]
1989 Neuromate Stereotaxy Benabid et al. [28]
1991 PUMA 200 Retractor Drake [34]
1993 Minerva Stereotaxy Glauser et al. [35]
1997 RAMS Microsurgery Kozlowski et al. [36]
1999 Steady-Hand Dexterity Enhancement Taylor et al. [37]
2001 Harvard MR-Compatible Stereotaxy Chinzei et al. [38]
2001 RoboSim Neurosurgical Simulator Radstzky & Radolph [39]
2002 Evolution 1 Stereotaxy, Endoscopy Zimmerman et al. [40]
2002 Neurobot Endoscopy Ogiwara et al. [44]
2004 neuroArm Dexterity Enhancement Louw et al. [41]
2006 PathFinder Stereotaxy Eljamel et al. [42]
2007 Rennaissance Stereotaxy Shoham et al. [43]
2014 Medrobotics Flex Stereotaxy, Endoscopy Medrobotics Co [31]
2016 Mazor X Stereotaxy FDA approved Renaissance robot (Mazor Robotics, Israel)
2016 Excelsius Surgical Stereotaxy Globus Medical, Inc (Audubon, PA)
2017 iArmS Arm-Support robot Ogiwara et al. [31]

other surgical robotic systems are heavily used in the
neurosurgery and related spinal applications. The FDA
approved Renaissance robot (Mazor Robotics, Israel) is used in
brain and spinal surgery. This robot localizes the tool
positioning and implant placement. It includes sophisticated
software for image guidance, which is ideal for delicate brain
and spinal surgery with high accuracy and precision. ROSAR
(MEDTECH, France) is another type of robot used for brain
and spinal surgery. This particular robot is bulky and comes
with an O-ArmR. SurgiScope stereotactic system (Stockholm,
Sweden) and MKM microscope system (Carl Zeiss Inc,
Germany) are the examples of robots that are integrated within
current neurosurgical tools such as the microscope. Cyberknife
(Accuray Inc., CA, USA) is also a well-known surgical robot
that performs the tumor irradiation not only for the brain tumor
but also for other parts of the body with motion tracking [30].
The Medrobotics FlexR Robotic System that was introduced in
1940 is a robotic-assisted transoral surgery tool [31]. Mazor X
and Excelsius Surgical system navigate and facilitate access
and position to both spine and brain surgery. A smart arm-
support robot called iArmSR is another robot that supports
neurosurgeon’s forearm to prevent from hand trembling and
alleviate fatigue during the surgical procedure [32].

2.3. Design and Development of Neurosurgical Robot-
Assisted EET

The overall goal of this study is to develop the principle of
neurosurgical robot-assisted EET to originate the original ideas
for the robotic neurosurgical system for EET approach design.
This robot would be clinically available with the integrated
state of the art technology, e.g., integrated medical imaging
(mainly 3D imaging) [45], the computer software and the robot
to perform the complete procedure focusing on the
transsphenoidal approach. However, Neurosurgeons will still
participate in the operation and monitor the whole process
while making a critical decision along the entire method. The
robot will carry out only at the first stage of the EET approach

operation under programmable organization with safety control
mode. The tumor or lesion will be taken care with the bleeding
control mechanism. After the process is completed,
automatically the robot will leave after neurosurgeon decides to
finish the operation. The surgical wound will be closed or
packed by the assistance. According to this, the robot will
achieve the accuracy and precision of navigation system with
warranty by the virtual fixture.

3. CONSIDERED PROCEDURES FOR CONCEPTUAL
DESIGN AND DEVELOPMENT

3.1. Pre-operative Phase of the Study Design Approach

One of the critical approaches while developing a robotic
surgery is to evaluate individual steps in a particular type of
surgery. To address this, Gildenberg proposed a scale popularly
known as “the Gildenberg Technology Scale” to classify the
efficacy of the surgical robot (Table 2). Four phases include as
the following:

Table 2. Definition of the Gildenberg technology scale.

Phase Definition
The device can do what the surgeon can do manually, but not
1 as efficiently or not as fast. This is of interest only to the
inventor

The device can do what the surgeon does, just as fast and just
as efficiently. This is of interest to the developer and possibly

2 . .
to potential or actual investors. It may be more useful for
marketing than for surgery.
The device can do what the surgeon does, but faster or better.
This is of interest to other surgeons and to investors, may be
3 cost effective, and may be used at many institutions.

The device can do something the surgeon cannot do without
the robot. This is disruptive or revolutionary technology, of
interest to all.

Several criteria need to be satisfied to achieve all the
phases of the Gildenberg technology. They are as follows.
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(a) More precise, accurate and faster neurosurgical
procedures than a neurosurgeon can perform as usual.

(b) Under the image guidance, the robot needs to be in
direct supervision compared to the manual techniques.

(c) The robot needs to be under the direct control of the
neurosurgeon.

(d) The robot should be able to execute the procedure that
must be operated under the neurosurgeon supervision for the
patient safety concern [31, 32].

3.2. EETS Pathway Guidance Surgical Simulator

Also, as a part of pre-operative study design, a robot-
assisted EET approach is sought to reach the sellar region via
transsphenoidal sinus that is relevant to the Gildenberg
technology scale criteria as follows

(a) More precise, accurate and faster neurosurgical
procedures than a neurosurgeon can perform as usual.

(b) Compared to the manual technique, this approach is
direct, and a neurosurgeon can directly control the robotic
functions.

(c) The robot can move and stop at the floor of sellar
region precisely under new paradigm navigation and allows the
neurosurgeon to make a decision.

Following additional measures must be considered while
designing the study.

(a) The EET procedure must be performed under the well-
trained neuro- surgeon supervision for the patient safety
concern.

(b) Neurosurgeons must have the ability to create an
intuitive image of the 3D neurosurgical anatomic image,
irrespective of the usage of the endoscope. Previously, several
reviews on the neurosurgical robots have been published, but
the evidence to support the EET approach robot system that is
available to operate a master model is missing [30]. In this
current study, we have intended to focus on the tenets of
neurosurgical robot-assisted EET approach that are described
in detail to originate the original ideas for the robotic
neurosurgical system for EET approach design. Seven
principles are concluded as followings.

3.3. Seven Principles of the Neurosurgical Robot-Assisted
EET

(1) The patient safety is paramount.

(2) The workspace determination in EET approach

(3) The safest pathway with the virtual fixture.

(4) The fixed patient position for the robotic-assisted
surgery.

(5) The target and trajectory determination.

(6) Mode of action.

(7) The robotic platform.

Concerning these tenets, the ideal EET approach
neurosurgical robotic design is obtained (Fig. 4).
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The crucial components of the neurosurgical robotic
system must comprise of the controller, interface system, and
the robot. All the elements must be integrated and appointed
under the navigation system or the direct endoscopic
visualization. Since the control system is the heart of the
robotic- assisted surgery, a high degree of precision is required
regarding the delicate and eloquent neuroanatomical structure.
This allows neurosurgeons to localize their desired three-
dimensional position precisely and to coordinate the patient’s
brain both during the preoperational and the peri-operational
phase. A high degree of accuracy is needed for the repetitive
positioning of the dis-sectors and the surgical tools. The
accuracy and precision of spatial and the real-time approach
are the central concepts of the control system. Further, the
steady motion of the robot establishes the reliability of the
system. By the computerization, the most effective trajectory of
the robot to reach the anticipated position and coordination is
planned preoperatively. The navigation system creates its path
planning. During this step, a pre-designed algorithm is used to
determine the preferred and safety workspace of the robot by
the neurosurgeon preoperatively. The workspace is the area
where the neurosurgeon operates safely. As per the clinical
anatomy with neurosurgeons’ knowledge, the workspace is
designed. As a rule of thumb, the workspace is created after
conducting a simulation or cadaveric study under the image
guidance techniques. In a typical scenario three different types
of the workspace are defined (a). Available workspace: A
workspace where a neurosurgeon can access the intranasal
anatomical structures (among the nostrils to the skull base
area), (b) Target based workspace: where the neurosurgeon
operates and aims to approach the target. This workspace is
different from the available workspace that at the end of the
trajectory-to-target workspace is a pinpoint area at the goal
rather than the end of the convenient workspace, and (c) The
universal workspace: the entire area of the space for the robot
installation.

An anatomical configuration study is very much needed.
Current knowledge regarding the anatomical structure relevant
to the EET approach is mainly based on post-mortem or
imaging studies [46, 47]. Among the imaging techniques,
Computerized Tomography (CT) has the potential to examine
the basal skull and intranasal structures in several aspects,
particularly for preoperative evaluation of the bony parts [48,
49]. Additionally, CT imaging provides greater accuracy and
safety for studying skull base anatomy to identify and classify
the EET approach workspace [50 - 52].

It is important to note that, before the operation, the viral
fixture is created which in principle helps to limit the desired
safety workspace preoperatively. In return, this feature
guarantees the patient safety during the operation by the robot,
which is planned and simulated by the neurosurgeons for
preoperative determination, particularly for the patient safety.
The robotic platform systems are crucial in the robotic system
for EET approach. The parallel platform (a type of the robotic
platform) is the superior compared to the serial link robotic
arm. Because of stiffness, accuracy and high-speed operation,
the parallel platform is recommended to be the primary
underlying design for this EET approach neurosurgical robot.
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Fig. (4). The illustration depicts the neurosurgical robot prototype with respect to seven tenets (a) 3D View of the robot CAD design (b) the robot

during the experiment.

It is also crucial to assign a mode of action while designing
a neurosurgical robot. The tele-presence mode is required [53 -
56], as the robot needs to be in a standalone version under
control by a neurosurgeon. The independent method is
essential as the neurosurgeon is able to operate the patient
remotely using specialized tools. Among the separate action
and at the desired position and coordination, the neurosurgeon
will take care of the entire procedure to accomplish the
operation.

The overall goal is to design a robot that can execute a
minimally invasive trans-sphenoidal approach. However, it is
also essential to keep the technical feasibility in mind that may
or may not result in the complete desired robotic model.
During the Preoperative phase, at the first step, the desired
coordination and position of sellar region is achieved under the
navigation system by a neurosurgeon. This helps the robotic
software system to calculate the distance and trajectory-to-
target workspace within the brain whether to reach the sellar
turcica or around the anterior cranial fossa. Next, a virtual
fixture is created, which limit the safety boundary for the
neurosurgeon. Nostril is identified once, the patient is
positioned, and then the cylindrical robotic arm is inserted
under automatic mode.

The endoscope, suction, and dissectors are then packed
into the working channel, which then assembles into the
cylindrical robotic arm to reach the deepest point of the nose.
This action is followed by automatic identification of the
opening of the sphenoid sinus under the navigation system.
Once the dissection is completed, breaking the compressible of
vomer opens the sphenoid sinus, which allows targeting the
sphenoid sinus. The overall measurement between the orifice
and the incision site to the vomer is calculated under the
navigation system. The robotic arm in the operative field is
controlled in the teleoperation control mode to operate on the
trajectory under navigation system. For the safety reason, the
virtual fixture and the image based guidance limit the boundary
of the operative field. Once the neurosurgeon decides to finish
the operation, bleeding flow is evaluated, and the instruments
are then positioned safely away from the patient. Surgical

assistants complete the intranasal packing, and the step
concludes the operation.

4. EXPERIMENTS AND RESULTS

This research presents a new robotic system to assist in
normal procedure of EETS as shown in Fig. (4). A real-time
3D navigation system is used in this proposed system, which is
based on imaging technique with optical tracking occurring in
the period before a surgical operation. The tracking system is
used to develop a virtual endoscopy along with the surgical
tool and provides a 3D model of the bone structure. The bone
anatomy 3D model in the workspace is created by using CT
pre-operative images [57]. The real-time surgical tool
navigation along with virtual endoscope is provided by the
optical tracking system along with the 3D model.

To estimate and collect the position of the tool movement
during surgery, optical markers are attached with the surgical
tools and computed using MATLAB program. The workspace
and the motion behaviour of surgical tools can be easily
calculated using the collected motion data. Using a
homogeneous transformation, the tool’s position can be
calculated from the marker to the tool tip [58]. The position
and orientation data of the object attached with the optical
marker is recorded in 3-dimension. The commercial optical
tracking system, Polaris”s Vicra” system from Northern Digital
Inc. is used during the experiment shown in Fig. (5). The
horizontal plane was represented by using another optical
tracking system. Controlling algorithm is interfaced with the
joystick. MATLAB Programming was used to record
instrument motion during experiments.

The remote centre of motion at nostril entrance must
generate to create a mechanical constraint of the surgery. The
experiment was executed to confirm that the tool moved with
the constraint at the remote centre of motion point and also the
position of the surgical tool tip located at the phantom nostril
entrance. The 3D plot (Fig. 6) represents the tool movement
during the experiment time. While the red circle represents the
medical tool tip, yellow circle performs as a centre of motion
point.
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Fig. (7). BART LAB EETS robotic platform in cadaveric experiment.
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right nasal cavity approach
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Fig. (8). Lateral fluoroscopic view of the first and second trial depicted robot reached to the desired target (sphenoid sinus).

From the result, the robot can perform tool movement
under the constraint at the tool tip and yield the remote center
of motion movement. To accumulate the tool movements
during EETS a human cadaver-based experiment was
conducted shown in Fig. (7). The control mode was tele-
surgical system which is using real time image from the
surgical scene for neurosurgeon to make decision during the

operation. Neurosurgeon can control the robot on-line. The
advantages are fast and simple manual but the setup time
perioperatively would be longer than conventional technique.
Eventually, this is the first document of the robotic-assisted
EETS with optical tracking and fluoroscopic guidance. There
were two trials during the robot assisted surgery which were
satisfied to target at the sphenoid sinus as Fig. (8).
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5. DISCUSSION

5.1. The Brighter Side of the Coin

Neurosurgical Robotic technology is in demand and
blooming. From the out- line made above it is now clear that
robot-assisted neurosurgical operations have advantages in the
overall surgical procedures. This includes but is not limited to
the catheter guidance, global navigation, and the intraoperative
imaging. The booming technology allows increased safety not
only to the patients but also to the neurosurgeons. Also, it
offers augmented operative control and consistency in action to
the neurosurgeons. Robotic engineering in neurosurgical
procedure has benefits in both ends: at the patient end, it
incorporates force measurements and offers a real-time
response that helps in preventing vessel puncture and damage
to delicate structures during the operation, while on the other
hand it benefits surgeons and offers to work remotely while
staying away from the radiation sources. This engineering also
provides improved stability in remedial actions and greater
freedom of motion. Because of the enhanced surgical precision
and resistance to fatigue, robotic technologies provide a
platform with improved ability to minimize incisions and
surgical errors in the brain and spinal surgery.

5.2. The Darker Side of the Coin

The substitution or addition of robots into neurosurgical
practice comes with potential complications, as the brain is
delicate. Also, the entire manufacturing process (research and
development cost and post-manufacture maintenance) is cost-
effective and time-consuming. To achieve this ambitious goal a
widespread incorporation is required along with a decent
investment overall. Another important consideration while
thinking of surgical robots is the disruption of on- going
workflow. Introduction of robotic technology has the potential
to change the overall dynamic of the existing operating room
and adequate flow. This is particularly not feasible during
emergency situations. When we think of robotic assistance
surgical procedures, it involves a month’s extended training of
both surgeons and surgical support staff on its usage. This not
only requires a significant amount of time but also requires a
steep learning curve and frequent practice for the refinement of
surgical skills of the staff. As mentioned above, the surgical
robots offer to work remotely while staying away from the
radiation sources. However, on its flip side, it is time efficient
especially during the transition to open surgery. This has a
potential for deleterious post-surgical impact on the patient.

5.3. Future Perspectives

Robotic applications to neurosurgery are still in their early
stage and need more work to get into the flow. With time, as
the overall engineering process (design, development, and test)
improves, till that several relevant factors must be considered
as discussed above before executing the machine. It is very
crucial to have a balance between surgeon mediated
operational control and robotic autonomy. This is particularly
important for the overall safety, utilization, and adaptation to
the changing surgical conditions inside the operative room.
There is no doubt that an efficient robotic system offers an
increased precision in the surgical procedure, but at the same
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time, they lack the factors necessary for the crucial surgical
decisions such as training, experience, and human judgment.
Regardless, adaptation to the neurosurgical robotic technology
for the neurosurgical interventions displays the most promise
for increasing clinical implementation. Overall, we believe that
adaption to surgical robots into real neurosurgical practice will
take it to the next level.

CONCLUSION

Robotic technology, particularly in neurosurgical practices,
opens a door for broader clinical use. The growing
technologies can envision a potential for robotics to make
meaningful impacts in the field of neurosurgery. However, at
its present, more investigation, more in-depth research and
greater collabo- ration between various interventional areas are
required to move forward with this blooming technology.
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