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ABSTRACT

AIM: To determine the feasibility, advantages, and disadvantages of using a robot for holding and maneuvering the endoscope in transnasal
transsphenoidal surgery.

MATERIAL and METHODS: The system used in this study was a Stewart Platform based robotic system that was developed by Kocaeli
University Department of Mechatronics Engineering for positioning and holding of endoscope. After the first use on an artificial head model,
the system was used on six fresh postmortem bodies that were provided by the Morgue Specialization Department of the Forensic Medicine
Institute (Istanbul, Turkey).

RESULTS: The setup required for robotic system was easy, the time for registration procedure and setup of the robot takes 15 minutes. The
resistance was felt on haptic arm in case of contact or friction with adjacent tissues. The adaptation process was shorter with the mouse to
manipulate the endoscope. The endoscopic transsphenoidal approach was achieved with the robotic system. The endoscope was guided to
the sphenoid ostium with the help of the robotic arm.

CONCLUSION: This robotic system can be used in endoscopic transsphenoidal surgery as an endoscope positioner and holder. The robot is
able to change the position easily with the help of an assistant and prevents tremor, and provides a better field of vision for work.
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0z
AMAC: Transnazal transsfenoidal cerrahide endoskopu tutmak ve hareket ettirmek igin kullanilan robotik sistemin uygulanabilirligini,
avantajlarini ve dezavantajlarini ortaya koymayi amacladik.

YONTEM ve GERECLER: Calismada Kocaeli Universitesi Mekatronik Mithendisligi Bélimii tarafindan gelistirilen “Stewart Platform” tabanl
endoskop tutucu ve konumlandirici robotik sistem kullaniimistir. Yapay kafa modeli izerinde ilk kullanimdan sonra, Adli Tip Kurumu Morg
ihtisas Dairesinde (istanbul, Tiirkiye) alti taze kadavrada uygulama yapilmistir.

BULGULAR: Robot sistemi igin gerekli kurulum kolay oldu ve kayit proseduri ile robotun kurulumu yaklasik 15 dakika strdi. Komsu dokular ile
temas veya siirtinme halinde temas algilayan kol araciligiyla direng hissedildi. Fare ile endoskop maniplasyonu icin gereken adaptasyon siireci
daha kisa oldu. Robotik sistem ile endoskopik transsfenoidal yaklasim miimkiin oldu ve endoskop robotik kol yardimiyla sfenoid ostiuma dek
ilerletildi.

SONUC: Bu robotik sistem endoskopik transsphenoidal cerrahide endoskop tutucu ve konumlayici olarak kullanilabilir. Robot asistan yardimi
ile titresim olmadan kolayca konumunu degistirmekte, béylece daha iyi bir vizyon ve calisma alani saglamaktadir.

ANAHTAR SOZCUKLER: Robot, Endoskop, Transsfenoidal cerrahi

INTRODUCTION base approaches may be attributed to a larger trend toward

Different surgical techniques and instruments have been used
by neurosurgeons for sellar and parasellar lesions. Important
milestones in the development of neurosurgical techniques
in recent years include microsurgery, neuro-endoscopy,
neuronavigation and advanced intraoperative imaging
techniques (35). The use of an endoscope in neurosurgery
has provided a new approach to midline tumors of the
anterior skull base. The increased use of endoscopic skull
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more “minimally invasive” techniques (23). The handicap of
endoscopic surgery for the surgeon is the restriction to one
hand for manipulation whereas the other hand is holding the
endoscope (34). Because of the inherent difficulty of holding
the endoscope and thus having only one hand available for
the surgical procedure, a second surgeon holds the endoscope
in a limited working area or a stationary endoscope holder is
used.
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Innovations in the field of mechatronics are being adjunct to
the developments in medicine. The use of robots in medicine
is a developing area. Robots may have some advantages when
compared with the surgeons (for example, higher accuracy,
better sensors) and assist them in their work or perform parts
of the work independently. The “Robot Institute of America”
defines a robot as “A reprogrammable, multifunctional
manipulator designed to move material, parts, tools, or
specialized devices through various programmed motions for
the performance of a variety of tasks.” (10).

The robotic system in the operation room can be divided into
a supervisory-controlled system, telesurgical system, and
shared-control system. In a supervisory-controlled system,
the robot automatically performs the operation, based on a
specific set of instructions that supervised by the surgeon.
Shared-control robotic systems assist surgeons during
surgery, the surgeon has full control of the procedure and
the robot offers steady hand manipulation of the instrument
(4, 27). Telesurgery, also called remote surgery, is a system
in which the surgeon controls the robot in real time via the
haptic interface, at a site removed from the patient. A number
of robotic devices and technical applications for various
medical fields have been developed, da Vinci (Intuitive
Surgical, Inc,, Sunnyvale, CA), Zeus (Computer Motion, Inc.,
Goleta, CA), and Robodoc (Integrated Surgical Syst Davis,
CA), and a variety of medical robots have been developed
for stereotactic neurosurgery such as Neuromate (Integrated
Surgical Systems, Davis, CA) and Evolution 1 (Universal Robot
Systems, Schwerin, Germany), NeuRobot (Shinshu University
School of Medicine, Japan) (15, 36).

In this study, we examined the ability of our industrial robotic
arm to perform basic neurosurgical procedures and evaluated
the feasibility of using a robot for holding and maneuvering

the endoscope. The article focused on the advantages of the
robot in a shared-control system as a scope holder.

MATERIAL and METHODS

The validity of the SP (Stewart Platform) was proven in
the endoscopic transsphenoidal surgery performed on an
artificial skull model at the Kocaeli University Mechatronics
Laboratory and on cadavers in the Morgue Specialization
Department of the Forensic Medicine Institute, Istanbul.

The approach to the nostril was performed on the artificial
model with the spatial mouse and the haptic arm. After
attachment of the endoscope holder to the Stewart platform
at Kocaeli University, the concha, choana and sphenoid
ostium were visualized on cadavers.

Stewart Platform System

The system used in this study was a Stewart Platform-
based robotic system that was developed for endoscope
positioning and holding by Kocaeli University, Department of
Mechatronics Engineering.

The system consists of a parallel manipulator and other parts
such as controller, 3D mouse, six DOF haptic, six DOF force-
torque sensor, power supply, emergency stop circuit and
controller-robot connector board and endoscope holder.

SP has a special structure that includes two main bodies
(mobile and fixed plates), six linear motors, and joints.
The DSpace DS1103 real-time controller is used for the
implementation of control algorithms.

Robot kinematics defines geometric relationships between
the joint and Cartesian space of a robot. Coordinate systems
can be placed at the center of the base plate and upper mobile
plate as shown in Figure 1 in order to find the inversenematics
of the SP.

Figure 1: Kinematic configuration of the SP.
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SP can be guided using the 6 DOF haptic device and mouse.
The workspace of the haptic device and SP were matched to
each other in this work, but the haptic may also be used to
work incrementally. The mouse also works in an incremental
manner.

Haptic systems are used in many applications such as
robot control and virtual reality. The Phantom Omni can be
programmed using the OpenHaptics library with C++. A
VisualStudio 2008 project has been developed in the C++
environment in order to be integrated into the system and
control the Stewart Platform by the haptic. The Phantom
Omni haptic system was developed by Sensable. It is capable
of three degrees of freedom force feedback generating six
degrees of freedom position information (Figure 2).

The robot can be controlled via a joystick instead of the 6 DOF
haptic. An m-file (Matlab software) was developed for reading
the joystick via USB. Motion commands were transferred to
the DSpace control card via the RS-232 serial port.

Artificial Model

The Stewart Platform-based system was used first on an

artificial head model in Kocaeli University Mechatronics
Laboratory (Figure 3A, B). The size of the artificial model was
identical as a normal adult human head, and the model has
two nostrils for bimanual surgery. At this level, the endoscope
holder was fixed to the Stewart Platform in an optimal position
and access to the nostril was ensured.

Cadaveric Dissection

The study was performed on six fresh postmortem bodies
that were provided by the Morgue Specialization Department
of the Forensic Medicine Institute (Istanbul,Turkey). The
cadaveric sample was placed in the supine position. The
Stewart Platform was positioned at the left side of the cadaver
at the level of chest. In addition, a surgeon was at the right
side of the patient and could observe the operation field
using a bedside monitor (Figure 4A-C).

RESULTS

The setup required for robotic system was easy. The time
for the registration procedure and setup of the robot takes
15 minutes.The normal setup of the operating room for
this procedure was the same, and only a table was placed
at the level of chest. At the beginning of the procedure, the
endoscope was placed 5 cm above the nostril. The time for
the endoscopic part of the procedure ranged from 7 to 19
minutes. The transsphenoidal sellar approach was possible
with the endoscope holder attached to the Steward platform.
The positioning and placement of the robotic system allow
enough workplace in the operating room for the surgeon
and the second surgeon, and provide access to the nose for
operating with the other instruments simultaneously. The
endoscope was slowly moved forward with visual control
through the endoscopic images, using a special joystick
device. Endoscopic maneuvers with the mouse or haptic arm
showed us the inferior turbinate and the middle turbinate.
The middle turbinate was pushed laterally with a dissector.
We had to increase the number of maneuvers with the mouse
or haptic arm in order to prevent the contamination of the

XA

Figure 3: A) The picture shows the attachment of the endoscope to the Stewart Platform. B) Insertion of the endoscope into the right

nostril of the artificial model.
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endoscope during the passage through the medial side of
middle turbinate (experience was needed at this stage).
resistance was felt on the haptic arm in case of contact or
friction with adjacent tissues. The adaptation process was
shorter with the mouse to manipulate the endoscope. The
endoscope was guided to the sphenoid ostium with the help
of the robotic arm and the superior turbinate was visualised
(Figure 4C). There was no discordance between the primary
surgeon and the robotic arm. Working with three instruments
in the surgical field was comfortable and bimanual surgery
was feasible. We did not have to wait or stop the process to
change endoscope position. Thereby, the elimination of the
need for manual stabilization of the endoscope allows the use
of both hands at the same time for surgical manipulation and
reduces the vibration.

The primary surgeon was more comfortable with the working
conditions. In contrast, the assistant at the joystick device has
a more difficult job because the assistant has to look at the
operating field and position his/her instruments around the
robotic arm. In addition, the assistant has to follow both the
operating area and the screen to assist effectively.

DISCUSSION

Minimally invasive access to complex surgical lesions has
provided patients with better outcomes and fewer complica-

tions (2, 31). Device development and newer instrumentation
have provided us tools that improve care to patients (32). The
development of the operating microscope, neuroendoscopy,
neuronavigation and microinstruments has offered signifi-
cant improvement in modern neurosurgery (36).

The use ofanendoscope during microsurgical transsphenoidal
surgery was first reported by Guiot and co-workers in 1963
(16). Jankowski and colleagues were the first in the literature
to report the pure endoscopic approach to the pituitary in
1992 (19). Recently, the pure endoscopic approach has gone
into use for pituitary surgery (6,7, 9, 12, 20, 28).

The endoscopic transsphenoidal approach to the sella is
becoming more popular and is preferred by an increasing
number of centers for the treatment of pituitary tumors.
The current trend in the surgical treatment of suprasellar,
petroclival, infratemporal and other skull base tumors is
the use of extended and expanded transnasal endoscopic
approaches (23). However, there are ergonomic limitations
for the presently available endoscopic skull base techniques.

The learning curve is a major disadvantage in endoscopic
transnasal surgery for the neurosurgeon who is already skilled
in microscopic surgery, because of the need for holding the
endoscope with the non-dominant hand, and manipulating
the surgical instruments with the other hand (22).
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Figure 4: A, C) The pictures show the orientation and position of the robotic endoscope holder system in the operating room.
B) Anterior wall of sphenoid sinus was visualized during cadaveric dissection (a. nasal septum, b. anterior wall of the sphenoid sinus,

c. middle concha).
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Bimanual endoscopic surgery is possible only when the
endoscope is guided by an assistant or positioned with a
mechanical holder (23). Castelnuovo described the “four-
handed” technique, wherein the operation is performed
through a nostril using the endoscope and an additional
instrument parallel to the endoscope, while another
instrument is inserted through the other nostril by a second
surgeon (8). If a third hand was available for handling of the
endoscope, it occupies space and requires coordination of
two different surgeons movements (21, 33).

The endoscope-holder allows the surgeon to use both hands
while providing a continuous view on the monitor screen. As
described in this manuscript, our robotic system is working
as a scope holder and enables the neurosurgeon to perform
bimanual surgery.

Endoscopic neurosurgery is probably going to improve
in the following years by further innovations in optical
physics, electronics, and robotics. Specific implementations
in endoscopic systems that provide remarkable progress
in minimally invasive surgery include robotic surgical
technology (37).

Robots are characterized by a constant working performance.
Their behavior is independent of mental influences, they
perform movements with very high spatial and temporal
precision and can be operated remotely.

A variety of robots have been developed for surgery in
recent years (5, 13, 25, 32), and their benefits have begun
to be quantified. The first use of an active motion robot for
soft-tissue surgery was performed in 1991 (11). In 1994, the
United States Food and Drug Administration approved the
first robot for clinical use. This Automated Endoscopic System
for Optimal Positioning (AESOP) was developed to hold a
laparoscopic camera (14, 26). Recently, the United States Food
and Drug Administration approved the Zeus and the daVinci
robotic systems for limited clinical application in chest and
abdominal surgery. DaVinci (3) (Intuitive Surgical, US) is a well-
known commercial robotic system. In this case, the surgical
robot is controlled based on a master-slave system; thus, the
robot performs the surgery based on the coordinates given
by the surgeon’s motion input through the master console.

Robotic technology was first introduced into neurosurgery in
image-guided devices. Adler et al. (1) used a robotic system
to manipulate a lightweight X-band linear accelerator for
closed-cranium radiation of a lesion localized with CT or
MR imaging in 1990 (27). This system (CyberKnife) has been
effectively incorporated into neurosurgical practice. Goto
et al. (15, 18) presented a master-slave micro-manipulator
system for neurosurgery. This NeuRobot system consists of
a 3D endoscope and three robotic arms, and was used to
perform an endoscopic third ventriculostomy. “Penn” and
the MD Anderson group first used a transoral approach to
the skull base with a robotic system in a cadaveric specimen
(17, 29). Transoral surgical procedures have been performed
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with currently available commercial systems, but there is no
existing commercial system used by the transnasal approach.

We used the transnasal approach to the sella in this study.
The advantage of our robot used as a holding and positioning
device for the endoscope is the possibility of performing very
smooth slow motions in critical regions. The neurosurgeon
controls the robot via a special joystick, which scales
down the movements of the surgeon’s hand to sensitive
movements of the endoscope. The robot-guided endoscope
can be held in any position and can be immediately stopped,
without unwanted movements. For complete freedom of
movement, 6 DOFs are required. DOF (degree of freedom)
refers to the number of possible movements that can be
made at a joint. These movements can either be translational
or rotational. With 6 DOF’s, our robot could easily perform all
the necessary movements. The design of the robotic system
allows flexible pre-positioning of the robot according to the
patient’s anatomic features. Another advantage of our system
in contrast to the robotic systems working with navigation
is that there is no need for stabilization of the head. The
disadvantages of the master-slave robots such as high cost,
excessive size and difficulty of transfer do not exist in our
system.

We specifically developed a new system for endoscopic
transnasal approaches. The small size of the system is
appropriate for endonasal surgery. The traditional safety
methods designed for industrial robots are not currently
available for medical robots and therefore some safety
mechanisms are still missing in our robotic system.

Robotic systems can take over a concentration-consuming
and tedious task, such as holding and tracking of an
endoscope, which often has to be carried out in a stressful
posture.In addition, an unintended rotation of the endoscope,
which would lead to a tilting of the perceived horizon and
an orientation that can result in difficulties and incorrect
positioning, is avoided (30).

Interestingly, the learning times for robotic procedures
appear to be shorter than their endoscopic counterparts (24).

We showed that robot-assisted, transnasal sellar surgery
was technically possible in this study but completely robotic
surgery requires the development of new surgical instruments
and increased experience.

CONCLUSION

Robots offer a number of advantages for surgery; Improving
the quality of surgery, performing operations that are
manually impossible, reduction in the operating time and
assistance functions.

In our experience with endoscopic skull base surgery, a
robotic system will permit the surgeon an easier working
environment and better treatment of patients if the space-
saving, user-friendly, tremor-free robotic systems are adapted
to existing surgical procedures.
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