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Robotic Systems in Spine Surgery
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ABSTRACT

Surgical robotic systems have been available for almost twenty years. The first surgical robotic systems were designed as supportive systems
for laparoscopic approaches in general surgery (the first procedure was a cholecystectomy in 1987). The da Vinci Robotic System is the
most common system used for robotic surgery today. This system is widely used in urology, gynecology and other surgical disciplines, and
recently there have been initial reports of its use in spine surgery, for transoral access and anterior approaches for lumbar inter-body fusion
interventions.

SpineAssist, which is widely used in spine surgery, and Renaissance Robotic Systems, which are considered the next generation of robotic
systems, are now FDA approved. These robotic systems are designed for use as guidance systems in spine instrumentation, cement
augmentations and biopsies. The aim is to increase surgical accuracy while reducing the intra-operative exposure to harmful radiation to
the patient and operating team personnel during the intervention. We offer a review of the published literature related to the use of robotic
systems in spine surgery and provide information on using robotic systems.
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(e74
Cerrahi robotik sistemler son yirmi yildir kullanilmaya baglanmistir. ilk cerrahi robotik sistemler genel cerrahi laparaskopik yaklagimlari
destekleyen sistemlerdir (ilk kez 1987 yilinda kolesistektomide kullaniimistir). Ginimuzde en yaygin robotik system da Vinci robotik sistemdir.

Bu sistem yaygin bir sekilde troloji, jinekoloji ve diger cerrahi branslarda kullaniimaktadir. Son yillarda spinal cerrahide transoral yaklasim ile
lomber omur cisimleri arasi (interbody) flizyon girisimlerinde kullanimina iliskin yayinlar mevcuttur.

SpineAssist ve bu sistemin yeni jenerasyonu olan Rénesans robotik sistemleri spinal cerrahide en yaygin kullanilan FDA onayli robotik
sistemlerdir. Bu robotik sistemler uygulanamasada spinal enstriimantasyon, sement uygulamalari ve biyopsi girisimlerinde kilavuzluk etmek
Uzere tasarlanmistir. Cerrahi dogrulugu arttirmanin yaninda hasta ve ameliyathane personelinin maruz kaldigi radyasyonu azaltmayi da
amagclamaktadir. Bu ¢alisma, omurga cerrahisinde robotik sistemlerin kullanimina yonelik literaturleri gézden gegirerek, robotik sistemin
kullanimi konusunda bilgi sunmustur.

ANAHTAR SOZCUKLER: Rénesans, Robotik sistemler, Minimal invazif spinal cerrahi, Pedikiil vidalar

INTRODUCTION of anatomical landmarks (e.g. revision cases) and complex

. . 4 spinal deformities).
In the past 20 years, open surgeries have been replaced with trajectories (e.g spinal deformities)

minimal invasive surgery (MIS) approaches for many surgical
procedures. Laparoscopic intervention was developed in
the 1980s. Consequently, minimal invasive surgeries have
become very popular for various interventions. Arthroscopy,
which is a form of laparoscopy, has become an essential
surgical tool for orthopedic surgeons. It is based on direct
visualization via optics to compensate for the lack of field-of-
view in these “key hole” surgeries. Conversely, spinal robotic
guidance systems do not use optics, but instead depend on
preoperative planning of a virtual surgery and later a“blinded”
execution using fluoroscopy as a means of verification. These
systems were developed to reduce the possibility of human
errors, to perform operations by smaller incisions in a tissue-
sparing approach, and to enable surgeons to perform tasks
that would be difficult to achieve otherwise due to a lack
of field-of-view (e.g. minimally invasive procedures), lack
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Robotic systems used in today’s surgical applications are still
far from human-independent surgical systems as shown in
science-fiction movies. Therefore, it is a better idea to name
these systems “Robotic Assistant Systems”.

The first robot design for surgical practice was realized
by the cooperation of NASA together with the engineers
of the Stanford Research Institute in the 1980s (30). The
“Telepresence” surgical system was developed to enhance
surgical skills. The US Department of Defense developed
the SRI Telepresence System to allow military surgeons
to operate on wounded soldiers by the means of a remote
controlled operating system (telemanipulation). This system
was designed to provide surgical interventions especially in
vascular injuries and general surgical interventions. While the
prototype model was not adaptable for use under combat
conditions, it had a major contribution to the development of
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today’s most common robotic surgery system, commercialized
as da Vinci®. While originally designed for cardiac surgeries,
this highly adaptable system became the de facto standard
of care in prostatectomies and hysterectomies and has been
used in dozens of different types of surgical procedures since
its launch in 2001.

Another robotic system, which is used for prostatectomies,
is «Urobot», which was developed at the Singapore Nanyant
Technologies Institute. However, this robotic system served
as a prototype and did not go beyond its purpose of
development. The PAKY robotic system developed by John
Hopkins University was designed for use in percutaneous
interventions of the kidney. The first commercial robot
released to the market was a hip prosthesis application robot
known as «<RoboDoc»(18,25).

Today, the most popular worldwide robotic system for spine
surgeries is the Renaissance™ Surgical Guidance Robot.

The da Vinci Robotic Platform

The use of the da Vinci Robotic platform was approved by the
FDA in 1999. This system consists of 5 and 8 mm endoscopic
trocar systems inserted into the patient, four different robotic
arms that operate over these systems, and high definition
3D images that are used by the surgeon to operate and
manipulate the 4 arms (Figure 1).

When compared with classical laparoscopy, the two most
significant advantages of this system are its 3D imaging
and overcoming the fulcrum effect of regular laparoscopic
procedures (so when you move your hand right, the robot
will move right too). An easily oriented camera enables the
surgeon to work in a large study area, while any tremors
of the hands of the surgeon are also eliminated and great
convenience is provided, especially in fine movements. The

most prominent disadvantage is the lack of tactile sensation
(4,7,18).

If compared with laparoscopy, the da Vinci Robotic System
appears to have a larger range of motion and better arm
manipulation. The rigid surgical system in laparoscopy may
require assistant support and therefore aggravates the
working conditions of the surgeon. Advanced laparoscopic
surgical interventions require a long period of experimental
process (33).

Today, the da Vinci Robotic System is used in many applica-
tions, especially in many urological and gynecological proce-
dures and surgical interventions of the gastrointestinal, thy-
roid and Ear-Throat-Nose disorders (Table 1) (5,6,14,27,30,33).

ROBOTIC SYSTEM IN SPINE SURGERY

Decompression and/or stabilization are applied in spine
surgery to a various number of degenerative diseases,
infections, tumors, congenital tumors and deformities.
Robot technologies are used for both purposes. The da Vinci
Robot System has been used for decompression processes,
as in laparoscopic surgery where SpineAssist and the new
generation of this technology, known as Renaissance Systems,
have found solid ground for stabilization processes.

da Vinci Robotic Spine Surgery
1. Transoral Interventions:

Transoral initiatives were first used in 2005 by
otorhinolaryngologists for a vallecular cyst excision. Surgeries
related to the oral cavity and pathologies of the larynx and
tongue root followed (26).

In 2006, O’ Malley et al. presented a group of first robot-
assisted transoral surgeries. In this group, 3 squamous cell
tumors were operated on. During this study, it was stated that

Figure 1: da Vinci robotic system (Reprinted with permission).
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Table I: Practice Areas of the da Vinci Robotic Systems
¢ Thyroid Surgery

e * Gastroesophageal region

¢ Prostate surgery

* Rectal region pathologies

* Intra-abdominal region, all approaches

Urology * Retroperitoneal region pathologies
Gynecology * Gynecological pathologies of the lower abdominal region
Head-Neck Surgeries * Transoral interventions of the head base
* (1 -C2 pathologies by transoral means
e ALIF
Neurosurgery

the glossopharyngeal and hypoglossal nerves were identified
and the lingual artery was easily distinguished (31). Tumor
excision was performed with the help of robotic surgery in
a series of studies comprising 27 patients. These studies
were published afterwards (40). When compared to classic
approaches, it was reported that swallowing function showed
a tendency to improve at an earlier stage postoperatively in
patients who had robotic surgery with MIC (29,40)

In craniocervical pathologies where an anterior approach is
necessary, transoral intervention should be applied. Clivus, C1
and C2 anterior bone and spine pathologies were operated
on by the aforementioned method. However, the transoral
approach is not a frequently applied type of intervention by
neurosurgeons. The operating area can be very narrow and
steep and the difficulty to stitch the dura and the pharynx may
pave the way for the formation of a BOS fistula and infection.
Unfortunately, because of the possibility that the use of the
daVinci Robotic System may not be suitable in certain routine
transoral interventions, it was used for transoral approaches
in cadavers and head-based animal models (22). The da Vinci
Robotic System obtained FDA approval in 2012 for transoral
approaches in severe myelopathy and bacillary invagination
cases. For this purpose, Lee et al. applied odontoidectomy to
a patient with bacillary invagination and severe myelopathy
(20). In the present case, odontoid resection was successfully
performed, but it was reported that a significant deficiency
was experienced during the use of a robotic system regarding
the utilization of a kerrison punch and bone drilling. As
osseous structures are not available in the majority of robotic
systems, developing instruments that overcome this gap has
become an important necessity.

2. ALIF Applications:

In spine surgery, the lumbosacral region carries a very high
risk of pseudoarthrosis. However, the risk of developing this
condition is minimized with the aid of various methods with
posterior interventions. However, it may be very difficult to
include the anterior and middle columns that comprise the
largest portion of the vertebral segment in fusion because
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* Posterior spinal surgery at experimental
* Surgery on tumors that can be removed only by lumbosacral anterior intervention

of the lack of an appropriate level carried out by posterior
approaches. Accordingly, an anterior Lumbar Interbody
Fusion (ALIF) System was developed to improve this
condition. Nevertheless, trying to perform this intervention
by means of a transperitoneal route at the lumbar region
may cause significant mortality and morbidity, such as
vascular complications and retrograde ejaculation (35,39).
Furthermore, a large incision on the abdomen of a patient is
likely not a preferred intervention when the patient is targeted
for lumbar fusion by classical methods. In recent years, ALIF
applications at the L4-5 and L5-S1 levels using laparoscopic
approaches have been reported (14,21). This intervention was
successfully recognized and applied in animal and cadaver
studies with the aid of the da Vinci Robotic System (16,41).
For the very first time, the da Vinci Robotic System was used
in operations of the L5-S1 levels using a transperitoneal
approach where ALIF was applied (4).

SpineAssist and Renaissance Robotic Spine Surgery

Screws used in spine surgery may extend starting from the
vertebral pedicle to the corpus for spinal fusion or to provide
stability of an unstable segment. Posterior pedicular screw
systems are recognized as the most essential components of
spine surgery and are used intensively; however, these screw
systems may have complications. The percentage of screw
malpositions can be 5.3-8.3% (8,9,11). Nevertheless, ratios
of malposition may increase significantly in cases suffering
from cervical and thoracic instrumentation in patients with
scoliosis. Screw malposition in approximately 3.3-4.3% can
be seen only when cases with head scoliosis are evaluated
(1,10,17). Additionally, even though a malpositioned screw
does not cause neural or vascular damage, the stability of
a malpositioned screw has dramatically decreased and it is
not desired at all. To obtain the most accurate planning and
instrument placement, a C-armed scope is used in surgery
rooms. However, computerized tomography is used in a
limited number of centers. Accurate positioning can be
difficult due to various reasons, such as two-dimensional
images obtained from the C-armed scope, degenerative
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spines, cases with scoliosis and obese patients where imaging
can be deceptive or inadequate. At this point, CT may have
significant advantages, but it is not commonly used. The most
important disadvantage of both systems is that individuals in
the operating room are exposed to a high amount of radiation
(9,23).

SPINEASSIST ROBOTIC SYSTEM

The safety of robotic systems is confirmed by various clinical
trials and studies. Robotic systems are frequently used in spinal
surgeries. The system was first presented to the market under
the name SpineAssist. The system obtained approval from the
FDA in 2004 for surgical applications in the brain. SpineAssist
was used in more than 25 medical centers between 2005 and
2011 and in 2000 patients (3).

The operating principles of this system and its use are quite
different from the da Vinci System. This robotic system acts
more like a guidance system and is widely used in surgical
intervention. The purpose of the system is to reach the
operative site without any safety issues and errors and to
avoid and minimize excessive exposure to x-rays.

Between 2005 and 2009, Devito et al. studied many cases
in a retrospective manner where SpineAssist was used. The
most recent study includes 88% pedicular screwing, 10%
vertebroplasty and 2% biopsy cases; the total population was
673 patients. A total number of 3,271 pedicular screws were
inserted with the help of a SpineAssist robot. Results were
evaluated according to the compatibility of preoperative
computerized tomography images of screws inserted. Nearly
89.3% of the Group A screws matched up with the planning
design, while only 2.4% of screws displayed a deviation
of more than 2 mm. A transient neurological deficit was
observed in 0.7% patients. In freehand applications, screw
malposition was 5.3-8.3%, while the incidence of neurological
deficits reached a percentage of 2-5%. It was reported that
the same study demonstrated a 50% decrease in exposure
to x-ray radiation in patients where SpineAssist was used
compared to freehand patients (9).

RENAISSANCE ROBOTIC SYSTEM

TheRenaissance Robotic Systemisasecond-generationsystem
of the SpineAssist Robotic System that was manufactured by
the Mazor Robotics Company. The system was introduced to
the medical market in June 2011. Compared to the previous
system, the dimensions and weight of the robotic system
are smaller in the new generation system, as the system was
designed with better ergonometric structure, the sensitivity
of positioning was enhanced, and the new software allowed
for a faster transaction process that was almost ten times
faster than the previous system. Additionally, the system
became more compatible with PACS and intraoperative
imaging systems. Furthermore, after the 2D C-Arm output,
15 sec manual scan provided 3D modeling while the system
became usable in real-time intraoperative implant corrections
(C-OnSite) and interface working was improved.
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Table II: Areas Where the Renaissance Robotic System can be
Used

* T3 under posterior pedicular screwing

* Biopsy of spine tumors

* T3 under + sacrum vertebro-kyphoplasty interventions
* Transfacet, translaminar screw placement

The system was designed for thoracic and lumbar vertebrae
and was used in vertebral strengthening procedures with the
aid of spinal instrumentation (Table II).

Steps followed in surgical procedures using the Renaissance
Robotic System:

1. Preoperative planning: The spinal CT images related to
surgical planning of the patient are loaded onto the robotic
software. CT images must be compatible with the vertebral
anatomy and have a 0.4 - T mm cross-section interval. The
software converts CT images into 3D imaging. Once the
surgeon determines the vertebral segments for surgical
intervention, he/she may select the localization, diameter
and length of instruments and the type of the intervention.
Inserted instruments can be controlled at the finest detail in
3D sagittal, coronal and axial planes. Planning data for the
patient are loaded to the robot in the operating room with
the help of portable memory units (Figure 2).

2. Determination of the disposable clamp kit used in surgery:
An appropriate platform system and percutaneous or open
surgery options are selected for the region planned for
surgical intervention. There are many different alternatives,
such as minimally invasive Hover T, lumbar, and thoracic
clamp kits for this purpose.

3. Registration of clamp position: To allow the robot to
recognize the coordinates of a clamp inserted into the
vertebra in a 3D plane, preoperative planning information
is matched with preoperative x-ray images. This process can
be performed using a disposable 3D marker kit placed onto
the clamp where anterior and posterior images and oblique
x-ray images are obtained; these images are then loaded into
the robot. Results are presented to the surgeon together with
margin of errors. Margin of errors between 0 and 1 mm are
acceptable by the system and consequently approved. Once
the surgeon confirms the results, the transaction is continued
(Figure 3).

4. Robot assembly and motion: The robot comes with a
disposable kitenclosed in a sterile sheath and can be stabilized
on a suitable platform with the aid of a clamp. During surgery,
the stability of the platform can be increased with the aid of
a second stabilizer located during the spinal process or onto
the sacrum to avoid swift changes in the position of the robot
due to the unexpected movements of the patient and the
surgery table. The surgery point of the surgeon is determined
on the computer, and a command is sent to the robot to allow
for localization. After the correct coordinates are received
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Figure 3: Clamp selection for surgery and registration of clamp
position.

by the robot, gaits for a reliable trace are reported. Now the
surgeon can insert the appropriate cannula and K-wires onto
this trace (Figure 4).

5. Manuel application: After this stage, screws can be inserted
into the determined trace by means of a K-wire, and vertebro-
kyphoplasty or biopsy-aimed interventions can be performed.

The use of robotic systems may increase when compared
to conventional approaches due to preoperative and
perioperative preparation stages. However, in patients where
multi-leveled instrumentation is applied, the total surgery
time may shorten due to the determination of screw locations
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K-wires onto this trace.

and the stage where the loss in x-ray control is reduced. The
superiority of the system relies on the decreased risk of
errors in cases where deformity surgery, scoliosis surgery and
recurrent cases and percutaneous interventions are carried
out (12,15,43).

We noticed that there was a very small number of articles in
the literature related to applications of Robotic Spine Surgery.
In such studies, results obtained from instrumentation in
different groups of disorders, and the accurate insertion
of screws and deviation ratios, were reported in detail.
Accordingly, in cases where robot assisted instrumentation
took place, a 99% ratio regarding accurate screw location was
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Table lll: Articles in the Literature Related to the Use of Renaissance Mazor Spinal Surgical Robotic Systems

Percutan/ | Number of

Sukovicz W (2006)(38) SpineAssist

Barzilay Y (2006) (2) SpineAssist TPV
Pechlivanis | (2009) (34) SpineAssist TPV
Kantelhard SR (2011) (15) SpineAssist TPV
Zaulan (43) SpineAssist VP
Hu X (2012) (12) Renaissance TPV

TPS: Trans Pedicular Screws, VP: Vertebroplasty.

observed; 1% of the cases had minor deviations, but these
deviations were far from causing neurological or vascular
damage (Table Ill) (15,37).

CONCLUSION

As the utilization of minimally invasive surgery increases, new
instrumentations are necessary. The da Vinci Robotic system
has proved its reliability in many surgical interventions related
to general surgery, urology, gynecology and many other
surgical areas and in its contribution to MIC. It is possible to
develop this system or similar systems and provide a better
and more effective use in neurosurgery.

Currently, robotic spine surgery can provide better navigation,
minimize malposition ratios during instrumentation, and
provide a safer and more secure operation. Furthermore, it
can reduce radiation during interventions and increase the
safety of healthcare providers.

As seen in many new technologies, the surgeon’s experience
contributes significantly in reducing the ratio of errors in such
systems and shortens the period of work.
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