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Accuracy and technical nuances of robotically
assisted lumbosacral interbody fusions — results

of 100 operated patients

Pfesnost a technické zakonitosti roboticky asistované lumbosakralni
meziobratlové fuze — vysledky 100 operovanych pacientd

Abstract

Aim: Retrospective observation analysis of pedicle screw accuracy, complications, surgical time,
and technical nuances of 100 patients operated via the ExcelsiusGPS robotic system. Methods:
One-hundred adult patients undergoing lumbosacral interbody fusion between 2021 and 2024.
Patients underwent either open interbody fusion, minimally invasive interbody fusion, or open
interbody fusion combined with a non-instrumented decompression. All surgeries were assisted by
the ExcelsiusGPS robot, and an intraoperative control CT scan was performed in all cases. Patients
were followed at 6-week, 3-month, and 6-month intervals. Results: A total of 418 pedicle screws were
implanted and 413 (99%) had optimal placement (Gerzbein-Robbins A) with the remaining five
having minor asymptomatic cortical breaches of the pedicle wall violation (Gerzbein-Robbins B).
The superior pedicle wall was breached once, and the inferior pedicle wall was breached four times.
In seven cases, the CT scan had to be repeated due to transferring errors between the CT and robotic
platform, and in two cases, screw trajectories had to be replanned due to dynamic reference base
shift during screw implantation. The mean surgical time was 154 min for single-level procedures and
202 min for multiple-level procedures; our study did not show a significant decrease in surgical time
throughout the learning curve. During early follow-up, two patients underwent surgical revisions due
to the presence of seromas. Conclusion: Second generation robotic platforms have a high percentage
of optimally implanted pedicle screws decreasing malposition-related complications. The main
drawback is an increase in surgical time due to set-up of the robotic and navigation platforms.

Souhrn

Cil: Retrospektivni observac¢ni analyza presnosti zavedeni pedikuldrnich Sroubl, komplikaci,
chirurgického ¢asu a technickych zakonitosti 100 pacientll operovanych pomoci robotického
systému ExcelsiusGPS. Metodika: Sto dospélych pacientl podstupujici stabiliza¢ni vykony
lumbosakralni patefe v prdbéhu obdobi 2021-2024. Pacienti podstoupili jednu z tif mozZnych
operaci — oteviend meziobratlové fuze, minimalné invazivni meziobratlové fuze nebo kombinace
oteviené meziobratlové flze s neinstrumentovanou mikrodekompresi. Vsechny operacni vykony
byly provedeny za asistence robotického systému ExcelsiusGPS s naslednou intraoperacni
kontrolni CT. Pacienti byli sledovani v intervalech 6 tydnd, 3 mésict a 6 mésicd. Vysledky: Celkem
bylo zavedeno 418 pedikuldrnich sroubd, z nichz 413 (99 %) mélo optimalni zavedeni (Gerzbein-
-Robbins A) a zbylych pét vykazovalo drobné asymptomatické narusenf kortikalis stény pedikiu
(Gerzbein-Robbins B). Jednou byla narusena horni hrana pedikiu a ve ¢tyfech pfipadech doslo
k narusenf spodnf plochy pediklu. V sedmi pffpadech bylo nutné opakovat naviga¢ni CT sken
vdUsledku chyb pfenosu mezi CT arobotickou platformou, ve dvou pifpadech bylo nutné pfeplanovat
trajektorie pedikuldrnich sroubd v dlsledku pohybu dynamické reference v priibéhu zavadéni
sroubU. Priimérny chirurgicky ¢as byl 154 min pro jednoprostorovy stabiliza¢ni vykon a 202 min pro
vicepatrovy stabiliza¢ni vykon. Nase prace neprokazala vyznamny pokles chirurgického ¢asu v obrazu
ucebni kfivky.V ¢asném pooperacnim obdobi byla nutna revize dvou pacientd pro pfftomnost seromu
operacni rany. Zdvér: Druha generace robotickych systémd vykazuje vysokou presnost zavadéni
pedikuldrnich sroubd, ¢imz snizuje vyskyt komplikaci souvisejicich s malpozici. Hlavni nevyhodou je
prodlouzenf chirurgického ¢asu v dUsledku nastaveni robotické a navigacni platformy.
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Introduction

Pedicle screws are currently the mainstay of
spine instrumentation, providing good sta-
bility by connecting the anterior and pos-
terior spine elements. Nonetheless, pedi-
cle screw malposition can be associated
with neurovascular injuries or construct fail-
ure [1]. The initial freehand implantation was
gradually supplemented by fluoroscopy,
3D navigation, and currently robotics [2].
The main rationale is increased implanta-
tion accuracy and decreased exposure of
the posterior spine elements. The Israeli
company Mazor robotics (Caesaera) devel-
oped the first Food and Drug Administra-

tion (FDA) approved robot SpineAssist (Sum-
mit Spine and Joint Centers) in 2004 [3]. Ever
since, progressively improving robotic plat-
forms have been introduced to the medical
market including other companies such as
Medtronic (Minneapolis MN, USA), Zimmer
Biomet (Warsaw, IN, USA), or TINAVI Medi-
cal Technologies (Beijing, China) to mention
a few. Nonetheless, robotic systems are ex-
pensive and require several supplements
including specific instrumentation, naviga-
tion platforms, and intraoperative imaging.
It is thus necessary to understand the added
benefits and technical limitations of robotic
systems compared to fluoroscopy and con-

ventional navigation. The following paper
represents a single center experience with
the first 100 robotically assisted lumbosa-
cral spine fusions between 2021 and 2024.
Primary endpoints include data concerning
pedicle screw accuracy and surgical time;
the secondary endpoint is a basic selection
algorithm of patients suitable for robotically
assisted spine surgery.

Methods

The following paper is a retrospective ob-
servation analysis of patients undergoing in-
terbody fusion surgery between February
2021 and January 2024.

Fig. 1. Various robotically assisted surgical techniques. (a) Open surgical technique; (b) classic percutaneous transforaminal interbody
fusion; (c) open posterior decompression with percutaneous pedicle screw implantation; (d) open over-the-top decompression with
hybrid open/percutaneous pedicle screw implantation.
Obr. 1. Rdzné techniky robotické asistence. (a) Oteviena technika; (b) klasicka perkutanni transforaminalni meziobratlova flze; (c) ote-
viend zadni dekomprese spolecné s perkutanné zavedenymi pedikularnimi Srouby; (d) oteviena ,over-the-top” dekomprese s hybrid-
nym otevienym/zavienym perkutdnnim pedikularnich Sroubd.
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Selection criteria

Patients selected for robotically assisted in-
terbody fusion fulfilled general indication
criteria for interbody fusion surgery at our
department. All patients were required to
have undergone standing and dynamic
X-rays together with an MRl exam. In cases
of degenerative spondylolisthesis, surgery
was indicated in patients with neurological
symptoms (nerve root irritation, hypesthe-
sia, paresis, neurogenic claudication) after
failure of conservative therapy (physiother-
apy, periradicular intervention, and analge-
sics) in the presence of instability. Instability
was defined as a minimal 3-mm difference
between standing dynamic X-rays or stand-
ing X-rays and MRI. In borderline cases, indi-
rect markers of instability were utilized such
as edema of the facet joints, increased disc
height, or the presence of synovial cysts. In
cases of isthmic spondylolisthesis, surgery
was indicated in patients with low-back
pain or neurological symptoms refractory
to conservative therapy for a minimum of
6 months. Patients with spine deformities, tu-
mors, or infections were not included in our
patient cohort. Furthermore, we did not in-
clude patients undergoing surgery of three

or more spinal segments or cases of dysplas-
tic spondylolisthesis. Furthermore, a minimal
6-month follow-up was required in all cases.

Surgical procedures

Patients underwent three possible types of
surgical interventions: open interbody fusion,
minimally invasive interbody fusion, or open
interbody fusion combined with a non-instru-
mented decompression. Open procedures in-
volved muscle dissection of the paraspinal
muscles and consequent implantation of pedi-
cle screws via the open wound (Fig. 1a). Mini-
mally invasive interbody fusion had several
forms based on specific requirements of the
patient. In cases of unilateral symptoms, it con-
sisted of percutaneous implantation of pedi-
cle screws and unilateral transforaminal inter-
body fusion between the extender sleeves on
the symptomatic side (Fig. 1b). In cases of bi-
lateral symptoms, the procedure was adapted
by performing either percutaneous pedicle
screw implantation with a small midline inci-
sion and hemilaminectomy (Fig. 1c), or unilat-
eral percutaneous pedicle screw implantation
on one side and open pedicle screw implan-
tation on the other side with a hemilaminec-
tomy (Fig. 1d). A total of three spine surgeons

performed the procedures. The specific nature
of each procedure was decided by the oper-
ating surgeon based on each individual case.
A small number of patients presented with
stable stenosis in a segment adjacent to un-
stable spondylolisthesis. In these cases, open
interbody fusion was performed in the unsta-
ble segment and non-instrumented microde-
compression was performed in the adjacent
stable stenotic segment. Surgical planning
was performed intraoperatively via the
O-armTM (Medtronic, Minneapolis MN, USA)
3D imaging system. The scan was then trans-
ferred to the ExcelsiusGPS robotic system (Glo-
bus Medical, Audubon, PA, USA) and screw
trajectories were planned by the operating
surgeon. A control CT scan was performed in-
traoperatively after screw implantation to ver-
ify accurate placement of each pedicle screw
using the Gertzbein-Robbins (GR) classifica-
tion. Patients were followed up via the out-pa-
tient clinic by serial X-ray imaging at 6-week,
3-month, and 6-month intervals.

Results

A total of 100 patients underwent interbody
fusion surgery between February 2021 and
January 2024 (Tab. 1). Patients were predom-

Mean age of surgery (range)
Sex

male

female

Listhesis

degenerative

Tab. 1. Demographic and surgical data (N = 100).

Demographic data

isthmic

Degree of listhesis (Meyerding)
type |

type I

Spinal canal stenosis (Schizas)
grade A1-A4

grade B

grade C

grade D

Invasiveness
open surgery

minimally invasive surgery

61.3 (32-79) Surgery type
PLIF (1 level) 55%
32% PLIF (2 level) 9%
68% PLIF (1 level + decompression) 4%
TLIF (1 level) 32%
67% Surgical time (minutes)
33% single-level surgery 154
I two-level surgery 202
90% 3 Pedicle screw accuracy (Gertzbein-Robbins)
10% € gradeA 413 (99%)
ug: grade B 5 (1%)
41% type G-E 0%
9% Pedicle screw length
28% bicortical implantation 408 (98%)
S o
Pedicle screw width
66% 6.5 mm width 398 (95%)
34% 5.5 mm width 20 (5%)

N — number; PLIF — posterior lumbar interbody fusion; TLIF — ransforaminal lumbar interbody fusion
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Inferior

Fig. 2. Topographic representation of pe-
dicle screw breaches.

Obr. 2. Topograficka reprezentace naru-
Seni pedikld.

inantly females (68%) with a mean age of
61.3 years. The majority of cases were de-
generative spondylolisthesis (67%) with
the remainder being isthmic spondylolis-
thesis. A posterior lumbar approach (PLIF)
was utilized in 68% of cases, and a transfo-
raminal approach (TLIF) was used in 32% of
cases. A minimally invasive percutaneous
approach was performed in 44% of cases;
the remainder were open approaches. The
majority of cases (87%) were single level fu-
sions; the remainder were combinations of
multiple fusions or fusions with adjacent de-
compressions. In 93 cases, a single intraop-
erative CT scan was performed to plan sur-
gical trajectories. In seven cases, the CT scan
had to be repeated due to transferring er-
rors, most commonly due to improper in-
traoperative CT marker (ICT) registration. In
two cases, screw trajectories had to be re-
planned due to dynamic reference base
(DRB) shift during screw implantation. Over-
all, 418 pedicle screws were implanted via
the Excelsius robotic arm and 413 (99%) had
optimal placement (GR A) with the remain-
ing five having minor asymptomatic corti-
cal breaches of the pedicle wall violation (GR
B). For GR B cases, the superior pedicle wall
was breached once, and the inferior pedi-
cle wall was breached four times (Fig. 2).
A PLIF approach was used for all cases of GR
B screws. A total of three minor dural tears
were reported, all of which were intraop-
eratively fixed via combinations of sutures,
sponge sealants, and fibrin glue; no postop-

erative cerebrospinal fluid fistulas occurred.
The mean surgical time was 154 min for sin-
gle-level procedures and 202 min for multi-
ple-level procedures. During early follow-up,
three patients after PLIF procedures un-
derwent early surgical revisions due to the
presence of seromas. No other surgical revi-
sions were performed. During long-term fol-
low-up, there were no cases of hardware fail-
ure or other complications.

Discussion

Surgical accuracy

Increased surgical accuracy of pedicle screw
insertion is a major motivation for obtain-
ing a robotic platform. Published figures of
robotic accuracy vary based on the type of
surgery performed, specific robotic platform
used (old vs new generation), and classifica-
tion system used. Several large meta-analy-
ses and reviews were published in the last
10 years with conflicting results. A recent
analysis by Jung etal. showed that a key
factor influencing screw precision was the
specific robot model used [4]. Robotic sys-
tems are most commonly divided into first
generation robots (Spine-Assist and Renais-
sance) and second generation robots (Mazor
X [Medtronic, Minneapolis MN, USA], Excel-
sius GPS, ROSA Spine [Zimmer Biomet, War-
saw, IN, USA], and TINAVI [Beijing, China]) [5].
Whereas several authors reported simi-
lar results between fluoroscopic/freehand
and robotic pedicle screw accuracy, these
studies were dominantly focused on first
generation robots [6-8]. One paper by Rin-
gel etal. is renowned for being the only
study reporting a lower precision of robot-
ically assisted screws compared to freehand
implantation [9]. The authors explain this re-
sult was most likely caused by the skiving
phenomenon (slippage upon the superficial
cortical bone) and possibly lower stability of
the robotic arm, both of which are attributed
to first generation robot platforms. Conse-
quently, most studies involving second gen-
eration robots demonstrated their superior-
ity in screw implantation [10-19]. Studies by
Feng etal, Zhang etal,, Cui etal, Wang etal,
and Zhang etal. demonstrated robotic su-
periority only for GR A screws [14,16-19],
whereas Le etal, Han etal, Yan etal, and Su
etal. showed superiority of robotics for im-
planting GR A and B screws compared to
fluoroscopic/freehand techniques [10-13].
When comparing robotic and conventional
CT navigation techniques, the results are
less clear, with Khan etal. showing no dif-

ference between both techniques, whereas
Romagna etal. clearly demonstrated robotic
superiority [20,21]. Literary values of optimal
(GR A) pedicle screw implantation for sec-
ond generation robots range from 90-99%
and clinically acceptable (GR B) implantation
ranges from 98-100% [10-19]. Our results
support these findings as 99% of screws
were GR A and 100% were GR A or GR B. The
5 cases where minor cortical breaches most
likely occurred due to a minor skiving phe-
nomenon described by Ringel etal., were all
located in line with the perpendicular axis of
the high-speed drill (4 inferiorly and 1 supe-
riorly). Although all cases of GR B occurred in
the PLIF group, we do not consider this to be
a major risk factor, as this approach was uti-
lized in a higher percentage of cases (68%)
and the incidence of GR B screws was ex-
tremely low (1%). The high degree of accu-
racy meant we were able to safely implant
the longest and widest possible screw into
each pedicle, which is shown by the high
percentage of bicortical (98%) and large
diameter (95%) screws.

Surgical time

A major drawback of robotic surgery is an in-
crease in procedure time due to the setup of
components necessary for robotic surgery.
These include setup and draping of the nav-
igation system, robotic arm, robotic plat-
form, navigated robotic instruments, image
transfers between the navigation and ro-
botic platforms, control CT scan, and the
presence of a learning curve. Authors such
as Yu etal. and Akazawa etal. demonstrated
that 18-25 robotic spine cases were neces-
sary for a single surgeon to pass the learn-
ing curve, after which times associated with
specific robotic steps progressively de-
creased [22,23]. In our study, mean surgi-
cal time was 154 min for a single segment
procedure and 202 min for double segment
surgery. Unfortunately, we did not observe
a progressive decrease in surgery time in
our study (Fig. 3). Reasons for this are most
likely the division of procedures between
three surgeons, various surgical strategies
and experimentation (open surgery, sev-
eral minimally invasive techniques, etc.), and
an initial selection bias of simpler cases. Fi-
nally, surgical times further increased when
technical errors occurred. A total of 7 cases
required additional navigation scans due
to transfer errors and 2 cases required re-
planning of screw trajectories because of
DRB shift. Although the surgical time was

348

Cesk Slov Neurol N 2024; 87/120(5): 345-351




PRESNOST A TECHNICKE ZAKONITOSTI ROBOTICKY ASISTOVANE LUMBOSAKRALNI MEZIOBRATLOVE FUZE

300

250

200 |-

150

time (minutes)

135 7 9 M 1B3151719 21 23 252729 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 8/

case number

—e— single level surgery

=o— double level surgery

Fig. 3. Surgical time dynamics.
Obr. 3. Dynamika ¢asu operace.

longer in these cases, they represent exam-
ples of correctly functioning safety mech-
anisms, protecting the patient from screw
malposition. The presence of these controls
is most likely the reason why second-gener-
ation robot platforms have less screw mal-
position compared to their first-generation
counterparts.

Selection algorithm

Our department performed robotically as-
sisted fusion surgery by utilizing the Excel-
siusGPS robotic system (Globus Medical).
Prior to the implementation of robotics, we
standardly performed these surgeries using
O-armTM (Medtronic, Minneapolis, MN, USA)
navigation for a total of 14 years. Thus, our
department had sufficient experience of
using navigation for spine procedures. We
consider this to be a key prerequisite for the
implementation of robotics, as it facilitates
learning curves for the operating surgeons
and supporting staff in the primary surgical
set up. Initially, all patients indicated for open
spinal fusion were converted to robotically
assisted surgery. With further experience, we
postulated a selection algorithm due to the
technical limitations and advantages of ro-
botic surgery.

Technical limitations

Robotic surgery utilizes a combination of
three navigation components (Fig. 4). The
DRB acts as a classical four-point naviga-
tion reference frame. The Surveillance is an

Fig. 4. Navigation components of robotic surgery the DRB, the ICT and the Surveillance.
DRB - dynamic reference base; ICT - intraoperative CT frame

Obr. 4. Naviga¢ni komponenty robotické chirurgie DRB, ICT a Surveillance.

DRB - dynamicka referencni zakladna; ICT - intraoperacni CT ram

additional reference frame, which monitors
a fixed distance between itself and the DRB.
The intraoperative CT frame (ICT) is a tem-
porary reference with 7 optic markers, which
allow patient registration without the need

of fiduciary anatomical landmarks, as they
are absent on the patient’s flat back. The
DRB and Surveillance references are fixated
within the iliac crests, whereas the ICT is tem-
porarily fixed on the DRB parallel to the pa-
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tient's back. In order to perform the intraop-
erative CT for trajectory planning, the 7 optic
markers of the ICT must be visible on the
scan together with all of the vertebral seg-
ments being fused. This can be problematic
in extremely obese patients, as a thick layer
of subcutaneous tissue doesn't allow the
visualization of both the ICT and vertebrae.
Furthermore, the increased amount of tissue
in obese patients results in an unstable op-
erative field leading to movement errors of
the Surveillance marker. As a result, morbidly
obese patients are problematic candidates
for robotic surgery.

When performing open surgical proce-
dures, the pedicle screw trajectory had to
avoid edges of the surgical wound, as pres-
sure upon wound edges would shift the sur-
gical field, thus altering the final screw tra-
jectory. The solution to this problem was
either decreased convergence of the screw
trajectory via the facet joint or expanding
the surgical approach by increasing wound
length. This drawback was negated if two or
more spine segments were being fused, as
this allowed increased dilation of the surgi-
cal wound. Thus, the invasiveness of robotic
procedures decreases with an increase in
construct length but can paradoxically be
more invasive in mono-segmental fusion
surgery.

Technical advantages

A major benefit of robotic surgery are the
advanced planning options for pedicle
screw implantation. These allow optimiza-
tion of screw trajectories with optimal con-
vergence, bone contact, and facet joint spar-
ing. Furthermore, 3D visualization of the final
construct allows optimal alignment of screw
heads facilitating their final connection. It
also allows optimal correction of patholog-
ical spine alignment due to the absence of
eccentric screw placement. As such, robotic
surgery is advantageous when performing
longer constructs with pathological spine
alignment.

A further advantage of robotic surgery is
stability of the robotic arm, which prevents
slippage of instrumentation during screw
implantation. This is particularly helpful
when implanting screws into pathological
pedicles such as sclerotic pedicles or pedi-
cles infiltrated by tumors. The controlled use
of a high-speed drill allows safe penetration
through abnormal bone facilitating screw
implantation. Furthermore, the robotic
arm is beneficial when implanting pedicle

screws via extreme trajectories, such as pa-
tients with hyperlordosis and spondylolis-
thesis of the L5/S1 spinal segment. In these
cases, added support of the robotic arm pre-
vents the slippage of screws into suboptimal
trajectories. Therefore, patients with path-
ological pedicles or atypical trajectories of
pedicle screws are especially suitable for ro-
botic surgery.

Complication analysis

In our patient cohort, the sole intraopera-
tive complications reported were intraop-
erative dural tears, which occurred in three
cases of open PLIF surgery. The tears were
the result of dural sac and nerve root ma-
nipulation during surgical decompression
and were not caused by pedicle screw mal-
position. As such, we do not consider these
complications to be associated with robotic
assistance during surgery, but general com-
plications of interbody fusion surgery. Fur-
thermore, we reported three different cases
of seromas occurring in the early postop-
erative period, which required surgical re-
vision due to continuing wound secretion.
Again, all cases occurred following open
PLIF surgery, which has been shown to have
a higher risk of durotomy and wound com-
plications compared to minimally invasive
procedures [24,25].

Conclusion

In conclusion, our study confirmed that sec-
ond generation robotic platforms demon-
strated a very high precision of acceptable
pedicle screw implantation. This not only
decreases the percentage of malposition re-
lated complications, but also allows safe im-
plantation of biomechanically superior in-
strumentation. The main drawback is an
increase in surgical time due to a high num-
ber of surgical components, the presence of
a learning curve, and technical errors asso-
ciated with novel technologies. Additionally,
we provided a crude selection algorithm
for robotic spine surgery, wherein patients
with pathological vertebral structure, atyp-
ical pedicle trajectories, minimally inva-
sive cases, and cases requiring longer con-
structs are especially suitable candidates.
Conversely, the advantages of robotic sur-
gery are less pronounced in morbidly obese
patients and cases requiring open single
level procedures. Overall, robotically assisted
spine surgery is not suitable for every patient
and further optimization of indications will
surely continue.
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