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Abstract

Background Robotic spine surgery (RSS) could potentially overcome some limitations of fluoroscopic-assisted surgery
(FAS). The aim of this study was to analyze RSS advantages compared to FAS and the impact of a dedicated nursing team
on surgical workflow efficiency.

Materials and methods We retrospectively analyzed 260 adult patients with thoracolumbar degenerative/traumatic instabil-
ity. One-hundred-thirty underwent posterior fusion with Medtronic Mazor X, while 130 were treated with FAS. Parameters
included operative duration, OR entry-to-start time, screw implantation time, accuracy (Gertzbein-Robbins classification),
radiation exposure, complications, and Oswestry Disability Index (ODI). We also assessed OR entry-start surgery/implant
times, number of screws implanted, and duration of the intervention before and after the introduction of a dedicated nursing
team for RSS.

Results RSS reduced implantation times with higher accuracy of pedicle screws. It decreased exposure to radiation for both
surgeons and patients. In our case series, there were no significant differences in complications or hospitalization times. A
10% difference in means was observed to the most recent follow-up between ODI of the patients operated with robotic (5%)
and fluoroscopic-assisted (15%) surgery. In the RSS group, three (2.3%) cases of junctional syndrome occurred, seventeen
(13.1%) with FAS. Implementing a dedicated nursing team reduced OR entry-start time and overall duration of robotic
procedures.

Conclusions In our experience, RSS had important advantages compared to FAS in terms of accuracy of pedicle screw
positioning. It reduced implantation times and postoperative pain without additional complications. The learning curve of
the operating room staff represented a crucial point in the speed of execution of the procedure.

Keywords Robotic spine surgery - Fluoroscopic-assisted surgery - Pedicle screw accuracy - Radiation exposure - Surgical
workflow efficiency - Dedicated nursing team

Introduction

Robotic spine surgery (RSS) is a reality that is increas-
ingly spreading throughout the world [1]. This tool could
help to overcome some of the limitations of fluoroscopic-
>4 F. laccarino assisted surgery (FAS) [2]. Medical robots generally fall
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but at the same time, they imply a unique working method,
a learning curve, and different timing during surgery [4].
Another crucial factor is the training of the entire operating
room staff in order to carry out the various steps efficiently
[5]. Once this tool has been mastered, however, the advan-
tages could be very helpful: accuracy in positioning the
pedicle screws, even in cases of complex anatomy or poor
bone quality, with consequent reduction in the risk of revi-
sion, shorter implant procedures (especially in case of long
constructs), less operator fatigue, and exposure to radiation
[6-11]. The aim of this study is to analyze the RSS activity
compared to FAS regarding timing, complications, accuracy
of screw placement, radiation exposure, and clinical out-
comes. Moreover, we studied the impact of a dedicated nurs-
ing team on surgical workflow efficiency, a variable rarely
explored in comparative literature.

Materials and methods

In this single-center retrospective study, two-hundred-sixty
adult patients suffering from degenerative or traumatic insta-
bility of the thoracolumbar spine were considered. One-
hundred-thirty underwent posterior fusion using Medtronic
Mazor X (Mazor Robotics Ltd., Caesarea, Israel) in the
period 01/01/2021 to 01/06/2024, then we considered a con-
trol group of one-hundred-thirty patients that were operated
on using fluoroscopic-assisted technique before the introduc-
tion of the robot. The surgical indication for degenerative
spinal pathology was based on the results of both flexion-
extension X-rays and magnetic resonance imaging (MRI),
which confirmed the presence of instability in the segments
under consideration. This was in the context of clinical
symptoms that were unresponsive to conservative treatment
for a period longer than six weeks and that interfered with
normal daily activities (Oswestry Disability Index > 40 %).
In cases of traumatic pathology, stabilization was performed
for fractures deemed unstable based on their morphology
as assessed by computed tomography (CT) and MRI. All
the procedures were carried out at Centro Chirurgico Tos-
cano in Arezzo, and the surgeons were the same for both
groups. The two patient groups were homogeneous in terms
of demographic/clinical characteristics and pathology type.
The average body mass index (BMI) was 28.1 + 4.3 kg/m>.
The prevalence of comorbidities was comparable between
the groups: hypertension (47%), type 2 diabetes mellitus
(18%), chronic cardiac disease (12%), chronic obstruc-
tive pulmonary disease (10%), and diagnosed osteoporosis
(22%). Thirty-five percent of patients were current or for-
mer smokers, while 15% reported chronic alcohol use. The
parameters considered were: sex, age, pathology, surgical
technique (open/percutaneous), robotic technique (scan and
plan/CT to fluoro), operating room (OR) entry-start surgery

@ Springer

time, number of screws, number of cages, duration of the
operation, duration of implantation of the screws, accuracy
of the screws (Gertzbein-Robbins classification: grade A—
screw is completely within the pedicle; grade B—screw
breaches the pedicle cortex by < 2 mm; grade C—pedicle
cortical breach < 4 mm; grade D—pedicle cortical breach <
6 mm; grade E—pedicle cortical breach > 6 mm), exposure
to radiation, revision, infection, hospitalization time, blood
transfusion, and junctional pathology. The imaging modality
used to assess screw placement accuracy was postoperative
CT, evaluated by an independent radiologist. Postoperative
radiological follow-up was carried out after one, three, six,
and twelve months. Clinical outcomes were assessed by the
Oswestry Disability Index (ODI). The minimal clinically
important difference (MCID) threshold for ODI is gener-
ally accepted to be around 10%. ODI scores of the robotic-
assisted and fluoroscopy-guided surgery groups were
compared in relation to this threshold to evaluate whether
the observed postoperative improvements were clinically
meaningful. Data of the two groups were compared using
Chi-square tests for categorical variables and independent
samples t-tests for continuous variables. We also assessed
OR entry-start surgery/implant times, number of screws
implanted, and duration of the intervention before and after
the introduction of a dedicated nursing team for RSS.

Robotic spine surgery workflow

After general anesthesia induction, the patient is positioned
prone and the Mazor X (Mazor Robotics Ltd., Caesarea, Israel)
is attached to the surgical bed using a frame adaptor. Ster-
ile draping is set up and the robotic reference star is attached
to the robot. A Schanz screw placed with a triton drill with
pin collet attachment into the posterior superior iliac spine
(PSIS) can be used (other alternatives are a specific bridge or
a clamp anchored to the spinous processes for open surgeries)
to connect the robotic arm to the patient. After this procedure,
any patient movement should be avoided in order to maintain
the accuracy. A sterile towel is placed over the surgical site
and a 3Define Scan is performed to make the robot’s camera
reconstruct the operating field space (Fig. 1). The snapshot
tracker, which is the robotic arm reference, is then attached
to the surgical arm. A snapshot step is performed positioning
the navigation camera where it can visualize both the snapshot
tracker and the reference frame. This process saves these rela-
tive positions and relates them to the robotic system allowing
the navigation to display instruments in relation to the three-
dimensional (3D) map of the robotic system. The snapshot
tracker is then removed and replaced with a radiopaque marker
(StarMarker, Fig. 2). The following robotic registration creates
a 3D map of the robotic system and the patient anatomy as it
is positioned on the OR table. This is accomplished by taking
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Fig. 1 Sterile draping and
preparation for 3Define Scan
with the reference star already
attached to the robot

Fig.2 Starmarker in the correct
position before taking the o-arm
scan

an o-arm 3D scan of the bony anatomy with the radiopaque
marker. Three-dimensional images are used by the Mazor
robotic guidance platform software (Mazor X robotic guid-
ance system, model TPL0059, software version 5.1.1, Mazor
Robotics Ltd., Caesarea, Israel) to merge the coordinates of
the patient’s anatomy with the 3D map of the robotic system.
The intraoperative planning is then carried out. After choos-
ing the target vertebra by selecting it on the robot’s screen, the
robotic arm is sent to the correct position. Skin and fascia are
incised, then the cannula/dilator assembly is inserted into the
arm guide until the dilator contacts the pedicle surface. The
dilator is removed, leaving the cannula in position. Through
the cannula, a navigated high-speed drill is used to prepare the
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pedicle for screw insertion (Fig. 3). The screw is then inserted
in the pedicle through the robotic guide after removing the
cannula (Fig. 4). After repeating this procedure for each screw,
they are connected with the rods as it is done in traditional
FAS. A final radiologic exam is taken to confirm the correct
position of the fixation devices.

Results
In the RSS group, patients were aged between 22 and 83,

with a mean of 60+14, 71 females and 59 males. In the
FAS group, patients were aged between 27 and 89, with a
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Fig.3 Preparation for robotic
pedicle screw placement with
navigated high-speed drill

Fig.4 Detail of the robot screen during screw placement

mean of 61+14, 69 females and 61 males. In each group,
126 patients were affected by degenerative spinal pathol-
ogy, 4 by traumatic pathology. In the RSS group, 80 cases
were carried out with percutaneous technique, 50 cases
with open technique. In the FAS group, 13 cases were car-
ried out with percutaneous technique, 117 cases with open
technique. Mean OR entry-start surgery, total operative,
and single-screw implantation times were respectively
63 minutes, 185 minutes, and 2 minutes 30 seconds in
the RSS group and 46 minutes, 136 minutes, and 8 min-
utes 10 seconds in the FAS group. In the RSS group,
119 cases were carried out using intraoperative planning
(scan ad plan) and 11 cases with pre-built planning (CT
to fluoro). In the RSS group, the total number of screws
placed was 757; in the FAS group, it was 652. In the RSS
group, 98% of the screws were grade A, 2% grade B. In
the FAS group, 47% were grade A, 50% grade B, 3% grade
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Table 1 Accuracy of pedicle screws in RSS and FAS groups was
evaluated with Gertzbein-Robbins classification

Accuracy of screw placement

Robotic Fluoroscopic-assisted
98% grade A 47% grade A
2% grade B 50% grade B

3% grade C

C (Table 1). In the RSS group, the total number of cages
positioned was 109; in the FAS group, it was 39. In the
RSS group, the number of revisions was 4; in the FAS
group, it was 5. In the RSS group, the average length of
hospital stay was 4.9 days; in the FAS group, it was 4.6
days. In the RSS group, the number of patients undergoing
transfusion due to large blood losses during the operation
was 11; in the FAS group, it was 12. In the RSS group and
in the FAS group, the number of infections was 4 for each.
From a clinical point of view, a 10% difference in means
was observed to the last follow-up between the ODI of
the patients operated with robotic (5%) and fluoroscopic-
assisted (15%) techniques. In the cases performed with
the robotic technique, 3 (2.3%) cases of junctional syn-
drome occurred; 17 (13.1%) in the cases performed with
the fluoroscopic-assisted technique. The average radiation
dose per single screw in cases performed with the CT to
fluoro robotic technique (11) was 5cGycm?. The average
radiation dose per single screw in cases performed with
the scan and plan robotic technique (119) was 10cGycm?.
The average radiation dose per single screw in cases per-
formed with the percutaneous fluoroscopic-assisted tech-
nique (13) was 175cGycm?. The average radiation dose
per single screw in cases performed with the open fluoro-
scopic-assisted technique (117) was 40cGycm®.
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Statistical analysis

Continuous variables, including age, Oswestry Disability
Index (ODI), hospitalization time, number of screws/cages
implanted, OR entry-start surgery time, and duration of the
operation were compared between RSS and FAS groups
using independent samples t-tests. Statistically significant
differences were observed in ODI (p = 0.001), OR entry-
start surgery time (p = 2.04 x 10-!7) and duration of the
operation (p = 4.50 x 10-'?), while no significant differ-
ences were found for age (p = 0.579), number of screws
(p = 0.827), cages implanted (p = 0.226) and hospitaliza-
tion time (p = 0.099). Categorical variables, such as blood
transfusions, infection rate, revision surgery, and junctional
pathology were compared using Chi-square tests. No sig-
nificant differences were found in the need for transfusions
(p = 0.914), infection rate (p = 0.992), revision surgery (p
= 0.992), or incidence of junctional pathology (p = 0.114).
A p-value of less than 0.05 was considered indicative of
statistical significance for all comparisons (Table 2).

Role of the nursing team in robotic spine surgery

We created a group of two scrub nurses and two OR nurses
dedicated to RSS. They underwent individual training with
the medical engineering staff of the manufacturing com-
pany of the robot (with certification), three meetings with
an expert surgeon regarding principles of spinal surgery,
navigation, applications of robotic surgery, and a training
of three months in the OR. We evaluated the impact that the
setting of the dedicated team had on surgical interventions
in terms of: OR entry-start surgery time, implant time, num-
ber of screws implanted, and duration of the intervention. A
comparison was carried out between the period before the
team was set up and after the training. Pre- and intraopera-
tive times were recorded using an electronic register. By set-
ting up the specialized nursing team, we found a reduction in

Table 2 Results of the statistical analysis

Parameter p-value Interpretation
Age p=0.579 Not significant
OR entry-start surgery p=2.04x10" Significant
Duration p=450x10" Significant
Number of screws p=0.827 Not significant
Number of cages p=0.226 Not significant
Blood trasfusion p=0914 Not significant
Infection p=0.992 Not significant
Revision p=0.992 Not significant
Hospitalization time p =0.099 Not significant
ODI p =0.001 Significant
Junctional pathology p=0.114 Not significant

the times to start surgeries. In the intraoperative phase, we
recorded a higher number of screws implanted in the same
amount of time. Above all, we recorded a clear reduction in
the overall duration of the procedures (Table 3).

Discussion

From what emerges in this study and the literature analyzed,
RSS could be successfully exploited both in traumatic and
degenerative pathologies, using minimally invasive or
open approaches [12-31]. Screw implantation times were
certainly in favor of RSS, with an average difference of 5
minutes and 40 seconds per screw. However, despite this
intraoperative advantage, the overall duration of robotic pro-
cedures was longer compared to FAS (185 vs. 136 minutes
on average). This apparent paradox could be explained by
several workflow-related factors. First, the OR entry-to-start
time for RSS was significantly higher (63 vs. 46 minutes),
reflecting the time required for robotic setup, including
patient registration, reference frame positioning, imaging
acquisition, and intraoperative planning on the robotic plat-
form. Additionally, the learning curve of both the surgeons
and the operating room staff played a crucial role. Once the
screw implantation phase had begun, robotic guidance con-
siderably shortened the time per screw (2’30’ vs. 8°10°"),
but this gain was not sufficient to offset the longer setup
and registration time, especially in shorter constructs. Over
time, as the team became more experienced and a dedi-
cated nursing team had been established, as shown in this
study, reducing average intervention duration from 253 to
190 minutes, this gap was progressively reduced. Another
important aspect was the reduction of operator fatigue, who
would not have to keep the X-ray protections on for hours
because of the less exposure to radiation. It was important
to notice that the number of infections, revisions, transfu-
sions, and average post-operative hospital stay were similar
in both groups, without any statistically significant differ-
ence. Another fundamental advantage of RSS was the accu-
racy of pedicle screws, which was particularly important in

Table 3 Comparison of OR entry-start surgery time, implant time,
number of screws implanted and duration of the intervention before
and after the introduction of the dedicated nursing team for robotic
surgery

Parameters (means) No dedicated nurs- Dedicated
ing team nursing
team
OR entry-start surgery time 67.5 min 60 min
Total implant time 30 min 30 min
Number of screws implanted 43 6.3
Duration of the intervention 253 min 190 min
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cases of complex anatomy associated with osteoporosis, in
which a greater pedicle density could be guaranteed, reduc-
ing the risk of failure of the implant. In the RSS group, in
fact, 98% of the screws were grade A, 2% grade B. In the
FAS group, 47% were grade A, 50% grade B, 3% grade C.
In the most recent clinical follow-up, a difference of 10%
was also highlighted between the means of ODI of patients
who underwent RSS (5%) and FAS (15%), with a statisti-
cally significant difference. Although pain is a subjective
parameter, this study shows that patients operated on by RSS
had frequently less postoperative pain, which could be attrib-
uted to less trauma to the soft tissues and better accuracy in
positioning the pedicle screws. Furthermore, the minimal
clinically important difference (MCID) for ODI is gener-
ally accepted to be around 10%. Therefore, the observed
10% reduction in the RSS group compared to the FAS group
reached clinical relevance, supporting the effectiveness of
the robotic approach. A limit of this study was that in the
RSS group, eighty cases were carried out with percutane-
ous technique and fifty with open technique, while in the
FAS group, thirteen were percutaneous and one hundred
seventeen were open. This disparity reflected the natural
evolution of surgical practice with the introduction of robot-
ics, but may have influenced differences in postoperative
pain outcomes. Regarding the junctional pathology, even if
there was no statistically significant difference between the
two groups, what we could highlight was a trend in favor
of RSS such that the seventeen patients operated on using
the fluoroscopic-assisted technique presented junctional
pathology, while only three of those operated on using the
robotic technique. However, one-year follow-up was a rela-
tively short period, which might not be adequate to fully
capture the incidence of adjacent segment degeneration, a
condition that often necessitates longer-term observation
for accurate assessment. Anyway, this preliminary result
could be explained by the fact that there was less damage to
the adjacent articular processes. The main limitation of this
study was the size of the sample examined, so larger case
studies will be necessary to analyze differences and indica-
tions of FAS and RSS [32]. Robotics has also the potential
to enhance other aspects of surgical procedures (such as
discectomy, laminectomy, and endoscopy) beyond pedicle
screw placement, so we will certainly explore these future
prospects [33]. Another important aspect is that studies of
complications and cost-effectiveness are still very rare [34].

Conclusions

In our experience, RSS has important advantages compared
to FAS in terms of accuracy of pedicle screw positioning.
It reduces implantation times and postoperative pain with-
out additional complications. The preparatory stages can be
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time-consuming and must be carried out with the greatest
possible care. The learning curve not only of the surgeon,
but of all the operating room staff, represents a crucial point
in the speed of execution of the procedure.
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