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Over the last few decades, emerging technologies and high-end equipment have rendered
minimally invasive spine surgery (MISS) the standard of care for several different spinal
procedures. Compared to traditional open surgery, MISS has demonstrated to significantly
reduce blood loss, hospital stay, surgical site infection, and postoperative narcotic require-
ments." In this regard, the use of spinal navigation technologies for percutaneous pedicle
screw and interbody cage placement has allowed a more efficient workflow and improved
safety in MISS procedures.>* Moreover, robotic-assisted (RA) systems have been introduced
as competitive or complementary tools to the use of spinal navigation.** To date, safety and
efficacy of navigated thoracolumbar instrumentation has been extensively demonstrated.
Indeed, increased accuracy with navigated screw placement has been associated with prom-
ising clinical and radiographic outcomes. Therefore, the advantages and feasibility of spinal
navigation in thoracolumbar spine surgery are well established.

However, the application of RA techniques in cervical spine surgery has been delayed
due to the unique anatomical and biomechanical characteristics of the cervical spine. Dur-
ing surgery, the cervical segment is substantially more mobile compared to the thoracolum-
bar spine, especially when applying pressure on bony structures. Unwanted movements can
lead to screw misplacement due to deviation from preplanned entry point and trajectory of
RA instruments, with possibly devastating neurovascular complications. In addition, the
cervical spine is characterized by a considerable anatomic variability, especially in case of
severe trauma, advanced degeneration, and developmental abnormalities.® These aspects
must be carefully taken into account by the surgeon experienced in thoracic and lumbar
RA MISS techniques when operating on the cervical spine.

In this paper,’ the authors have performed a single-arm meta-analysis to evaluate feasi-
bility, safety and accuracy of cervical screw placement using RA tools. More specifically, the
authors have systematically reviewed all available studies in which cervical spine instrumen-
tation was performed with RA methods and screw accuracy was reported as the primary
outcome. Secondary outcomes included mean blood loss and average operation time. Un-
surprisingly, the quality of extracted evidence was limited by the moderate risk of bias of
the only randomized controlled trial included, while remaining manuscripts were composed
of small cohort studies or noncontrolled case series. Moreover, most included papers re-
ported the use of TiRobot (Tinavi Medical Technologies, Beijing, China), which is not li-
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censed for use outside China, thus further limiting the general-
izability of results. Overall, the authors reported that 97.8% of
the screws were clinically acceptable, namely fully intrapedicu-
lar without breach of the pedicle cortex or with a cortical breach-
ing <2 mm, corresponding to Gertzbein and Robbins grades A
and B, respectively.® Interestingly, the rate of Gertzbein and Rob-
bins grade A screws reached 96.2% in instrumented C1 verte-
brae, while dropping to 89.7% in C2 and 82.6% in subaxial ver-
tebrae. This can be imputed by the considerable variability of
pedicle width in the subaxial cervical spine, which may have
hampered optimal screw placement.” However, the percentage
of clinically acceptable screws was still higher than 95% in all
subgroups.

Furthermore, the authors have reported that RA cervical spine
instrumentation resulted in a mean blood loss of 197.67 mL and
an average operative time of 268.88 minutes. While reduced
blood loss is advantageously correlated with decreased surgical
invasiveness and lesser anatomical exposure, longer operation
time is a significant drawback of contemporary computer-as-
sisted navigation (CAN) and RA tools in spine surgery. This
may result from a combination of several factors, including in-
creased setup time, steep learning curve, need for intraopera-
tive recalibration and readjustment, additional staft requirements,
and technical issues. Nonetheless, the use of spinal navigation
and RA technologies has been associated with reduced intraop-
erative radiation exposure, lower surgical site infection rates,
and diminished hospital stay."’ Although promising, the data
presented in this study should be cautiously interpreted. Due to
the paucity of controlled trials, the lack of a comparative meta-
analysis does not allow to draw scientifically sound conclusions
on safety and efficacy of RA screw placement in cervical spine
surgery. Indeed, additional studies directly comparing RA tech-
niques with conventional free-hand or CAN approaches are re-
quired to confirm feasibility and superiority of the former. This
also poses relevant ethical issues, as allocating patients to a less
advanced technology, although established for decades as the
standard of care, might not be acceptable in all clinical contexts.
Furthermore, as adverse events occurring in included studies
have not been analyzed and discussed, attention must be paid
to the definition of surgical safety.

While still in its infancy, RA cervical spine surgery appears a
promising field which may potentially revolutionize the surgi-
cal treatment of increasingly common conditions. Though tech-
nological advancements offer new tools at a relentless pace, there
is an urgent need in the spine community to gather high-quali-
ty data that may corroborate safety, efficacy, and cost-effective-
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ness of MISS approaches. Indeed, most clinical studies investi-
gating the applicability of novel technologies in spine surgery
are usually poorly designed, noncontrolled and without enough
statistical power to detect clinically meaningful differences. As
a result, despite intriguing innovations, most quantitative analy-
ses and evidence summaries conclude that there is no recom-
mendation in favor or against the majority of discussed points."
We are optimistic that high-quality research in the next future
will definitely shed a bright light on the immense potential of
RA technology in spine surgery.
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