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Innovations in Robotics and Navigation
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CROSSING THE CHASM IN SPINAL
ROBOTICS AND NAVIGATION

With any emerging technology there is great
anticipation and marketing; however, it is important
that spinal surgeons who want cutting-edge treat-
ment for their patients understand Everett M.
Rogers’ “diffusion of innovations.”' In 1962 he
outlined the theoretical participants who adopt
innovative technologies and separated them into 5
distinct categories: innovators (2.5%), early adopt-
ers (13.5%), early majority (34%), late majority
(34%), and laggards (16%) (Figure 1). They are
modeled in 5 progressive stages initially influenced
by prior conditions yet ultimately directed by peer-
to-peer intercommunication: (1) knowledge, (2)
persuasion, (3) decision, (4) implementation, and
(5) confirmation. The distribution of adopters is
usually a bell-shaped, not an S-shaped, curve. Some
authors® have already compared the advent of
spinal robotics to be as impactful as the industrial
revolution and spinal navigation to be similar to the
penetration of the cell phone. This is an embellished
opinion as there have only been 3 innovations that
have deviated from the bell-shaped curve of
adoption and have seen an S-shaped diffusion
curve, demonstrating exponential adoption: the
personal computer, the internet, and cell phones.

This special issue of the International Journal of
Spinal Surgery represents a distillation of only the
very best articles. The goal of this issue is to reset the
framework of innovation with the clear intention of
stimulating discourse and encouraging creativity.
This edition includes articles which in the near
future will be considered the landmark articles that
establish the place of spinal navigation and robotics.

Currently we are along the bell-shaped innova-
tion curve at “the turning point”—Malcom Glad-
well’s “tipping point” or “the inflection point”—the
space between the early adopters (13.5%) and the

early majority (34%). This is described by Geoffrey
A. Moore® as “crossing the chasm.” The most
critical step in the technology of an innovative life
cycle is making the transition between the visionar-
ies (early adopters) and the pragmatists (early
majority). It is not predictable to depend on
innovators or early adopters because the group is
too small and they are too quick to latch onto the
next perceived innovation. Instead it is the early
majority that is the decisive recruitment sector—
they are a larger group within the target population
(34%) and contain key opinion leaders that generate
momentum and convey trust given their conserva-
tive approach to the remaining most risk-adverse
cohorts. The challenge is that they are content with
the traditional spinal technology they currently use
for their patients. Fortunately, they are more
dedicated and conscientious once they are con-
vinced to change their practice.

This special issue, along with Part 2 coming out in
2022, prove that spinal navigation and robotics has
successfully “jumped the chasm.” The complications
and early learning curves are acceptable in several
different institutional clinical series: Lieberman et
al, Theodore et al, Campbell et al, etc. Several
varied types of navigation have proved to be
successful in the following peer-reviewed articles—
Devito and Woo, Satin et al, Liecberman et al, and
Theodore et al. Furthermore, Rossi and Coric’s and
Qureshi et al’s articles on minimally invasive
paraspinal surgical approaches for the cervical spine
and lumbar spines give a glimpse into the power of
these defining technologies. Other authors have
claimed that spinal navigation and robotics have
changed the definition of “standard of care.” This
concept is discussed in Satin et al’s article.
“Standard of care” is a legal definition and requires
a broader multistate courtroom case-law track
record. In contrast, Rossi and Coric provide a basis
to consider cervical navigation the current state of
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Figure 1. The technology and precision of spinal robotics and navigation are currently at the inflection point in the innovation diffusion curve. The articles in this
Focus issue are compelling enough to help minimally invasive surgical (MIS) techniques to cross the chasm from the early adopters to the early majority of fellowship-

trained spinal surgeons.®

the art. It is not possible to achieve and insert
cervical pedicle screws of perfect trajectory, size, and
length to the degree demonstrated in Coric’s
experience using only freehand techniques. The
account of the largest cervical spine freehand pedicle
screw experience was published by Abumi and
Kaneda.* The series from Rossi and Coric is smaller
but his incidence of complications is less, and his
length of hospitalization was less due to a paraspi-
nal approach which Coric and Rossi show is less
invasive to the paraspinal soft tissues.

Another expression of minimal invasiveness is
lower radiation exposure. The work of Lieberman et
al and Devito and Woo using Mazor X Stealth is
very convincing. If there is any clear-cut expression
of decreasing imaging and radiation requirements it
is the performance of S2AI screws in deformity
surgery. Using freehand techniques the surgeon
requires anteroposterior, lateral, and teardrop
fluoroscopic views repeatedly to probe, drill, and
insert large pelvic screws, left and right sides, into
the superior acetabular bone. This requires a
minimum of 6 views for each side, whereas using
navigation and/or robotics, the only imaging is that
required for registration. The total radiation expo-
sure to the patient and operative team is dramati-
cally reduced.

The continuation of adoption of navigation and
robotics is assured and there is plenty of room for
growth and improvement in this space. The meta-
analysis provided by Cunningham et al establishes

the basic scientific accuracy of image guidance: 0.1
mm translation and 0.1 mm degree in optoelectronic
laboratory conditions. This precision falls off in
clinical application in the spine to 3 to 4 mm
translation and 2 to 3 degrees of rotational
accuracy. Total joint navigation and robotics
currently lie between these two extremes. Total
joint robotics has a presumed advantage in that it
does not involve any viscoelastic joints, does not
involve a series of 3-joint complexes like the spine,
and does not involve a series of chain linkages
between the navigated bone and the skeletally
anchored reference fiducials.

As predicted the intrinsic computed accuracy of
the daVinci intracavitary robotic system is better
than spine (1.02 mm) but still not to the level of
Optotrak 3020(0.25 mm).> DaVinci is a master-slave
robot that does not use real-time optoelectronic
camera tracking. Cunningham et al compared
DaVinci to studies that have been done with
cameras; however, this paradigm is not directly
comparable to a real-time image-guided system that
is used in spinal surgery. As they point out, a direct
comparison of accuracy between these 2 different
robotic systems is challenging as 2 different things
are being compared (movement of a robotic arm in
the case of the DaVinci and accuracy of screw
placement in the case of a spine robot). While
“accuracy” inferences can be made, a direct
comparison between different robotic systems in
different surgical subspecialties needs to take into
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account different definitions of “accuracy.” daVinci
systems are in their third generation—it is antici-
pated that the accuracy of spinal navigation and
robotics will demonstrate similar improvements
over the same time period with iterative improve-
ments. As image guidance and robotics becomes
more commonplace in spinal surgery, the improve-
ments in workflow, accuracy, and patient outcomes
will lead to further adoption as the chasm is fully
crossed and we look forward to the next innovation
which will almost certainly include bone removal
automation allowing decompressive laminectomies
and osteotomies to be performed with a high degree
of accuracy in a rapid, reproducible fashion.

With the evolution of the multispecialty inter-
ventionalist, traditional surgical training will evolve
and the next generation of surgeons will be far more
accustomed to and accepting of the new technolo-
gies that are already present in their day-to-day
lives.

The adoption will further be fueled by our
millennial trainees who will not get as much time
in the operating room as their predecessors and are
quite facile with advanced technologies. Navigation
and robotics are not yet the standard of care for
spinal surgery. Spinal cord monitoring is not even
the standard of care. Yet, the technology has
definitely added a powerful tool into the surgical
armamentarium and will continue to be improved
upon with the addition of features that assist in a
larger part of the surgery.

We hope that this special issue, along with the
follow-up issue publishing in 2022, provides you
with clinically relevant insights into the use of
robotics and navigation in spine surgery.
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