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ABSTRACT

The use of intraoperative robotics and imaging for spine surgery has been shown to be safe, efficacious, and
beneficial to patients, offering accurate placement of instrumentation, decreased operative time and blood loss, and
improved postoperative outcomes. Despite these proven benefits, it has yet to be uniformly adopted. One of the major

barriers for universal adoption of intraoperative robotics is the learning curve for this complex technology, in
conjunction with a lack of formalized training. These same obstacles for universal adoption were faced in the
introduction of surgical technology in other disciplines, and the use of this technology has become the standard of care

in some of those specialties. Part of the success and widespread implementation of prior novel technology was the
introduction of formalized training systems, which are currently lacking in advanced spine surgical technology.
Therefore, the future success of intraoperative robotics and imaging for spine surgery depends on the creation of a
formalized training system. We detail the best techniques for surgical pedagogy, as well as propose a comprehensive

curriculum.
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INTRODUCTION

Technological advances have always been the
driving force for improving the care delivered
during spine surgery, with overt examples including
computed tomography (CT), magnetic resonance
imaging, and fluoride positron emission tomogra-
phy–CT.1 After the introduction of image-guided
surgery of the spine in the late 1990s, the next phase
in technological advancement for spine surgery was
the implementation of intraoperative robotics cou-
pled with real-time image guidance. Numerous
commercial platforms are currently available,1,2

with proposed advantages including simplification
of ergonomically challenging approaches, operator
indefatigability, tremor elimination, increased reli-
ability, and facilitation of minimally invasive
techniques.2 Indeed, this technology has consistently
been proven to be safe and efficacious in numerous
meta-analyses,3 with specific outcomes including
improved accuracy of pedicle screws, fewer proxi-
mal facet violations, decreased radiation exposure
for surgeons and staff, decreased intraoperative
blood loss, shorter postoperative stay, and lower
revision rates.4–7 However, even given the mounting

available evidence that this technology is safe and
valuable to surgeons, it has not been widely adopted
or become the standard of care.8–11

An unmodifiable barrier to universal adoption
may be that the medical sciences have relatively
longer technology lifecycles, especially compared
with computing or automotive vehicle technology.12

In the technology adoption lifecycle, a model that
describes the acceptance of a new product, image
guidance and robotics are currently in the ‘‘chasm,’’
which describes the gap between the early adopters
and the market majority.13 Surgeons in general may
be late adopters due to an understandable trepida-
tion about a complex and unfamiliar technology
that they may deem unnecessary; they know what
works for them and are resistant to change,
especially when considering pragmatic risk–reward
comparisons and nostalgic biases.11 In 2001, Scott14

proposed a parabolic phenomenon for technologic
adoption in medicine, outlining the progression
from a promising idea to ubiquity (Figure 1). On
this continuum, image guidance and robotics for
spine surgery certainly have no dearth of encourag-
ing reports. However, widespread enthusiasm is
clearly lacking. Summarily, although this technolo-
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gy has proven efficacy, it clearly has a long way to
go before it becomes ubiquitous.

There are perhaps modifiable obstacles that
prevent the transition of this beneficial technology
to cross the chasm and move toward widespread
adoption. Consistent evidence suggests that sur-
geons are loathe to use intraoperative robotics and
image guidance during spine surgery because of a
deficiency of training and exposure. This fact
essentially establishes that the learning curve,
inherent in all advanced technology, is a major
barrier for adoption.11,15 In a global survey, Härtl et
al16 noted that surgeons themselves cite inadequate
training as a primary driver of nonusage of image
guidance and found that a mere one-third of
surgeons had ever participated in a computer-
assisted surgery training course. The lack of training
leads to a lack of familiarity and a concern for
disruption of operating room workflow, which
hinders its acceptance even further.15,16 In teaching
programs, there is the additional concern that
trainees may foster reliance on this technology and
downplay its potential to enhance the training
experience.11 These attitudes stand in stark contrast
to intraoperative cranial navigation, which has
achieved universal adoption when available and
has become an important tool for neurosurgical
education and the standard of care for cranial
surgery.17

Given the evidence that lack of adoption is
directly related to training and education, compre-
hensive and thoughtful training is a prerequisite for
universal adoption of this safe and expedient
technology. Indeed, the success of this technology
seems to be most closely tied to teaching how to use

it. With education comes familiarity, an under-
standing of its advantages and disadvantages, as
well as how to best incorporate it into a streamlined
practice. In this manuscript, we extract lessons from
other specialties during the incorporation of new
technologies, summarize the evidence for the best
way to teach a new technology or skill, and provide
focused and practical advice on how to train in
intraoperative spinal robotics and navigation.

THE LAPAROSCOPIC JOURNEY AND
BEYOND

The technological journey of laparoscopic sur-
gery is pertinent.14 In 1901, the term laparoscopy
was coined to describe the act of placing an
endoscope within the peritoneal cavity, and the
1920s produced advancements that simplified its
use, including the angled lens for lateral vision and
an apparatus for peritoneal insufflation.18 The first
laparoscopic cholecystectomy was performed in
1985, marking the first major surgical operation
done laparoscopically and sparking a new era in
general surgery.19 Although there was clear promise
of its utility, a chief barrier for the widespread
incorporation of the laparoscope was the steep
learning curve, which is similar to the learning curve
observed in intraoperative robotics and image
guidance for spine surgery. General surgeons were
unfamiliar with 2-dimensional video rendering,
limited degrees of freedom of the instruments, lack
of tactile feedback, and unstable camera plat-
forms.19,20 To overcome this obstacle, the general
surgery residency curriculum was modified to
incorporate laparoscopy early in training; the

Figure 1. Scott’s parabola.
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Accreditation Council for Graduate Medical Edu-
cation mandated standardized laparoscopic simula-
tion and skills laboratories for all surgical residency
programs, and this enhanced training experience
was directly responsible for addressing the learning
curve and played a role in catapulting laparoscopic
surgery to the peak on Scott’s parabola.21,22 The
mantra, ‘‘See one, do one, teach one,’’ coined over a
century ago by William Halsted of Johns Hopkins,
was modified to incorporate simulations, wherein
the ‘‘do one’’ was first extensively performed on
training models.22 The introduction of simulations
also allowed the development of objective measure-
ments of skill, introducing thresholds for compe-
tency before proceeding to live patients, such as with
the McGill Inanimate System for Training and
Evaluation of Laparoscopic Skills (MISTELS).23

Additionally, a Fundamentals of Laparoscopic
Surgery curriculum was created to set standards
for training. Therefore, based on the history and
evolution of laparoscopy, the success of intraoper-
ative navigation and robotics in spine surgery is
wholly dependent on the ability to train surgeons
and to incorporate that training early in the
curriculum.

In the late 1990s, robotic surgery began offering
novel solutions to plain laparoscopy. Perhaps the
best-known surgical robot is the da Vinci Surgical
System, whose inception was a Department of
Defense project named AESOP.24 Although it took
several iterations to reach its current form, the da
Vinci was created to directly address the chief
limitations of laparoscopy; namely, 3-dimensional
visualization, fine movement control, and maneu-
verability. For example, the laparoscopic radical
prostatectomy was not popularized due to difficulty
in performing the vesico-urethral anastomosis.25 A
mere decade after the first reported laparoscopic
radical prostatectomy, its robotic counterpart with
the da Vinci has become the standard of care in
well-resourced countries.25 Both the da Vinci system
and intraoperative robotics and image guidance for
spine surgery have proven efficacy, are expensive,
and have a steep learning curve. So how did the da
Vinci become standard of care? Its success was
related to the success of the laparoscope, in that
there was a concerted effort to create training
systems for this novel technology, combined with
a decreasing price tag.

Indeed, the current iteration of spine robotics and
navigation may still be cost prohibitive for wide-

spread incorporation and training. This situation is
most like that of the MAKO Robot, which is a CT-
guided robotic-assisted surgical system used in
orthopaedics for hip and knee arthroplasty.26,27

Both technologies are proven efficacious but have
yet to be widely incorporated due to cost. The price
tag of the MAKO Robot may also create a negative
feedback loop, preventing training, and thus lack of
familiarity and further hesitancy for adoption.

To address the issue of robotic training for
arthroplasty directly, there have been efforts to
create formalized training modules. Just as there are
modules for Fundamentals of Laparoscopic Sur-
gery, there are also now Fundamentals of Robotic
Surgery modules.28 Subsequently, different types of
online training curricula, onsite training programs,
and procedure-training simulators were developed
on the foundation of these fundamentals.29 Certain
neurosurgery residencies have independently identi-
fied the need for training in spinal robotics and
navigation and have created their own structured
training and certification programs. These programs
incorporate reading materials, online training, and
virtual simulations in the initial stage, which is then
followed by more hands-on experience in the
operating room.30 Thus, the educational arena of
robotic surgery will continue to evolve as techno-
logical advancements develop and will play a pivotal
role in pushing novel surgical systems up on Scott’s
parabola toward becoming standard of care.

PEDAGOGY IN HEALTH CARE:
APPLICATIONS TO SPINE SURGERY

Now that the value of training has been
emphasized, it is important to discuss how best to
train in these technologies. Medical education in
general, as inspired by Abraham Flexner and
William Halsted, strongly emphasizes iterative
clinical practice.31 Currently, a large body of
evidence suggests that simulations may be the most
efficient way to train.22,32,33 The use of simulated
experiences avoids ethical concerns of treating
patients as ‘‘practice’’ in a traditional apprenticeship
model,34 increases patients’ support of trainee
involvement in care,35 and may even reduce
downstream health care costs.32 A simple example
of this is simulated medical school clinical encoun-
ters, such as standardized patients or objective
structured clinical exams, which have become
required medical curricula, as their use has demon-
strated a dose-response relationship with learning
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outcomes.36 A second example is that of advanced

cardiovascular life support training, which involves

standardized high-fidelity simulations; these simu-

lations were not created for their own sake but
because they have demonstrated improvements in

provider care and patient outcomes during emer-

gency situations.33

The importance of simulations is easily applied to

surgical training, which already relies on deliberate
repetition.22 A simulation of surgical techniques

allows for virtually unlimited practice opportunities

in a low-stress, supportive environment, which is

essential for robust skill acquisition and long-term
maintenance.36 There are several examples, ranging

from low-fidelity (eg, simple knot tying, suture

boards) to extremely high-fidelity (eg, cadaveric

dissections) simulators. However, the validity and
reliability of available simulators varies widely by

surgical specialty and simulator type.37 Ultimately,

the success of simulations hinges on measurable

objective outcomes, integration into the curriculum,

and standardized settings. To that end, work has
been done to create standardized curricula and

assessment tools for robotic surgery, emphasizing

objective assessment of teachable skills, such as

eliminating unnecessary maneuvers and respect for
nearby tissue.38

Perhaps the most successful surgical simulators

are low cost but high yield; for example, laparo-

scopic simulators, such as MISTELS, use simple but

translatable tasks, such as peg transfers and pattern
cutting, to practice transferable skills of tissue

manipulation and visuospatial awareness.23 Al-

though MISTELS is a lower-fidelity simulator, its

ability to meet the previously mentioned compo-
nents of simulation (ie, controlled setting, timely

feedback, measurable outcomes, ability to increase

difficulty) underlies its consistent validation as a

learning and assessment tool for future laparoscopic

surgeons.22,23 The widespread availability of MIS-
TEL stems from its proven efficacy and relatively

low cost and is a critical component to the success of

laparoscopic surgery. In terms of robotic surgery, a

similar low-cost but high-yield simulator is extant
and was key to the success of the da Vinci Surgical

System.31 The Mimic dV-Trainer (Mimic Technol-

ogies Inc) has enabled training surgeons to practice

transferable skills of a da Vinci Surgical System on a

validated, lower-cost simulator.39 It has been proven
efficacious, as the use of the Mimic dV-Trainer has

been associated with shorter operative times in
hernia repair cases.40

In stark contrast, neurosurgical spine simulators
have been slow to develop, which is hindering the
widespread adoption of intraoperative robotics and
navigation. The lack of simulators may in part be
due to their hypothetical cost, as well as their
unknown reproducibility and efficacy.41,42 However,
it is clear that the apprenticeship model is inade-
quate preparation for residents on these new
technologies,42 as even attending neurosurgeons
may not be completely familiar with the new system,
and resident surgeons may quickly reach an artificial
plateau created by their mentors. Therefore, the
future success of intraoperative robotics and navi-
gation depends on the creation of new low-cost and
high-fidelity simulators. A successful simulation
course on this topic must focus on creating
digestible modules, objective and testable outcomes,
and varying difficulty.43 Additionally, it should
include pitfalls and failures, so that trainees become
accustomed to identifying problems. For example,
one potential objective outcome is time-to-pedicle
screw instrumentation.44 An example of a potential
pitfall is a registration error, creating inaccurate
navigation.

PROPOSED ROBOTIC SURGERY
CURRICULUM

As discussed in the preceding sections, with
increasing utilization of spine surgery robots,45,46

it is imperative that the field ensures that spine
surgery robots are employed safely vis-à-vis train-
ing. Given that the learning curve is approximately
15 to 50 cases for all modern systems,11,47–51 it seems
imprudent to expect that the current standard of a
weekend in-service will be adequate to provide
surgeons with the tools necessary to be effective
users. Consequently, there is a need for a robotic
spine surgery curriculum in neurosurgical and
orthopaedic surgery residencies. Similar curricula
have been created for urology, general surgery, and
obstetrics and gynecology programs.29,30 To this
end, leaders from multiple surgical professional
societies created a template that could be used in
the construction of robotic surgery skills curricula.28

In line with this, several training programs29,30 have
published their robotic surgery curricula, which
include didactic sessions, dry labs, and live surgery
participation. The incorporation of such curricula
may (1) equip learners to become safe and effective
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users of robotic systems and (2) make residents
more attractive to prospective employers and
fellowship directors.52 Using general surgery curric-
ula as a template, we propose that a robotic surgery
curriculum should include the components outlined
below.

Phase 1—Didactic

The first phase should be designed to acquaint
trainees with the core features of the robotic system
(eg, the touch screen interface, the effector arm), the
fundamental principles of navigated surgery (eg,
how to register the system, how to verify accuracy),
and the indications and limitations of the systems.
Given that several systems are currently on the
market, each training program’s curriculum may
have to be tailored to the system available at that
institution.

The core features should first be covered with
didactic sessions. These sessions should cover the
basics of a navigation system (eg, the patient
reference device, registering the system, verifying
intraoperative accuracy, and troubleshooting a
situation in which patient registration is lost). They
should additionally cover how robotic systems build
upon freehand instrumentation and how image
registration is performed by the robot. This includes
fundamental aspects of the technology, such as the
impact of the robotic arm on haptic feedback, the
imaging sequences necessary to register the robot to
the patient, and the core principles of screw
trajectory planning. Additionally, the applications
(ie, pedicle screw instrumentation), advantages (eg,
improved screw placement accuracy), and limita-
tions (eg, registration failure) of these systems
should be presented honestly and openly to ensure
that trainees are afforded an objective appraisal.

Phase 2—Preclinical Training

After the learner has demonstrated sufficient
mastery of the core knowledge of robotic surgery,
the next phase is to ensure that they are technically
capable of performing the key steps in robotic
surgery, whether via surgery or simulation. We
foresee this being broken into the following tasks
that should be executed in a dry or simulated lab: (1)
registration of the robotic system and screw
planning, (2) placement of pedicle screws and an
interbody using an open approach, (3) placement of
pedicle screws and an interbody using a minimally
invasive robotic approach, and (4) troubleshooting

failure scenarios. Importantly, the failure scenarios
should include the surgeon identifying surgical
integrity by setting up traps. Ideally, trainees would
be able to attend in-depth and properly structured
in-services with measurable goals which would
afford them sufficient time to acquaint them-
selves.11,47–51 Such sessions could potentially be
jointly hosted by industry partners, enabling train-
ees to gain familiarity with all current systems.
Additionally, they should be led by current leaders
in the field of spinal robotics to avoid the potential
conflicts inherent to courses solely sponsored by
industry.

The cost of robotic systems is the greatest
obstacle to the sessions proposed for this phase of
the curriculum, with most systems costing $1 million
to $1.5 million per unit.53 Consequently, we argue
that this stage may benefit from collaboration with
industry partners to create low-cost but high-fidelity
simulators, like the Mimic dV-Trainer. Additional-
ly, online simulations are feasible and necessary, as
they allow trainees to map out the workflow; this
process is akin to advanced cardiovascular life
support simulations, where the user gets acquainted
with optimization by virtually interacting with a
robot, patient, and software in an expedited fashion.
Online software can also accurately simulate failure
scenarios in which the surgeon must troubleshoot.

Virtual and simulated training is important
because it can address an important concern:
workflow. Concerns with workflow impairment
and increased operating time have been shown to
be factors preventing widespread acceptance of
intraoperative navigation in spine surgery.15,16

Smooth, reproducible workflow is essential to
efficient, safe, and effective surgery. Workflow is a
team effort, and so ideally, training should include
nursing staff, operating room technologists, anes-
thesia staff, and device representatives, as well as
include all aspects of the surgical process, from
operating room setup (Figure 2) to the role of
anesthesia (ie, in holding ventilation during thoracic
pedicle screw placement). Additionally, training all
staff helps to unload the burden of responsibility
from the surgeon as tasks become delegated.
Although training all staff might seem to be overly
burdensome, much of this education can be
performed virtually via online simulations. Ulti-
mately, effective workflow translates into patient
safety, as one observant person in the operating
room, if properly trained, can potentially catch a
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critical error. Achieving an effective workflow is
therefore contingent upon all team members be-
coming acquainted with their role in this technolo-
gy.54 Table 1 highlights workflow recommendations
for using image guidance and performing robotic
spine surgery.

Virtual and simulated training is also an excellent
opportunity to address the pitfalls of the technolo-
gy. An explicit goal during training should be to
produce safe surgeons who can recognize techno-
logical limitations and troubleshoot problems in real

time. In the same way that a resident is not
necessarily trained on every procedure in existence
but taught the principles of intraoperative trouble-
shooting, the simulated training should provide the
tools needed for a spine surgeon to identify and
address red flags and device-related inconsistencies
intraoperatively. Some of the most important issues
are related to software-based alerts, ensuring
accuracy in real time with internal landmarks, and
recognizing that preoperative imaging may not
match intraoperative anatomy due to progressive
disease (eg, tumor or compression fracture), loos-
ening of the spine (eg, after removing ligament or
performing an osteotomy), or movement of the
patient-mounted tracking frame. Table 2 highlights
key pitfalls that surgeons may face and how to
troubleshoot. The common problems faced may be
divided into 7 categories: registration failure,
navigation deviation, tracker or reference frame
movement, instrument deflection, issues related to
fiducial detection including line of sight, inability to
achieve a proper trajectory, and overall system
failure. These problems are well documented, and
troubleshooting has been previously discussed.54–57

Of note, registration may be difficult for patients
with high body mass index, severe osteoporosis, or
extensive spondylotic changes that obfuscate nor-
mal landmarks. In these situations, it is critical that

Figure 2. Operating room setup for robotic spine surgery.

Table 1. Workflow tips and tricks.

Step Tips or Tricks

(1) Preoperative planning � Ensure all personnel trained
� Setup operating room
� Confirm equipment available
� Review preoperative imaging

(2) Setup � Perform time out
� Drape patient
� Drape robot or system and keep docked out of field

(3) Reference marker placement � Strong bony purchase on either end of incision
� In line of view of infrared sensor
� Does not obstruct surgeon

(4) Registration � C-arm or computed tomography moves into position for images then is removed from room
� Register patient and instruments to robot or system
� Confirm navigation integrity using anatomical landmarks

(5) Instrument planning � Trajectory for instrument placement planned using navigation system

(6) Robotic surgery or instrument placement � Reconfirm navigation integrity
� Bring robot or system into field and dock
� Perform navigated surgery and place instrumentation
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the surgeon be well versed in the anatomy of the

sacrum and pelvis to obtain adequate bony pur-

chase for placement of the reference marker. It is of

paramount importance to recall that navigation

deviation occurs in the setting of bony removal (eg,

decompression) and can also occur secondary to

instrumentation (eg, interbody cage placement). For

these reasons, it is recommended to place instru-

mentation before bony work when feasible.

Phase 3—Live Surgery

This third phase is the most straightforward in

terms of implementation but is likely the most

difficult to achieve, given that not all training

Table 2. Pitfalls and troubleshooting.54–57

Pitfall Solution

Registration failure � Redo registration process
� Call for technical support in the case of failure on repeat registration
� Perform case freehand

Navigation deviation � Confirm accuracy of registration frame before instrumentation; reregister if points on
navigation system do not correspond to anatomic landmarks
� Verify accuracy of reference frame position in case of questionable navigation accura-
cy � if inaccurate, attempt reregistration of reference frame � if reregistration un-
successful, convert to freehand instrumentation
� Reduce risk of navigation deviation by:

* Reducing traction on soft tissues of mobile regions (eg, cervical spine)
* Reducing pressure or leaning on patient
* Starting instrumentation at level farthest from reference array (site most subject to
navigation deviation secondary to untracked anatomy shift)

� Place instrumentation before decompression—the latter may result in loss of bony
landmarks used for instrumentation navigation
� Obtain second registration scan (eg, intraoperative computed tomography scan) in
long segmental fixation as navigation accuracy decreases with increasing distance
from reference frame
� Hold respiratory tidal volume during intraoperative imaging acquisition to increase
navigation accuracy (by reducing motion of patient anatomy during scan)

Tracker or reference frame movement or malposition � Avoid contacting the reference frame
� Ensure strong anchorage in bone before initial image registration
� Reduce skin or soft tissue pressure on reference array
� Reattach tracker and repeat image acquisition and tracker registration
� For select systems, employ dual reference array with surveillance marker to monitor
for reference frame movement

Instrument skiving � Use a burr to drive through cortex and create cannula
� Employ a cortical bone trajectory with entry trajectory orthogonal to surface of bone
to avoid skiving
� Consider using a flatter entry trajectory to reduce sheering forces at drill tip
� Select systems has skive meter that may assist in detecting and avoiding intraopera-
tive skive

Misalignment secondary to lighting or infrared sensor � Keep reference frame in center of infrared sensor’s field of view
� Clean reflective markers on reference frame when sullied by blood or other materials
that may alter reflectance
� Avoid overly bright room lighting, which may alter ability of infrared sensor to dif-
ferentiate reference frame from surrounding objects

Inability to achieve trajectory � Invert robotic arm or end effector
� Place reference marker facing caudally to avoid obstruction of trajectory
� Convert to open or navigated freehand instrumentation

System crash � Restart robotic system, reregister system or repeat surgical planning
� Convert to open or navigated freehand instrumentation

The Learning Curve of Image Guidance and Robotics in Spine Surgery

International Journal of Spine Surgery, Vol. 15, No. S2 S34
 by guest on May 26, 2023http://ijssurgery.com/Downloaded from 

http://ijssurgery.com/


programs have spine robots. For those that have
such systems available, training can proceed in a
similar fashion to that used for the training of
freehand cases. Residents who have completed the
dry lab training sessions will be tasked with
sequentially demonstrating the ability to plan screw
trajectories using the robotic software, place and
register the reference frame, confirm registration
accuracy using intraoperative landmarks, place
instrumentation in open cases, and place instrumen-
tation in minimally invasive procedures. Programs
such as the recently described Surgical Autonomy
Program58 may help ensure that trainees have
completed all crucial steps of this phase. Addition-
ally, trainees who complete a set minimum number
of cases may be awarded a certificate certifying their
completion of the program.

Live surgery is currently the most common form
of training, perhaps skipping Phases 1 and 2.
Although live surgery does facilitate the most rapid
learning and simultaneously enables the entire
surgical team to train and familiarize themselves
with the workflow of the device, it does have
limitations that can often be overcome with close
attention in Phases 1 and 2. Workflow disruption is
commonly cited as one of the main obstacles to the
adoption of spine robots,16 and a training paradigm
that familiarizes all team members with the tech-
nology may therefore increase the likelihood of
adoption. However, to develop the new workflow
necessitates disruption of the previous paradigm,53

leading to an initial prolongation of case times.47,59

Additionally, such training on the job may poten-
tially risk poorer patient outcomes initially45 and
may be therefore an inferior strategy if done solely.
In a series of 258 patients, Schatlo et al49 noted that
there were relative peaks in screw misplacement
between cases 10 and 20 and around case 40. The
authors argued the initial peak reflects the transition
from supervised learner (ie, operating under a
surgeon with greater experience with the system)
to independent operator. To this end, other authors
have recommended that initial cases be performed
under supervision of a trained partner.55

CONCLUSIONS

In this paper, we discuss how intraoperative
robotics and navigation for spine surgery is safe and
beneficial for patients and surgeons but is associated
with a learning curve. That learning curve, com-
bined with lack of formal training, is prohibitive for

these technologies to become widely embraced and
eventually standard of care. Laparoscopic surgery
and robotic general surgery have become ubiquitous
and the standard of care with the help of low-cost
but high-fidelity training modules; thus, so too
should the field of spine surgery embrace formal
training and education. Training should include the
independent creation and implantation of simulated
education, with emphasis on objective measurable
standards (ie, time to instrumentation), workflow,
and pitfalls. At present, the penetration of spine
robots within the broader market is too low to
mandate the inclusion of training curricula within
residency. However, these systems are being rapidly
adopted and may create a competitive advantage for
surgeons and health systems.60 Consequently, as
demand rises and the cost of these machines falls,
the need to create a standardize training and testing
modules becomes all more important to ensure that
all robot users have achieved a minimum level of
proficiency.
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