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What is Simulation?

Simulation has been defined by Gallagher, Gallagher, and
O’Sullivan as the “the imitation of some real thing, state
of affairs, or process.”! In any simulation—be it a video
game, flight simulation, or virtual reality orthopaedic
surgery—there are several key elements which are
important to recognize (Table 1). First, every simulation
seeks to capture the relevant behaviors or tasks inherent
to the simulated activity. For a pediatric orthopaedic
simulation of scoliosis surgery, for example, replication
of pedicle screw placement would be a critically
important component. Second, simulations must make
simplifying approximations of the task or process.

For a pediatric spine simulation, there would likely be

Table 1. Characteristics of Simulations!

Key Elements of Simulations

Capture relevant behaviors or tasks

Simplifying approximations

Varying fidelity

Measurement of outcome
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approximations of the relationship between the pedicles,
lamina, facets, and spinal cord; aberrant anatomy or
differences in patient bone quality, for example, would
not be easily incorporated into a reproducible simulated
task. Third, we understand that simulations will have
varying levels of fidelity. Scoliosis simulations, for
example, can never truly replicate the exact “feel” or
process of instrumenting the human spine. Finally,

there should be some measurement of outcome for the
learner. Successful placement of a simulated pedicle
screw without cortical breakout or violation of the spinal
canal, for example, would be key metrics in a scoliosis
simulation.

While simulations incorporate simplifying
approximations of varying fidelity, it is important

to recognize that low fidelity simulations can still
provide important teaching and learning points for

the participant; realism is not directly proportional to
learning, and even the simplest simulations can provide
meaningful and impactful benefits for the learner. With
advancing technology, the field of simulation training
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is rapidly changing. With a mobile app and computer
programming, simulation training has become more
individualized, portable, and on-demand. Advanced
technologies have also allowed for more immersive
user experiences, through augmented or virtual reality
platforms. Despite these technological advances,
however, all simulations have the same fundamental
elements.

Why is Simulation So Important?

Today, simulation has become an integral part of surgical
education, both for the resident-in-training as well as the
experienced practitioner. Historically, surgical education
has followed a mentorship model.># Didactic education
and classroom learning were followed by observation and
carefully supervised clinical care. The “learn one, see one,
do one” approach has been utilized in the United States
since its inception in the early 1900s. While generations
of surgeons have been successfully trained in this
manner, several challenges have promoted changes and
improvements in surgical training, particularly through
the use of simulation. First, there is an increasing desire
to maximize patient outcomes by optimizing technical
skills. Simulation training allows for reflective practice

to improve performance. Following the dictum of “do no
harm,” there is also an increasing desire and expectation
to maximize patient safety. The oft-cited 1999 Institute
of Medicine report 7o Err is Human: Building a Safer
Health System reported that 44,000 to 98,000 preventable
deaths occur in U.S. hospitals every year.> These data
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reinforce the importance of avoiding errors to protect our
patients. The orthopaedic simulation literature is already
replete with examples of how simulation may decrease
technical errors and complications.® ! Finally, the
specialty of orthopaedic surgery has seen rapid advances,
particularly with minimally or less invasive surgical
techniques. Arthroscopic surgery is the prime example
of this phenomenon, as we are increasingly seeing
arthroscopic-assisted treatment of fractures, ligament and
cartilage injuries, growth disturbance, and even congenital
differences. Simulation allows for the acquisition and
practice of rapidly evolving techniques in a safe and
controlled way.

The most compelling reason for simulation training,
however, is that simulation is ideally suited for adult
learning. We know that adults learn best through
independent, problem-based experiences.!!*13 Iterative
and summative feedback, combined with time for learner
reflection, provides the opportunity for analysis and
changes/improvements in behavior, which may then

be applied to the next experience. Furthermore, this
process allows for what is often described as “double-
loop feedback.” Rather than simply learning “what”

to do, learners have the opportunity to take the next

step in understanding “why” they are doing it.'# This
process has elegantly encapsulated in Kolb’s learning
cycle (Figure 1). Simulation allows for all of the steps of
Kolb’s learning cycle—experience, analysis, reflection,
and experimentation—in a safe, reproducible, and
repeatable way.
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Figure 1. (4) Kolbs Learning Cycle.'* In any experience, such as in-situ pinning of a slipped capital femoral epiphysis (SCFE), adult
learners reflect and conceptualize the experience, which then drives experimentation and changes in behavior. (B) In simulation, this

cycle is recapitulated through simulated tasks and debriefing.
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POSNA Leads the Way

The mission of the Pediatric Orthopaedic Society of North
America (POSNA) is “to advance pediatric orthopaedics
by promoting education, research, and quality care.”

In serving the three pillars of this mission, POSNA

has been a leader within orthopaedics in developing,
promoting, and implementing simulation training. On

the individual level, there are countless society members
who have contributed to simulation education, research,
and innovation. From curricular development to model

AP

creation to research about efficacy, POSNA members
have made tremendous contributions. As a society,
POSNA has also committed itself to improving the care
of children and the excellence of pediatric orthopaedic
surgeons through its commitments to simulation training.
POSNA was well represented at the original Surgical
Simulation Summits of the American Academy of
Orthopaedic Surgery in 2011 and 2013. Through its
support of the Top Gun surgical simulation program at the
annual International Pediatric Orthopaedic Symposium

Figure 2. The spectrum of pediatric orthopaedic surgery simulation. (4) Low fidelity technical
skills training using a model of a pediatric distal radius fracture (Photo courtesy of Children's
Orthopaedic Surgery Foundation). (B) Group simulation exercise from the “team challenge” at
the IPOS® Top Gun Surgical Skills Competition, focusing on shared technical performance as well
as communication and teamwork. (C) Virtual reality simulation performing in-situ pinning of a
slipped capital femoral epiphysis using goggles and hand controllers (Photo courtesy of Children's

Orthopaedic Surgery Foundation).
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(IPOS®), POSNA has introduced the next generation

of pediatric orthopaedic surgeons to the benefits of
simulation training. Finally, POSNA has successfully
engaged all stakeholders, including our valued industry
partners, in developing educational models and curriculae
for simulation training, ranging from training models

of slipped capital femoral epiphysis to virtual reality
modules using immersive audiovisual headsets and haptic
feedback (Figure 2).

How to Read This Edition

The purpose of this special edition of JPOSNA® is to
highlight simulation advances in pediatric orthopaedic
education and provide a “blueprint” on how to
incorporate simulation training in training programs

and established practices. The section on Pediatric
Orthopaedic Modules will provide the reader with
detailed descriptions of existing exercises for a host of
pediatric orthopaedic conditions and procedures. Other
articles—including the description of IPOS® Top Gun—
will describe innovative societal efforts in simulation.
Extending beyond solely technical skills, other articles
will describe simulation activities focused on teamwork,
communication, and crisis resource management. And
finally, in selections on augmented and virtual reality as
well as competency-based training, we will get a glimpse
into the future of this rapidly changing and exciting field.

Undoubtedly, this special edition will serve as an
inspiration and challenge to us all. Perhaps most
importantly, after reading this special edition, we will all
be inspired to look for opportunities to improve our own
practices and programs, begin to measure our clinical
results and outcomes, develop our own innovative
simulation exercises, and improve our field through
continued research and sharing. In this way, we will all
learn, improve, and continue to provide outstanding care
to our patients and their families.
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