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OBJECTIVE: The objectives of this study were to under-
stand how cadaveric simulation impacts learning in ortho-
pedic residents, why it is a useful training tool, and how
skills learnt in the simulated environment translate into the
workplace.

DESIGN: This is a qualitative research study using in-
depth, semistructured interviews with orthopedic resi-
dents who underwent an intensive cadaveric simulation
training course.

SETTING: The study was conducted at the University
Hospital Coventry & Warwickshire, a tertiary care center
with integrated cadaveric training laboratory in England,
United Kingdom.

PARTICIPANTS: Orthopedic surgery residents in the
intervention group of a randomized controlled trial com-
paring intensive cadaveric simulation training with stan-
dard “on the job” training were invited to participate.
Eleven of 14 eligible residents were interviewed (PGY 3-
6, 8 male and 3 female).

RESULTS: Learning from cadaveric simulation can be
broadly categorized into intrinsic, surgeon-driven factors,
and extrinsic environmental factors. Intrinsic factors
include participant ability to “buy-in” to the simulation exer-
cise, willingness to push one’s own learning boundaries in a
“safe space” and take out on resident experience and self
reported confidence, with the greatest learning gains seen
at around the PGY4 stage in individuals who reported low
preintervention operative confidence. Extrinsic factors
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included; the opportunity to perform operations in their
entirety without external pressures or attending “take-
over,” leading to subjective improvement in participant
operative fluency and confidence. The intensive supervi-
sion of subspecialist attending surgeons giving real-time per-
formance feedback, tips and tricks, and the opportunity to
practice unusual approaches was highly valued by partici-
pants, as was paired learning with alternating roles as pri-
mary surgeon/assistant and multidisciplinary involvement
of scrubstaff and radiographers. Cadaveric simulation
added educational value beyond that obtained in low-fidel-
ity simulation training by “stirring into practice” and
“becoming through doing.” In providing ultrarealistic repre-
sentation of the space, ritualism, and costuming of the oper-
ating theater, cadaveric simulation training also enabled the
development of a range of nontechnical skills and sociocul-
tural “nontechnical” lessons of surgery.

CONCLUSIONS: Cadaveric simulation enhances learning
in both technical and nontechnical skills in junior orthope-
dic residents within a single training package. Direct trans-
fer of skills learnt in the simulation training to the real-
world operating theater, with consequent patient benefit,
was reported. Cadaveric simulation in the UK training sys-
tem of orthopedics may be of greatest utility at around
the PGY 4 stage, at which point operative fluency, inde-
pendence, and confidence can be rapidly improved in the
cadaveric laboratory, to enable the attainment of compe-
tence in index trauma operations. (J Surg Ed
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INTRODUCTION

The movement to incorporate simulation into postgradu-
ate surgical training is rapidly gaining momentum, in
response to perceived threats to the quality of training.l'(’
In the United Kingdom, a 2-year internship, undertaken
during postgraduate year (PGY) 1 to 2, is followed by
competitive entry into basic surgical training, which
begins at PGY3 level. Basic surgical training comprises
PGY 3 and 4, at which point a further competitive entry
procedure occurs for progression into higher surgical
training, which runs from PGY 5 to 10. On completion of
higher surgical training, a surgeon is awarded a certificate
of completion of training and can begin independent con-
sultant practice at attending-equivalent level.

Surgical training in the United Kingdom is still largely
based on the traditional Halstedian master-apprentice
model,” the success of which relies on an environment
of long working hours, volume of exposure,® unstruc-
tured training progression, and the maintenance of long-
term working relationships with senior surgeons to fos-
ter constructive mentorship.‘) However, in the current
surgical training climate of shift-based work patterns,”’
legally mandated reduced working hours,'"'* and a
move to expediting surgical training,'*'* new models of
training need to be considered to ensure the continued
production of appropriately skilled practitioners.

Simulation offers a potential solution to some of these
challenges by enabling rapid skill acquisition and pro-
gression to Competency,5 within a safe, structured, and
controlled environment remote from patients. Other
safety-critical professions, most notably aviation,'” have
long used simulation at early career stages to enable
trainee pilots to achieve, and demonstrate, competency
in the necessary skills before being allowed to take the
controls of a real aeroplane. The logical extension of this
argument is consideration of why, in surgical training, it
is still considered acceptable to allow trainee surgeons
to perform their first attempt at a whole operation on a
real live patient, with the inherent risks of making mis-
takes as an inevitable part of learning, with potentially
harmful patient consequences. The steep part of the

learning curve, from novice to competent (Fig. 1) could
be moved away from the patient to the simulator, and
only once a trainee has achieved a defined level of com-
petence will he or she be permitted to begin operating
on real patients.

Cadaveric simulation (i.e., using deceased, preserved,
or fresh donated human bodies) is a potentially promis-
ing modality for training as it offers what is arguably the
most realistic representation of human anatomy,'® with
realistic tissue handling characteristics and haptic
“touch-real” feedback,'” which cannot be easily repli-
cated by other means.'”

There is a drive to embed cadaveric simulation in sur-
gical training in the United Kingdom, as part of wide-
spread government-led efforts to modernize and
improve efficiency of training. There has been consider-
able investment in facilities and expansion of provision
of cadaveric simulation in recent years.

The literature on the qualitative impact of simulation
training for surgeons is limited, and more widely, surgical
simulation research is generally undertaken from a quanti-
tative, reductionist perspective.'” This is because the
measures of effectiveness and efficiency of training relate
primarily to the mastery of technical skills and confidence
gains, including “downstream translational effects on
patient outcomes and patient care practices.”w A criti-
cism of restricting simulation-based research to purely
outcome and effectiveness-based studies is that our under-
standing of the benefits of simulation-based education
remains unidimensional, and that where rich contextual-
ized detail of its impact is missing from the evidence base,
explanation of phenomena that could be used to improve
the educational value of future simulation training activity
is not possible.

The primary objective of this study is to seek a rich
understanding of the experiences of surgeons undertak-
ing cadaveric simulation training (CST). The secondary
objectives are to describe learner perspectives of the
value of CST as a training tool, and to understand how
skills learnt in a simulated environment are translated
into the workplace from the perspective of the lived
experience of the participants.

METHODS

Setting and Participants

This qualitative research study was carried out at the
University Hospital Coventry & Warwickshire, a large
tertiary care center in the West Midlands of England,
United Kingdom. Within the hospital, there is a leading
surgical training suite, hosting an active program of
regional, national, and international cadaveric training
courses. Ethical approval was granted for this research
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(Biomedical and Scientific Research Ethical Committee
REGO-2014-718). This study was embedded within a ran-
domized controlled trial comparing the impact of an
intensive CST course on objectively measured real-world
operative performance versus no additional training
beyond the current standard “on the job” training.

Trial participants were a cohort of PGY3-6 orthopedic
residents, and those in the intervention group (n =14)
were invited by e-mail to participate in the qualitative
arm of the study. First and second e-mail reminders were
sent to initial nonresponders. Eleven participants were
subsequently interviewed. Of the 3 trial participants
who were not interviewed, 1 declined to be inter-
viewed, 1 had emigrated abroad into a nonclinical job
role, and 1 participant did not respond to attempts at
contact.

The mean age of participants was 28 years (range 26-31),
8 participants were male and 3 female. There was 1 in
PGY3, 5 in PGY 4, and 5 in PGY5. Four participants had
previously experienced CST in any capacity, and 7 were
CST-naive.

All interviews were conducted 6 months after comple-
tion of the CST intervention.

The CAD:TRAUMA Cadaveric Training Course

As part of the randomized trial, participants underwent
an intensive, 2-day CST course. Eight waist-to-toe tip
fresh-frozen cadavers were set-up supine on operating
tables and 2 identical circuits of 4 stations were run in

parallel. Participants were paired, each pair worked on 1
cadaver performing 1 operation (as first surgeon and
assistant) under the supervision of attending faculty,
before rotating to the next station after a predetermined
time. Over the 2 days, each participant acted as both first
surgeon and assistant to their partner for the 4 proce-
dures, and hence each participant was exposed to 8 pro-
cedures in their entirety; 4 as first surgeon and 4 as
assistant. The 4 procedures were (1) dynamic hip screw
fixation, (2) cemented hemiarthroplasty for fractured
neck of femur, (3) plate and screw fixation for fractured
ankle (open reduction internal fixation—“ORIF”), and
(4) 4-compartment lower limb fasciotomy.

These procedures were chosen as they are curricu-
lum-defined “index” procedures in which competency is
expected to be achieved for progression from PGY4 to
PGYS5 in orthopedic residency (which within the UK sys-
tem represents a significant transition, with a consider-
able increase in operative and decision-making
responsibility from PGY4 level as a “Senior House Offi-
cer’/“SHO” to PGY5 level and onward as a “Specialist
Registrar”). Great effort was made to authentically recre-
ate the operating theater environment to ensure the
highest possible environmental fidelity of the simulation;
each cadaver was fully draped and participants wore sur-
gical scrubs, masks, gloves, hats, and gowns. Each sta-
tion had operating theater lights in use and fully stocked
instrument trays with an array of implants (and cement
for the hemiarthroplasty station). Scrub nurses and
radiographers participated as ancillary faculty, and there
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were 2 radiographers with “mini-C” arm x-ray machines
to check intra/postoperative implant position. The pre-
procedure preparation that would be undertaken as rou-
tine in real-life surgery, such as patient positioning, skin
preparation, draping, and incision site marking were
also carried out before each case. The participants were
expected to “scrub up” for each case and to respect the
sterile operative field as they would in real life. The
result was 8 highly realistic, equipped and staffed operat-
ing theaters running in tandem within the surgical train-
ing suite.

The consumable costs of the course were funded by a
research grant, and used commercially procured fresh-
frozen human cadaveric material (Science Care Itd, Phoe-
nix, Arizona) and industry donated implants and instru-
ments (DePuY Synthes, Raynham, MA). The
approximate cost of the course was $2500/delegate.
The attending faculty generously donated their
“continuing professional development” time to the
course, so there was no extra faculty cost incurred.

Data Collection

Interviews took place 6 months after conclusion of the
CST intervention. This was felt to be the optimum post-
training interval, with an important balance to be struck
between there being enough time to return to clinical
rotations after the course, to give participants the oppor-
tunity to reflect on the impact of the training and poten-
tial influence on their real-world practice, while still being
in recent enough memory to be accurately recalled.

The majority of interviews (8 of 11) were face-to-face,
3 interviews were conducted by telephone at the
request of the participants. All reasonable efforts were
made to accommodate the participants busy working
schedules and their preferences for location/interview
modality. All interviews were conducted by HJ (orthope-
dic resident undertaking doctoral research) and
recorded using a digital voice recorder. All interviews
took place in a location familiar to the participants, and
the interviewer was known to all participants as acquain-
tance and peer. Previous work has shown that matching
the major social characteristics of the interviewer and
interviewee is an important determining factor in the
effectiveness of the interview.”’ Great care was taken to
avoid imposing implicit interviewer biases on the partici-
pants, or steering the interview based on them, and to
remain as objective and neutral as possible. The duality
of the participant-interviewer peer relationship was
managed mindfully and all participants were assured of
confidentiality and gave their permission for the inter-
view to be recorded and analyzed for research purposes.
A prepiloted topic guide was used to structure the dis-
cussion (Appendix 1).

Data Analysis

An experiential thematic analysis approach was used for
analysis, with a critical realist and postpositivist ontologi-
cal and epistemological stance, respectively. This
approach enabled complete focus on the participants
own framing around issues, and their own terms of refer-
ence, allowing a fuller multifaceted understanding of the
issues around the use of CST, in an exploratory and flexi-
ble manner that embraces the complexity of human
experiences and perspectives. The analysis approach
was structured around Braun & Clark’s checklist of crite-
ria for “good thematic analysis.””'

The digital audio recordings were transcribed to a
high level of orthographic detail and were rechecked
against the original tapes to ensure accuracy. An initial
process of reading and familiarization with the tran-
scripts was followed by the start of the coding process
and searching for themes. A complete coding strategy to
identify “anything and everything” of interest within the
entire dataset was used, generating a mixture of seman-
tic and latent codes, in a recursive process over many
weeks involving multiple revisions, until the entire data-
set was completely coded. NVivo qualitative data analy-
sis software version 11.4.3°* was used to collate relevant
extracts for each theme. Once coding was felt to be com-
plete, patterns were searched for within the coded data,
from which to build themes. Themes generated during
the analysis process were checked against each other
and repeatedly referenced back to the original data set,
to ensure they each had distinct scope and purpose,
were faithful to the data, and that together they would
provide a coherent and meaningful overview of key con-
cepts in the data that addressed the research question.

RESULTS

Two key themes were evident: first, “factors driving
learning from cadaveric simulation training,” which can
be subdivided into intrinsic surgeon-driven factors, and
external environmental factors (Table 1), and second,
“added value of cadaveric simulation” (Table 2). This
was the unifying concept of a cluster of findings relating
to how cadaveric simulation can add value to training
beyond that of other simulation modalities.

Intrinsic, Surgeon-Driven Factors

Self-perception of operative confidence influenced learn-
ing following CST. Those with low self-reported confi-
dence in their operative skill appeared to make the
greatest gains following the CST intervention

“for me before I started the course, bemiarthro-
Dplasty was my Everest and I think after that course 1
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TABLE 1. Summary of the Factors Driving Learning in Cadaveric Simulation

Intrinsic, Surgeon-Driven Factors

Extrinsic, Environmental Factors

Self-perception of skill level
¢ Least confident participants appeared to make the most gains

Willingness to “buy-in” to the simulation
e Suspension of disbelief
o Staying in “character”

Pushing boundaries

* Move out of comfort zone

* Not ask for help as often

o Safe space to make mistakes
Timing of delivery

e Participant at correct stage of training for maximal benefit—early/mid-PGY4

Do CST just before start of trauma rotation

Paired learning

¢ Practice assisting

o Learn from colleague

Multidisciplinary simulation

o Experience being scrub nurse

e Alternative perspectives

Perform operations in their entirety

o Fluency

® Momentum

Intensive consultant supervision

® One-to-one

® Real time feedback

e Superspecialized

o Tips/tricks

e Unusual approaches

Becoming through doing

* Nontechnical skills

e Highly realistic space, time and costuming
e Sociocultural, “unspoken” lessons of surgery
e Stirring to practice

was much more confident in approaching it” (Par-
ticipant 12)

“I'm just much more bappy and confident [baving
done the CST course] that I'll be competent to do it
[the operation]” (Participant 1)

The ability to “buy into” the simulation exercise and
behave as if operating on a live patient was important
for optimal learning and the ability to do this success-
fully varied between individuals. One participant had

TABLE 2. Summary of the "Added Value” of Cadaveric Simula-
fion. Superiority of CST as compared other simulation modalities

Anatomical fidelity

e Softdissue envelope

 Neurovascular hazards

e Tissue tension

* Haptic feedback

“Dress rehearsal” for real surgery

* Whole learning, enabling direct skill transfer to the operating
theater

e Can build on and refine foundational skills learnt in low-fidel-
ity simulation

® Becoming through doing, “stirring into practice”

Offers solutions to some of the barriers to learning in
the operating theater

 No time pressure

* No pressure from anesthetist/other theater staff

* No risk to patients

previously struggled with “suspension of disbelief” in
the low-fidelity setting and appreciated the value of
the high fidelity of the CST in achieving an immersive
experience

“so in a [low-fidelity simulation setting] workshop, it
is much easier to slip into not quite doing it prop-
erly, such as a soft tissue guide, because there isn’t
soft tissue to worry about...suddenly the whole illu-
sion breaks down” (participant 8)

An ability to push one’s own learning boundaries
within the safety of a simulation exercise enabled learn-
ers to gain maximal benefit from the CST intervention.
For example, whereas in real life, an inexperienced
trainee often seeks reassurance from the trainer before
progressing through each stage of the operation, in the
simulation exercise, the trainee can move beyond their
comfort zone under careful-guided supervision more
confidently and improve their operative fluency without
the risk of causing patient harm.

Within this sense of safety, and yet investment in the
environmental fidelity of the simulation, participants
reported valuing the opportunity to have the time to per-
form the operation in its entirety, without the usual time
pressures of the operating theater

“so that [the CST intervention] was a great place to
Just do a procedure and not be cut there, cut there,
cut there, just crack on, do it and it doesn’t maiter if
you get it wrong” (Participant 3)
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“in an environment that wasn’t time pressured or,
no external pressures, the anesthetist or something
like that or an unwell patient...was very belpful
indeed and from a learning point of view I think 1
learnt more in the cases I did there [the CST inter-
vention] than the vast majority of cases that I do in
theatre” (Participant 7)

“I got to the end and I thought ‘Ab I baven’t actually
asked for belp’ as supposed to in a real situation. . .I
will be constantly looking for reassurance that the
guide wire is in the right place, that you know,
everything was, everything was right. . .and almost
asking permission before going onto the next step”
(Participant 6).

Correctly timing the delivery of the CST intervention
within training was perceived to be a crucial intrinsic,
learner-dependent factor to its success. Most of the partici-
pants felt that delivery of the course in its original format
was best suited to the beginning or middle of PGY4. This
was because at the start of PGY4 level, within the UK train-
ing system, the participants did not have much indepen-
dent operative experience. Most participants reported
encountering significant practical and logistical difficulties
accessing the operating theater to receive conventional
training, and yet competence in these index procedures
was expected to be achieved to progress on to PGY5 (Spe-
cialist Registrar) level—thus, a paradox exists between the
demands of the curriculum and the realities of the daily
working environment these doctors find themselves in.
This was a consistent finding across participants at PGY4
level who felt the course was appropriately timed for their
stage of training, and participants at PGY5 level at the time
of the intervention felt the course would have been of
greater benefit to them a year earlier.

“I felt that the level I went into it at the beginning of
PGY 4 was perfect because you, you've bad a bit of
time in trauma theatre, but maybe not as much inde-
pendence as the senior trainees. . .and then getting a
lot of confidence from baving seen the four index pro-
cedures [on the CST course] (Participant 16)

“middle of PGY 4 [would be ideal], those procedures
are, apart from the fasciotomies, I think they are all
essentials for becoming a registrar [PGY 5] (Partici-
pant 2)

Timing of delivery with respect to the commencement
of a trauma rotation was also raised, with the course being
more useful if it were delivered before the placement
begins (as compared to 6 weeks in, as it was in this study),

and that there was a perceived risk of learned skill attri-
tion if the course was delivered too early.

“If I bad it just before [trauma rotation] that would
be even better...you need to be doing it relatively
Jfresh, within four to six weeks” (Participant 3)

Extrinsic, Environmental Factors

Participants were paired during the CST training inter-
vention, and while one was operating as “first” surgeon,
their partner was assisting or acting as scrub nurse if no
assistant was required. The paired-learning nature of the
CST intervention was perceived as valuable, as there
was the opportunity to learn from the experience of a
colleague partner

“I think baving. . .two participants working together
was very useful because you see one [procedure],
your colleague doing it and then you do it yourself,
you can kind of learn from each other and even if
you do make any pitfalls you can kind of learn
Jrom that experience, and think what you would
bave done differently and so I think learning from
each other is a really good thing” (Participant 15)

“It was nice to learn from your partner aswell, so if
you saw a case that, for example, you weren’t par-
ticularly sure about then the next day you bad
opportunity to do it” (Participant 16)

The multidisciplinary environment of the CST inter-
vention was perceived as valuable and enhanced learn-
ing, both in terms of enabling dialog about their
performance between allied health professionals (scrub
staff and radiographers) and through the opportunity to
assume the role of scrub nurse. This gave participants an
insight into the role the scrub nurses play in ensuring
the smooth progress of an operation, and furthermore to
improve their own knowledge of the sequence of steps
in a procedure, as the scrub nurse is required to antici-
pate the next stage of a procedure and have the correct
instruments to hand

“Actually what I found very belpful was being a scrub
nurse and walching and anticipating and giving them
the next thing and the next thing” (Participant 8)

“I liked the way that we bad the theatre staff come in
aswell, it was really good to get their opinions on
things. . I think that was very good” (Participant 10)

“.. your interaction with your team, having that one
on one feedback as well as you were doing the process
[was beneficial to learning]” (Participant 16)
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One of the key extrinsic features of CST that drive
learning is the opportunity to perform operations in
their entirety as first surgeon, and in an intensive way;
that is, several successive operations in a short overall
period of time. This would not typically be encountered
in the real-life operating theater environment, because
of the service demands placed upon trainee surgeons to
process admissions, medically manage inpatients, and
deal with administration. The participants valued this
opportunity and felt that it enabled them to progress
their skills more quickly than usual

“[CST] gives you an opportunity to do a lot of opera-
tions in a short period of time as first surgeon” (Par-
ticipant 6)

“I think [the CST course] was the first time I bad ever
done a bemiarthroplasty entirely on my own” (Par-
ticipant 12)

Another key feature driving learning was the intensive
nature of the supervision during the CST intervention. Each
operation was supervised by a consultant/attending, who
provided real-time feedback and guidance, and were given
the scope to challenge participants as they judged appropri-
ate. Having intensive supervision also helped the learners
maintain the fidelity of the simulation, as the faculty helped
maintain the illusion that they were in the “real” operating
theater through their nonverbal cues and behaviors

“it keeps you switched on and stops you lapsing, so
[you aren’t] doing the ‘ob in real life’ I would bave
done this’, that’s really belpful” (Participant 8)

“to bave high quality teachers one-on-one was fan-
tastic. . .[the CST course was] an excellent way of
learning, baving the consultant [attending] stood
over your shoulder which is something you might
not bave in the actual theatre itself” (Participant 3)

“lamongst] the things I found most belpful [about
the CST] was you were getting one-on-one consul-
tant level teaching” (Participant 7)

The US convention faculty were allocated stations
according to their subspecialist interests, and their
expertise was highly valued by the participants

“baving an ankle surgeon [specialist] at the ankle
station was good, because ankles can always be a
bit fiddly and people bave certain tips and tricks, it
was very helpful” (Participant 15)

“I think it [the CST intervention] was really well
thougbt out” (Participant 10)

There was recognition that simulating the complexi-
ties of the real-life operating theater was extremely diffi-
cult, and that CST was the best available simulation
modality to try and achieve this replication

“its very bard to simulate training in orthopae-
dics. . .certainly cadaveric training is probably the
only way you’re going to be able to do that” (Partici-
pant 2)

Some aspects of the CST intervention compromised
the fidelity of the training experience, in particular, the
specimens moved around during the hemiarthroplasty
procedure (normally the patients’ body weight and posi-
tioning aids prevent this in real life). Waist-to-toe-tip
specimens were used rather than whole cadavers, and
so these obviously weighed less than a whole body. This
also negatively affected the realism of relocating the hip
once the implant was in position for similar reasons.

“for the bemiartbroplasty they [the cadavers] were
Just moving around a little bit and it wasn’t as real-
istic as you bad in theatres” (Participant 16)

“baving just the one leg for bemiarthroplasty made
setting up quite difficult and when you tried to relo-
cate the bip” (Participant 10)

The Added Value of Cadaveric Simulation

With cadaveric simulation being so much more expensive
to deliver'® than other lower fidelity, inorganic types of
simulation, it needs to bring additional benefits that these
cheaper alternatives do not, to justify the cost. Partici-
pants were asked if there were features of the CST which
were particularly useful to them in developing their skills
as surgeons-in-training, and whether they felt CST offered
value beyond that of other simulation modalities.

Anatomical Fidelity

Anatomical fidelity, the presence of a soft-tissue enve-
lope and neurovascular structures as seen in life, were
reported by participants as features peculiar to CST that
could not be found elsewhere. Intuitively, deceased
human bodies offer the most realistic representation of
living anatomy, which is extremely difficult, if not impos-
sible, to replicate by other means. Where visual repre-
sentation of anatomy can be achieved by use of
sophisticated computer and virtual reality programming,
the haptic, tactile feedback and “tissue tension” experi-
enced in cadaveric simulation is unparalleled.

“tissue tension is something that is quite unique to
the cadavers really” (Participant 8)

Journal of Surgical Education ¢ Volume /7 /Number 3 ® May,/June 2020 677



“technical skills, in going through [dissecting] vari-
ous layers, you can’t simulate [that] with dry bone”
(Participant 7)

“life-like 1 suppose, with tactile feedback” (Partici-
pant 1)

“I think in terms of bow bhigh fidelity it was com-
pared with what you normally do [in real life], it
was very close” (Participant 16)

The presence of a soft-tissue envelope made the edu-
cational experience much more valuable for participants
as they had to navigate the neurovascular hazards as
they would in real life, and they could not “cheat” by
obtaining direct visualization of the bone, as is possible
in low-fidelity benchtop models such as sawbones. They
were therefore more invested in the authenticity of the
simulation experience, which became immersive, and
led to other cognitive benefits.

Within the immersiveness of the experience, partic-
ipants “bought into” the realism and began to behave
as they would in the operating theater. This invest-
ment in the simulation exercise revealed another
important area of the added value of CST—conse-
quence and patient safety. Participants, while
immersed in the realism of the training experience,
knew that there were no real consequences to their
making a mistake, and there was no risk to patient
safety. In treating the exercise as a “full dress
rehearsal” for real-life operating, the participants felt
confident to push their own boundaries and pro-
gressed their learning as a result.

“it doesn’t matter if you get it wrong” (Participant 3)

“I think its good for the trainee, because they go
through all the steps [in CST], they make sure they
feel bappy and confident, they've gone through the
motions, and they can consolidate that on a
cadaver first...and its good for patients because
they get someone [a surgeon], they’re not practicing
on a real person” (Participant 15).

Skills learnt in the CST intervention were directly
transferred to the operating theater, as result of this
“dress rehearsal” opportunity. There was no need for
the participants to aggregate or embellish their learning
before taking it to the operating theater, the learning
from CST was whole, or complete.

For example, 1 participant described how a week after
attending the CST course, they had been on-call over the
weekend and been asked to perform a lower limb fas-
ciotomy. The participant describes how there was no-

one available to supervise them performing the proce-
dure, but having completed the procedure on the
cadaver during the CST course the previous week, they
felt confident of the surgical landmarks and hazards, in a
way that reading about the techniques in a textbook
would not have achieved.

“I knew where the perforators would be, it all went
very smootbly, and its one of those things whbere if
you’ve never done something before you can read it in
a book, but you’re not going to be sure of yourself, and
1 think that once I've done something [on the cadavers]
1 know I can do it, then I'm _just much more bappy and
confident that I'll be competent to do it. . .doing that on
a specimen rather than a person, in that situation [the
Jasciotomy] especially because its not something that
you see every day, I might not do one for anotber few
years, it’s very valuable” (Participant 1).

Another participant described how their supervising
attending knew that they had recently successfully com-
pleted a fasciotomy procedure during the CST course,
and so when a real case was encountered a few weeks
later, they were happy to let the resident perform the
entire operation on the patient, confident in the knowl-
edge that the resident had previously achieved compe-
tence in the simulated environment.

“I definitely used what I learnt [on the course]. . .it’s def-
initely made a difference to training” (Participant 16)

Real-Time Feedback

Participants valued the real-time feedback and “tips and
tricks” that supervising faculty provided during the CST
course, and the opportunity to complete workplace-
based assessments from their operative performances

“I really liked the one on one consultant [attending]
Jeedback. I thought it was a really nice way of doing
things” (Participant 16)

“it’s quite bard in day to day training sometimes to
get the consultants to sit down and do the forms
Dproperly and give you constructive feedback. . .often
they will say ‘ob just fill it in and send it to me’, but
they bad to do it properly [during the CST inter-
vention]” (Participant 6)

“people bave certain tips and tricks. . .it was very
belpful” (Participant 15)

“for me, the best bit about cadaveric training is get-
ting to do things [approaches] that you don’t nor-
mally do” (Participant 2)
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Timing of Training Delivery

The timing of CST with respect to delivery of other low-
fidelity simulation training opportunities was also
explored with participants, with a particular emphasis
toward understanding whether CST has an adjunctive or
replacement role when compared with low-fidelity simu-
lation.

As a prerequisite to completion of PGY4, all UK ortho-
pedic residents must undertake the AO Foundation Basic
Principles of Fracture Management Course.”” This is an
interactive course which teaches the basic concepts of
stability, physiology of bone healing, and reduction and
fixation techniques for simple fractures using low-fidel-
ity, plastic bone simulation. Given the consensus among
participants that the CST intervention was best delivered
in the middle of the PGY4 year, that is, within the
accepted timeframe for AO course completion, it was
interesting to explore whether they felt that CST carried
most educational benefit when delivered before or after
the AO course.

Participants reported that the CST was most beneficial
after they had grasped the basic principles of fracture
management via the AO course, and that the more
sophisticated simulation environment of CST allowed
them to build on what they had already learnt in the
low-fidelity environment. The AO course is very valuable
as a first introduction to the principles and surgical
instrumentation, which do not require the expense of
CST to impart to surgeons-in-training.

“dry bones are really good, I think for basic princi-
Dples and just getting familiar with technique and
equipment. . .and then being able to apply those
basic principles [in CST]..if you like, a bigber level of
stmulation” (Participant 7)

Participants were also asked about their opinions on
whether there is a role for embedding CST within the
curriculum, making it routinely accessible to surgeons-
in-training as part of their formal teaching program. The
response was very much in favor of this approach, that
CST should be centrally funded and provided free of
charge within residency programs, and was a tremen-
dous yet presently underutilized training tool.

“Absolutely. Absolutely, I think it’s the way forward
really” (Participant 15)

“It’d be a big loss if you weren’t able to build it into
the curriculum” (Participant 16)

“they [the courses] should be delivered in region, for
[free to your trainees at the appropriate time” (Par-
ticipant 3)

“I think baving cadaveric [simulation] training is
an unbelievable privilege for us and really, really
useful” (Participant 10)

“I thought it [the CST intervention] was perfect, it
was fantastic and I'm so lucky to be part of it” (Par-
ticipant 12)

Value of CST in Developing Nontechnical Skills

In Cleland et al,"? a rapid ethnographic study of 2 surgi-

cal boot-camp training courses delivered to early stage-
postgraduate surgical trainees was undertaken. The
study aimed to understand the sociocultural influences
of this intensive training and the wider implications for
simulation-based education. The authors found that
intensive boot-camp style training (of which CST is a var-
iant) is “as much about social and cultural processes” as
it is about “individual, cognitive and acquisitive
learning.”'” These findings build on previous work
examining how surgeons-in-training “become through
doing.” Prentice, in an ethnography examining how
medical students and junior doctors learn surgical skills
in the operating theater, states that in order to gain a full
understanding of how a “resident comes to embody the
knowledge, skills and values of a surgeon requires under-
standing how social milieu and guided practice inter-
act.””" Prentice describes the “guided physical training
in the operating room” as embodying the “technical and
social lessons of surgery,” even where the skills being
taught are purely “technical.” Her findings reported that
technical skill is only “20 percent” of the overall skillset
required of a surgeon, with unspoken “tacit” knowledge,
clinical judgment, and moral behavior forming a substan-
tial part of what is required of a surgeon, beyond techni-
cal proﬁciency.z*/

Previous qualitative work examining surgical practice
has “shown surgical action in detail, but have little to say
about how surgical trainees learn to fit themselves into
the team, how they take on increasing levels of responsi-
bility and how they develop the moral qualities of a
surgeon.”** Prentice attempts to “unpack the unspoken
lessons of surgery” by framing it within Bourdieu’s
(Bourdieu 1977 cited by Prentice.z/‘) discussion of the
“symbolically structured environment.” According to
Bourdieu, the “structures of an environment build partic-
ular organizing principles, habits and the ways of being
into the minds and bodies of cultural actors” (surgeons
in this instance), and the symbolic structured environ-
ment (the operating theatre) exerts an anonymous, per-
vasive, pedagogic action.””* Prentice elaborates on this
with reference to surgical training, that in the operating
theater the highly ritualized “space, time and costuming
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provide structuring effects that make the imitation of a
surgeon’s actions and attitudes have meaning.”z*/ This
helps create a positive economy in learners by instilling
“the social hierarchy of the operating room,” a hierarchy
that “places surgeons in the centre, and gradually (with
increasing experience) moves surgical residents into full
participation at the centre of the action.”

The value of CST, therefore, goes beyond provision
of technical skills training. The ultrahigh environmen-
tal fidelity of CST replicates the “symbolic structured
environment” of the operating theater and allows the
learner to begin to become socialized in the practice
of surgery and to “become through doing,” learning
both technical and nontechnical skills in a highly real-
istic environment, which itself exerts a “pervasive
pedagogic action.”

DISCUSSION AND IMPLICATIONS

Context of Findings Within Existing Evidence

Cleland’s ethnographic study'’ of a UK-based simulation
“boot-camp” for PGY3 residents described 3 broad areas of
educational gains following the training; technical (and
nontechnical) skills, “cultural capital,” which the authors
describe as “resources in the form of learning what knowl-
edge, skills, and values were needed to succeed in the sur-
gical training system” and “social capital,” in terms of
extending their mentoring network.'” The authors
acknowledge finding evidence of a distinction between
the explicit and “hidden” curriculum within the boot-
camp environment, with the latter adding value to the
training by facilitating “enculturation and socialization into
surgical training.” They state that because this intensive
training environment supports “both formal skills learning
and informal learning about how to be a surgeon through
social and cultural processes,” it is important that simula-
tion-based training program developers and researchers
“address the social and cultural aspects of learning when
planning similar enterprises,” as educational interventions
do not occur in “social, historical or cultural isolation.” 19

Their conclusion aligns with the findings of Jensen’s”’
study of how medical students learn in the operating the-
ater that the phenomena of surgical learning can be per-
ceived as “instances of transformation in and among
social practices,” that students learn by “participating in
the practice of providing high quality care,” beyond sim-
ply technical skill acquisition in isolation, and the overall
aim therefore is to teach “students to be surgeons
instead of teaching them to perform surgery.””’

Our analysis shows that the sociocultural features of
CST were valued by participants, it helped with prepar-
ing them for the PGY4-5 transition and developing their

professional identities and confidence as surgeons, and
that the ultrahigh-fidelity nature of the simulation had
additional, nuanced “cultural capital” benefits beyond
the more obvious remit of developing technical skill
acquisition. These benefits are particular to CST, as a
consequence of successfully replicating the symbolically
structured environment of the operating theater, with
its associated “pervasive pedagogic action” in develop-
ing both technical and nontechnical “tacit” social skills
and knowledge.”*

Strengths and Limitations

This study has several strengths; it is the first in-depth quali-
tative study (to our best knowledge) on the role of CST for
training surgeons and thus adds to the existing evidence
base in this area. We have followed Yardley’s “open-ended,
flexible” quality principles (Yardley 2000 cited by Braun &
Clarke®) in conducting this study, which “represent one of
the most successful attempts to develop theoretically neutral
validity criteria in qualitative research.””® Commitment and
rigor has been demonstrated by a thorough data collection
and analysis procedure and by in-depth engagement with
the research topic on both a professional and personal level.
Transparency and coherence are also central to robust quali-
tative research practice, and we have endeavored to demon-
strate this by presenting a clear analysis that is faithful to the
dataset and theoretical framework, and reflexive in acknowl-
edging the role that HJ has had, as both researcher and peer
colleague of the participants, in shaping the research.

This study also has several weaknesses. The participants
were all from one training region in the United Kingdom
(West Midlands) and were individuals who had agreed to
take part in the educational trial, and thus might represent
a particularly motivated cohort of residents who are inter-
ested and engaged in simulation training research.

The interviews were conducted 6 months after the CST
intervention and represent the participants’ experiences in
training at that point in time. Ideally, if resources had per-
mitted, it would have been helpful to have repeated the
interviews at a later stage, to further explore the longitudi-
nal nature of the impact of CST, and to also interview the
attending faculty involved in delivering the CST, to gain an
understanding of their perspectives.

Three of the interviews were conducted over the tele-
phone, which may have shaped the data obtained from
these participants, as “virtual” interview methods can
mean that information can be lost or misconstrued in
the absence of nonverbal cues that occur during the
interaction of a face-to-face interview.”’ The telephone
interviews were shorter in length than the face-to face
interviews, and the data generated is likely to be differ-
ent than that from a face-to face encounter.
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CONCLUSIONS

CST was highly valued by the resident participants in
this study. Direct transfer of skills learnt in the cadav-
eric laboratory to the real operating theater was
reported. CST can help offset the issues around
accessing conventional training opportunities in the
operating theater in the early stages of training, and
it may serve to help residents achieve competency in
index surgical procedures more quickly, with resul-
tant patient safety benefits.

CST is advantageous over low-fidelity simulation and
appears to offer “added value” for several reasons. The
ultrahigh anatomical fidelity of cadavera presents an
opportunity to practice operations with an unparalleled
realism. The intensive consultant supervision with real-
time performance feedback and opportunity to perform
an operation in its entirety as first surgeon allows leaners
to push their own boundaries within the safety of a simu-
lated environment. The multidisciplinary nature of CST
allows the learner to experience the perspective of
scrub nurse which enhances their knowledge of
sequencing of operative steps, teaches anticipatory skills
and team working.

CST has an adjunctive role alongside convention surgi-
cal training and low-fidelity simulation. The middle of
the PGY4 year was reported to be the best time to
deliver this training course in the context of this group
of participants, and the CST course added most value
when delivered after low-fidelity simulation training, to
build on the foundational skills already learnt.

CST has value beyond merely acquiring technical
skills. Through the ultrahigh environmental fidelity of
the simulation, the “pervasive pedagogic action” of the
symbolically structured environment of the operating
theater can be recreated, enabling surgeons-in-training
to gain a myriad of nontechnical skills and become
“stirred into practice” by learning the values, behaviors,
and tacit knowledge required for surgical practice. CST
may therefore be a promising candidate in the drive to
reform surgical training within the current climate.

An important direction for future work in this area
would be to further explore the role of CST in the acquisi-
tion of nontechnical skills. There is also a need to explore
the experiences of the attending trainers in delivering CST.

STUDY DESCRIPTION

This was a qualitative research study using semistructured
interviews with PGY3-6 orthopedic residents who had
undertaken an intensive CST course to explore the impact
the training had on their learning.
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APPENDIX 1

Interview Topic Guide for CAD:TRAUMA
Participants

1. Demographic information about participant
Current post including specialty and hospital

® Stage of training

2. Topics for discussion (not exbaustive)

® Challenges of modern day surgical training

® Experiences of cadaveric simulation as an adjunct to
training

® Factors that make good surgeons

® Preparedness for operating in reallife as a junior
trainee surgeon

Questions will be framed to encompass four key domains
— knowledge, opinion, feeling and experience (1)
Example knowledge questions:

1) Do you know what the European Working Time
Directive says about the hours trainee surgeons are
allowed to work?

2) Do you know how many index procedure* perform-
ances and work-based assessments you need to have
logged by CCT**

Successful Qualitative Research—A Practical Guide for
Beginners. SAGE Publications; 2013. p. 201-222.

22, NVivo Qualitative Data Analysis Software. QSR Inter-
national Pty Ltd.; 2017 Version 11.

23. Available from: https://www.aofoundation.org/
Structure/Pages/default.aspx.

24, Prentice R. Drilling surgeons: the social lessons of
embodied surgical learning. Sci Tech Human Val.
2007;32:534-553.

25. Jensen RD, Seyer-Hansen M, Cristancho SM, Chris-
tensen MK. Being a surgeon or doing surgery? A
qualitative study of learning in the operating room.
Med Educ. 2018;52:861-876.

26. Braun V, Clark C. Quality criteria and techniques for
qualitative  research.  Successful  Qualitative
Research—A Practical Guide for Beginners. SAGE
Publications; 2013. p. 277-294.

Example opinion questions:

1) What do you think about modern surgical training in gen-
eral? In Trauma & Orthopaedic surgery? In your hospital?

2) What do you think about using simulation to augment
training? Cadaveric simulation in particular?

3) What do you think makes a good surgeon?

Example feeling questions:

1) What do you feel is the best way to train surgeons?
2) Do you feel that the CST training has benefited? How so?

Example experience questions:

1) Can you tell me about any times that you were not
able to get access to the training opportunities you
needed in the operating theatre? If yes -Why do you
think this happened? If no — How is your training
organized to avoid this happening?

2) When you have been doing operations in the recent
past, have you felt well prepared?

* Index procedures are the key operations as defined in
the curriculum

** Certificate of Completion of Training — the endpoint
of surgical training

(1) Lichtman, M. Qualitative research in education: A
user’s guide. 3™ Edition. London: Sage Publications; 2013
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