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Aims

Ankle fracture fixation is commonly performed by junior trainees. Simulation training using
cadavers may shorten the learning curve and result in a technically superior surgical perfor-
mance.

Methods

We undertook a preliminary, pragmatic, single-blinded, multicentre, randomized controlled
trial of cadaveric simulation versus standard training. Primary outcome was fracture reduc-
tion on postoperative radiographs.

Results

Overall, 139 ankle fractures were fixed by 28 postgraduate year three to five trainee surgeons
(mean age 29.4 years; 71% males) during ten months' follow-up. Under the intention-to-
treat principle, a technically superior fixation was performed by the cadaveric-trained group
compared to the standard-trained group, as measured on the first postoperative radiograph
against predefined acceptability thresholds. The cadaveric-trained group used a lower intra-
operative dose of radiation than the standard-trained group (mean difference 0.011 Gym?,
95% confidence interval 0.003 to 0.019; p = 0.009). There was no difference in procedure
time.

Conclusion

Trainees randomized to cadaveric training performed better ankle fracture fixations and irra-
diated patients less during surgery compared to standard-trained trainees. This effect, which
was previously unknown, is likely to be a consequence of the intervention. Further study is
required.
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Keywords: Ankle fracture, Simulation, Procedural training

Introduction

More than 120,000 people in the UK sustain
an ankle fracture every year,’ with trauma
and frailty driving the aetiology of this
injury, with incidence peaks seen in young
males and older females.? These are complex
injuries and optimal management remains
controversial.? The rate of surgical fixation is
relatively stable over time in both the younger
(16 to 59 years) and older (80+ years) age
groups at 85% and 35%, respectively, with

extramedullary fixation being by far the most
common implant choice in all age groups.*
Patient factors that influence clinical
outcome include younger age, male sex, and
lower American Society of Anesthesiologist
(ASA) grade, which are predictive of func-
tional recovery at one year.® Itis less clear how
surgeon-related factors, such as accuracy of
the fracture reduction at the time of surgery,
influence outcome following ankle fracture
fixation. It is accepted that intra-articular
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fractures of the ankle require anatomical reduction to
minimize the risk of developing post-traumatic osteoar-
thritis,® but the mandate for perfect intraoperative reduc-
tion in the more common extra-articular fracture patterns
is less clear.

There is evidence that residual displacement on the
postoperative radiograph of > 4 mm in the medial clear
space,” > 2 mm for the medial and lateral malleoli,® >
5 mm in the tibiofibular clear space,” and talocrural
angle = 5° from normal' independently predict poor
clinical outcome.

Thus, fixation in a mal-reduced position at the time of
surgery would appear to be of detrimental consequence
to the patient.

In the UK, simple extra-articular fractures of the ankle
are usually fixed by junior orthopaedic trainees, under
supervision, as they are regarded as early-years training
cases. With the move towards a competency-based
model of training," there is growing interest in the use of
simulation to augment surgical learning curves and allow
the early phase of learning to take place in a controlled
environment away from patients. Cadaveric simulation
is particularly appealing as it allows an ultra-realistic,
‘high-fidelity’ appreciation of the surgical anatomy and
the opportunity to practice procedures in their entirety
without everyday workplace pressures or patient safety
concerns.'

Our primary aim was to determine if it was feasible
to conduct a study to test whether cadaveric simulation
or standard training for junior trainees leads to superior
technical performance in ankle fracture fixation surgery
as measured by accuracy of reduction on the first post-
operative radiograph.

Methods

Study design and participants. This study is a pragmatic,
multicentre, assessor-blind educational randomized con-
trolled trial (RCT). It was conducted at nine secondary
and tertiary NHS hospitals in England, in accordance with
the published trial protocol.”™ Participants were recruit-
ed from three orthopaedic training programmes in the
West Midlands, UK. Eligible trainees were in postgradu-
ate years three to five at recruitment (i.e. core trainees
year one or two (CT1 to 2), speciality trainees year one or
two (ST1 or 2), and speciality trainees year three (ST3)).
Exclusion criteria were consent refusal, or unavailability
on the course dates. Support for the study was agreed
prospectively with training programme directors. Eligible
trainees were identified by liaison with programme ad-
ministrators and invited to participate by email. All par-
ticipants gave written informed consent.

The study was approved by NHS Research Ethics (15/
WM/0464) and Confidentiality Advisory Group (16/
CAG/0125). The study was registered prospectively
(ISRCTN20431944).

Randomization. Randomization lists were computer gen-
erated using a simple blocking scheme (of size 4) pre-
pared by a statistician with no further involvement in the
trial. Researchers who collected data and undertook the
analysis were blinded to training allocation. It was not
feasible to mask participants to their allocation.

Training interventions. The cadaveric-trained group re-
ceived an intensive two-day cadaveric simulation training
course at the start of the surgical training year, where
they were taught to perform ankle fracture, hip fracture
fixation, hip hemiarthroplasty, and lower limb fascioto-
my. These procedures were selected as they are mapped
to the UK surgical training curriculum for progression to
postgraduate year six.™

Fresh frozen cadavers were purchased under license
from a specialist supplier.’ A Weber B ankle fracture was
simulated by a near complete sawcut and the comple-
tion of the fracture with the twist of an osteotome. This
produced a simulated fracture surface that could be
reduced by keying in and held with a reduction clamp.
The participant:faculty and participant:cadaver ratios
were 2:1. Effort was made to maximize the fidelity of the
simulation by using full surgical dress for participants,
surgical drapes for the cadaveric ‘patients’, comprehen-
sive surgical instrument trays and implants. C-arm image
intensification and radiographers were available, and
scrub nurses were assigned to each station. The surgical
training centre was set up as eight simulated operating
theatres running in two parallel circuits of four. All partic-
ipants performed procedures once as first surgeon and
once as assistant during the course. Left-sided procedures
were performed on day one and right sided procedures
on day two. To maximize learning, immediate structured
feedback was given after each procedure through the
completion of procedure based assessment (PBAs), which
is the current gold standard, technical-skill assessment
tool in UK surgical training.’® Maximum use was made
of the cadaveric surgical environment, with no pressure
of time and no patient safety requirement to ensure that
novice surgeons did not operate beyond their current
level of competence. After the course, the cadaveric-
trained group returned to their respective hospitals and
continued to receive standard training.

Standard training was delivered in the working
environment with trainees receiving training in the
management of these conditions from their educational
supervisors, when suitable patients with these conditions
presented to the training hospitals.

Trainees allocated to the “standard training” group
received the above standard training from the start of
the training year. This group then received the cadaveric
course towards the end of the training year, a condition
mandated in the ethical approval granted for the study.
It was considered unfair to exclude half of the trainees
from the educational experience of a cadaveric course
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(although the effect of the training course was not, at
the time of approval, known). The effect of the catch-up
course on these trainees was not studied.

All procedures performed by residents during the trial

follow-up period were supervised by surgeons either
directly ‘scrubbed’ or indirectly ‘unscrubbed’, as is usual
practice in the UK.
Outcomes. The primary outcome was accuracy of the
reduction on the first postoperative radiograph. The pa-
rameters for acceptability were, as per the supporting
literature; medial clear space < 4 mm, lateral malleolar
displacement < 2 mm, medial malleolar displacement <
2 mm, tibiofibular clear space < 5 mm, and talocrural an-
gle < 5° from normal (normal = 80°).™

These radiological measurements have been demon-
strated to have face- and construct validity, and reliability
for measuring technical skill in a relevant population for
this trial."” Radiological measurements for all primary
outcomes were obtained by one researcher (HK]).

Secondary outcome measures were procedure time
(knife-to-skin to wound closure, in minutes) and intra-
operative radiation dose administered to the patient
(in Gym?). Procedure times were obtained from theatre
performance data and radiation dose was obtained from
the report generated by the radiographer at the end
of each case and saved to the hospital PACS (picture
archiving and communication system).

Ankle fracture fixations performed by trainees during

the ten-month study follow-up were studied. Assisting-
only cases were not included. We did not do subgroup
analyses according to fracture type or implant choice due
to small numbers. As we evaluated radiographs within the
setting of an educational trial, we were unable to specify
a priori the type of fractures to be included in the study,
and ankle fracture is a complex and highly heterogenous
injury. We only included medial and lateral malleoli fixa-
tions in the analysis.
Statistical analysis. It was not known a priori what the
minimal clinically important difference (MCID) was for
the primary outcome measures as this is the first trial at-
tempting to measure the impact of a training interven-
tion on the technical results of open ankle surgery per-
formed on real patients.

Given that the surgical training centre could safely
accommodate 16 delegates, a maximum sample size was
set at 16 in each arm of the trial. No formal power calcu-
lations were undertaken. The plan was approved by the
acting data monitoring committee. No interim analyses
were undertaken.

Our analysis investigated differences in the primary
outcome measure i.e. fracture reduction accuracy from
the first postoperative radiograph, between the two
training groups on an intention-to-treat (ITT; i.e. train)
basis.

Multivariate, multilevel mixed effects models were
used to assess the effects of the training intervention on
reduction accuracy, allowing for potential within-surgeon
correlation between repeated observations, treating
surgeon clustering as a random effect. The regression
models adjusted for important fixed effects including
patient condition (ASA grade), patient age (years), and
surgeon experience at baseline (number of prior cases).

Our primary inferences were drawn from the ITT (train)
analysis, without imputation for missing data. Secondary
analysis of the primary outcomes under a ‘per-protocol’
as-trained approach was undertaken, to set in context
the results of the ITT analysis and to aid understanding of
the impact of receiving training on the primary outcome
measures.

All analyses were undertaken using statistical software
(Stata version 16; StataCorp, USA). We have presented
training effect estimates from all models (our primary
analysis) with standard 95% confidence intervals. All
hypothesis testing was at the 5% level with no adjust-
ments for multiple testing.

Results

Overall, 40 trainees due to rotate into orthopaedic
training posts (PGY 3-5 inclusive) in the West Midlands
were screened for eligibility and invited to participate
(Figure 1). Of these, 33 agreed to participate and were
randomized. Of the 12 who were not randomized, eight
declined and four did not respond to the invitation. Five
trainees withdrew post-randomization, leaving 28 partic-
ipants randomly allocated to receive cadaveric training
(n = 13) or standard residency training (n = 15). In all,
11 of 13 participants in the cadaveric group received the
training as randomised, two did not as they were unable
to attend the cadaveric training course at short notice and
so were switched to the standard training group. Twelve
of 15 participants in the standard training group received
standard training as randomized, and three did not.
These three participants were unable to attend the post-
trial course offering, provision of which was a condition
of ethical approval. A pragmatic decision was therefore
taken to switch these three trainees to the cadaveric-
trained group so that they could receive a course to meet
the obligations of equity-of-access requirement. Four-
teen participants therefore received cadaveric training,
and 14 received standard training. Twenty-four partici-
pants completed ten months' follow-up (Figure 1).

Prior exposure to previous cadaveric training of any
type was low and there was no significant difference of
previous exposure to cadaveric training in either group
(three in the cadaveric simulation group and four in the
standard training group). No participant had undertaken
specific cadaveric training in these procedures.

Table | summarizes the baseline characteristics of the
participants by randomized group, demonstrating that
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CONSORT Flow Diagram
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(n=11) (n=12) (n=3)

[ ITT Analysis ]

Analysed (n=11)
® Did not complete any procedures (n= 2)

Analysed (n=13)
® Did not complete any procedures (n= 2)

Fig. 1
CONSORT diagram.

the two groups were broadly similar. Participants in the
cadaveric-trained group were slightly younger (mean
difference 2.7 years) and had undertaken an average of
1.7 months less orthopaedic training compared to the
control group. The cadaveric group had performed an
average of six more ankle fracture fixations at baseline
than the control group (mean 14.9 vs 8.9 cases). This
factor was noted prior to statistical analysis and was
adjusted for in the regression model (Table II).

Primary outcomes. Overall, 139 internal fixation opera-
tions for ankle fracture were performed by participants

during study follow-up, 91 by the intervention group
and 48 by the control group. Adequate anteroposterior
postoperative radiographs were available for 81 and 45
procedures, respectively.

Under the ITT (train) principle, the surgical reduc-
tion achieved by the cadaveric-trained group was supe-
rior compared to that by the standard-trained group
as measured by acceptable ( < 2 mm) lateral malleolar
displacement (odds ratio (OR) 6.82, 95%confidence
interval (Cl) 2.92 to 15.95; p =< 0.001, linear mixed effect
regression), acceptable medial malleolar displacement
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Table 1. Participant baseline demographic information.

Control (n = 15)*

Variable Intervention (n = 13)*

Mean age, yrs (SD) 28.0(1.7) 30.7 (4.9)
Male sex, n (%) 8(62) 12 (80)
Mean completed mnths 13.5 (12.3) 15.2(13.9)
of T&O experience (SD)

Mean no. of previous 14.9 (10.8) 8.9 (8.0)

procedures (SD)

*Numbers reflect groups as randomized.
SD, standard deviation; T&O, Trauma & Orthopaedics.

Discussion
We were surprised to find that there were significant
differences in the outcomes of the two groups. As this
was a preliminary study, we were expecting to learn the
practicalities and pitfalls of conducting a real-world study
and possibly be able to estimate the likely training effect
of the intervention. Both of these factors influence the
planning of further trials and are reflected on below.
This study suggests that following cadaveric simula-

Table II. Summary statistics of primary and secondary outcomes, by randomized group.

Difference
Outcome Category Total,n Control Intervention (95% CI)
Primary (radiological), n (%)
Medial clear space, mm Acceptable ( <4 mm) 94 31 (69) 63 (78)
9% (-7% to 25%)
Unacceptable (> 4 mm) 32 14 (31) 18 (22)
Talocrural angle, ° Acceptable 105 35 (83) 70 (88)
4% (-9% to 18%)
Unacceptable ( < 75 or > 85) 17 707) 10 (12)
Lateral malleolar displacement, mm Acceptable (<2 mm) 66 11 (27) 55(71)
44% (28% to 62%)
Unacceptable (> 2 mm) 52 30 (73) 22 (29)
Medial malleolar displacement, mm Acceptable (<2 mm) 55 13 (46) 42 (75)
29% (7% to 50%)
Unacceptable (> 2 mm) 29 15 (54%) 14 (25)
Tibiofibular clear space, mm Acceptable (< 5 mm) 76 11 (24) 65 (80)
56% (41% to 71%)
Unacceptable (2 5 mm) 50 34 (76) 16 (20)
Secondary (non radiological), mean (SD)*
Procedure time, mins 124 84.4 (28.2%) 81.9 (27.0%) 2.4 (-7.41012.2)
Intraoperative radiation dose, Gym? 68 0.018 (0.01%) 0.008 (0.01%) 0.01 (0.00 to 0.02)

*SD of means as these are continuous outcome variables.
Cl, confidence interval; SD, standard deviation.

(<2 mm) (OR 5.90, 95% Cl 1.00 to 34.67; p = 0.049,
linear mixed effect regression) and acceptable tibiofibular
clear space (< 5 mm) (OR 12.56, 95% Cl 5.25 to 30.05;
p =< 0.001, linear mixed effect regression). There were
a higher percentage of acceptable medial clear space
(78% cases in intervention, 69% cases in control) and
talocrural angles (88% cases in intervention, 83% in
control) (Table 1), but these were not statistically signifi-
cant in the adjusted model (Table IlI).

In the additional per-protocol (as-trained) analysis,

these findings are consistent with the primary ITT anal-
ysis (Table IlI).
Secondary outcomes. Information on total intraoperative
radiation dose was available for 68 cases, and procedure
time was available for 124 cases, of 139. Intervention
group surgeons administered significantly less radiation
to their patients on average than did the control group
surgeons (mean difference 0.011 Gym2, 95% Cl 0.003 to
0.019; p =0.009, linear mixed effect regression), Table Ill.
The mean procedure time for the intervention-group
was an average of 2.4 minutes faster than for the control
group (81.9 vs 84.4 minutes), but this was not statisti-
cally significant in the adjusted model (p = 0.686, linear
mixed effect regression).

tion training, ankle fractures treated with extramedullary
surgical fixation are more accurately reduced and that the
patients receive a lower dose of intraoperative radiation
as compared to cases performed by standard-trained
trainees. If this effect is real, this would be the first study
to show improved clinically relevant outcomes from an
educational intervention in real patients following ankle
fracture surgery.

We have shown that how we train junior surgeons
may have a measurable impact on patient outcomes. It
might be that the surgical learning curve is shortened in
the cadaveric laboratory. When away from the everyday
workplace pressures of the operating theatre, the trainees
can take time to perfect their reduction technique and
learn from mistakes in a way that would not be ethically
permissible in real-life surgeries.'? These skills are likely to
transfer to the operating room after training. Skill transla-
tion from the simulated to live theatre environment using
patient-level outcome measures is a nascent research area
which is essential to providing an evidence base justifying
future investment in simulation training facilities.

A frequent criticism of cadaveric simulation training is
that it is expensive.'® We estimate the cost of delivering
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Table IIl. Results of linear mixed models, under intention to treat and per protocol approach.
Intention to treat Per protocol
Outcome Category L L
Multivariate, random effect* Multivariate, random effect*
Total, n OR (95% CI)* p-valuef Total, n OR (95% CI*)* p-valuet
Primary
(radiological)
Medial clear space,  Acceptable ( <4 mm) 94 1.00 0.214 94 1.00 0114
mm Unacceptable ( > 4 mm) 32 1.73 (0.73 to 4.11) 32 2.43(0.81 to 7.33)
Talocrural angle, ° Acceptable 105 1.00 105 1.00
0.599 0.456
Unacceptable (< 75 or > 85) 17 1.33 (0.46 to 3.84) 17 0.64 (0.21 to 2.05)
Lateral malleolar Acceptable (< 2 mm) 66 1.00 66 1.00
displacement, mm  ynacceptable ( > 2 mm) 52 6.82 (2.92 to 15.95) <0.001 52 19.50 (2.98 to 127.83) 0.002
Medial malleolar Acceptable (<2 mm) 55 1.00 55 1.00
displacement, mm  ynacceptable ( > 2 mm) 29 5.90 (1.00 to 34.67) 0.049 29 5.56 (1.19 to 26.12) 0.030
Tibiofibular clear Acceptable ( < 5 mm) 76 1.00 76 1.00
<0.001 0.005
space, mm Unacceptable (= 5 mm) 50 12.56 (5.25 to 30.05) 50 14.70 (2.23 to 98.86)
Sec?ndal:y (on Total, n Mean difference p-valuet Mean difference p-valuet
radiological) (95% CI) (95% CI)
:?ncjtde‘;re time, 124 2.2(-8.3t012.6) 0.686 124 0.3 (-10.2 to 10.9) 0.949
Intraoperative 68 0.011 (0.003t00.019)  0.009 68 0.001 (-0.011 t0 0.012)  0.915

radiation dose, Gym?

*All multivariate models are adjusted for a single surgeon level fixed effect (prior number of cases), with a random intercept for surgeon. Odds ratio are

presented with the intervention group as the reference group.

TBinary outcomes were analysed logistic regression models. Continuous outcomes analysed with linear mixed effect regression models.

Cl, confidence interval; OR, odds ratio.

this course to be approximately £1,200 per delegate. We
did not perform a formal within-trial economic evalua-
tion, but if potentially ‘better quality’ surgery is being
performed, there are likely to be economic benefits as
well as the health outcome-related benefits to the patient.
Strengths and limitations. We have attempted to measure
the impact of an educational intervention on patient out-
comes, which is methodologically challenging. Most sim-
ulation research in the literature measures impact using
low-level outcomes, such as learner satisfaction and per-
formance in workplace based assessment.'*?° Evidence of
patient benefit is ultimately necessary to show meaning-
ful impact of expensive training interventions.

This study is randomized and multicentre, which
increases the internal and external validity of the find-
ings. A variety of clinical environments were included in
the study (secondary vs tertiary, major trauma centres),
which increases the generalizability of the findings to
different educational settings. Similarly, by not restricting
our analysis to particular fracture types orimplant choice,
our findings are applicable to the wide spectrum of inju-
ries treated by extramedullary fixation. We have applied
a sophisticated statistical analysis model to adjust for
known variables to isolate the training intervention as the
exposure of interest.

Limitations of this work include the fact that, for
various logistical reasons, there were crossovers between
the two arms of the study. This is a reflection of the chal-
lenges of conducting real-world educational research.

We were surprised that some trainees would not consent
to enrolling in the trial and further work needs to be done
to understand why. We underestimated the problems
with releasing the trainees from their place of work for
the cadaveric course. We engaged the programme direc-
tors in the conduct of the trial, but not the clinical leads of
the orthopaedic departments. Further trials will require
ensuring these practical difficulties are predicted for, and
overcome, prior to the trial starting.

Of note, the trainees in the intervention group had
performed more ankle fracture fixations prior to the
course than the control group. This is an important
confounder to consider. Randomization should have
dealt with this, and it may have been the pragmatic cross-
overs who introduced an effect. However, there were no
measurable differences between those who remained in
their allocated groups and those who crossed over, and
so the crossover effect is hard to quantify and it may not
have been significant.

The prior experience of trainees was accounted for
in the regression analysis, and this gives us some confi-
dence that there is still a measurable training effect,
even taking prior experience into account. Whether the
increased numbers of fixations performed by the training
group after the intervention was a result of the interven-
tion or prior experience is unknown. There is likely to be
a multiplicative effect as increased experience usually
instils confidence and increases competence and training
opportunity.

VOL. 4, NO. 8, JUNE 2023



600 H. K. JAMES, D. R. GRIFFIN, J. GRIFFIN, J. D. FISHER, G. T. R. PATTISON

A statistically significant improvement is seen in four of
the five primary outcomes and one of the two secondary
outcomes, even when controlling for prior experi-
ence and undertaking an ITT (i.e. train) analysis. This,
with the general trend of all of the outcomes tending
to favour cadaveric training, encourages us that the
training effect is probably real although the quantum is
currently unknown. This should be the subject of further
investigation.

The gold standard outcome measurement for clin-
ical results following ankle fracture surgery is arguably
the various well-validated patient-reported outcome
measures (PROMs). The relevance of radiological
measurements for predicting clinical outcome is unclear
and our choice of these as primary outcome could reason-
ably be questioned. We chose to use these as our primary
outcome in this study as they are proximate to the time
of surgery, the radiographs are taken as a routine part
of clinical care and, most importantly, these measure-
ments have been shown to be responsive to changes in
surgeon technical skill in prior validation work."” There is
evidence that loss of congruency of the joint during or
after fracture fixation surgery leads to an increased risk
of arthritis,® though which measurements are predictive
of future osteoarthritis is currently debated.?' There are
many other factors that influence functional outcome,
and we believe any training effect would be obscured by
these if using PROMs with small numbers, such as in our
study.

For obvious reasons, we were unable to mask partic-
ipants to their group allocation. We did not undertake
a power calculation and used a pragmatic maximum
sample size of 16 in each arm of the trial. As we have found
a significant difference in our primary outcome between
the two training strategies we think it is likely our study
was adequately powered to detect this difference.

All cases were supervised by consultant surgeons. We
did not measure consultant experience in managing foot
and ankle fractures, although this should be balanced
between the arms of the study by randomization. We
acknowledge that supervisor experience and expertise is
likely to influence the measured outcomes.

We had some missing data; some radiographs were
not available. Most notably, information on intraopera-
tive radiation dosing was only available for half the cases.
This is due to local variation in how this information is
captured, some sites do not routinely save the data with
the intraoperative fluoroscopy images. The trial protocol
did not allow for identifying this data when it was stored
by other means. This issue should be dealt with in future
studies.

Due to the complex and heterogeneous nature of
ankle fractures, our small sample size and the fact this is
an educational and not clinical trial, we could not control
fracture type or implant choice. We accept these are

important variables in the technical difficulty of surgery
and as this study is randomized the case-mix should be
balanced between the groups. Given the low level of
complex fractures we identified in the data (< 10%), we
elected to keep the model as parsimonious as possible
and thus excluded fracture complexity from the final
analysis model.

We have taken a necessarily narrow view of what

constitutes a successful ankle fracture fixation for the
purposes of this study to isolate the impact of the training
intervention on a measurable variable of interest (reduc-
tion on postoperative radiograph). We fully accept that
a ‘good radiograph’ does not mean a happy patient and
the reality is much more complex than this.
Implications of this work. Funding for, and provision of,
simulation for surgical training is growing. We need to
meet this expansion with robust evidence that this type
of training benefits patients. The fact the intervention un-
der test is an educational one should not mean we have
lower expectations of evidence of benefit than we would
in a clinical trial of, for example, a new treatment for an-
kle fractures.

There are several priority areas for further research
work. The preliminary results presented here need to be
replicable in a large-scale RCT, drawing on the lessons we
have learned both in the conduct of the trial and the likely
training effect. If adequately powered, PROMS should be
used as the primary outcome measure.

Thereis a further question around the role of emerging
simulation technologies, such as virtual reality, for which
thereis agrowing evidence base in the trauma??and lower
limb arthroplasty? sectors, and how these compare to
cadaveric and low-fidelity bench-top ‘plastic bone’ type
simulators. Answering this will require further random-
ized, non-inferiority studies to determine the best type of
simulator to use for any given training application.

In conclusion, cadaveric-simulation trained surgeons
performed technically superior ankle fracture fixations on
real patients, as measured by accuracy of the reduction
during surgery. Despite methodological and practical
challenges in the trial, this is likely to be a real training
effect which requires further study to determine its size
and durability. This work indicates that how we train resi-
dents has a measurable impact on patients. The clinical
meaning of this impact and best application of simula-
tion training for ankle fracture surgery requires further
research.

A Take home message

’) - Cadaveric simulation-trained junior surgeons performed
technically superior ankle fracture fixations on real patients,

as measured by accuracy of the reduction. This work indicates

that how we train residents has a measurable impact on patients.

- The clinical meaning of this impact and the best application of

simulation training for ankle fracture surgery is currently unknown.
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