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Abstract: Simulation training, where a scenario or setting is replicated, is now firmly associated with surgical training. Involving
both technical and non-technical competencies, it provides a valuable tool in training new skills to both new and current surgeons.
As patient safety becomes more of a focus, alongside advances in technology and surgical techniques, there is a continued concern
regarding operative exposure for futures surgeons. This void in which simulated training fits, a claim supported by an expanding
literature base.
The recent integration of simulation into training curricula aims to promote consistency in access to simulation facilities across
deaneries and invite the experience of dedicated instructors to optimise educational use.
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AN INTRODUCTION TO SIMULATION TRAINING
Simulation training refers to an exercise designed to represent a scenario or environment aiming to teach, assess and
change behaviours in an individual. Scenarios may be technical, referring to the acquisition of key surgical skills or
non-technical and demonstrate other key characteristics of a trainee such as communication or team working.
A surgeon in training must acquire a number of competencies, amongst them a sound knowledge base and the
acquisition of core technical skills. Over recent years, there has been increasing interest in the use of simulators in
surgical training. Traditionally, surgical training has encompassed years of apprenticeship whereby trainees would assist
and perform surgical procedures under direct supervision from a senior. However, this method of training has seen to be
high in terms of cost, time consuming and does not provide consistent effectiveness [1]. Traditional training methods
also require skills to be practised upon a patient, with implications on patient safety. Although acknowledged that
supervised clinical operative training does not affect patient outcome [2], simulated training avoids the ethical dilemma
of performing new skills on a patient [3, 4].
As a profession we have learnt many lessons from the aviation industry. The World Health Organisation (WHO)
surgical safety checklist used in surgical practice today was rolled out following examples from the checklists used by
airlines for flight checks [5]. Other similarities with the airline industry include the use of simulation to practise high
risk manoeuvres such as flying in poor weather conditions and military situations for instance, hostile flight
surroundings. First proposed by Satava et al. in 1993 [6], simulation has since been introduced across many surgical
specialties, offering the chance to develop operative skills in a harm-free environment.
There are five categories of technical simulators that are used in practice today:
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Bench models/ box trainers
Virtual reality
Human cadavers
Animals
Robotics

For many years the medical profession has used cadaveric material and animals to learn and practice skills. Many
courses employ this material to teach simple tasks such as suturing to more complex tasks such as bowel anastomoses.
Live animals may also be used, such as the use of anaesthetised rats for the teaching of microsurgical skills for plastic
surgery trainees. Box trainers are used to provide basic laparoscopic skill. Bench models are most commonly used for
practicing simple skills such as knot tying.
Advances in technology have led to an increase in high fidelity virtual reality simulators. The global simulation
market was estimated at a value of $790.1 million in 2012, with expected growth to reach $1930.5 million by 2017 [7].
With technology developed from the videogame industry, designed to enhance hand-eye co-ordination and the ability to
perform 3D skills using a 2D screen, has led to simulations mostly designed to advance skills in laparoscopic surgery
[8]. Virtual reality training involves the use of a computer screen for graphic display of the organs to be operated upon.
Tools can be used to provide haptic and tactile feedback for the trainee. Furthermore, data from imaging sequences such
as CT or MRI can be inputted into software to replicate real patient situations and display anatomical anomalies or
complications. It has even been proposed that those who have played regularly on videogames in the past display better
operative skills and ability to use simulators than those with limited experience of videogames [9 - 11].
This paper outlines the necessity for technical simulation in surgical training, reviewing current research that
supports its use and the role for simulated training both now and in the future.

THE NEED FOR SIMULATED TEACHING IN SURGICAL TRAINING
There are five key challenges identified in current surgical training with regards to operative skills:
1.
2.
3.
4.
5.

Increasing popularity of minimally invasive procedures
Cost of training
Exposure
National focus on patient safety
Consultant practice

Increasing Popularity of Minimally Invasive Procedures
In recent years, the number of interventions performed as minimally invasive procedures has increased
exponentially, including an increase in those done in an emergency setting [12]. Minimally invasive surgery demands
specific technical skills that must be learnt and then practised in order to become technically proficient. Skills include
accurate hand-eye co-ordination, a high level of manual dexterity, careful handling of tissues to account for loss of
tactile feedback, and visualisation upon screens not capable of producing 3D images. With the expansion of these
procedures into many subspecialties of surgery, both trainees and senior surgeons need to acquire new skills and learn
new technologies [12]. There is growing evidence in the literature for the use of simulated training in the development
of such skills.
Cost of Training
It is well documented that operative time increases as the grade of surgeon reduces [13 - 16]. This has implications
on cost, whereby less patients can be operated on in an allotted time. There are implications on training, where cost,
efficiency and time pressures lead to condensed operating exposure for a trainee in order to get more procedures done in
a given time period e.g. a theatre session. Potential repercussions on patient safety are quoted, due to longer anaesthetic
times for patients, principally used in more complex procedures. The aforementioned points incur significant costs to
health systems. Bridges and Diamond calculated that each surgical trainee incurs a cost of approximately $12 000 a year
[17]. Access to simulation training facilities allows trainees to advance their skills with repeated practice leading to
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reduced operating times when replicating these abilities in a patient setting.
More recently, there has been a trend towards increasing personal costs of surgical training alongside a limitation of
study leave funds between National Health Service (NHS) trusts. Trainees are now graduating with significant debt and
then face mandatory courses to progress in their career. Many have to fund much of their training through personal
finance. This has been cited as a cause to discourage good trainees from applying to surgical specialties, particularly
those from poorer backgrounds [18]. Surgical simulation access provides training to all trainees, which may be
especially important in those who cannot afford multiple expensive courses.

Training Exposure
The European Working Time Directive (EWTD) is a European-wide instruction for limiting working hours to meet
health and safety requirements [19]. Introduced in 2009, there has since been a reduction in duty hours for all surgeons
and consequently caused concerns for many, as described by a General Medical Council report in 2011 [20]. The
directive has seen difficulties in the management of rotas, with more emphasis on service provision and some rotas may
not fully represent the genuine number of hours worked [21]. This has led to a substantial reduction in training
opportunities for surgeons. With many appraisals dependent upon the attainment of specific numbers of procedures,
particularly in higher surgical training Annual Review of Competence Progression (ARCP) reviews, and certainly for
the achievement of the Certificate of Completion of Training (CCT), many trainees have been forced to take steps to
protect their own training. Trainees may often seek operative exposure at weekends, on days off and whilst on annual
leave. This has obvious implications on work-life balance, fatigue and health. There has also been concern that current
training hours may not produce the calibre of consultant capable of specialising, particularly with more complex
procedures [22]. Simulated training could help in the attainment of key skills, providing opportunity to practice skills
when other exposure is not accessible.
National Focus on Patient Safety and Consultant Practice
The Francis Report has changed the future of the NHS forever. It has highlighted inadequacies within services that
had resulted in patient safety concerns. This has led to a national focus on quality improvement and patient safety. More
specifically, this has led to the publication of outcome data for specific surgical procedures that is accessible to the
public. For trainees, there is concern that training opportunities will become even more difficult to negotiate.
Previously, trainee operating has been associated with increased patient risk [15, 16]. Consultants are likely to want to
keep outcomes positive by performing procedures themselves, particularly for more complex interventions. Recently,
there have been concerns that there is no initiative for a consultant to train, as status is very much concerned with
outcome [22]. Simulated scenarios may increase patient safety by allowing skills to be learnt and practiced in a nonpatient environment, and may improve consultant trust in a trainee who has taken time to learn skills prior to a patient
procedure.

CURRENT EVIDENCE
There is a growing base of research on the use of simulation training in surgical practice. Cochrane (2016) published
data on outcomes from thirty randomly controlled trials (RCT) evaluating different modalities of simulation training
approaches [23]. This suggested a reduced surgical time and increased accuracy in the use of laparoscopic instruments
[23]. A previous Cochrane systematic review in 2009 supported that the use of simulated surgical training was highly
effective after reviewing 23 trials [24]. The transfer of operative skills from a simulation laboratory into practice was
assessed in an analysis by Sturm et al. from 10 RCTs and one observational study and found that trainees who had
undergone simulation training did better in patient-based assessment [25]. The quality of RCTs analysed in these
reviews however, were of poor quality, the outcome measures were largely varied and there have since been many other
studies assessing simulation approaches.
More recently, several large scale reviews have provided increasing evidence that simulation is effective as a
learning tool for operative skills. Table 1 summarises the evidence:
The current literature provides good evidence that simulation training improves both operative time and operative
skill, particularly when compared with those who have had no other training intervention for the procedure. This has
particular implications on cost, where a reduction in operative time leads to increased operative efficiency and a
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reduction in cost.
Although improvements can be seen in operative skills with all techniques, several studies have tried to identify
which simulation modality provides the most effective results. Nagendren et al. found that virtual reality trainers
provide a greater reduction in operative times and an increase in performance skill when compared with box trainers for
laparoscopic skills [26]. Furthermore, Hamilton et al. found that skills learnt from virtual reality training are more
transferable to an operating environment than box trainers [27]. This is in stark contrast to the review by Zendejas et al.
who found comparisons between box training and virtual reality training in 21 studies highlighting no advantage of
virtual reality over box training, with pooled results actually favouring box training in terms of satisfaction and time to
learn skills [28, 29]. There is also concern about the additional cost incurred in training using virtual reality.
Table 1. Current research in surgical simulation training.
Systematic Review

No of
trials

Trial type

Skill

Simulation type

Outcomes assessed

Result

Nagendren M et al. 2013
[1]

8

8 RCT’s

Laparocopy

Virtual reality vs no
simulation
Virtual reality vs box
training

Operative time
Operative
performance

Reduction in operative time
Increase in skill performance

Thomas et al. 2013 [26]

32

21 RCT’s
11 Cohort
studies

Variable

Box trainers 9
Virtual reality 14
Human cadaver 4
Animal model 2
Robotics 3

Task performance

Improvement in skill
performance in all modalities

Zendejas et al. 2013 [27]

219

91 RCT’s
(48%)

Laparoscopy

All modalities:
Simulation vs no
intervention 151
Simulation vs nonstimulation intervention 3
Comparison between
different simulation
modalities 79

Knowledge
Patient effects
Operative time
Operative skill

Improvement in skill
Improvement in operative
time
Improvement in knowledge
Improvement in patient effects

Buckley et al. 2014 [28]

16

16 RCT’s

Laparoscopy

Operative times
Technical skills

Operative time improved in all
studies
Skills improved in 88% of
studies

In the literature there is frequent reference to the fidelity of simulation, fidelity referring to the degree to which a
particular model or simulator can reproduce a real-life situation [30]. High fidelity indicates a high degree of similarity,
such as that achieved by virtual reality training, and it is proposed that this provides better transfer of skills to real life
situations. However, Gallagher et al object that high fidelity simulators used without supervision from adequate trainers
would merely inform a trainee what to do and in what order, rather than provide accurate and timely feedback on
performance errors [31]. This implies that it is actually the level of supervision that reflects the degree of skill
acquisition rather than the type of simulator used.
Regarding the transfer of skills from the simulator to the patient, Thomas et al. found that all but the animal models
were transferrable to an operative setting [32]. Buckley et al. however have raised concerns that more objective
measures of transferability need to be produced in order to make this statement more objective [28].
SIMULATION'S ROLE IN SURGICAL TRAINING
Increasing evidence for the use of simulation in surgical training means there have been many recent advances for
the incorporation of simulation into teaching.
In early 2014, a new open access peer reviewed journal was released aiming to enhance surgical training and patient
safety [31]. The committee encourages the widespread development of simulation facilities and courses within
deaneries to provide methods for the acquisition and maintenance of surgical skills. They provide expertise and can
assist in the development of new simulation centres throughout the United Kingdom.
The Association of Surgeons in Training (ASiT) fully endorses the incorporation of simulation into surgical
training. A recent survey by ASiT found that trainees were enthused by the idea of access to simulation facilities and
felt that regular simulation training would increase operative confidence [33].
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The Intercollegiate Surgical Curriculum Programme (ISCP) is presently used by all surgical trainees and has
incorporated simulation into their performance-based assessments within some surgical fields. A report by the Joint
Committee of Surgical Training (JCST) chairman in 2013 stated that simulation can accelerate training and improve
patient safety and will continue to be rolled out into curriculae [34]. Trainees have diverse learning curves, any may
require a different number of repetitions of a procedure in order to be deemed competent [35]. Simulation may help to
flatten this learning curve. There are concerns by the JCST as to the added expense of providing such simulation
facilities in each deanery. A recent cost-effectiveness study however, has found that simulation training for surgeons is
financially viable by reducing training time and increasing efficiency [36]. There is, at present, much variance across
the surgical deaneries and a national approach would be developed in order to provide consistency.
PITFALLS
Concerns have been raised about the introduction of simulation into the training of surgeons. A review by Kneebone
and Aggarwal in 2009 felt that simulation may not adequately prepare a trainee for a patient experience due to the lack
of accountability for abnormal anatomy, the unknown, stressful circumstances and bad working environments [37].
They advocated that simulation should be used as an aide, and that perhaps trainees could “warm up” using an advanced
simulator before a procedure, where patients’ imaging are incorporated into the software [37]. Although evidence for
simulation training is strong, it may not be appropriate to extrapolate results across all specialties, as most studies
reviewed focus upon laparoscopic skills used in general surgery, urology and gynaecology. For specialties requiring
other skills, such as microsurgery used in plastic and orthopaedic procedures, more research is needed on the
implementation and effectiveness of simulation models.
It is not only technical skills that affect a patient experience. Human factors also affect the patient pathway, and
simulation programmes should include non-technical training such as team-working, stress management and coping
strategies to help deal with the working environment [38].
There is some trepidation regarding access to simulation facilities across deaneries. As simulated teaching is
increasingly being used for training purposes, there should be a standard for each deanery to achieve in reference to
both facilities and training. This will most likely require dedicated trainers in allocated teaching sessions as well as
accessibility out of hours. Grantcharov et al. highlight the importance of robust educational frameworks for the
implementation and success of simulation for technical skills [39].
CONCLUSION
With an increasing multitude of literature supporting its use, it is clear that there is a significant role for simulation
in surgical training. With an increasing focus on patient safety, technological advances in surgical technique, and
continued concerns about trainee exposure to operative procedures, there is very much a need for simulation in training.
The recent incorporation of simulation into training curricula should promote consistency in access to simulation
facilities across deaneries and invite the experience of dedicated trainers to optimise educational use.
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