JOURNAL OF

Surgical Simulation
Journal of Surgical Simulation (2015) 2, 12–17
DOI: 10.1102/2051-7726.2015.0003

ORIGINAL ARTICLE

There is a worldwide shortfall of simulation platforms for
minimally invasive surgery
R.W. Partridge,1 M.A. Hughes,2 P.M. Brennan2 and I.A.M. Hennessey3
1

Royal Hospital for Sick Children, Edinburgh, UK; 2Western General Hospital, Edinburgh, UK; 3Alder Hey Children’s Hospital,
Liverpool, UK
Corresponding author: Roland Partridge, Paediatric Surgery Registrar, Royal Hospital for Sick Children, Edinburgh EH9 1LF, UK.
Email: rolandpartridge@nhs.net
Date accepted for publication: 25 November 2014

Abstract
Background: The need for simulation in minimally invasive surgery (MIS) has been established. Uptake of simulator
training remains poor however. This study quantifies the global availability of simulation equipment, how it is currently
used and clinicians’ aspirations for the future, including the emerging phenomenon of pre-operative rehearsal/warm-up.
Methods: An online survey was distributed to 1314 operating clinicians via a global professional media network. Results:
Two hundred ninety-two responses were received from 145 different cities in 63 countries. Responders were drawn from a
range of surgical specialties. Only 34% reported access to a simulator during working hours, falling to 20% outside working
hours. Forty-six percent had not used a simulator at all in the last 12 months, and only 19% had used it for more than 6 h in
the preceding year. Seventy-nine percent supported the idea that a trainee should demonstrate basic competency on a
simulator before operating on patients. Three-quarters think that there is a role for take-home MIS simulators; 86%
support the use of MIS simulators for pre-operative warm-up, but only 26% currently do this. Conclusion: Worldwide
there is great enthusiasm for the integration of simulators into training and surgical practice. Suitable simulation
equipment is lacking however. There is strong support for the concept of take-home simulation to address this problem.
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Introduction
Minimally Invasive Surgery Simulation
Minimally invasive surgery (MIS) was first performed on
humans in 1910 by Hans Christian Jacobaeus from
Sweden.1 Jacobaeus immediately recognized the importance
of practicing these skills in a simulated environment, away
from patients, and suggested this in his early reports.1
Unfortunately, this advice was not heeded and it remains
the case that most trainee surgeons develop their skills by
practicing on patients.2 This situation is increasingly seen as
unacceptable by both the surgical profession and the general
public.3
Formalized learning by simulation was pioneered by the
military, with the 1929 Link aviation simulator.4 It took
60 years for the medical profession to catch up, when
Gaba and DeAnda instigated simulation training for anaesthetists using automated manikins.5 MIS simulators became
commercially available in the mid-1990s, taking the form of
virtual reality, physical box simulators and hybrid systems.6
ß 2015 The Authors. Published by Journal of Surgical Simulation.

The evidence for the efficacy and validity of a range of
different simulators has gradually grown.7–9 Skills learnt in
a simulated environment are now known to translate to
improved performance in the operating room.10
Two recent reports have highlighted that surgeons’ access to
simulation equipment is currently very limited.11,12
Moreover, with increasing pressure on training time as a
result of working time restrictions13 and cost as an ever
present barrier to the availability of simulation hardware,7
there is growing enthusiasm for the concept of affordable
take-home simulation equipment.14–17 In addition to skills
acquisition, MIS simulators also have roles in skills assessment,18–20 professional revalidation21 and development of
new techniques,22 with the ultimate aim of improving
patient safety.3
Pre-operative Rehearsal/Warm-Up
Formal pre-operative rehearsal/warm-up is gaining greater
recognition as an important part of surgical practice.23
This work is licensed under a Creative Commons AttributionNonCommercial 4.0 International License.

R.W. Partridge et al. Simulation platforms for minimally invasive surgery

Almost all other performance-centred professions have
some form of pre-performance preparation, either formally
or informally. Few athletes or musicians for example take to
the sports field or stage without warming up beforehand.24
There is emerging evidence that formalizing the rehearsal
process can improve performance in the operating theatre,25
and that MIS simulators have a role to play in this.26 We
note that there is not yet consensus in the literature on the
terminology for this process and here we use warm-up and
rehearsal interchangeably.
This study assesses the global availability of simulation
equipment, how it is used, and clinicians’ aspirations for
the future, including the emerging phenomenon of preoperative rehearsal/warm-up. It utilizes a novel means of
engaging with the world’s surgical and obstetrics and gynaecology communities through the growing phenomena of
professional media.

Materials and methods
Survey Generation and Distribution
An online survey was generated (SurveyGizmo.com, Survey
Gizmo, Boulder, CO, USA) and distributed to a global audience of surgeons and obstetrics and gynaecology practitioners via the LinkedIn.com professional media network
(LinkedIn Corporation, Santa Monica, CA, USA). The
survey was sent to the 1314 surgeons and obstetrics and
gynaecology clinicians in the first author’s Linked In
(LinkedIn, Mountain View, CA, USA) contact web.
Data Analysis
Raw survey results were downloaded from SurveyGizmo.
com in .xls format and interrogated in Microsoft Excel
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(Microsoft Excel 2011, Microsoft Corporation, Seattle,
WA, USA).

Results
Responses were received from 292 operating clinicians (22%
response rate) in 145 different cities from 63 countries
(Figure 1). The male to female split was 84% male, 16%
female. Participants were general surgeons (41%), paediatric
surgeons (26%), obstetricians and gynaecologists (18%),
urologists (6%), orthopaedic surgeons (2%) and 7% from
other surgical specialties. The responders were an experienced and active group: 65% were attending physicians/consultants and 35% were from training grades. Sixty-three
percent reported performing 450 MIS procedures per
year, and 38% regularly undertook 4100 MIS cases each
year.
Worldwide, access to MIS simulation equipment is very
poor. Only 34% of responders have regular access to a
simulator during standard working hours, falling to 20%
outside working hours. Two recent studies from the
United Kingdom have classified access to simulation in
the same manner. Table 1 shows how these worldwide figures compare with the UK results.
Not only is there poor access to simulators, but the number
of hours spent using them is very low. Only 19% had used
an MIS simulator for more than 6 h in the whole of the
preceding year; 46% had not used one at all in the last 12
months (Figure 2). Factors limiting the use of simulators
included limited access to simulators outside normal working hours (43%), lack of time in the working week (37%)
and insufficient instruments or disposable training materials

Figure 1 Map demonstrating the geographic distribution of the responders.
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Table 1 Comparison with UK studies on the availability of MIS simulators11,12
Access to a simulator
during the working week
(%)

Access to a simulator
outside normal working hours
(%)

This study: global cohort

34

20

Milburn et al: UK trainees (2012)

42

16

Brennan et al: members of the Royal College of Surgeons, Edinburgh (2014)

47

–

Figure 3 Opinions on the future role of simulators in surgical
education and training.

Figure 2

Hours of simulator use in the last 12 months.

(25%). Fourteen percent stated that they felt there was no
incentive to undertake simulation practice.
Despite the lack of availability and lack of use, there was
strong support for increased integration of simulators into
surgical practice. Ninety-four percent supported simulator
use to train for new techniques such as single-incision
MIS (SiMIS), 91% felt simulator training should be a compulsory part of surgical training programs and 80% favoured
compulsory skills testing on a simulator before trainees
operated on patients. Simulators to aid professional revalidation as part of professional examinations and for selection
onto training programs was also supported by 61%, 60%
and 56%, respectively (Figure 3).
One proposed way to address the poor access to MIS simulators is to provide compact, portable and affordable takehome simulation equipment. The use of such take-home
MIS simulators was supported by 77% of responders worldwide (Figure 3). There is enthusiasm to undertake more
MIS, with 80% planning to perform operations for which
they currently use an open technique by MIS. The evidence
presented here suggests that simulators will play a large part
in facilitating this increased uptake of MIS.

Pre-operative Rehearsal/Warm-Up
The survey asked two groups of questions about preoperative rehearsal/warm-up: (1) what they currently do
and (2) what they think surgeons should do. We have
classified pre-operative rehearsal into four types: informal
and formal, mental and physical. Examples of each type
are: informal mental, e.g. thinking through the steps of a
procedure; formal mental, e.g. revising the operative steps
in a textbook or smart phone application; informal
physical such as placing a smaller case at the start of an
operating list; and formal physical, e.g. using an MIS simulator to warm up before an operation. Currently, informal
mental rehearsal is widely practiced, with the other types
much less so. There was enthusiasm to increase uptake
in future of all four types of warm-up (Table 2 and
Figure 4).

Discussion
This study illustrates that the previously reported lack of
access to simulators in the United Kingdom11,12 is a
global problem. There is significant enthusiasm for the use
of simulators in surgical practice, for both trainee and
trained surgeons. For trainees, there was support for compulsory simulator training and mandatory skills assessment.
For trained surgeons, responders felt there was a role for
simulators in the development of new techniques, skills
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Table 2 Current prevalence and future aspirations for surgical rehearsal/warm-up
Mental, current prevalence (future aspirations)

Physical, current prevalence (future aspirations)

Informal

95% (98%) (i.e. thinking through the steps of a procedure)

61% (81%) (i.e. placing a smaller case at the start of an operating list)

Formal

63% (91%) (i.e. revising the operative steps on a smart
phone application)

26% (86%) (i.e. using an MIS simulator before an operating list)

Figure 4 The type of pre-operative rehearsal that the responders felt surgeons should perform.

assessment for revalidation and pre-operative rehearsal/
warm-up.
Our response rate of 22% is above the average of 10–15%
reported as typical for this type of survey by the online tool
we used (SurveyGizmo.com, Boulder, CO, USA). It is likely
we could have increased this further by sending a reminder
email, but avoided this with a mind to how full clinicians’
inboxes become. We recognize that there could be a degree
of bias in favour of embracing simulation from our responders, as they may be more predisposed towards embracing
this new direction in training compared with those who did
not engage with the survey. However, the ever-growing evidence base for the efficacy of simulation training suggests
that these findings are likely to be generalizable to the surgical population at large.7
The strong support for making simulator use a compulsory
part of surgical training is consistent with contemporary
medico-political pressures.3 This is particularly relevant in
the era of working time restrictions and the recognition that
current surgical trainees are receiving much less operative
exposure than previous generations.13 Procedural simulators
do not teach how to complete an operation but they do
facilitate translatable psychomotor skills acquisition.3 This
helps the trainee to focus on other challenges, such as the
complexities of intra-operative decision making and the
subtleties of anatomic and pathologic variation.10

There is an important patient safety theme to our findings.
Seventy-nine percent favour trainees undertaking a compulsory test of operative skills on a simulator before allowing
them to operate on patients. Assessment of surgical knowledge in the form of professional examinations has been
compulsory for many years. The surgical community now
appears ready to extend this to skills assessment. In the era
of constant scrutiny on patient safety and the need to eliminate errors, it is likely that there will also be political pressure to implement this globally. In the United States, such
an assessment is compulsory for general surgical training, in
the form of the Fundamentals of Laparoscopic Surgery programme (FLS, SAGES, Los Angeles, CA, USA). The cost of
this program is considerable, however, which may explain
why it has not been widely adopted outside the United
States.27 One proposed solution to the problem of limited
access to simulators is low-cost take-home hardware.16,17 It
has been recognized that hardware alone is insufficient, and
that objective performance feedback and a curriculum of
skills are required for optimal training.7 A web search for
‘laparoscopic simulator’ reveals a number of companies now
producing such equipment and training materials.
Anecdotally, most surgeons think through the steps of a
procedure before an operation. We classify this as informal
mental rehearsal and confirm that it is widely practiced. We
define four types of pre-operative warm-up and demonstrate that there is a desire to increase their application in
the future. There is interesting evidence emerging suggesting a cross-over between physical and mental pre-operative
rehearsal. It has been observed that mental preparation
results in both better operative decision making and
improved technical skills, while physical preparation can
facilitate improved cognitive performance as well as better
operative technique.23,28 This survey highlights strong support for the emerging technologies of online and tablet/
smart phone applications for formal mental warm-up, one
example of which is the TouchSurgery application (Touch
Surgery Ltd, London, UK). Previous work has suggested
that as little as 15 min of formal physical warm-up is sufficient to demonstrate improved operative performance.23
Our responders strongly supported the use of MIS simulators to perform this physical pre-operative warm-up.
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Compact simulators for use in clinicians’ offices or nonclinical areas of operating room complexes are likely to be
required to facilitate this.
This study provides a unique international perspective on
the current availability and uptake of MIS simulators. While
there is enthusiasm for the integration of simulation into
surgical training and practice, including pre-operative
warm-up, access to simulators is poor. There is strong support for the concept of take-home simulators to address this
problem. Ultimately, this is a matter of patient safety, and it
is incumbent upon the surgical profession to act.
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Alken P. Hans Christian Jacobaeus: inventor of human laparoscopy and thoracoscopy. J Endourol 2006; 20: 848–50.
Cox M, Irby DM, Reznick RK, MacRae H. Teaching surgical
skills — changes in the wind. N Engl J Med 2006; 355:
2664–9.
Aggarwal R, Mytton OT, Derbrew M, Hananel D,
Heydenburg M, Issenberg B, et al. Training and simulation
for patient safety. Qual Saf Health Care 2010; 19(Suppl 2):
i34–43. doi: 10.1136/qshc.2009.038562.
Sachdeva AK, Buyske J, Dunnington GL, Sanfey HA,
Mellinger JD, Scott DJ, et al. A new paradigm for surgical
procedural training. Curr Probl Surg 2011; 48: 854–968. doi:
1067/j.cpsurg.2011.08.003.
Gaba DM, DeAnda A. A comprehensive anesthesia simulation
environment: re-creating the operating room for research and
training. Anaesthesiology 1988; 69: 387–94.
Dankelman J. Surgical simulator design and development.
World J Surg 2007; 32: 149–55.
Zendejas B, Brydges R, Hamstra SJ, Cook DA. State of the
evidence on simulation-based training for laparoscopic surgery. Ann Surg 2013; 257: 586–93. doi: 10.1097/SLA.
0b013e318288c40b.
Diesen DL, Erhunmwunsee L, Bennett KM, Ben-David K,
Yurcisin B, Ceppa EP, et al. Effectiveness of laparoscopic computer simulator versus usage of box trainer for endoscopic

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

surgery training of novices. J Surg Educ 2011; 68: 282–9.
doi: 10.1016/j.jsurg.2011.02.007.
Aucar JA, Groch NR, Troxel SA, Eubanks SW. A review of
surgical simulation with attention to validation methodology.
Surg Laparosc Endosc Percutan Tech 2005; 15: 82–9.
Seymour NE, Gallagher AG, Roman SA, O’Brien MK,
Bansal VK, Andersen DK, et al. Virtual reality training
improves operating room performance - results of a
randomized, double-blinded study. Ann Surg 2002; 236:
458–64.
Milburn JAJ, Khera GG, Hornby STS, Malone PSCP,
Fitzgerald JEFJ. Introduction, availability and role of simulation in surgical education and training: review of current
evidence and recommendations from the Association of
Surgeons in Training. Int J Surg 2012; 10: 393–8. doi: 10.
1016/j.ijsu.2012.05.005.
Brennan PM, Loan J, Hughes MA, Hennessey I,
Partridge RW. Surgical training is undermined by inadequate
provision of laparoscopic surgical simulators. Bull R Coll Surg
Engl 2014; 96: 304–7.
Purcell Jackson G, Tarpley JL. How long does it take to train a
surgeon? BMJ 2009; 339: b4260. doi: 10.1136/bmj.b4260.
Bruynzeel H, Bruin AFJ, Bonjer HJ, Lange JF, Hop WCJ,
Ayodeji ID, et al. Desktop simulator: key to universal training?
Surg Endosc 2007; 21: 1637–40.
Korndorffer JR Jr, Bellows CF, Tekian A, Harris IB,
Downing SM. Effective home laparoscopic simulation training: a preliminary evaluation of an improved training paradigm. Am J Surg 2012; 203: 1–7. doi: 10.1016/j.amjsurg.2011.
07.001.
Hennessey IAM, Hewett P. Construct, concurrent, and
content validity of the eoSim laparoscopic simulator.
J Laparoendosc Adv Surg Tech 2013; 23: 855–60. doi: 10.
1089/lap.2013.0229.
Partridge RW, Hughes MA, Brennan PM, Hennessey IAM.
Accessible laparoscopic instrument tracking (“InsTrac”): construct validity in a take-home box simulator. J Laparoendosc
Adv Surg Tech 2014; 24: 578–83. doi: 10.1089/lap.2014.0015.
Larsen CR, Grantcharov T, Aggarwal R, Tully A, Sørensen JL,
Dalsgaard T, et al. Objective assessment of gynecologic laparoscopic skills using the LapSimGyn virtual reality simulator.
Surg Endosc 2006; 20: 1460–6.
Jaffer A, Bednarz B, Challacombe B, Sriprasad S. The assessment of surgical competency in the UK. Int J Surg 2009; 7:
12–15. doi: 10.1016/j.ijsu.2008.10.006.
Samia H, Khan S, Lawrence J, Delaney C. Simulation and its
role in training. Clin Colon Rectal Surg 2013; 26: 47–55. doi:
10.1007/s00464-009-0620-2.
Burden CC, Oestergaard JJ, Larsen CRC. Integration of
laparoscopic virtual-reality simulation into gynaecology training. BJOG 2011; 118(Suppl 3): 5–10. doi: 10.1111/j.1471-0528.
2011.03174.x.

R.W. Partridge et al. Simulation platforms for minimally invasive surgery

22. Schneeberger A, Mandler M, Otava O, Zauner W, Mattner F,
Schmidt W. Single-incision laparoscopic surgery (SILSTM)
versus standard laparoscopic surgery: a comparison of performance using a surgical simulator. Surg Endosc 2011; 25:
483–90. doi: 10.1007/s00464-010-1197-5.
23. Lee JYJ, Mucksavage PP, Kerbl DCD, Osann KEK,
Winfield HNH, Kahol KK, et al. Laparoscopic warm-up exercises improve performance of senior-level trainees during
laparoscopic renal surgery. J Endourol 2012; 26: 545–50. doi:
10.1089/end.2011.0418.
24. Mucksavage PP, Lee JJ, Kerbl DCD, Clayman RVR,
McDougall EME. Preoperative warming up exercises improve
laparoscopic operative times in an experienced laparoscopic
surgeon. J Endourol 2012; 26: 765–8. doi: 10.1089/end.2011.
0134.
25. Calatayud D, Arora S, Aggarwal R, Kruglikova I, Schulze S,
Funch-Jensen P, et al. Warm-up in a virtual reality

17

environment improves performance in the operating room.
Ann Surg 2010; 251: 1181–5. doi: 10.1097/SLA.0b013
e3181deb630.
26. Chen CCG, Green IC, Colbert-Getz JM, Steele K, Chou B,
Lawson SM, et al. Warm-up on a simulator improves residents’ performance in laparoscopic surgery: a randomized
trial. Int Urogynecol J 2013; 24: 1615–22. doi: 10.
1007/s00192-013-2066-2.
27. Nguyen PH, Acker CE, Heniford BT, Stefanidis D. What is
the cost associated with the implementation of the FLS program into a general surgery residency? Surg Endosc 2010; 24:
3216–20. doi: 10.1007/s00464-010-1082-2.
28. Louridas M, Bonrath EM, Sinclair DA, Dedy NJ,
Grantcharov TP. Randomized clinical trial to evaluate
mental practice in enhancing advanced laparoscopic surgical
performance. Br J Surg 2015; 102: 37–44. doi: 10.1002/bjs.
9657.

