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Editorial

Background
Until very recently, doctors and surgeons had been trained using 
an apprenticeship model developed in the late 19th century by 
Dr. William Stewart Halsted at the Johns Hopkins Hospital, 
Baltimore, USA.[1] Surgeons have conventionally acquired 
their craft operating on real patients, while working for 
long hours on hospital wards and in the operating room. Up 
until late in the 20th century, most surgical operations were 
carried out through an open incision, with larger incisions 
usually implying more advanced and complex surgery. The 
amount of pain experienced by the patient and time spent 
recovering in the hospital were closely correlated to the size 
of the incision made by the surgeon. Advances in computers 
and microchip technology that ushered in a digital age have 
also revolutionized the operating room. This new digital age 
enabled the same image processing capability that underpins 
the camera in mobile phones to be used at the end of a thin 
30-cm long fiber-optic telescope to look inside patients, 
through a small surgical incision. This new minimally invasive 
approach to surgery was then used to perform increasingly 
more advanced surgical procedures, as well as robotic 
surgery.[2] As a consequence, patients who had major surgery 
had less scarring, pain, and time in the hospital. However, it 
quickly became clear that even very experienced surgeons 
had	difficulties	 acquiring	 the	 new	and	very	 different	 skills	
necessary to perform keyhole and robotic surgery.[3] Surgeons 
now had to perform a procedure while looking at a TV monitor 
that produced images inferior to that perceived by the naked 
eye and lacked many of the subtle visual cues for judging the 
depth	of	field.[4]	There	were	also	considerable	difficulties	in	
coordinating surgical instruments that passed through tiny 
incisions, which pivoted against the body wall, therefore giving 
the impression of counterintuitive instrument movements on 
the monitor.[5] Tactile feedback from the tissues being operated 
on was reduced, or, in the case of surgical robots, absent. All 
of	these	human‑factor	difficulties	made	the	already	difficult	
job of performing surgery safely now orders of magnitude 
more challenging.[6]

Simulation‑BaSed training
These	training	difficulties	required	the	surgical	and	scientific	
community	 to	 reflect	 on	why	 this	was	 so	 and	 highlighted	
the need to develop new ways of training surgeons for these 
procedures. The revolution in computer technology that had 
led to the problems faced by surgeons would subsequently be 
the very same technology that would offer a very powerful 
training solution. Aviation had used computer-generated virtual 

reality (VR) simulations to train pilots for decades. However, 
unlike airplanes and airports with standardized features, real 
patients are all different. Furthermore, the aviation industry 
had over decades worked out precise protocols for dealing 
with	different	airplanes,	airport	terrains,	and	flight	scenarios.	
Surgery in comparison was very much a craft with individual 
surgeons applying their own art to procedure performance.[2] 
To	utilize	simulations	for	training,	surgeons	had	first	to	develop	
surgical procedure templates, including, for example, the 
individual steps of the procedure and the choice of instruments. 
They also had to identify optimal procedural performance 
and deviations from optimal procedural performance so that 
engineers and computer scientists could build the simulation 
and accurately characterize the operation to ensure that 
procedure performance was quantifiable. Thus, surgical 
procedures could be learned and rehearsed on a VR simulation 
before	operating	on	a	patient	for	the	first	time.[7-9]

Proficiency‑BaSed ProgreSSion 
Simulation training
Training on a simulation does not on its own predict optimum 
skill acquisition. Proficiency-based progression (PBP)[6] 
training on simulation does. A PBP training program requires 
a detailed, comprehensive, and validated metric-based 
characterization of the skills to be learned.[8] The metrics 
derived from this characterization are then used to guide the 
construction of a curriculum based on what the trainee needs to 
know and be able to do. Most importantly, the validated metrics 
are	also	used	to	establish	a	quantitatively	defined	benchmark	
which trainees must demonstrate before training progression. 
Benchmarks are based on the objectively assessed performance 
of experienced clinicians. Trainees are fully cognizant of 
the metrics, which are also used to implement a deliberate 
practice[10] approach to education and training. Trainers and 
trainees are also fully aware that training is complete only on 
demonstration	of	the	proficiency	benchmark.	When	applied	
with	 scientific	 rigor,	 a	PBP	approach	 to	medical	 education	
and training is effective, objective, transparent, and fair to the 
trainee and their training organization.

Proficiency‑BaSed ProgreSSion 
requireS “deliBerate” not 
“rePeated” Practice training
The availability of VR computer and other simulations means 
that	surgeons	can	now	learn	how	to	perform	a	specific	procedure	
using the exact same instruments and devices, in the exact 
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same way, on simulation models or on virtual patients (some of 
which are based on real cases). In the past, they learned these 
skills (and made mistakes) on real patients, but in a simulation 
or skills laboratory, they can learn the skills on part-task trainers 
or virtual patients. This enables them to perform the parts of 
complete procedures repeatedly and learn what not to do as 
well as what to do. This type of learning with performance 
feedback is called deliberate practice and is fundamental to a 
PBP approach to training. Deliberate practice constitutes a very 
powerful approach to training that contrasts with the traditional 
apprenticeship model where performance feedback and learning 
were much more hit-and-miss. PBP using deliberate practice 
provides performance feedback to the trainee, which is objective, 
transparent, and fair. In 2011, the Department of Health (DoH) 
in the United Kingdom (UK) proposed that all health-care 
procedures should be learned this way and a procedure should 
not	be	performed	on	a	real	patient	the	first	time	it	is	performed. 
(https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/146989/dh_131061.pdf.pdf).

training muSt Be more than an 
intereSting educational exPerience
PBP using this more deliberate approach to the acquisition 
of skills for the operating room relies on systematic, 
simulation-based education and training.[8] It means that 
surgeons (and other health care workers) can be optimally 
prepared for the operating room with their performance 
benchmarked against other surgeons before operating in vivo 
on a real patient. Research has now shown that surgeons 
trained	using	this	approach	perform	significantly	better	and	
make fewer errors than traditionally trained surgeons,[11-15] 
and approximately 40% of what is learned on a VR simulation 
transfers to real-world tasks.[16] The DoH in the UK has 
advocated that, wherever possible, learning to take care 
of patients should be enhanced with technology-enhanced 
learning (TEL) through using digital and simulation technology.

Training with VR simulation and TEL allows and ensures 
learning to a quantitatively defined performance level 
with greater homogeneity in trainee skillsets.[8] Evidence 
from prospective, randomized studies demonstrates that 
this “outcome-based” approach to education and training 
produces trainees with skillsets that are 40%–70% better than 
trainees trained using a conventional/traditional approach to 
training.[11-13,15] These studies also demonstrate that trainees 
who receive the exact same curriculum but without the 
quantitatively	defined	performance	benchmark	(i.e.,	simulation	
training) perform only marginally better than those receiving 
conventional training [Figure 1].[14] Furthermore, similar results 
have been observed for an outcome-based communication 
skill training program (e.g., handover). These results clearly 
demonstrate that simulation-based training is effective 
for technical as well as communication skills training, but 
the simulation training must be more than an interesting 
educational experience. These results also demonstrate that 

requiring trainees (no matter how senior or experienced) to 
“train” and use a simulation or skills laboratory does not 
guarantee	 a	 quality‑assured	 and	verified	performance	 level	
at the completion of training. Using the exact same resources 
with a PBP curriculum and the requirement to demonstrate 
quantitatively	defined	skills	benchmarks	does.

This approach to training may be conceptually and intellectually 
appealing, but it represents a paradigm shift in how surgeons 
and doctors are educated and trained.[6,9,17-19]

Anthony G. Gallagher

Faculty of Life and Health Sciences, Ulster University, Magee Campus, 
Londonderry, United Kingdom

Address for correspondence: Prof. Anthony G. Gallagher, Ph.D., D.Sc. 
Faculty of Life and Health Sciences, Ulster University, Magee Campus, 
Northland Road, Londonderry BT48 7JL, United Kingdom.  
E‑mail: anthonyg.gallagher@btinternet.com

referenceS
1. Cameron JL. William Stewart Halsted. Our surgical heritage. Ann Surg 

1997;225:445-58.
2. Cuschieri A. Whither minimal access surgery: Tribulations and 

expectations. Am J Surg 1995;169:9-19.
3. Wherry DC, Rob CG, Marohn MR, Rich NM. An external audit of 

laparoscopic cholecystectomy performed in medical treatment facilities 
of the department of defense. Ann Surg 1994;220:626-34.

4. Gallagher AG, Ritter EM, Lederman AB, McClusky DA 3rd, Smith CD. 
Video-assisted surgery represents more than a loss of three-dimensional 
vision. Am J Surg 2005;189:76-80.

5. Gallagher AG, McClure N, McGuigan J, Ritchie K, Sheehy NP. An 
ergonomic analysis of the fulcrum effect in the acquisition of endoscopic 
skills. Endoscopy 1998;30:617-20.

6. Gallagher AG, Ritter EM, Champion H, Higgins G, Fried MP, 
Moses G, et al. Virtual reality simulation for the operating room: 
Proficiency‑based	training	as	a	paradigm	shift	in	surgical	skills	training.	
Ann Surg 2005;241:364-72.

7.	 Satava	 RM.	 Virtual	 reality	 surgical	 simulator.	 The	 first	 steps.	 Surg	
Endosc 1993;7:203-5.

8. Gallagher AG, O’Sullivan GC. Fundamentals of Surgical Simulation; 
Principles & Practices. London: Springer Verlag; 2011.

9.	 Gallagher	AG.	Metric‑based	simulation	training	to	proficiency	in	medical	
education: What it is and how to do it. Ulster Med J 2012;81:107-13.

Figure 1: Trainees demonstrating the quantitatively defined proficiency 
benchmark for an arthroscopic Bankart procedure after training



Proficiency‑based progression surgical training

Journal of Musculoskeletal Surgery and Research ¦ Volume 2 ¦ Issue 4 ¦ October-December 2018 141

10. Ericsson KA, Krampe RT, Tesch-Römer C. The role of deliberate practice 
in the acquisition of expert performance. Psychol Rev 1993;100:363-406.

11. 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;236:458-63.

12. Ahlberg G, Enochsson L, Gallagher AG, Hedman L, Hogman C, 
McClusky DA 3rd, et al.	 Proficiency‑based	 virtual	 reality	
training	significantly	reduces	the	error	rate	for	residents	during	their	first	
10 laparoscopic cholecystectomies. Am J Surg 2007;193:797-804.

13. Van Sickle KR, Ritter EM, Baghai M, Goldenberg AE, Huang IP, 
Gallagher AG, et al. Prospective, randomized, double-blind trial of 
curriculum-based training for intracorporeal suturing and knot tying. 
J Am Coll Surg 2008;207:560-8.

14. Angelo RL, Ryu RK, Pedowitz RA, Beach W, Burns J, Dodds J, et al. 
A proficiency‑based	 progression	 training	 curriculum	 coupled	 with	 a	
model simulator results in the acquisition of a superior arthroscopic 
Bankart skill Set. Arthroscopy 2015;31:1854-71.

15. Cates CU, Lönn L, Gallagher AG. Prospective, randomised and blinded 
comparison	of	proficiency‑based	progression	full‑physics	virtual	reality	
simulator training versus invasive vascular experience for learning 
carotid artery angiography by very experienced operators. BMJ Simul 
Technol Enhanced Learn 2016;2:1-5.

16. Gallagher AG, Seymour NE, Jordan-Black JA, Bunting BP, McGlade K, 
Satava RM, et al. Prospective, randomized assessment of transfer of 
training (ToT) and transfer effectiveness ratio (TER) of virtual reality 
simulation training for laparoscopic skill acquisition. Ann Surg 
2013;257:1025-31.

17. Gallagher AG, Cates CU. Virtual reality training for the 
operating room and cardiac catheterisation laboratory. Lancet 
2004;364:1538-40.

18. Gallagher AG, Cates CU. Approval of virtual reality training for carotid 
stenting: What this means for procedural-based medicine. JAMA 
2004;292:3024-6.

19. Cates CU, Gallagher AG. The future of simulation technologies for 
complex cardiovascular procedures. Eur Heart J 2012;33:2127-34.

Access this article online

Quick Response Code:
Website:  
www.journalmsr.com

DOI:  
10.4103/jmsr.jmsr_58_18

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to remix, 
tweak, and build upon the work non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

How to cite this article:	Gallagher	AG.	Proficiency‑based	progression	
simulation training for more than an interesting educational experience. J 
Musculoskelet Surg Res 2018;2:139-41.


