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Abstract

Surgical training has been evolving with time. We describe the major drivers for these changes that have taken surgical

training to where it is today. As we look forward to training the millennial generation, we need to reflect on the current

mass adoption of technology. The simplicity and improved access to communication and information is now revolu-

tionising the way we practice health care and the way surgeons train.
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Today we find ourselves immersed in technology and there

is high expectation for information and processes to be

digital, on demand and up to date. In fact, separation

from smart devices and the internet can often lead to

anxiety.

The millennial surgical trainee differs in many ways from

the previous generations of surgeons. We describe how and

why surgical apprenticeship has evolved, how millennial

surgeons think, followed by an exploration of tools that

will contribute to the future of training.

The formalization of the apprenticeship model used today

in medical training is often attributed to Dr William Stewart

Halsted (1882–1922) of Johns Hopkins Hospital. Dr Halsted

described a system where progression was pyramidal and

the relationships hierarchical.1 The system has since seen

improvement by other educators but its fundamentals

remain very similar in modern day training.

The drivers for changes in the way we train rely on signifi-

cant events, which face strong resistance even in the face of

evidence. A great example of a change in medical training

was the work time and pattern changes to combat medical

errors caused by overworked staff. These changes would not

have been implemented if the existing practices had not

been challenged by court cases such as the Libby Zion

case in United States, where doctors were prosecuted for

murder on the grounds of negligence.1 The European

Working Time Directive has also placed heavy limitations

on the legal limits on maximum weekly working time limits,

night time work and the need for breaks. These changes

help to support the well-being of staff but they have also

reduced the clinical exposure of the trainees. This has

caused concerns as to clinical competence as the training

infrastructure is mostly based on years in training.

Another important shift to hit medical education resulted

from the Institute of Medicine report “To Err is Human”.2

This report highlighted the high levels of preventable errors

seen in clinical practice. Alarmingly a follow-up paper3

looking at more up-to-date studies showed that a more

realistic estimate is more than twice to four times the ori-

ginally estimated yearly 98,000 errors in the “To Err is

Human” report. This was a wake-up call for a revision of

the systems in place that led to error. A large drive for

additional training followed this report based on lessons

learnt from other high-risk industries leading to the boom

of simulation.

Not all shifts in the way we train are a result of negative

events. A great example is the independent review led by

Professor David Greenaway entitled Shape of training:

securing the future of excellent patient care. The report

was important as it sets a framework for evolving the way

we train to better manage changing needs of the patient

population while minimizing the disruption to the service

provided to patients.4

We are now in the midst of the next shift in health care and

education due to the boom of the smartphone. Since the

release of the smartphone, we have witnessed mass
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self-adoption of technology with the capability to access and

view audio, video and interactive applications, referred to as

apps. Although educators have not widely embraced this

opportunity, we can see from research that there has been

a natural uptake of apps and the internet as educational and

referencing resources.5

The smartphone has revolutionised the way we access infor-

mation and the way we communicate with each other.

Information has become accessible through the World

Wide Web on a portable and affordable device that is nota-

bly faster than the traditional computers we find in hospi-

tals. Now learners are able to easily access the traditional

online resources, and through apps they may access infor-

mation made available offline.6 The growth of Wi-Fi access

in health care and academic institutions has been a key

factor in improving quick access to resources, where pre-

viously there have been long-term problems with cell phone

reception and slow desktop computers.

The natural approach for searching for information online

has been problematic however. Learners tend to use a gen-

eric search engine and most frequently end up on non-

medical websites such as Wikipedia. These sites are mostly

text based and are not intended to be resources for clini-

cians. A number of deficiencies, primarily omissions, have

been identified, such as pathophysiology, signs and symp-

toms, diagnosis and treatment options, as well as omission

of classification systems.7 However, the data on Wikipedia

show that the number of updates do correlate with clinical

accuracy.7

From a survey study, we see that medical students and

junior doctors have naturally taken up apps to help them.

The app usage pertains to learning or checking information

on the go and organizational or communicational usage.

Each of these purposes of apps has been used to deliver

training, and it is a common finding that most medical

students and residents own a smartphone and regularly

use medical apps.6

Improving accessibility of textbooks and other structured

learning resources is by no means novel. We have seen

large publishers provide digital platforms, such as Elsevier

with Student Consult, for use in accessing and searching for

information on the web. Access to textbook resources is

now also reaching smartphones and tablets as apps or e-

books. As well as the traditional publishers, we can also see

new organizations creating professional content for trainees

and medical students. These are good for learning or revis-

ing on the go or as a method to quickly check information

while working. Reference material apps and medical score

calculator apps are the most prevalent apps available for use

during clinical attachments.8 Access to learning resources

does not have to be through dedicated medical apps but

can be through video streaming apps such as YouTube,

book reading apps, or even the app-based web browsers.

Online structured resources that are available on smart tech-

nology may allow for better delivery of information during

opportunistic moments. The materials can also be persona-

lized for the learner. We have seen streaming of curated

mobile broadcast content to medical students in the form

of podcasts with great success,9 but information can be

obtained from lectures, videos, links and other resources.

Institutions have also used apps to build upon and docu-

ment learning and reflection. In one study, residents who

have used dedicated apps as a workplace reflection tool have

reflected on their practice more often, captured more learn-

ing opportunities and reported more progress in their learn-

ing than their non-app-using colleagues. Trials have also

demonstrated that app-based logbooks have improved

usage.6

We can also see that a new wave of communication oppor-

tunities has been opened up by smartphones for health data

collection, input and even telementoring. Health care pro-

fessionals, for the purpose of teaching, have also used com-

munication apps such as WhatsApp as part of a structured

educational programme.10 Social media apps such as Twitter

have been adopted at surgical conferences as a tool to sup-

plement the activities and interaction with the learners.11

Past academic research on e-learning has lingered on the

non-inferiority/superiority of the new technology in com-

parison with non-intervention or traditional teaching. For e-

learning to progress, the focus of future e-learning research

will need to be on the evolution and deployment of these

novel training tools.12 Another issue faced by research is the

pace at which technology is growing and the speed at which

new apps are being released. Until there is a research effort

able to tackle this, we can look for content that is curated by

leading associations or where particular apps carry endorse-

ments from such associations. The US Food and Drugs

Administration and Medicines and Healthcare products

Regulatory Agency in the United Kingdom have already

begun to regulate medical apps that can be classified as

medical devices.13 We should expect further regulation, gui-

dance and endorsement procedures to come in the future.

We expect there will be a growing need to the filter the

content and approve apps for clinical use, and work is

already underway to understand the landscape.8 Seabrook

et al.8 reveal that most medical apps are reference tools

followed by learning apps, then diaries/monitoring, then

calculators. Other app purposes included patient records,
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conferences, diagnostic aids, medical reminders, alternative

medicine and nutrition/diet. Of the medical apps available

for clinicians, we see the most prevalent target is general

surgery (38%) followed by plastic surgery (24%), orthopae-

dics (16%), urology (10%), cardiac (7%) and neurosurgery

(5%).13

A further shift developing is the evolution of wearable smart

devices. A smart device is an object that can interface with

its environment, other devices, or local/external networks

via sensors, Bluetooth, Wi-Fi, modem or other connectivity

methods. A smart device becomes a wearable device when it

is designed to be wearable as a personal accessory (like

glasses, watches or jewellery) or integrated into clothing

or a new creation (such as fitness bands). The wearable

has been the cause of much excitement in the medical

world for its application to patients. Wearable technology

allows us to submit and access data with little distraction to

our current activity. We have seen applications of wearable

technology in surgical practice and in surgical education. A

notable device to receive media coverage for its use in sur-

gery was the Glass (Google, California, USA), a head-

mounted near-eye display with camera and microphone.

Example uses for Google Glass in the operating room

include monitoring of patient vitals by anesthetists,14 acces-

sing patient imaging by surgeons15 and overlaying fluores-

cence imaging into the surgeons view to find sentinel lymph

nodes16 and cancer cells.17 Data collection is also possible

such as taking photos, videos and audio recordings for doc-

umentation or for education purposes. The ability to be

connected to the internet has also allowed for examples of

tele-proctoring18 and live broadcasting of surgical proce-

dures from the surgeon’s view for the education of stu-

dents.19,20 However, until wearable technology becomes

affordable and self-procured by the trainees, we suspect it

will not become part of everyday practice in the way we

have seen with the smartphone.

Conclusions

There is widespread natural adoption of smartphone tech-

nology by the general population, including surgical trainees

and medical students. This technology provides a platform

that breaks down the traditional barriers to accessing infor-

mation and the ways we can curate and distribute that

information. With time, we expect an improvement in the

regulatory processes and pathways for content endorsement.

Augmented reality and wearable technology is also making

its way into health care delivery and education. As this

technology matures, we will begin to see scalable use cases

in surgical training.

Conflict of interest

Andre Chow and Jean Nehme are directors of

Touch Surgery, a smartphone-based surgical simulator.

Ali Nehme Bahsoun currently works at Touch Surgery

and collaborates with academic institutions to facilitate

research.

References

1. Gallagher AG, O’Sullivan GC. Agents of change.

Fundamentals of surgical simulation: principles and practice.

London: Springer; 2012. p. 1–24. https://doi.org/10.1007/978-

0-85729-763-1_1.

2. Kohn LT, Corrigan JM, Donaldson MS, editors. Committee

on Quality of Health Care in America, Institute of Medicine.

National Academy Press; 2000. https://doi.org/10.17226/9728.

Available at https://www.nap.edu/read/9728/chapter/1,

accessed 24 October 2016.2.

3. James JT, editor. J Patient Saf 2013; 9: 122–128. https://doi.

org/10.1097/PTS.0b013e3182948a69.

4. Greenaway PD. Securing the future of excellent patient care.

Shape of Training; 2013:57. http://www.shapeoftraining.co.

uk/static/documents/content/Shape_of_training_FINAL_Repo

rt.pdf_53977887.pdf. Accessed 24 October 2016.

5. Trelease RB. Diffusion of innovations: smartphones and wire-

less anatomy learning resources. Anat Sci Educ 2008; 1:

233–239. https://doi.org/10.1002/ase.58.

6. Payne KFB, Wharrad H, Watts K. Smartphone and medical

related App use among medical students and junior doctors in

the United Kingdom (UK): a regional survey. BMC Med

Inform Decis Mak 2012; 12: 121. https://doi.org/10.1186/

1472-6947-12-121.

7. Azer SA, AlSwaidan NM, Alshwairikh LA, AlShammari JM.

Accuracy and readability of cardiovascular entries on

Wikipedia: are they reliable learning resources for medical

students? BMJ Open 2015; 5. https://doi.org/10.1136/

bmjopen-2015-008187.

8. Seabrook HJ, Stromer JN, Shevkenek C, Bharwani A, de

Grood J, Ghali WA. Medical applications: a database and

characterization of apps in Apple iOS and Android platforms.

BMC Res Notes 2014; 7: 573. https://doi.org/10.1186/

1756-0500-7-573.

9. Brunet P, Cuggia M, Le Beux P. Recording and podcasting of

lectures for students of medical school. Stud Health Technol

Inform 2011; 169: 248–252. https://doi.org/10.3233/

978-1-60750-806-9-248.

10. Willemse JJ. Undergraduate nurses reflections on Whatsapp

use in improving primary health care education. Curationis

2015; 38 (2): E1–7. https://doi.org/10.4102/curationis.v38i2.

1512.

30 A. Chow et al. Teaching millennial surgeons

https://doi.org/10.1007/978-0-85729-763-1_1
https://doi.org/10.1007/978-0-85729-763-1_1
https://doi.org/10.17226/9728
https://www.nap.edu/read/9728/chapter/1
https://doi.org/10.1097/PTS.0b013e3182948a69
https://doi.org/10.1097/PTS.0b013e3182948a69
http://www.shapeoftraining.co.uk/static/documents/content/Shape_of_training_FINAL_Report.pdf_53977887.pdf
http://www.shapeoftraining.co.uk/static/documents/content/Shape_of_training_FINAL_Report.pdf_53977887.pdf
http://www.shapeoftraining.co.uk/static/documents/content/Shape_of_training_FINAL_Report.pdf_53977887.pdf
https://doi.org/10.1002/ase.58
https://doi.org/10.1186/1472-6947-12-121
https://doi.org/10.1186/1472-6947-12-121
https://doi.org/10.1136/bmjopen-2015-008187
https://doi.org/10.1136/bmjopen-2015-008187
https://doi.org/10.1186/1756-0500-7-573
https://doi.org/10.1186/1756-0500-7-573
https://doi.org/10.3233/978-1-60750-806-9-248
https://doi.org/10.3233/978-1-60750-806-9-248
https://doi.org/10.4102/curationis.v38i2.1512
https://doi.org/10.4102/curationis.v38i2.1512


11. Chung A, Woo H. Twitter in urology and other surgical spe-

cialties at global conferences. ANZ J Surg 2016; 86: 224–227.

https://doi.org/10.1111/ans.13393.

12. Cook DA. The failure of e-learning research to inform educa-

tional practice, and what we can do about it. Med Teach 2009;

31: 158–162. https://doi.org/10.1080/01421590802691393.

13. Kulendran M, Lim M, Laws G, Chow A, Nehme J, Darzi A,

et al. Surgical smartphone applications across different plat-

forms: their evolution, uses, and users. Surg Innov 2014; 21:

427–440. https://doi.org/10.1177/1553350614525670.

14. Ormerod DF, Ross B, Naluai-Cecchini A. Use of an augmen-

ted reality display of patient monitoring data to enhance

anesthesiologists’ response to abnormal clinical events. Stud

Health Technol Inform 2003; 94: 248–250. https://doi.org/10.

3233/978-1-60750-938-7-248.

15. Ma Q, Weller P, Mandersloot G, Weerasinghe A, Morrow D.

Wearable computers in the operating room environment. In:

Jacko JA, editor. Human-computer interaction. Interaction

platforms and techniques: 12th International Conference,

HCI International 2007, Beijing, China, July 22-27, 2007,

Proceedings, Part II. Berlin: Springer; 2007. p. 1165–1172.

https://doi.org/10.1007/978-3-540-73107-8_128.

16. Liu Y, Njuguna R, Matthews T, Akers WJ, Sudlow GP,

Mondal S, et al. Near-infrared fluorescence goggle system

with complementary metal–oxide–semiconductor imaging

sensor and see-through display. J Biomed Opt 2013; 18:

101303. https://doi.org/10.1117/1.JBO.18.10.101303.

17. Shao P, Ding H, Wang J, Liu P, Ling Q, Chen J, et al.

Designing a wearable navigation system for image-guided

cancer resection surgery. Ann Biomed Eng 2014; 42:

2228–2237. https://doi.org/10.1007/s10439-014-1062-0.

18. Datta N, MacQueen IT, Schroeder AD, Wilson JJ,

Espinoza JC, Wagner JP, et al. Wearable technology for

global surgical teleproctoring. J Surg Educ 2015; 72:

1290–1295. https://doi.org/10.1016/j.jsurg.2015.07.004.

19. Lee N. Surgical training through the looking Glass. Lancet

Technology 2014; 384: 573. https://doi.org/10.1016/S0140-

6736(14)61354-4.

20. Peregrin T. Surgeons see future applications for Google Glass.

Bull Am Coll Surg 2014; 99: 9–16.

A. Chow et al. Teaching millennial surgeons 31

https://doi.org/10.1111/ans.13393
https://doi.org/10.1080/01421590802691393
https://doi.org/10.1177/1553350614525670
https://doi.org/10.3233/978-1-60750-938-7-248
https://doi.org/10.3233/978-1-60750-938-7-248
https://doi.org/10.1007/978-3-540-73107-8_128
https://doi.org/10.1117/1.JBO.18.10.101303
https://www.doi.org/10.1007/s10439-014-1062-0
https://doi.org/10.1016/j.jsurg.2015.07.004
https://doi.org/10.1016/S0140-6736(14)61354-4
https://doi.org/10.1016/S0140-6736(14)61354-4

