
What	Are	the	Training	Requirements	for	AI-Assisted
Surgery?
Rasit	Dinc

Rasit	Dinc	Digital	Health	&	AI	Research

Published:	February	1,	2021	|	AI	in	Surgery	and	Robotics

DOI:	10.5281/zenodo.17998667

Abstract

Artificial	 intelligence	 (AI)	 is	 rapidly	 transforming	 various	 sectors,	 and	 healthcare	 is	 no
exception.	In	the	realm	of	surgery,	AI-assisted	systems	are	poised...
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Introduction

Artificial	 intelligence	 (AI)	 is	 rapidly	 transforming	 various	 sectors,	 and
healthcare	 is	 no	 exception.	 In	 the	 realm	 of	 surgery,	 AI-assisted	 systems	 are
poised	 to	 revolutionize	 surgical	 procedures,	 offering	 enhanced	 precision,
improved	 patient	 outcomes,	 and	 more	 efficient	 workflows.	 However,	 the
integration	 of	 these	 sophisticated	 technologies	 into	 the	 operating	 room
necessitates	a	fundamental	shift	in	surgical	training.	This	article	explores	the
essential	 training	 requirements	 for	 surgeons	 to	 effectively	 and	 safely	 utilize
AI-assisted	surgical	systems,	ensuring	that	the	next	generation	of	surgeons	is
well-equipped	for	the	future	of	medicine.

The	Evolving	Landscape	of	Surgical	Education

Traditionally,	surgical	training	has	followed	the	“see	one,	do	one,	teach	one”
model,	 a	hands-on	approach	 that	 relies	heavily	on	apprenticeship	and	direct
experience	 in	 the	 operating	 room	 [2].	 While	 this	 method	 has	 been	 the
cornerstone	of	surgical	education	for	decades,	it	presents	challenges	in	terms
of	standardization,	the	steepness	of	the	learning	curve,	and	the	inherent	risks
associated	with	novice	surgeons	performing	complex	procedures.	The	advent
of	 technology-enhanced	 learning,	 including	 simulation-based	 training	 and
virtual	 reality,	 has	 already	 begun	 to	 supplement	 and	 refine	 this	 traditional
model	[1].

AI-assisted	 surgery	 represents	 the	 next	 frontier	 in	 this	 evolution.	 These
systems,	 which	 can	 range	 from	 robotic	 platforms	 with	 advanced	 imaging



capabilities	to	software	that	provides	real-time	guidance	and	decision	support,
demand	a	new	set	of	skills	and	knowledge	from	surgeons.	Consequently,	 the
training	 curriculum	 for	 surgeons	 must	 adapt	 to	 incorporate	 these	 new
technologies,	moving	beyond	manual	dexterity	to	include	data	interpretation,
system	interaction,	and	an	understanding	of	the	underlying	AI	algorithms.

Core	Components	of	AI-Assisted	Surgical	Training

A	comprehensive	training	program	for	AI-assisted	surgery	should	encompass
several	 key	 components	 to	 ensure	 that	 surgeons	 are	 not	 only	 proficient	 in
using	the	technology	but	also	understand	its	capabilities	and	limitations.

Simulation-Based	Training

Simulation	will	continue	to	be	a	cornerstone	of	surgical	education,	but	with	a
greater	emphasis	on	AI-driven	scenarios.	Advanced	simulators	can	replicate	a
wide	range	of	surgical	procedures,	allowing	trainees	to	practice	in	a	risk-free
environment.	 These	 platforms	 can	 be	 enhanced	 with	 AI	 to	 provide
personalized	feedback,	track	performance	metrics,	and	adapt	the	difficulty	of
the	 simulation	 to	 the	 trainee's	 skill	 level.	 For	 instance,	 AI	 can	 analyze	 a
trainee's	 movements	 and	 provide	 real-time	 suggestions	 for	 improvement,
helping	to	accelerate	the	learning	curve	[3].

Personalized	Feedback	and	Assessment

One	of	the	most	significant	advantages	of	AI	in	surgical	training	is	its	ability	to
provide	objective	and	data-driven	feedback.	AI	algorithms	can	analyze	surgical
videos	 and	 performance	 data	 to	 identify	 areas	 where	 a	 trainee	 excels	 and
where	 they	 need	 improvement.	 This	 personalized	 feedback	 is	 far	 more
detailed	and	consistent	than	what	can	be	provided	by	a	human	observer	alone.
As	noted	 in	a	recent	scoping	review,	AI-enhanced	training	environments	can
provide	automated	skill	assessment	and	adaptive	learning	trajectories,	leading
to	improvements	in	trainees'	learning	curves	and	technical	proficiency	[1].

Understanding	AI	and	Machine	Learning	Principles

While	 surgeons	 do	 not	 need	 to	 become	 data	 scientists,	 a	 fundamental
understanding	 of	 AI	 and	machine	 learning	 (ML)	 principles	 is	 essential.	 This
knowledge	will	enable	them	to	critically	evaluate	the	information	provided	by
AI	 systems,	 understand	 the	 potential	 for	 bias	 in	 the	 algorithms,	 and	 make
informed	decisions	in	the	operating	room.	The	American	College	of	Surgeons
(ACS)	has	recognized	this	need	and	has	begun	to	offer	introductory	courses	on
AI	 and	 ML	 for	 surgeons,	 highlighting	 the	 importance	 of	 this	 foundational
knowledge	[2].

Ethical	Considerations

As	 with	 any	 new	 technology	 in	 healthcare,	 the	 use	 of	 AI	 in	 surgery	 raises
important	 ethical	 questions.	 Training	 programs	 must	 address	 these	 issues,
including	 patient	 privacy,	 data	 security,	 and	 the	 accountability	 of	 both	 the
surgeon	and	the	AI	system	in	the	event	of	an	adverse	outcome.	Surgeons	must
be	prepared	to	navigate	these	complex	ethical	landscapes	to	ensure	that	AI	is
used	responsibly	and	in	the	best	interests	of	their	patients.



The	Role	of	Explainable	AI	(XAI)

For	 AI	 to	 be	 a	 truly	 effective	 teaching	 tool,	 it	 must	 be	 able	 to	 explain	 its
reasoning.	 This	 is	 the	 concept	 behind	 explainable	 AI	 (XAI),	 which	 aims	 to
make	 the	 decision-making	 process	 of	 AI	 models	 transparent	 and
understandable	 to	human	users.	 In	 the	 context	 of	 surgical	 training,	XAI	 can
provide	 trainees	 with	 clear	 and	 actionable	 feedback,	 helping	 them	 to
understand	not	just	what	they	did	wrong,	but	why	it	was	wrong.	Researchers
at	Johns	Hopkins	University	are	developing	an	XAI	tool	that	can	provide	real-
time,	 personalized	 advice	 to	 medical	 students	 as	 they	 practice	 suturing,
demonstrating	the	potential	of	this	technology	to	transform	surgical	education
[3].

Challenges	and	Future	Directions

Despite	 the	 immense	 potential	 of	 AI	 in	 surgical	 training,	 there	 are	 still
challenges	to	overcome.	These	include	the	high	cost	of	AI-powered	simulators,
the	need	for	large	and	diverse	datasets	to	train	the	algorithms,	and	the	lack	of
standardized	curricula	and	assessment	metrics.	Furthermore,	 the	rapid	pace
of	 technological	 advancement	 means	 that	 training	 programs	 must	 be
continually	updated	to	keep	pace	with	the	latest	developments.

Looking	to	the	future,	we	can	expect	to	see	a	greater	integration	of	AI	into	all
aspects	of	surgical	training,	from	the	selection	of	candidates	to	the	continuing
education	of	experienced	surgeons.	As	AI	technology	matures,	it	will	become
an	indispensable	tool	for	ensuring	that	surgeons	are	equipped	with	the	skills
and	 knowledge	 they	 need	 to	 provide	 the	 highest	 quality	 of	 care	 to	 their
patients.

Conclusion

The	integration	of	AI	into	surgery	is	not	a	distant	prospect	but	a	present-day
reality	 that	 is	 reshaping	 the	 field.	 To	 harness	 the	 full	 potential	 of	 this
technology,	 we	must	 invest	 in	 comprehensive	 and	 forward-thinking	 training
programs	that	prepare	surgeons	for	the	unique	challenges	and	opportunities
of	AI-assisted	surgery.	By	embracing	simulation,	personalized	feedback,	and	a
deeper	understanding	of	AI	principles,	we	can	ensure	that	the	next	generation
of	surgeons	is	ready	to	lead	the	way	in	this	exciting	new	era	of	medicine.
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