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The Big Five: Training in Robotic Surgery
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Robotic-assisted surgery (RAS) has seen exponential 
global growth across high and low/middle-income 
countries (HICs and LMICs). Consequently, the total 
market size is estimated at $4.3 billion and projected to 
almost double over the next 5 years1. Robotic surgical 
systems offer a tool for the operating surgeon that allows 
greater precision, dexterity and access when compared 
to pre-existing instruments2 . They are also facilitators of 
data collection in a way that has never been possible, 
creating a new era of ‘digital surgery’3. Whilst a robot 
could be considered ‘just another tool’, the complexity of 
the hardware and advent of technology enhanced surgery 
provides unique challenges that must be considered. 
When we look into the future, we must make high quality 
training of surgeons a priority because without training 
today, there will be no surgeons tomorrow.

Surgical training is transitioning from a master-
apprentice model to competency-based progression, 
standardisation, and objective assessment4,5. This 
modern educational model requires time and access to 
training for both the trainee and the trainer. The expansion 
of RAS, compounds some of the existing difficulties 
facing surgical training and provides new challenges and 
barriers to a training surgeon gaining their competency 

to become a safe independent robotic operator. These 
barriers exist in HICs but can be even greater when 
experienced in lower resource settings6. 

Barriers to robotic training vary between countries but 
commonly, there are three key factors: time, money and 
access 7,8. For a surgeon to progress up their learning 
curve, they must be able to access practical, hands-
on experience9,10. Even in the most resourced regions, 
there are a finite number of individual robotic systems 
and simulators. For example, in Greece, there is only one 
robotic simulator available in the country. This is without 
considering the absolute number of operative cases, 
which are still struggling to recover from the COVID-19 
pandemic in some areas11. Due to the financial expense 
of buying a system, some institutions can acquire them, 
which in turn can create an inequity of access not just for 
training but for patients too12,13. There is not just a lack of 
access to hardware, but a lack of trainers too. As we saw 
with the advent of laparoscopy, experienced surgeons 
who would ordinarily be trainers, must be trained in the 
new technology at the same time. This creates a disparity 
in many areas between robotic naïve surgeons wanting 
to train and those experienced enough to deliver high-
quality training.  Trainees are then experiencing training 
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alongside their clinical mentors , with reverse-mentoring 
is becoming more common14. Prior laparoscopic 
experience seems to be beneficial towards robotic 
training15 and robotic learning curves seem to be faster 
when compared to a laparoscopic curve16. Despite this, 
senior surgeons are not necessarily faster at developing 
their skills17. Consequently, institutions are having to 
balance the training of their senior faculty, the need for 
service provision and the training of the next generation. 
Training pathways for experienced surgeons and resident 
surgeons may need to be fundamentally different, further 
adding to complexity. 

Given the complexity of this problem, progression 
to training programmes that have common and 
standardised principles may help to drive quality and 
efficiency. However, due to the novelty of robotic 
technology, disparity of access and lack of trainers; this 
has not yet been achieved. Across the world there are 
multiple different programmes led by industry, specialty 
societies and individual institutions. At the moment there 
is no core standardised robotic training programme that 
spans specialty and country, however agreement is 
emerging on the need for a split between device training, 
basic skills training and procedural training18,19,20. There is 
also a need for standardised assessment to benchmark 
modular procedural training21 and facilitate continuous 
audit of practice22.

At the time of writing, there are multiple individual systems 
currently in clinical use across the world for soft-tissue 
surgery, with even more in other specialties and these 
numbers continue to increase. Each device possesses 
unique aspects that can provide a challenge for trainees 
and trainers moving between hospitals, hat may have 
a different robot. As we look into the future, the robotic 
market is going to continue to expand, with increasing 
number of systems, and varying allied technologies. 
This highlights the need for platform-agnostic training. 
Put simply, despite the different set up and ‘buttons’, 
the principles of robotic soft-tissue surgery are broadly 
common throughout core and procedural training. Multi-
platform training has shown to be feasible and skills 
transferrable across different technologies23. This should 
include a discretion between device training (system-
specific) and core training (system-agnostic), allowing a 

surgeon to have common high-quality training regardless 
of the system they are using. This could also facilitate 
surgeons being able to operate on multiple platforms.

A surgical robotic device is complex to the operator 
even when trained, but surgery is not an individual 
sport. There is a wider team that must understand the 
key principles of the technology to ensure patient safety. 
This is particularly important in robotic theatres as the 
complexity of the environment increases, the cognitive 
load increases for all23, 24.This highlights the importance 
of high quality team training and simulation. 

As RAS is rapidly moving, we can look to technology 
itself to provide opportunity to overcome some of the 
challenges that training in robotics is faced with25. 
Improvements in simulation, such as extended reality 
(virtual and augmented)26 and high-fidelity non-cadaveric 
models27 can allow for progress up the learning curve 
without needing to have access to a rationed simulator, 
operating list or even a trainer. This progress may also 
be accelerated with improvements in assessment, 
making the most out of each training opportunity. Video-
based assessment has been shown to be effective 
when compared to standard assessment and all robotic 
systems have this ability built in28. The recording of 
granular operative data in performance metrics is now 
also possible. The ability to track changes in economy of 
movement, precision and errors can allow for focussed 
training, again accelerating the progression29. Lack of 
trainer time may be overcome in part by incorporating 
artificial intelligence into assessment and metric 
tracking whilst comparing. A second method may be 
with teleproctoring, with surgeons able to train remotely, 
coached by an expert in another hospital, or even another 
country30.  

Looking to the future, 5 key ideas summarise the needs 
for robotic surgical training to ensure the production of 
consistently high-quality surgeons and to maintain the 
highest quality of patient care:

1.	 Supported access to training for trainers and 
trainees.

2.	 Standardised, platform-agnostic robotic training 
pathway.
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3.	 Tailored training based on surgeon experience and 
seniority.

4.	 Expanded use of simulation and technology-
enhanced training.

5.	 Equitable access to training and robotic systems, 
inclusive of the wider surgical team.

The progressive adoption of robotic and digital surgery 
is exciting for surgeons and patients alike, but it poses 
a spectrum of challenges. If we are going to ensure high 
quality training, and most importantly patient safety in 
the long term, we must take a collaborative approach 
between, countries, industry surgical specialties and 
the multi-disciplinary team. Addressing these five 
interconnected priorities through collaborative, evidence-
based initiatives is essential to guarantee high-quality 
robotic surgical training. Without immediate and 
sustained action in these areas, the future of surgical 
practice risks significant inequity and variability in patient 
care standards.
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