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nterest in robotic assisted surgery in
orthopaedics is rapidly increasing with
the development of new systems and
a generation of evidence on its safety
and efficacy. The main applications
have been in hip and knee arthroplasty®-2,
with increasing interest in its usage in
spinal surgery*>. Robotic systems have
been available since the 1990s but
were slow to gain acceptance. The true
definition of a robot is a “programmed
actuated mechanism with a degree
of autonomy to perform locomotion,
manipulation or positioning”; the definition
of autonomy being the “ability to perform
intended tasks based on current state
and sensing, without human intervention”
(ISO standard 8373:2021)¢. Therefore,
many of the systems in current use do not
fulfil the true definition of a robot and are
referred to as robotically assisted surgical
devices (RAS) by the FDA’. These devices
form part of the wider group that are
categorised as computer assisted surgical
systems that can be used for pre-operative
planning, surgical navigation and assisting
surgical procedures.

One of the first orthopaedic robots was the
ROBODOC system (Curexo Technology,
Fremont, CA, USA), which was a fully
autonomous device with the surgeon
able to plan the bone preparation and the
robot executing this without any active
input from the surgeon. The CASPAR
robot (Ortho- Maquet/URS, Schwerin,
Germany) was also available at a similar
time performing in a similar autonomous
manner to that of the ROBODOC. These
early systems were probably slow to

gain widespread adoption, due to the
complexities of use and the inability of the
robot to distinguish bone from soft tissue.
Concerns over the fully autonomous nature
of these robots led to the advent of robotic
assisted surgery and the development

of the ACROBOT (Acrobot Ltd, London,
UK) and the RIO Robotic Arm Interactive
Orthopedic System (MAKO Surgical Corp.,
Lauderdale, FL, USA). The humber of
surgical robots now available for hip and
knee arthroplasty has rapidly expanded.

These different systems provide different
functionalities in hip and knee arthroplasty.
Some provide an active robotic device that
positions a cutting guide in the correct
orientation, to then allow the surgeon to
make the bone cuts using a standard surgical
saw, whilst other systems may provide a
cutting burr in a small handheld device

that has the ability to retract when it is not
positioned in an area that requires bone
resection. Other devices, such as the MAKO
and VELYS (Johnson and Johnson) hold the
saw and guide the bone cuts. The different
robotic assisted systems use pre-operative
CT scans, pre-operative radiographs or use
the acquisition of intra-operative anatomical
landmarks to provide the three-dimensional
plan that guides the bone resections. The
levels of automation, active control, cutting
tool integration, boundary or soft tissue
protection and pre-operative imaging
between the different systems, still need to
be fully evaluated. The level of evidence for
some systems is far greater than for others
as summarised in the recent BOA / RCSEng
/ RCSEd documents, available on the BOA
website at www.boa.ac.uk/robotics.

32 | JT0 | Volume 12 | Issue O1 | March 2024 | hoa.ac.uk



Fares Haddad is Professor
of Orthopaedic and Sports
Surgery and Divisional Clinical
Director of Surgical Specialties
at UCLH, and Director of the
Institute of Sport, Exercise and
Health (ISEH) at University
College London. He is Medical
Director of Orthopaedics, HCA
UK and the Editor in Chief of
the Bone and Joint Journal.

Figure 1: The robotic burr, example of a smaller 'smart tool'.

The future of robotic assisted
surgery hardware

There has been a recent revolution in the
miniaturisation of many technologies,
noticeably in mobile telephone capabilities.
Within other areas of surgery there is currently
a shift to smaller robotic devices, such as the
use of natural orifice robotic devices that

can undertake procedures within the body
using natural orifices as the access point®.
Within orthopaedics, the requirements to
hold cutting guides or surgical tools with
stability, has led to robotic assisted systems
being large and cumbersome devices. As
technology progresses, we anticipate these
systems becoming smaller and more agile.
The move away from traditional instruments
to the use of burrs, lasers or piezotomes?*°
(such as in figure 1), may allow a reduction

in size requirements for these devices with

a transition to what can be termed smart
instruments'®. The miniaturisation of robotic
assisted surgery may bring the added benefits
of costs savings on the use of standard
instrumentation and disposables??. The ability
to use these technologies on revision knee
replacement has been explored and has the
potential to significantly reduce the need for
mechanical instruments and guides thereby
adding to cost and efficiency savings®®.

One of the main concerns of the fully
autonomous robots was the protection of
soft tissues. The addition of haptic or ‘hard
stop’ boundaries during the bone preparation
that is found within the CT Based Mako
system (as seen in figure 2), and the imageless
CORI system is an area that is certain to
expand and may be one of the fundamental
benefits of this type of technology*.
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Improvements in the ability of the systems
to identify soft tissue so that they can be
protected, is an important area and in time
may allow us to revisit fully autonomous
systems. Improvements in the development
of intra-articular sensors that can be used
particularly during knee replacement to
measure soft tissue tensions and optimise
ligament balancing, is variable between the
different systems and is currently under
investigation into how these data can be
interpreted and acted on, to provide better
outcomes.Again, the ability to miniaturise
sensors is of benefit and these types of
soft tissue balancers are a key area that will
improve the use of robotic assisted surgery
to optimise component orientation in a
personalised way!>1¢,

Most of the current robotically assisted
surgery platforms rely on infrared trackers,
which are fixed to the bone and require
an infrared emitter and a camera to have
direct line of sight. This often presents
logistical problems of organising the
operating staff and equipment but also in
the added procedure of fixing the arrays
to the bone?’. Current developments are
utilising the rapid expansion in the field
of machine vision, to try to eliminate the
requirement for fixed trackers placed in
the bone and utilise optical cameras to
identify the exposed bone surfaces!®.
This, combined with the improvements
in miniaturisation of cameras, would
eliminate the need to have a single fixed
camera, opening up the possibility of
using multiple cameras so that if one is
obstructed then data can still be acquired.
Ideally, the camera could be in a position
to track the surgeon’s line of sight®. >>
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Figure 2: Screen shot of the robotic system showing the boundary control protecting the soft tissue envelope during tibial resection.
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Figure 3: Personalising component orientation using the hip modeler showing impingement in activities of daily living.

Developments in augmented reality
systems will also play a part in future
developments, helping the surgeon visualise
the anatomy and implant positioning
during the planning stages?>?'. Augmented
reality headsets are now more ergonomic
and will provide surgeons with data and
information within the surgical field.
However, there will need to be a careful
balance between providing important and
meaningful data at the appropriate time

vs simply distracting and overloading the
surgeon with information?2. There have
been very significant advances in the

field of virtual reality?®, which simulates
the operation to either enable surgeons

to learn the procedure or for pre-
performance practise?*, which is known to
be beneficial when completing technical
tasks. Robotically assisted surgical systems
often disrupt the standard dynamics
within an operating theatre with potential
detrimental as well as beneficial effects on
team working and the non-technical aspects
of surgical procedures®. Virtual reality

has the potential to help simulate these
environments and to train staff and teams
on the integration of technologies into the
operating theatre environment.

Software and artificial intelligence/
machine learning

One of the most rapidly advancing fields
is in the software for robotic assisted
systems. This provides huge opportunities
but also complexities in analysing the
outcomes of different systems, especially
when multiple versions have evolved
since the system was first evaluated.

The ability for precise tracking and the
wealth of data that these systems collect
is leading to a better understanding of
optimising component orientation in knee
replacement and will certainly expand to
other areas of orthopaedics. The ability to
track the surgical tools has been shown in
other disciplines such as urology to even
predict post-operative outcomes and
discriminate on surgeon performance?®.
Many current systems still require
significant human input from technicians
in the segmentation and planning stages
of robot assisted surgery, which is time
consuming and costly. Many of these
human contacts could be eliminated using

analytics based on artificial intelligence (Al).

Many systems still require complex surgical
decision-making in interpreting data

Activities

provided by the robotic systems, leading

to possible cognitive overload with the
potential for component malpositioning or
errors. Al systems and data analytics provide
the benefit of being able to analyse previous
data sets and provide optimised component
orientation plans or provide prompts
(nudges) to guide surgeons to the most
appropriate position. Advanced analytics
such as Al and machine learning can easily
absorb and analyse these very large data
sets; combining these with the electronic
patient record produces a personalised

plan based on validated data sets. Al and
machine learning can already predict
complications and outcomes following joint
replacement?”-?? and its integration into
robotic systems will potentially enhance
pathways and outcomes.

However, Al and machine learning bring
concerns with data governance and data
protection. Concerns on sharing anonymised
large data sets, which may allow patient
identification due to the granularity of the
data will require changes in data protection
law and possibly more punitive charges if
individuals or organisations actively reidentify
patients from anonymised datasets®.
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The future of robotic assisted surgery
workforce and education

One of the most controversial areas within
the development of robotic assisted surgery
in orthopaedics has been the implication on
training and education®'. Concern regarding
the ability of trainees to gain access to robotic
systems for training and more importantly for
performing the surgery (rather than assisting)
presents many challenges. Equality of access
to these systems for both patients and
trainees needs to be resolved®2. During the
adoption phases, trainees are often
displaced while the consultant
surgeon becomes proficient at
using these systems and therefore
not only access to robotic systems
but access to robotic systems in
centres with experienced users is
required. As widespread adoption
occurs, these issues will become
less pertinent but in the transition
phase, solutions will be needed.
During the transition phase it

will be important that training
surgeons gain access to robotic
systems but also that their training
is balanced with an understanding
how to use conventional instrumentation.
As robotic systems become the standard

of care then the necessity to use standard
instrumentations will be less, but there will
still be the requirement to understand how
standard instrumentations work in the event
of a technical failure.

Assisted technologies such as navigation

and robotics have the potential to accelerate
education in surgical specialties and improve
the understanding of surgical techniques such
as ligament balancing in knee replacements
and component optimisation in both hip and
knee replacement®, as figure 3 shows with a
wealth of information to plan surgery. Future
work will improve the training methodologies
that are used to educate surgeons in

robotic technologies. Different educational
methodologies may be required. Within the
field of robotically assisted prostatectomy,
data taken from the robotic systems can help
delineate the skill set of different surgeons®*,
who can then focus training needs on specific
aspects of surgical performance.

Implications for surgical workforce planning
may also be heavily influenced by the
development and implementation of these
technologies. Currently, all of the systems
require significant surgeon involvement and
surgical skill and therefore the surgeon must
be present during the procedure. As the
systems advance and move towards more
intuitive designs encompassing decision-
making, component position optimisation,
soft tissue protection and automation,

then the requirement for the surgeon to

be present throughout the surgery may
reduce. This may allow the surgeon to be
responsible for running multiple operating
theatres with more reliance on allied health
professions and technicians for certain
elements of the procedure. This will enable
the surgeons to be more focused on dealing
with complex anatomy or scenarios where
there may be ambiguity in the optimisation
of component orientation or dealing with
complications. This area brings with it

huge controversy and will be difficult to
navigate. Parallels with the acceptance of

“The development and adoption of
robotic assisted surgery is intrinsically
linked with big data and the requirements
of sharing data across different providers
and regions as well as between industry

and the healthcare sector.”

fully autonomous cars and the presence of
human pilots being required despite aircraft
being more than capable of automated
flight have shown that this area is highly
controversial and often takes much longer
to adopt even when technology is available
to undertake the tasks.

The future of robotic assisted surgery
legal and ethical implications

The development and adoption of robotic
assisted surgery is intrinsically linked with big
data and the requirements of sharing data
across different providers and regions as
well as between industry and the healthcare
sector. The legal and ethical implications of
this type of data sharing must be addressed
and be transparent to patients®. Many of
these issues are already being addressed in
other sectors, such as within the automotive
industry who are leading on the issues

of privacy, as automated cars continually
recording their surroundings. As discussed
earlier, there may be a requirement to move
forward with more punitive charges for
individuals or companies who misuse big
data in an effort to allow more open data
sharing and a more rapid development of
these systems. Concerns over the validity of
Al algorithms on minority groups will need
to be addressed and transparency on the
training data sets used in the development of
these algorithms will need to be robust.

Patients perception of robotic assisted
surgery will also need to be more fully
explored as we move to more automated
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technology and this will certainly dictate
the pace of change depending on patient
confidence in this technology. The
accountability and liability if complications
occur will also be a challenging area
particularly as the technology takes on
more decision-making functionality and

as the systems progress to become more
autonomous.

Research and evidence generation

The ability to demonstrate the safety and
efficacy of these systems will
be fundamental to the pace

of adoption. Health economic
research will also be critical
with the increasing challenges
that healthcare systems are put
under in trying to reduce costs
and improve care. Conducting
research into rapidly evolving
technologies has always been
challenging particularly where
software iterations are continually
changing. Clinical studies and
real world evidence will be
important in the development
and adoption of this technology
with large randomised controlled trials
already being conducted. One of the main
challenges will be the classification of
different systems and different software
algorithms that may provide very different
benefits and risks to patients.

Conclusion

Robotic assisted surgery in orthopaedics is

a rapidly evolving area and brings with it the
hope of improving patients’ outcomes with
particular focus on consistency and quality

of surgical outcome. As systems evolve and
develop it is vital that we maintain safety
whilst also being cognisant of the health
economic challenges that we face. Technology
is rapidly evolving in all areas of our lives

and will certainly be part of surgical practise
in the future. It is vital that the adoption is
undertaken supported by evidence-based
medicine and addresses the potential changes
in the way that we provide education and
training in this area to both surgeons in
training and established consultants. These
systems potentially allow a more personalised
approach to surgery and these factors need
to be considered when looking at evidence
generated on their efficacy. The current
RACER trials and other level 1 studies will
help inform and possibly dictate the pace

of change with respect to hip and knee
arthroplasty and are eagerly awaited'4%¢-¢, m
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