Editorial

e-ISSN: 3033-4470

We Need to Talk About the Robot in the Room:

Orthopaedics

Zain Mohammed'?, Chetan Khatri'?, Henry Searle'?, Andrew Metcalfe'?, Edward T Davis®

"Warwick Clinical Trials Unit, Warwick Medical School, University of Warwick, Coventry, UK

2University Hospitals Coventry and Warwickshire NHS Trust, Coventry, UK
*Royal Orthopaedic Hospital NHS Foundation Trust, Birmingham, UK

Correspondence: Z Mohammed, Warwick Clinical Trials Unit, Warwick Medical School, University of Warwick, Coventry, UK. Email:

zain.mohammed@warwick.ac.uk

Cite as: Mohammed, Z., Khatri, C., Searle, H., Metcalfe, A., & Davis, E. We Need to Talk About the Robot in the Room: Orthopaedics.

Impact Surgery, 2(7), 233-235. https://doi.org/10.62463/surgery.279

Orthopaedics has grappled with robotics for three
decades. One of its first major ventures, ROBODOC
(Curexo Technology Corp, South Korea, 1992), was an
‘active’ robotic system designed to autonomously execute
bone cuts required for arthroplasty. Concerns over safety,
workflow, and a lack of intraoperative flexibility limited its
widespread adoption. It was superseded by TSolution
One (THINK Surgical, USA) in 2014, adding improved CT-
based planning, enhanced registration, and safeguards
against soft-tissue injury. It remains the only autonomous
robotic system available today'. Yet, whether robotics in
orthopaedics ultimately offers improvements in clinical or
cost effectiveness remains uncertain. Adoption has often
outpaced evidence, and only now are large-scale RCTs,
such as the RACER trials, underway to assess the value
of robotics in arthroplasty??.

In contrast to ‘active’ systems, many contemporary
orthopaedic robotic platforms are ‘semi-active’, requiring
direct input from the surgeon throughout the procedure.
Workflow requires either detailed preoperative CT/
radiograph imaging or intraoperative imageless surface
mapping to construct a 3D anatomical model, guiding
planning and anatomical registration. Intraoperatively,
navigation systems and infrared trackers align this
model with the patient's anatomy, allowing the surgeon
to undertake resection and placement work guided
by predefined boundaries. The approach to tissue
interaction varies between devices, with some systems
requiring direct cutting by a robotic arm-mounted tool, the

implementation of patient-specific guides or the utilisation
of compact handheld smart tools*5.

Mazor Robotics (Israel) has attempted to mitigate the risk
of iatrogenic nerve injury during pedicle screw placement
during spinal surgery. Early studies have suggested
up to 98% accuracy in robotic-assisted pedicle screw
placement; however, database studies have linked it to
increased readmission and reoperation®. These adverse
signals may reflect confounding factors such as early
adoption in lower-volume centres or preferential use
in anatomically complex or revision cases. Currently,
level 1 evidence is awaited to determine whether these
associations reflect true risk or artefact.

Arthroplasty has also become a natural focus for
robotic innovation, reflecting both the frequency of
these procedures and the complexity of outcomes. Hip
and knee replacements are among the most frequently
performed operations worldwide, but up to one in five
patients remain dissatisfied with the result’. Although this
is likely multifactorial, robotic systems aim to address
some of its most tangible elements by aiming to improve
alignment, component sizing, and positioning, all of
which are recognised contributors to function and implant
longevity?®.

The most widely adopted robotic arthroplasty platform
in the UK, MAKO (Stryker, USA), is a robotic-arm-
based system that requires preoperative CT imaging
for planning. Early data suggest that intraoperative
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soft-tissue protection mechanisms are associated with
reduced inflammation, less pain, and shorter hospital
stays”®. Conversely, the second most popular platform,
CORI (Smith & Nephew, UK), is a handheld ‘smart-tool’
system that foregoes pre-operative imaging in favour of
intra-operative surface mapping to register anatomy®.
With both models, the surgeon remains in direct control of
a burr-like handpiece, with haptic feedback and real-time
navigation supporting accuracy. Other systems entering
UK practice, including ROSA (Zimmer Biomet, USA),
VELYS (DePuy Synthes, USA), SkyWalker (MicroPort,
China), and Apollo (Corin, UK), highlight the spectrum of
approaches available®.

Robotics also offers a practical method of enacting new
theoretical concepts of alignment for knee replacements.
‘Kinematic alignment’ seeks to restore the joint to
its pre-arthritic state by restoring the patient’s native
anatomy rather than enforcing a fixed ‘mechanical
axis’. The broader question of what constitutes the
optimal alignment
robotic systems offer a level of planning and executional
that previously unattainable with
conventional instrumentation'. Some argue that the key
to answering this question lies in the integration of Al and
machine learning in analysing large datasets to identify
personalised, patient-specific kinematics'".

remains controversial; however,

precision was

Several key challenges remain for robotic orthopaedic
surgery. Semi-active systems require additional resources
for preoperative imaging and planning. Intra-operatively,
robotics requires increased consumables and can
increase both intra-operative and case turnover time?. A
learning curve, estimated to range between 12 and 35
cases, must be overcome to achieve competence'?. In
addition, capital costs for purchase and maintenance
can exceed £1,000,000 per robot, limiting access to
resource-restricted or financially pressured healthcare
systems?. Given the significant time and pressure on
institutions, the question remains whether incremental
improvements in alignment and precision are sufficient
to justify such a significant outlay. For robotics to be cost-
effective, they will likely need to demonstrate sustained
functional improvements for patients while also lowering
revision rates, healthcare utilisation, and productivity
loss. Consequently, the BOA/RCSEng/RCSEd have

highlighted safeguards for safe adoption of robotics.
Given that evidence varies across robotic platforms,
institutions are advised to evaluate each device on its
own data rather than extrapolating from others. Along
with this, appropriate governance, structured training,
and prospective audit measures are needed to ensure
new technologies are introduced with robust supporting
evidence and safeguards’®.

The Robotic Arthroplasty Clinical and Cost-Effectiveness
Randomised trials (RACER-Knee and RACER-Hip) are
landmark multicentre double-blind RCTs designed to
address these questions?®. RACER trials will randomise
over 700 patients to robotic-assisted versus conventional
arthroplasty, withthe Forgotten JointScore at 12 months as
the primary clinical endpoint alongside cost-effectiveness
analyses. This will help address the key policy question
of whether robotic systems can offer meaningful benefits
for patients and value for healthcare systems. Whilst
these ftrials offer a promising evaluation of the MAKO
robot within hip and knee arthroplasty, further trials for
other systems and innovations will require concurrent
evaluation, in keeping with the IDEAL framework'.
Innovation in orthopaedic robotics is moving at pace, and
we must support this with high-quality clinical research,
whether to determine the best targets for the future, or
to robustly evaluate current technologies, to give our
patients of the future the best possible outcomes.

Funding: No specific funding was received for this article.

Conflicts of interest: None declared.

References

1. Jacofsky DJ, Allen M. Robotics in Arthroplasty: AComprehensive
Review. J Arthroplasty. 2016;31(10):2353-2363. doi:10.1016/].
arth.2016.05.026

2. Griffin J, Davis ET, Parsons H, et al. UK robotic arthroplasty
clinical and cost effectiveness randomised controlled trial for hips
(RACER-Hip): a study protocol. BMJ Open. 2023;13(10):e079328.
doi:10.1136/bmjopen-2023-079328

3. Giriffin J, Davis ET, Parsons H, et al. Robotic Arthroplasty Clinical
and cost Effectiveness Randomised controlled trial (RACER-knee):
a study protocol. BMJ Open. 2023;13(6):e068255. doi:10.1136/
bmjopen-2022-068255

234



4. Davis ET, Haddad F, Robotic And Digital Assisted suRgery
(RADAR) Advisory Group. Robotic surgery in orthopaedics: What
does the future hold? British Orthopaedics Association. March
1, 2024. Accessed September 26, 2025. https://www.boa.ac.uk/
resource/robotic-surgery-in-orthopaedics-what-does-the-future-
hold.html

5. Smith + Nephew. CORI. CORI Surgical System. 2025.
Accessed September 26, 2025. https://www.smith-nephew.com/
en-gb/health-care-professionals/products/orthopaedics/cori

6. Alluri RK, Avrumova F, Sivaganesan A, Vaishnav AS, Lebl DR,
Qureshi SA. Overview of Robotic Technology in Spine Surgery.
HSS Journal® Musculoskelet J Hosp Spec Surg. 2021;17(3):308-
316. doi:10.1177/15563316211026647

7. Khatri C, Metcalfe A, Wall P, Underwood M, Haddad FS, Davis
ET. Robotic trials in arthroplasty surgery. Bone Jt J. 2024;106-
B(2):114-120. doi:10.1302/0301-620X.106B2.BJJ-2023-0711.R1

8. Ricciarini ME, Lup D, Carpinteri F, Catani F, Caldora P.
Comparison of conventional versus robotic-assisted total hip
arthroplasty using the Mako system: An Italian retrospective study.
J Health Soc Sci. 2018;(1). doi:10.19204/2018/cmpr4

9. NICE Medical Technologies Advisory Committee. Robot-
Assisted Surgery for Orthopaedic Procedures: Early Value
Assessment. NICE; 2025. https://www.nice.org.uk/guidance/hte22/
chapter/4-Committee-members-and-NICE-project-team

10. Aflatooni JO, Wininger AE, Park KJ, Incavo SJ. Alignment
options and robotics in total knee arthroplasty. Front Surg.
2023;10:1106608. doi:10.3389/fsurg.2023.1106608

11. Longo UG, De Salvatore S, Valente F, Villa Corta M, Violante B,
Samuelsson K. Atrtificial intelligence in total and unicompartmental
knee arthroplasty. BMC Musculoskelet Disord. 2024;25(1):571.
doi:10.1186/s12891-024-07516-9

12. Ng N, Gaston P, Simpson PM, Macpherson GJ, Patton JT,
Clement ND. Robotic arm-assisted versus manual total hip
arthroplasty: a systematic review and meta-analysis. Bone Jt J.
2021;103-B(6):1009-1020.  doi:10.1302/0301-620X.103B6.BJJ-
2020-1856.R1

13. British Orthopaedics Association, RCS MSK RADAR Working
Group.  Robotics-in-the-NHS-Best-Practice-Guide.  Published
online 2025. Accessed September 9, 2025. https://www.boa.ac.uk/
standards-guidance/guidance/guidance-documents/robotics-in-
orthopaedics.html

14. Hirst A, Philippou Y, Blazeby J, et al. No Surgical Innovation
Without Evaluation: Evolution and Further Development of
the IDEAL Framework and Recommendations. Ann Surg.
2019;269(2):211-220. doi:10.1097/SLA.0000000000002794

235



