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Total joint arthroplasty (TJA) has witnessed remarkable
advancements over the past few decades, with technolog-
ical innovations continually enhancing patient outcomes.
Among these innovations, robotic-assisted joint replace-
ment has emerged as a game-changer, offering unprece-
dented precision, reproducibility, and improved patient
satisfaction. As the field of orthopedic surgery continues to
evolve, robotics in arthroplasty is poised to become an es-
sential component of modern surgical practice.

ENHANCING PRECISION AND ACCURACY

Traditional TJA, while highly effective, relies heavily on the
surgeon’s expertise and experience in achieving proper im-
plant positioning and alignment. Robotic-assisted systems
provide real-time intraoperative feedback, allowing for pre-
cise bone preparation, optimal implant positioning, and
enhanced soft-tissue balancing. Studies have demonstrated
that robotic-assisted total knee arthroplasty (TKA) results
in improved component alignment and lower rates of out-
liers compared to conventional methods.!

PERSONALIZED AND PATIENT-SPECIFIC
APPROACH

Robotic-assisted systems integrate preoperative imaging,
such as computed tomography (CT) or intraoperative map-
ping, to generate a patient-specific surgical plan. This level
of customization ensures that each procedure is tailored
to the individual’s unique anatomy, leading to better kine-
matic function and overall joint biomechanics. A study by
Marchand et al.2 highlighted that robotic-assisted total hip
arthroplasty (THA) improves leg length discrepancy and
component placement, reducing complications such as im-
pingement and dislocation.

MINIMALLY INVASIVE TECHNIQUES AND SOFT-
TISSUE PRESERVATION

One of the most significant advantages of robotics in
arthroplasty is the ability to perform muscle-sparing and
minimally invasive procedures. By enhancing the surgeon’s
ability to make precise bone cuts and soft-tissue adjust-
ments, robotic systems help preserve surrounding struc-
tures, reducing postoperative pain, faster recovery, and im-
proved range of motion. In muscle-sparing knee
replacements, robotic guidance has been shown to improve
early functional outcomes and expedite rehabilitation.3

REDUCING COMPLICATIONS AND IMPROVING
LONGEVITY

Implant malposition and soft-tissue imbalance are signif-
icant contributors to early implant failure and revision
surgery. Robotics aids in achieving optimal implant place-
ment, reducing polyethylene wear and stress on surround-
ing structures, which may ultimately improve prosthesis
longevity. A meta-analysis by Batailler et al.# found that ro-
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botic-assisted TKA results in lower revision rates and im-
proved mid-term survivorship compared to conventional
techniques.

CHALLENGES AND FUTURE DIRECTIONS

Despite its advantages, robotic-assisted arthroplasty has
challenges, including high initial costs, increased operative
time, and a potentially steep learning curve for surgeons.
Additionally, long-term outcome data are still being col-
lected to substantiate the true clinical benefits over
decades. However, as technology evolves and costs de-
crease, robotic systems are expected to become more ac-
cessible, further solidifying their role in joint arthroplasty.
Future advancements may include artificial intelligence-
driven robotics and augmented reality integration, further
refining surgical accuracy and patient outcomes.
Robotic-assisted joint arthroplasty represents a para-
digm shift in orthopedic surgery, enhancing precision, re-
ducing complications, and improving patient satisfaction.
As adoption increases and technology advances, robotics
will likely become the standard of care in hip and knee
replacement surgery. Further research and long-term data
collection are essential to fully understand the impact of
robotics on implant longevity and functional outcomes.

Still, the future of arthroplasty undoubtedly lies in the
hands of robotic precision.
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