
Introduction

The Rise of Robotic Precision in Joint Surgery
The integration of robotic technology into orthopedic surgery, 
particularly in total knee arthroplasty (TKA), represents a 
significant shift in how joint replacement surgeries are 
performed. Robotic systems have evolved from semi-active to 
fully autonomous, offering a high degree of precision that is 
reshaping clinical outcomes [1]. As more surgeons, hospitals, 

and regulators recognize the value of robotics, it becomes clear 
that this technology is not merely a tool but a transformative 
force in modern orthopedics, revolutionizing not just precision, 
but also patient-specific planning, reproducibility of outcomes, 
and reduced complication rates..
The use of robotics in joint surgery has been driven by the need to 
reduce human error and improve surgical outcomes [1]. The 
core value of robotics, as seen in industrial applications, is its 
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Learning Point of the Article:
Robotic-assisted total knee arthroplasty, by integrating advanced imaging, real-time feedback, and sub-millimeter precision, allows for 

personalized implant alignment that optimizes biomechanical function and reduces revision rates, redefining the standard of precision in 
orthopedic surgery.
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the Future of Joint Reconstruction
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 Robotic technology in total knee arthroplasty (TKA) has initiated a paradigm shift in orthopedic surgery, characterized by enhanced precision, 
patient-specific alignment, and improved outcomes across diverse patient demographics. This editorial explores the rapid advancement from 
traditional jig-based methods to robotic-assisted TKA, highlighting how systems like the MISSO Robotic System-developed in 
India—integrate real-time feedback, advanced imaging, and sub-millimeter accuracy to optimize implant placement. These advancements 
result in better functional outcomes, reduced revision rates, and faster recovery, especially in complex cases. For surgeons, robotic systems offer a 
reliable way to reproduce optimal surgical outcomes consistently, even in anatomically challenging scenarios. For patients, robotic-assisted TKA 
provides faster rehabilitation, reduced post-operative pain, and a higher likelihood of long-term implant durability. Hospitals benefit through 
long-term cost savings, a lower burden of revision surgeries, and the potential for increased patient inflow due to advanced technological 
offerings.
The editorial also discusses the unique positioning of the MISSO Robotic System as a cost-effective solution for South Asian patients, catering to 
region-specific anatomical challenges such as varied bone densities and joint degeneration patterns. Additionally, by lowering healthcare costs 
and increasing accessibility, the MISSO system addresses critical needs in high-demand settings. As robotic systems evolve and regulatory 
frameworks adapt, these technologies are expected to redefine the standard of care in joint replacement surgeries, making high-precision, 
patient-tailored procedures increasingly available and furthering the commitment to optimal patient outcomes in orthopedic surgery.
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ability to enhance precision and accuracy. This same principle 
applies to joint surgery, where the primary goal is to reduce 
variability and improve implant positioning, alignment, and 
long-term outcomes [2]. The transition from conventional jig-
based TKA to robotic-assisted (RA) procedures allows 
surgeons to consistently deliver high-quality results by 
minimizing mechanical axis outliers and reducing revision rates 
[3].
Value for Stakeholders: Surgeons, Patients, and Hospitals
The value of robotic surgery in TKA extends across multiple 
stakeholders, each with distinct perspectives on what 
constitutes success.
1. Surgeons: For surgeons, the value of robotic systems lies in 
their ability to enhance performance and reduce the margin of 
error. Robotic systems enable surgeons to replicate their best 
surgical outcomes consistently, particularly in complex cases 
such as severe varus or valgus deformities, post-traumatic 
arthritis, or cases with significant bone loss. This reliability is 
especially important as surgical outcomes are increasingly 
assessed through patient-reported measures such as the 
Western Ontario and McMaster Universities Osteoarthritis 
Index or the 36-Item Short Form Health Survey, rather than 
surgeon-assessed measures [4, 5].
However, there is a learning curve associated with RA 
procedures, which requires initial investment in training and 
may temporarily affect surgical efficiency. RA surgeries often 
require longer operating times, which can negatively impact the 
surgeon’s efficiency, especially in high-volume settings [4]. Pre-
operative planning also demands additional time, although for 
most surgeons, this time investment is offset by the 

improvement in outcomes and patient satisfaction.
2. Patients: From a patient's perspective, the goal of surgery is 
a successful outcome with minimal pain, faster recovery, and 
long-term durability of the implant [2]. Robotic-assisted TKA 
has been shown to deliver on these expectations, especially 
through personalized alignment strategies like CPAK 
classification, which enables the robotic system to tailor the 
surgery to the patient’s unique anatomical profile. Studies have 
demonstrated that robotic systems reduce postoperative pain, 
improve functional recovery, and shorten hospital stays 
compared to conventional techniques [2]. However, patient 
acceptance of robotic technology can be hindered by concerns 
about robot malfunction or the perception that the surgeon is 
being "replaced" by technology. Educating patients on the 
surgeon’s role in controlling and guiding the robotic system, 
along with the system's built-in safety features, can alleviate 
these concerns.
3. Hospitals: For hospitals, the primary consideration in 
adopting robotic systems is return on investment (ROI), not 
just in reduced revision rates, but also in the ability to market 
themselves as technologically advanced, attracting a broader 
patient base. However, the initial costs also include training 
surgical teams, setting up dedicated robotic ORs, and ongoing 
maintenance.  Robotic systems can cost over $1 million, and the 
additional costs of pre-operative imaging and maintenance 
must be justified [6]. However, hospitals benefit from the 
increased precision and reduced complication rates associated 
with robotic-assisted surgeries, which can attract new patients 
and reduce the burden of revision surgeries [4]. Moreover, 
robotic systems offer potential savings in terms of reduced 5
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Figure 1: The detailed description of fully automatic Misso Joint Robot.



inventory needs and fewer conventional instruments.
The Regulatory Landscape and the Future of Robotic TKA
Regulatory bodies like the U.S. Food and Drug Administration 
(FDA) have set strict criteria for approving robotic systems. 
These include safety, efficacy, and, more recently, clinical utility. 
As robotic systems become more sophisticated, meeting these 
regulatory requirements will become increasingly important. 
The FDA’s evolving stance on requiring clinical data for 
approval, even for approval underscores the increasing 
complexity of getting new robotic systems to market. As 
technologies advance, the regulatory landscape may see shifts 
toward requiring even more extensive, real-world clinical data 
or long-term studies to validate safety and efficacy. This trend 
could foster innovation but may also limit the entry of smaller, 
less resourced companies [7].
The future of RA-TKA looks promising, particularly as 
advancements in technology continue to address current 
limitations, such as operating time and cost. New generations of 
robotic systems are expected to offer more applications, 
including partial knee replacements and other joint 
reconstructive procedures. Additionally, as outpatient surgeries 
become more common, especially in ambulatory surgery 
centers, the role of robotics will expand further [7]. These 
innovations will likely lead to greater adoption by surgeons and 
hospitals, ultimately improving patient outcomes across a 
broader spectrum of joint surgeries.
Indigenously Developed Fully Automatic the MISSO 
robotic system: 
 The MISSO Robotic System (Meril Healthcare Pvt. Ltd, Vapi, 
India), a fully active surgical robot developed in India, is a 
leading example of how far the technology has advanced. This 
system integrates real-time intraoperative feedback with sub-
millimeter precision, and personalized pre-operative planning 
to optimize implant alignment. It features a 6-axis articulated 
robotic arm, advanced imaging capabilities, and a host of safety 
features, including bone movement monitoring and emergency 
stop mechanisms (Fig. 1). These innovations allow surgeons to 
perform surgeries with unparalleled accuracy, tailoring each 
procedure to the patient’s unique anatomy [7]. 
The Joint robot presents a significant opportunity to benefit 
South Asian, particularly Indian, patients by offering advanced, 
locally developed technology tailored to regional healthcare 
needs. As a fully autonomous robotic system, MISSO addresses 
the unique anatomical and clinical challenges faced by Indian 
patients, such as varied bone densities and joint degeneration 
patterns that are more prevalent due to lifestyle and genetic 
factors. Additionally, the cost-effective nature of a domestically 
produced system ensures broader accessibility for patients, 

especially in a region where healthcare affordability is a critical 
concern. The system’s precision in implant alignment rivals 
established international robotic systems, such as Mako and 
ROSA, but at a fraction of the cost, making it particularly 
attractive in regions where affordability and accessibility are key 
concerns. Unlike some international systems, MISSO has been 
developed with local anatomical and clinical challenges in 
mind, such as the higher prevalence of osteoporosis and unique 
joint degeneration patterns in Indian patients.  By minimizing 
human error and enhancing surgical accuracy, MISSO could 
revolutionize orthopedic care across South Asia, offering a 
localized, advanced solution for improved patient outcomes.
Literature Review: Robotic Assisted vs. Conventional TKA
Numerous studies have established the clinical benefits of RA-
TKA. Recent literature also points to emerging trends like the 
integration of artificial intelligence into robotic systems, which 
could further refine pre-operative planning and intraoperative 
decision-making. AI-driven predictive models are being 
explored to anticipate patient-specific outcomes based on 
biomechanical data and clinical histories [8]. Another study in 
The Bone & Joint Journal (2018) highlighted that those 
patients undergoing robotic-assisted TKA experienced less 
pain and faster recovery than those who had conventional jig-
based TKA [9].
Further research supports the advantage of robotic-assisted 
TKA in terms of reducing post-operative complications. A 
nationwide database study published in Arthroplasty Today 
(2020) demonstrated that robotic-assisted TKA was associated 
with lower revision rates, decreased occurrences of systemic 
complications, and reduced postoperative opioid use compared 
to conventional methods [10]. These findings emphasize the 
role of robotic systems in improving both short-term and long-
term patient outcomes, making them a valuable asset in modern 
joint replacement surgery.

Conclusion

A Paradigm Shift in Orthopaedic Surgery
RA-TKA represents a significant advancement in orthopedic 
surgery, where precision and personalization are no longer 
optional but essential. As more clinical evidence continues to 
support the efficacy of robotic systems, the future of joint 
replacement will be defined by how well we harness this 
technology. The next decade will see robotics move from 
cutting-edge to standard practice, fundamentally redefining the 
surgeon’s role in the OR and setting new benchmarks for patient 
outcomes. Novel systems, like the MISSO Robotic system will 
be at the forefront of this technological revolution, enabling 

www.jocr.co.inAneja K, et al

6

Journal of Orthopaedic Case Reports Volume 14 Issue 12  December 2024 Page 4-7  |  |  |  | 



www.jocr.co.inAneja K, et al

How to Cite this Article

Aneja K, Rudraraju RT, Shyam A. Robotic-Assisted Total Knee 
Arthroplasty: Innovations, Precision, and the Future of Joint 
Reconstruction. Journal of Orthopaedic Case Reports 2024 
December;14(12): 04-07.

Conflict of Interest: Nil 
Source of Support: Nil

______________________________________________
Consent: The authors confirm that informed consent was 

obtained from the patient for publication of this case report

7

Journal of Orthopaedic Case Reports Volume 14 Issue 12  December 2024 Page 4-7 |  | |  | 

References

1. St Mart JP, Goh EL. The current state of robotics in total 
knee arthroplasty. EFORT Open Rev 2021;6:270-9.
2. Walgrave S, Oussedik S. Comparative assessment of 
current robotic-assisted systems in primary total knee 
arthroplasty. Bone Jt Open 2023;4:13-8.
3. Fozo ZA, Ghazal AH, Hesham Gamal M, Matar SG, 
Kamal I, Ragab KM. A Systematic review and meta-analysis of 
conventional versus robotic-assisted total knee arthroplasty. 
Cureus 2023;15:e46845.
4. Maxim V, Johannes HM, Olivier V. Robotics in 
ar throplast y:  How good are they ? JSES Int  2024. 
https://doi.org/10.1016/j.jseint.2024.09.005. 
5. Conditt MA, Bargar WL, Cobb JP, Dorr LD, Lonner JH. 
Current concepts in robotics for the treatment of joint disease. 
Adv Orthop 2013;2013:948360.
6. Hill C, El-Bash R, Johnson L, Coustasse A. Robotic joint 
replacement surgery: Does technology improve outcomes? 

Health Care Manag (Frederick) 2015;34:128-36.
7. A v a i l a b l e  f r o m : 
https://crsreports.congress.gov/product/pdf/R/R47374 
Last accessed on Oct 2024]. 
8. Agarwal N, To K, McDonnell S, Khan W. Clinical and 
radiological outcomes in robotic-assisted total knee 
arthroplasty: A systematic review and meta-analysis. J 
Arthroplasty 2020;35:3393-409.e2.
9. Kayani B, Konan S, Tahmassebi J, Pietrzak JR, Haddad FS. 
Robotic-arm assisted total knee arthroplasty is associated with 
improved early functional recovery and reduced time to 
hospital discharge compared with conventional jig-based total 
knee arthroplasty: A prospective cohort study. Bone Joint J 
2018;100-B:930-7.
10. Ofa SA, Ross BJ, Flick TR, Patel AH, Sherman WF. 
Robotic total knee arthroplasty vs conventional total knee 
arthroplasty: A nationwide database study. Arthroplast Today 
2020;6:1001-8.e3.

Clinical Message

 The integration of robotic technology, exemplified by the 
indigenously developed MISSO Robotic System, represents a 
pivotal advancement in TKA. Robotic-assisted surgery enhances 
surgical precision, resulting in optimal implant alignment, reduced 
complications, and faster recovery. Surgeons benefit from increased 
reliability in complex cases, while hospitals experience long-term 
cost savings through lower revision rates. The MISSO joint robotic 
system, developed specifically for South Asian patients, addresses 
unique anatomical challenges and offers a cost-effective solution for 
improved patient outcomes. As robotic systems continue to evolve, 
their adoption will likely become the standard of care in joint 
replacement, driving improvements in both short- and long-term 
patient outcomes.

surgeons to perform surgeries with greater accuracy. As robotic 
systems continue to evolve, they will undoubtedly become 
integral to joint replacement surgeries, benefiting patients, 
surgeons, and hospitals alike.
The future of orthopedic surgery lies in harnessing the potential 
of robotics, ensuring that every procedure is performed with the 
highest level of precision and care. As more clinical evidence 
supports the efficacy of robotic systems, their widespread 
adoption is likely to redefine the standard of care in joint 
replacement surgery.
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