
INTRODUCTION

Knee osteoarthritis (OA) is a significant public health issue, affecting a considerable portion of the 
adult population, particularly the elderly. It impacts approximately 10-15% of the general adult pop-
ulation, with prevalence rising sharply in individuals over the age of 60, where it can affect up to 30-
40%1,2.

Total knee arthroplasty (TKA) is a widely used and effective solution for treating knee OA, significant-
ly improving pain relief and joint function for many patients3,4. However, patient satisfaction continues 
to be a concern, with reported satisfaction rates varying between 82% and 89%5,6.
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ABSTRACT – Robotic-assisted total knee arthroplasty (RA-TKA) has revolutionized knee replacement sur-
gery, offering the potential for improved surgical precision, implant alignment, and patient-specific outcomes. 
This narrative review focuses on the current status of RA-TKA, examining the evidence supporting its use, 
the technological advancements achieved to date, and its integration into clinical practice. While RA-TKA has 
demonstrated superior accuracy in implant positioning and soft tissue management compared to conventional 
techniques, its impact on long-term functional outcomes and implant survivorship remains under evaluation. 
Challenges such as high costs, increased operative times, and the need for specialized training continue to hin-
der its widespread adoption. Looking to the future, innovations in artificial intelligence (AI), machine learning, 
and augmented reality (AR) are expected to enhance the capabilities of robotic systems, improving efficiency, 
personalization, and accessibility. This review emphasizes the importance of ongoing research to address cur-
rent limitations, optimize workflows, and assess the cost-effectiveness of RA-TKA. By understanding its present 
applications and future prospects, stakeholders can better navigate the evolving role of robotics in advancing 
knee arthroplasty outcomes.
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To overcome the issue of patient dissatisfaction and the perception of an “unnatural knee” after 
TKA, various alignment options and surgical philosophies have been developed to better replicate 
natural knee anatomy and kinematics7,8.

In response to the need for more personalized and precise implant positioning to better replicate 
natural knee anatomy and kinematics, technologies such as navigation systems and robotic-assisted 
surgery have emerged9.

The purpose of this review is to provide an in-depth analysis of the current state of robotic-assist-
ed surgery in total knee arthroplasty, examining its advancements, clinical outcomes, and limitations. 
Additionally, it will explore future perspectives and potential innovations in the field, aiming to high-
light how robotics can further enhance precision, personalization, and patient satisfaction in knee 
replacement surgery.

HISTORY OF ROBOTIC TECHNOLOGIES

The evolution of technology in total knee arthroplasty (TKA) in order to enable surgeons to achieve 
more accuracy and precision began with the introduction of computer-assisted surgery (CAS), specif-
ically navigation systems, in the late 1990s10. Navigation technology aimed to improve the accuracy 
of implant placement by providing real-time feedback on alignment and positioning11. Surgeons could 
use this data to make adjustments during the procedure, which helped reduce errors compared to 
traditional, manual methods12. Although navigation systems enhanced precision and improved sur-
gical outcomes, the majority of studies in the literature agree that navigation has not resulted in sig-
nificant clinical advantages in terms of mid-to-long-term outcomes or patient satisfaction, despite its 
role in improving alignment accuracy13,14.

Building on the principles of navigation, robotic-assisted surgery was developed in the early 2000s, 
marking a significant advancement in TKA15,16. Unlike navigation, robotic systems offered not only 
guidance but also physical assistance during surgery, using robotic arms to perform bone cuts and 
implant positioning with millimetric precision. These systems also facilitated improved soft tissue bal-
ancing and coronal alignment, addressing key factors in long-term implant success17,18. 

IMAGE-BASED VS. IMAGELESS ROBOTIC SYSTEMS

Robotic-assisted TKA uses computer software to create a virtual three-dimensional (3D) model of 
the patient’s specific bony anatomy, enabling the surgeon to pre-plan bone cuts, component size, 
and positioning9. This surgical plan is then mapped intraoperatively to the patient’s anatomy using 
navigational software. 

In image-based systems, the 3D model is generated from preoperative imaging, such as computed 
tomography (CT) or magnetic resonance imaging (MRI)19,20. These systems provide the advantage of 
detailed preoperative planning, including implant size and orientation selection, but come with in-
creased costs and the risk of additional radiation exposure21,22.

In contrast, imageless systems generate the surgical plan intraoperatively by capturing detailed 
registration of the bony surfaces and joint kinematics after arthrotomy23,24. While imageless systems 
avoid the need for preoperative imaging, they rely on the accurate intraoperative registration of bony 
landmarks by the surgeon, making them more susceptible to human error. Thus, both approaches 
have their strengths and limitations, balancing the precision of preoperative planning against the 
real-time adaptability and potential inaccuracies introduced during surgery.

Passive, Semi-Active, Active Robotic Systems

Passive robotic systems have seen limited adoption in total knee arthroplasty (TKA) due to their 
reliance on computer-assisted or navigation technology that provides visual guidance to the sur-
geon through an overhead display25. These systems allow for surgical planning, but the execution 
of the procedure depends heavily on the surgeon’s manual input throughout the operation and 
therefore still carries the risk of human error. Furthermore, they lack haptic feedback mecha-
nisms, meaning there are no physical restraints to ensure precise bone preparation or implant 
positioning26,27.
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As a way to overcome, semi-active and fully active robotic systems have been proposed in order 
to provide more refined control and improved precision in TKA procedures. 

Semi-active systems, in particular, allow the surgeon to guide the robotic arm while performing 
bone preparation28.

Active robotic systems create the surgical plan offline based on preoperative CT scans and during 
the operation function autonomously, under the surgeon’s supervision, without requiring continuous 
real-time guidance29. After the surgeon completes the initial approach, protects the soft tissues, and 
attaches the limb to a fixed device, the robotic arm is activated to independently perform the bone 
resections30,31.

Open/Closed Systems

The terms “open” and “closed” platform refer to whether the system allows the flexibility to select 
any type of prosthesis for implantation or is restricted to a specific proprietary prosthesis. The pri-
mary advantage of open platforms is the compatibility with a wide range of implant designs from 
different manufacturers, offering greater flexibility in selecting implants that best suit the patient’s 
needs32. However, this versatility comes with a downside: the lack of implant design specificity and 
limited biomechanical data to optimize implant positioning. As a result, outcomes may be predictable 
and more dependent on the type of prosthesis32.

On the other hand, closed platforms provide more detailed biomechanical data and precise im-
plant positioning for the specific prostheses they support. In this case, the downside is their restric-
tiveness, offering compatibility only with specific implant models33. This limits the surgeon’s options, 
as they may need to use implants tied to the platform rather than their preferred designs and this 
reduces the freedom of choice for the surgeon34,35. 

Robotic Systems

Several robotic platforms are available for TKA, each offering different approaches to enhancing sur-
gical precision, implant positioning, and alignment. These systems vary in their reliance on preop-
erative imaging, real-time intraoperative adjustments, and the level of surgeon control vs. robotic 
automation36. 

Below are brief descriptions of the most prominent robotic systems used in TKA today:
–	 ROBODOC (THINK Surgical Inc., Fremont, CA, USA) is an active, image-based, open system. First 

developed in 1992 and now marketed as TSolution-One by Think Surgical Inc. (formerly Curexo 
Technology), this system is image-guided (using CT scans), fully autonomous (requiring no surgeon 
intervention), and features an open platform compatible with any implant. Despite its advanced 
capabilities, adoption of fully active robotic TKA systems has been limited due to the high cost of 
installation and the elevated risk of complications during the learning phase25.

–	 Mako (Stryker, Mako Surgical Corp., Fort Lauderdale, FL, USA) is a semi-active, image-based closed sys-
tem. It is a platform that uses preoperative CT imaging to create a 3D model of the patient’s anatomy 
to guide bone resection, implant sizing, and positioning37. Once bony landmarks are registered and val-
idated, the system generates a digital model of the knee. It also enables intraoperative adjustments to 
component positioning, using patient-specific alignment and ligament balancing data, before finalizing 
the bone resection. This semi-active robotic system halts the saw if bone resection deviates from the 
preoperative plan’s predefined parameters within 0.5 mm of the planned surgical cuts38.

–	 ROSA (Zimmer Biomet, Warsaw, IN, USA) represents a semi-active image-dependent or imageless, 
closed system23. One approach involves creating a 3D virtual model by combining data from preop-
erative X-rays with surface landmarks registered intraoperatively, reducing errors from inaccurate 
data. X-rays are cheaper, expose patients to less radiation, and avoid additional visits compared 
to CT scans. Alternatively, a second method relies solely on intraoperative landmark registration 
for 3D modeling, decision-making, and resection planning, offering comparable accuracy without 
preoperative imaging. Once the planning phase is completed, the surgeon is enabled to perform 
with a manual saw the femoral and tibial cuts thanks to the robotic arm, which positions a cutting 
block according to the surgeon’s preference for bone preparation. Furthermore, another feature 
of the robot is the validation tool, which can be applied to the prepared surfaces to ensure the 
resections align with the surgical plan39.
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–	 CORI (Smith & Nephew, Inc., Memphis, TN, USA) is a semi-active imageless closed system40. 
Intraoperatively, a probe is used to map the bony anatomy of the distal femur and tibia. The sys-
tem allows the surgeon to operate with a handheld robotic burr on a sculpting tool, which auto-
matically slows down or retracts if it deviates from the boundaries of the surgical plan. Although 
the burr can be used to complete all bone preparation, most surgeons opt for a hybrid approach 
in primary TKA. This involves using the robotic tool to create holes for standard cutting jigs, after 
which a bone saw is manually used to prepare the femur and tibia41.

–	 VELYS robotic-assisted solution (VRAS) (Depuy, Warsaw, IN, USA) is a semi-active, imageless, 
closed system. It represents one of the latest innovations in robotic technology for total knee 
arthroplasty. As an imageless system, VRAS does not require preoperative CT scans, with a 
consequent reduction in preparation time, costs, and radiation exposure for the patient. This 
robotic system is closed and, therefore, exclusively the ATTUNE Knee System by DePuy Syn-
thes can be used, which is a widely used knee implant that enables precise and well-informed 
decision-making during surgery. In literature, early studies have shown promising outcomes 
for VRAS in TKA, indicating its potential value in improving surgical accuracy and patient out-
comes42.

–	 The SkyWalker™ robotic arm system (model OSR-1000, developed by MicroPort OrthoBot Co. Ltd. 
in Suzhou, China) is a semi-active, imageless, closed platform primarily derived from the technol-
ogy of the Robodoc and MAKO systems. Created by Chinese researchers, this new robotic device 
aims to deliver safety, efficiency, and precision in minimally invasive settings. However, the effec-
tiveness of this innovative robotic technique still requires more in-depth research for full evalua-
tion43.

The details of the different robotic systems are summarized in Table 1.

FUNCTIONAL ALIGNMENT AND IMPLANT POSITIONING 

Functional alignment (FA) is regarded as an evolution of the traditional kinematic alignment (KA) 
method, made possible by advancements in robotic technology44. This approach aims to restore the 
natural obliquity of the joint line and balance the knee flexion-extension gap through precise adjust-
ments of the tibial and femoral components, thereby minimizing the need for soft tissue releases45. 
The integration of robotic systems is essential for accurately assessing implant position, resection 
thickness, joint gaps, and limb alignment during surgery. 

In functional alignment, the femoral component is adjusted in the coronal plane from a starting 
point of 0° to the mechanical axis to ensure appropriate balancing between the medial and lateral 

Table 1. Main features of robotic systems used in joint arthroplasty. 
. 
		  Active/	 Imageless/image-	 Open/
	 Robotic system	 semi-active	 based system	 closed systemy

ROBODOC (THINK Surgical Inc., 	 Active	 Image-based	 Open
Fremont, CA, USA)
Mako (Stryker, Mako Surgical Corp., 	 Semi-active	 Image-based	 Closed
Fort Lauderdale, FL, USA)
ROSA (Zimmer biomet,   	 Semi-active	 Image-based or	 Closed
Warsaw, IN, USA)		  Imageless
CORI (Smith & nephew, Inc.,	 Semi-active	 Imageless	 Closed
Memphis, TN, USA)
VELYS robotic-assisted solution	 Semi-active	 Imageless	 Closed
(VRAS) (Depuy, Warsaw, IN, USA)
SkyWalker™ (model OSR-1000, 	 Semi-active	 Imageless	 Closed
developed by MicroPort 
OrthoBot Co. Ltd. in Suzhou, China)
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compartments. In the sagittal plane, the component is positioned to prevent femoral notching while 
adhering to the natural bowing of the bone. The axial alignment of the femoral component is typically 
determined based on the posterior condylar axis (PCA) by the robot. Moreover, conventionally, fem-
oral orientation is also assessed in relation to the transepicondylar axis (TEA), which is considered a 
more anatomical reference for rotational alignment. The combined use of these two landmarks helps 
optimize the positioning of the femoral component, reducing the risk of malrotation and improving 
the ligamentous balance of the implant.

Meanwhile, the tibial component is positioned to restore the natural inclination of the joint line 
in both the coronal and sagittal planes, avoiding a valgus position. Minimal adjustments to the tibial 
positioning may also be incorporated to further refine the balance of the knee46,47.

Robotic-assisted total knee arthroplasty has shown significant advantages over manual TKA in 
terms of precision in component positioning in the coronal, sagittal, and axial planes48. The high-
er precision in sagittal plane positioning allows for more accurate gap balancing, a critical factor in 
achieving optimal knee function and longevity after surgery. 

Rossi et al49 demonstrated that the ROSA Knee System enables high accuracy in bone resections 
during total knee arthroplasty, with deviations from planned surgical angles consistently under 1 
mm or 1 degree, confirming its precision in implant positioning49. Moreover, the ROSA Knee System’s 
potential to individualize implant alignment during total knee arthroplasty has been highlighted. By 
leveraging robotic assistance, the system enables precise, patient-specific alignment in three dimen-
sions, optimizing ligament balancing and implant positioning47,50. 

As compared to image-less navigation systems, Mancino et al51 compared a novel image-less ro-
botic-assisted total knee arthroplasty with an established image-less navigated technique to assess 
implant positioning accuracy. Their retrospective analysis of 172 cases showed that the robotic tech-
nique achieved significantly smaller deviations from target angles for femoral and tibial components 
compared to navigation, particularly in femoral flexion and tibial alignment. This suggests that robotic 
total knee arthroplasty offers enhanced precision in implant positioning without increasing alignment 
outliers51. 

In terms of coronal alignment, Kayani et al52 have demonstrated that the femoral and tibial compo-
nents, as well as tibial slope, in robotic TKA showed a closer alignment with the surgical plan as com-
pared to manual TKA52. Also, the posterior condylar offset ratio (PCOR) showed significantly small-
er differences between pre- and post-operative values in robotic TKA compared to manual TKA, as 
demonstrated by Sultan et al53.

Moreover, Mahoney et al54 found that using robotic-assisted TKA led to greater precision in the 
external rotation of the femoral component relative to the transepicondylar axis, though this im-
provement was not statistically significant54.

FUNCTIONAL OUTCOMES

While improved alignment and positioning are critical, the relationship between these factors and 
clinical outcomes remains complex55.

Despite the theoretical advantages of RA-TKA, there is considerable variability in outcomes re-
ported across studies. Factors such as the degree of preoperative deformity, individual patient anat-
omy, and the specific robotic platform used can influence results.

One advantage of functional alignment in RA-TKA is the restoration of the patient’s native phe-
notype by enabling more precise component positioning and alignment. Studies56 suggest that ro-
botic systems enhance the replication of pre-arthritic knee alignment, optimizing joint balance. 
This improved restoration of the native phenotype has been associated with better functional out-
comes, including more natural gait patterns and improved range of motion57,58.

Many studies59,60 have concluded that early post-operative outcomes in terms of pain and length 
of hospital stay are more favorable in RA-TKA. However, literature61-63 agrees in concluding that 
there is no statistically significant superiority in long-term functional outcomes measured with 
PROMs.

To gain a clearer understanding of the clinical improvements associated with robotic-assisted 
knee arthroplasty, further studies are necessary that consider all these variables. By examining a 
broader range of factors influencing outcomes, future studies may be able to better identify the 
conditions under which robotic assistance can truly enhance patient satisfaction and clinical re-
sults.
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COMPLICATIONS AND REVISION RATES

Earlier robotic systems were associated with a high rate of complications. Park and Lee64 reported a 
complication rate of 19%, which included issues such as superficial infection, patellar tendon rupture 
and dislocation, supracondylar fracture, and peroneal nerve injury. However, these complications 
seemed to occur mainly in the early cases, likely due to the use of smaller incisions during the learning 
phase36. After larger incisions were adopted, these issues were avoided. Technical failures were also 
noted, with intra-operative conversion to traditional total knee arthroplasty (TKA) due to technical 
issues with the ROBODOC system occurring in up to 30% of cases65.

Newer robotic systems have reduced the rate of complications, but some issues are still to be de-
bated. Mechanical weakness from pinholes in robotic total knee arthroplasty (TKA) can lead to feared 
complications such as femoral or tibial shaft fractures. A study66 found that the incidence of pin-site 
femoral fractures was 1.4%, typically occurring around 12.6 weeks post-surgery, often preceded by 
unusual thigh pain. These fractures usually result from minor trauma and are treated with intramedul-
lary fixation. To mitigate this risk, it has been suggested to place pins in periarticular areas, which are 
more resilient to stress, and to use smaller pins67. Pin-site infections are another concern, although their 
overall incidence is low, at approximately 0.47%68. Other iatrogenic injuries may include patellar tendon 
ruptures, patellar dislocations, fractures, and peroneal nerve injuries36. While some studies52,69 suggest 
robotic TKA is associated with fewer injuries compared to conventional methods, others indicate a high-
er incidence of iatrogenic injuries with active robotic systems. Additionally, robotic procedures tend 
to result in greater estimated blood loss, potentially due to longer operative times. However, robotic 
TKA does not require opening the femoral canal, which could theoretically reduce blood loss. Robotic 
systems are designed to decrease post-TKA stiffness through precise alignment, but the literature70 has 
reported stiffness as a complication following robotic TKA. The present review highlighted that longer 
surgical times are a consistent issue with robotic systems, which can increase the risk of infection, par-
ticularly when surgical time exceeds 120 minutes. Recent reviews71,72 found a higher incidence of deep 
prosthetic joint infections with robotic TKA (1.6-1.7%) compared to conventional methods (0.44-1.0%). 

There is limited data on the rate of deep prosthetic joint infection (PJI) in robotic TKA. The most re-
cent studies73,74 in the literature concluded that the use of robotics in TKA is not associated with a higher 
rate of PJI in the early post-operative phase.

Learning Curve

The learning curve typically refers to the number of cases required to achieve consistent outcomes. 
In the context of robotic total knee arthroplasty (TKA), this often includes evaluating the reduction in 
surgical time. Literature agrees that the learning curve for robotic TKA varies from 10 to 50 cases75,76. 
Importantly, these studies found no increased risk of complications during the learning phase associated 
with the current robotic technology77. This marks a significant improvement over earlier systems, which 
reported high early complication rates and increased soft tissue damage during their learning phases, 
including injuries to the patellar tendon due to inadequate surgical exposure.

COSTS AND ECONOMIC IMPACT

One of the most critical aspects of integrating robotics into knee prosthetic surgery is the financial 
burden it imposes on healthcare systems78. These costs can significantly impact the accessibility and 
scalability of robotic-assisted surgeries, raising important questions about cost-effectiveness, reim-
bursement policies, and the balance between the clinical advantages and financial feasibility for both 
hospitals and patients79.

The cost-effectiveness of robotic-assisted total knee arthroplasty has become a focal point of discus-
sion as healthcare systems weigh the benefits of advanced technology against its financial implications. 
According to Vermue et al80 procedures, robotic-assisted total knee arthroplasty becomes cost-effective 
when the annual case volume exceeds 253 procedures. While the initial investment in robotic systems 
is substantial, these high upfront costs can be mitigated by long-term savings81. Faster recovery times, 
shorter hospital stays and decreased post-acute care needs, such as fewer nursing services and less 
postoperative therapy, are all key contributors to lowering overall healthcare expenses. Additionally, 
patients undergoing RA-TKA often require less inpatient therapy and are discharged more quickly, fur-



7	 ROBOTICS IN TKA: STATE OF THE ART AND FUTURE PERSPECTIVES

ther enhancing the financial benefits for hospitals and healthcare systems. Savings are ultimately driven 
by fewer readmissions, reduced reliance on rehabilitation services, and a more efficient postoperative 
care pathway82.

While robotic-assisted knee arthroplasty offers several economic advantages, it is important to 
consider the significant additional costs that come with adopting this technology. These include 
expenses for specialized software, routine equipment maintenance, and disposable surgical tool83. 
Additional diagnostic imaging, such as preoperative CT or MRI scans, is often required, further 
increasing costs. Medical staff also require extensive training to use the technology effectively, 
adding to the financial burden84. Moreover, other indirect costs, such as longer setup times and 
the need for extra personnel during procedures, contribute to the overall increase in operational 
expenses85.

Literature agrees that robotic TKA can be cost-effective, particularly in elevated-risk patient pop-
ulations (e.g., younger patients, higher BMI, male sex) and larger practice settings, where the reduc-
tion in revision risk and associated quality-adjusted life year (QALY) gains justify the additional costs86. 
However, achieving cost-effectiveness depends on factors such as surgical precision, patient selection, 
and local economic conditions, emphasizing the importance of a risk-prioritized approach to optimize 
resource utilization87.

FUTURE PERSPECTIVES 

As a future perspective in robotic surgery, we can explore immersive virtual reality (IVR), aug-
mented reality (AR), and mixed reality (MR), such as the spectrum of extended reality technology 
integration, representing the intersection between advanced computing and imaging and their use 
in the operating room environment88,89. IVR also serves as an excellent teaching tool, providing 
surgical trainees of all levels access to a variety of techniques that accurately replicate real-life pro-
cedures without additional risks to the patient, costly resources (e.g., cadavers) or even the need 
for supervision90. AR-based navigation technologies have been shown to improve the accuracy of 
component positioning in hip and knee arthroplasty and MR allows even more freedom of control 
over CT reconstructions for preoperative planning as well as intraoperative visualization, requiring 
less preoperative calibration by the surgeon because the data can be adjusted intraoperatively by 
the surgeon91,92. The application of machine learning (ML) in KA has been useful for predicting im-
plant size, reconstructing data, and assisting with component positioning and alignment; it enhanc-
es surgical precision and can help predict patients’ outcomes93,94. AI can handle very large, complex 
datasets and generate predictions and decisions on KOA and TKA94. ML potentially improves sur-
gical precision and reduces the cost of manual labor. Regarding value metrics, ML methods have 
been used to predict the length of hospital stay, hospitalization charges, and discharge disposition. 
It impacts the economic burden of TKA and thus potentially affects decisions on payment models 
in healthcare settings93. 

Those technologies have some current limitations, including: first, accuracy and generalizability 
are key obstacles, as very few models have been externally validated, and high AUC values do not 
necessarily translate to good clinical performance95. Second, a practical disadvantage of machine 
learning models is the need for large datasets to train them. These datasets often contain millions of 
unique data points and require hours or days of training, and additional datasets are needed to assess 
generalizability96.

Third, a common concern about the use of artificial intelligence is the “black-box” nature of machine 
learning models. Machine learning algorithms’ decision-making processes are complex, using hidden 
layers and unknown connections between inputs and outputs, resulting in poor understanding and dif-
ficult scientific interpretation of how they generate predictions and recommendations97.

We can also explore their use in revision surgery that may be helpful for a reproducibly preoperative 
plan, contribute to accurate bone cuts and preserve more bone stock, and precise positioning of the 
final implant in revision total joint arthroplasty (TJA). For RA-TKA, the benefits mainly include accurate 
bone cutting and the ability to evaluate the type of alignment and mechanical alignment, which is often 
a challenge due to the loss of bony reference points after implant removal98.

In a recent study, Leung et al99 developed a deep learning model to predict the need for TKA directly 
from knee radiographs. This model outperformed traditional binary outcome models that rely on the 
Kellgren-Lawrence or Osteoarthritis Research Society International grades. The deep learning models 
incorporated additional image-based information that may not be captured by simple numerical grad-
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ing systems. Therefore, further studies can be conducted to analyze the interaction between all these 
systems.

Further studies are needed to evaluate improvements in patient satisfaction and component survival 
for revision robotic-assisted TKA surgeries. We also need to evaluate the cost related to the robotic-as-
sistance arm software and conduct further studies to determine whether the cost of obtaining the soft-
ware is mitigated by the cost of the revision surgery100.

Another important issue that has been increasingly addressed in the most recent literature is the 
proper management of the patella and anterior space in TKA to avoid patellofemoral joint imbalance, 
including overstuffing and understuffing. Functional alignment, combined with robotic assistance, al-
lows for optimized femoral component positioning and better preservation of native knee kinematics101. 
Shatrov et al102 analyzed 122 robotic-assisted TKAs using functional alignment principles and found that 
while the trochlea was always balanced in full extension, over 40% of cases were over- or under-stuffed 
in mid and deep flexion. Under-stuffing was more common in mid-flexion, while over-stuffing predom-
inated in deep flexion. The study highlights the need to redefine patellofemoral joint (PFJ) over- and 
under-stuffing across the full range of motion and further investigate its biomechanical and clinical 
implications102.

DISCUSSION 

This article emphasizes that robotic-assisted surgery represents a significant advancement over 
traditional methods, primarily by improving the precision of implant placement and soft tissue bal-
ancing. This precision is crucial for obtaining optimal outcomes; for example, misalignment can lead 
to complications and decreased longevity of the implant. However, the interpersonal variability of 
patients’ satisfaction and long-term functional outcomes suggests that while the technology offers 
improved accuracy during surgery, it does not automatically lead to better clinical results. Despite 
reported satisfaction rates of 82-89%, literature states a lack of statistically significant superiority 
in long-term outcomes when comparing robotic-assisted TKA to conventional techniques98,100,103. 
This gap raises questions about the factors influencing patient satisfaction beyond surgical pre-
cision and highlights the complexity of the surgical experience, which may vary from preoper-
ative expectations, postoperative recovery, individual patient anatomy, and functional requests. 
Future research should aim to explore these dimensions more exhaustively. Surgeon training and 
the learning curve of the robotic-assisted technologies are crucial, and this can significantly impact 
patient safety77. 

Future developments in robotic surgery will include the integration of artificial intelligence and ma-
chine learning88,91. These advancements could facilitate preoperative planning and intraoperative deci-
sion-making, potentially leading to even greater improvements in surgical outcomes. However, as these 
technologies evolve, ongoing research will be necessary to rigorously assess their efficacy and safety. 

CONCLUSIONS

Robotic TKA enhances resection accuracy, implant alignment, and joint balancing, potentially lowering 
revision rates. It may also reduce overall healthcare costs by shortening hospital stays, decreasing ther-
apy needs, and lowering readmission rates; however, further studies are needed to confirm these cost 
savings.

Despite improved radiological outcomes, RA-TKA has not yet shown superior long-term functional 
results compared to conventional TKA. Its limitations include high software and hardware costs, addi-
tional radiation exposure with image-based platforms, and longer operative times during the learning 
curve.

Future advancements may integrate extended reality, artificial intelligence, deep learning, and ma-
chine learning to enhance preoperative planning, intraoperative guidance, and surgical precision. Fur-
ther research is essential to justify continued investment in robotics, ensuring long-term benefits and 
supporting the integration of emerging technologies in TKA.
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