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Abstract: Robotic-assisted total knee arthroplasty (rTKA) has been developed to improve knee kinematics and functional outcomes, 
expedite recovery, and improve implants long-term survivorship. Robotic devices are classified into active, semi-active, and passive, 
based on their degree of freedom. Their capacity to provide increased accuracy in implants positioning with reduced radiographic 
outliers has been widely proved. However, these early advantages are yet to be associated with long-term survivorship. Moreover, 
multiple drawbacks are still encountered including a variable learning curve, increased setup and maintenance costs, and potential 
complications related to the surgical technique. Despite recent technologies applied to TKA have failed to prove substantial 
improvements, robotic-assisted surgery seems to be here to stay and revolutionize the field of TKA. To support its consistent usage 
on a daily basis, long-term results are still awaited, and further improvements are necessary to reduce the expenses related to it. 
Keywords: robotic total knee arthroplasty, knee alignment, accuracy, robot, survivorship, clinical outcomes

Introduction
Even if the results of total joint arthroplasty (TJA) are amongst the greatest of modern surgery, the orthopaedic 
community is continuously looking for further innovations to reduce failure rates and increase patient satisfaction. 
With a survivorship at 10 years up to 98% and at 20 years up to 95%, the risk of failure is equaled to the chance of 
improvement.1,2 Indeed, many innovations introduced in the last 20 years have failed to achieve the expected improve-
ments. As the level of technology increases hoping to lead to radiographic and clinical perfection, supporters of the 
conventional manual technique (mTKA) may say that today’s innovation is more driven by economic interests rather 
than by objective results.3 Big hopes are certainly riding on robotic total knee arthroplasty (rTKA), aiming to expedite 
recovery, improve kinematics and functional outcomes, and eventually increase implants long-term survivorship. The 
main goal of robotic-assisted surgery is to provide the technological support to precisely and accurately prepare the bone, 
making the ligaments as competent as before osteoarthritic changes, and restoring the limb alignment with a proper 
kinematic of the joint.

Despite being a topic already thoroughly studied with an exhaustive literature available, the authors wanted to focus 
on aspects not yet extensively analyzed, especially when talking about the drawbacks of rTJA. Therefore, the aim of this 
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review is not only to highlight the different types of robotic devices available on the market for TKA and to report on 
their improved results in terms of increased accuracy and reduced radiographic outliers. But also, to report as these 
advantages come at a cost, including higher economic burden for the health systems, longer operative time (OR), 
learning curve for the surgeon and the team, and potential complications related to the technique.

Type of Robots
Robotic devices are classified according to the degree of freedom during the surgical procedure in autonomous (active), 
hands-on (semi-active) and passive. The passive systems are known as computer-assisted or navigation systems and do 
not perform independently the operation while providing the correct positioning for the cutting tool. Conversely, active 
robots hold the cutting tool and autonomously make the bone cuts reducing the level of human interaction. Lastly, semi- 
active robots combine both principles, the surgeon maintains the overall control over the bone resections under the 
surveillance of the robot that provides live intraoperative feedback with tactile, auditory, or visual signals, to limit 
deviation from the preoperative surgical plan. These systems are also known as “haptic” systems.4,5

In the last years, robotic surgery has gained increased interest and applications, driving the main companies to 
introduce these devices into their portfolio. Therefore, the level of quality, competitiveness, technology available, 
together with the amount of literature and publications, have risen at a fast pace.6 Robots can either be classified into 
open or closed platforms based on the possibility to have no limit on the pool of prosthesis models that can be used. 
Conversely, the latter forces to use only specific manufacturer’s implant designs, regardless of surgeon’s preference and 
patient’s needs. Further classification of robots is “image-based” or “image-less”. The former relies on 
preoperative second-level imaging to establish a preoperative plan, integrated intraoperatively with bony landmark 
registration. On the other hand, the image-less platforms are based on the direct registration of specific bony landmarks 
directly on the patient’s bone surface after exposure. Once registered, these landmarks are used to plan the surgical cuts 
intraoperatively.

The ROBODOC system (Curexo Technology, Fremont, CA, USA) was the first robotic device introduced in TJA in 
1994 in Europe. It was an active system initially used for preparing the femur in total hip arthroplasty (THA). In 2014, 
THINK Surgical Inc (former Curexo Technology) introduced a new version for TKA named TSolution One surgical 
system. It is an image-based autonomous milling system characterized by being an open platform with an open library of 
legally available implants suitable for usage with this robotic device.7–11

The MAKO Robotic Arm Interactive Orthopaedic system (RIO; former MAKO Surgical Corp.®, FL, USA; now 
Stryker Ltd, Kalamazoo, MI, USA), firstly used in 2015 and now the most used robotic device. It is an image-guided 
semiactive robot system that requires a preoperative CT scan to generate a 3D model of the patient’s bone morphology. 
Then, the plan can be modified intraoperatively with data collected during the operation and the knee is brought through 
range of motion to assess deformity and ligament laxity.12

The NAVIO Surgical System (former Blue Belt Technologies; now Smith & Nephew, Andover, TX, USA), is an 
imageless robotic system that relies on haptic feedback equipped with a handheld end-cutting burr that can extend and 
retract during the procedure so that only the planned bone is removed. The system monitors the position of the burring 
tool with respect to the patient’s lower extremity, and when the edge of the desired bone resection volume is approached, 
the burr tip retracts to avoid over-resection.13 The recently introduced CORI surgical system (Smith & Nephew) is an 
imageless portable robotic system for use in TKA and unicompartmental knee arthroplasty (UKA) that has been 
developed to operate within a smaller footprint than earlier generations of robotic systems. Its efficiency in workflow 
has been improved through the adoption of high-speed cameras and high-speed burrs to increase the speed of surgical 
navigation and the rate of bone removal.

The ROSA® Knee System (Zimmer-Biomet, Warsaw, IN, USA) is a collaborative robot that can be used in image- 
based or image-less mode. After bony landmarks are recorded and intraoperative plan is validated, this system enables 
the surgeon to personalize in real time the surgical plan based on each patient’s individual characteristics and ligament 
compliance. The cutting jigs are positioned and hold by the robot (collaborative robotic system, a.k.a. cobot), while the 
surgeon performs the bone cuts through the slot, with no boundary protection.14
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Orthotaxy (Johnson & Johnson, Fort Washington, PA, USA) is an image-less semi-active device characterized by 
being a small-size platform attached to the operating table and interestingly it is expected to drop the costs avoiding the 
use of disposable instruments and being designed to be used without the assistance of additional technicians.15 As 
another option, VELYS (DePuy Synthes, West Chester, PA, USA) was introduced in 2020 as an image-free operating 
room table bed-rail mounted device that allows intraoperative plan based on registration of specific bony landmarks and 
once accepted, positions an oscillating saw for the surgeon to perform the bone cuts with real-time cut-plane tracking to 
compensate for any leg movement.

OMNIBotics (OMNIlife Science Inc, East Taunton, MA, USA) is an imageless system characterized by a ligament 
balancing component (BalanceBot) used to measure ligament tension in both extension, flexion, and throughout the range 
of motion aiming to reduce the risk of mid-flexion instability. A single cutting guide is then positioned for each of the 
cuts to allow the surgeon to perform the bone resections.16,17

Other robotic devices are currently available with different characteristics as the commercial companies are trying to 
improve the technology levels and provide increased accuracy while providing a functional workflow and limited costs 
(Table 1).

Advantages of Robotic-Assisted Technique
Accuracy and Radiographic Outliers
Accuracy and precision are two key concepts in TKA as the surgeon seeks to accurately position the implant components 
to produce a balanced and stable joint. Accuracy is usually intended as the ability to hit a planned target, while precision 

Table 1 Systems Available and Main Characteristics

System Corporation Joint Preoperative 
Planning

Control Platform Bone 
Resection

TSolution-One 

(ROBODOC)

THINK Surgical, Freemont, CA, 

USA

TKA, THA 

(femur)

CT scan Autonomous, 

boundary

Open Mill

iBlock OMNIlife Science, East Taunton, 

MA, USA

TKA Imageless Autonomous Closed Saw

CASPAR U.R.S.-ortho GmbH&Co. KG, 

Rastatt, DE

TKA, THA CT scan Autonomous Open Mill

MAKO Stryker Ltd, Kalamazoo, MI, 

USA

UKA, PFA, 

TKA, THA

CT scan Semiautonomous, 

haptic

Closed Burr, Saw

ROSA® Zimmer-Biomet, Warsaw, IN, 

USA

TKA Imageless/Image- 

based

Semiautonomous Closed Saw

NAVIO Smith & Nephew, Andover, TX, 

USA

UKA, PFA, 

TKA

Imageless Semiautonomous, 

contour-based

Closed Burr, Saw

CORI Smith & Nephew, Andover, TX, 

USA

TKA, UKA Imageless Semiautonomous Closed Burr, Saw

Orthotaxy Johnson & Johnson, Fort 

Washington, PA, USA

TKA Imageless Semiautonomous Closed Saw

VELYS DePuy Synthes, West Chester, 

PA, USA

TKA Imageless Semiautonomous Closed Saw

OMNIBotics CORIN Group, Cirencester, 

UK

TKA Imageless Passive Closed Saw

Abbreviations: TKA, Total Knee Arthroplasty; THA, Total Hip Arthroplasty; UKA, Unicondylar Knee Arthroplasty; PFA, Patello-Femoral Arthroplasty; CT, Computerized 
Tomography.
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is the ability to reproduce the same result repeatedly over time. Robotic-assisted technique has proven reliable in 
improving the accuracy for component positioning and limb alignment compared to the conventional manual 
technique.7–9,11,12,14,16–26 Despite different alignment philosophies have been recently proposed, mechanical alignment 
(MA) remains the most frequently adopted and still considered the “safe-zone”.27 Target for MA have been typically 
considered within a cut-off of 2–3° from the neutral MA in the coronal plane, while errors >3° have been usually 
considered as radiographic outliers.28 However, the greater accuracy of robotic devices may be important as new 
alignment principles and new objectives for component positioning are developed to further individualize TKA (Table 2).

Thiengwittayaporn et al29 reported in a randomized controlled trial (RCT) on robotic vs manual TKA (NAVIO) that 
rTKA group was associated with higher accuracy with 94.7% (71 of 75 knees) of patients achieving an overall mechanical 
alignment within ±3° of a neutral mechanical axis compared with 84.4% (65 out of 77 knees, p = 0.035) in the conventional 
group. Moreover, the mean change in joint line was 3.6 mm in the rTKA group compared with 5.5 mm in the conventional 
(p = 0.004). Similarly, Liow et al11 reported that rTKAs were associated with a more accurate restoration of the joint line 
with only 3.2% of outliers (defined as >5 mm deviation) compared to a 20.6% in the conventional group. Savov et al30 

reported an overall incidence of 11% outliers (8 cases out of 70; p = 0.002) when comparing NAVIO assisted TKA with 
conventional technique with a mean error from planned of 2±1.2° regarding HKA (p < 0.001), 1±0.8° regarding medial 

Table 2 Accuracy When Considering as Outliers Implant Aligned Out of ± 3 Degrees from Target Angle

Author (Year) System Outliers

HKA 
Outliers

Femoral 
Coronal

Femoral 
Sagittal

Tibial 
Coronal

Tibial 
Sagittal

Song et al (2011)8 ROBODOC 0% 0% 0% 0% 6.7%

Song et al (2013)7 ROBODOC 0% 0% 0% 0% 1.9%

Yang et al (2017)9 ROBODOC 8.7% 5.8% N/A N/A N/A

Cho et al (2019)18 ROBODOC 10.6% 8.0% 3.5% 7.1% 5.3%

Jeon et al (2019)19 ROBODOC 10.7% 8.3% 3.6% 11.9% 20.2%

Kim et al (2020)20 ROBODOC 14% 11% 12% N/A 11%

Suero et al (2012)16 OMNIBotics 9% N/A N/A 0% 1.9%

Figueroa et al (2019)17 OMNIBotics 17% 2% 0% 1% 7%

Liow et al (2014)11 TSolution-One 0% N/A 0% N/A N/A

Sires et al (2021)25 MAKO 0% N/A N/A N/A N/A

Marchand et al (2017)12 MAKO 18% N/A N/A N/A N/A

Parratte et al (2019)21 ROSA® <1° <1° <1° <1° <1°

Seidenstein et al (2021)14 ROSA® 0% 0% 7.1% 0% 0%

Shin et al (2022)26 ROSA® 11% 0% 23% 8% 26%

Bollars et al (2020)22 NAVIO 6% 14% 0% 86% 17%

Collins et al (2021)23 NAVIO 6.7% N/A N/A N/A N/A

Thiengwittayaporn et al 
(2021)29

NAVIO 5.3% 9.3% 2.7% 6.7% 9.3%

Savov et al (2021)30 NAVIO 11.4% 11.4% N/A 2.8% 2.8%

Doan et al (2022)24 VELYS N/A 5.3% 7.9% 0% 15%

Abbreviations: N/A, Not Available; HKA, Hip Knee Ankle angle.
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proximal tibial angle (MPTA, p = 0.002), 1.6±1.3° regarding lateral distal femoral angle (LDFA, p = 0.014), and 1.4±1.3° 
regarding posterior tibial slope (p = 0.038). The mean distalization values for the medial and lateral sides of the joint line 
(JL) in the valgus morphotype subgroup were approximately 2.6±1.6 mm and 3.7±1.8 mm, respectively; in the varus 
morphotype subgroup, the respective values were 0.9±1.7 mm and 1.9±2.3 mm while the JL was proximalized in the 
conventional cases. Clearly, the less change in joint line may contribute to a reduced incidence of knee instability and 
improved clinical outcomes for patients undergoing rTKA. On the other hand, Shin et al26 reported an accuracy of 77 and 
74% when analyzing the sagittal femoral and tibial component alignment measured intraoperatively by the ROSA® knee 
system compared with the radiographic outcomes using a cutoff error of ±3°. However, high accuracy was noted when 
considering the HKA angle and the coronal components’ alignment.

Despite most of the studies reported results on the accuracy of component positioning based on the number of 
radiographic outliers, considering a cutoff of ±3°, Deckey et al,31 confirmed the increased accuracy of MAKO-assisted 
TKA compared to conventional technique proving that postoperative femoral and tibial components positioning, apart 
from overall alignment, deviated significantly less from the preoperative plan (p < 0.001) and that polyethylene 
thickness deviated less from planned in the robotic group (1.4 mm vs 2.7 mm; p < 0.001). These findings suggest 
that rTKA is significantly more accurate and precise in planning both components positioning and final polyethylene 
insert thickness.

Statistically significant improvements in accuracy and precision have been proven in these and other studies, 
however, questions remain that need to be answered. Indeed, increased accuracy and precision have to be proven 
effective in providing improved clinical outcomes and patient satisfaction. Therefore, future investigations are required to 
determine the potential effect of increased accuracy and precision on clinical outcomes.

Drawbacks of Robotic-Assisted Technique
Learning Curve
Increased operative time (OR) is considered one of the main problems related to robotic-assisted surgery as it is 
associated with potential increased complications and with additional costs. Different results have been reported in 
literature with a wide range of cases considered necessary for a proper learning phase, ranging from 7 to 43 cases.32,33 

Kayani et al32 evaluated the learning curve in the haptic guided MAKO robotic-arm system reporting that robotic- 
assisted TKA was associated with a learning curve of seven cases to achieve OR times comparable with mTKA and 
“surgical team comfort” levels using a cumulative summation analysis but there was no learning curve for accuracy of 
implant positioning, limb alignment, posterior condylar offset ratio, posterior tibial slope, and joint line preservation. 
Conversely, a learning curve of 11–43 cases was reported by Vermue et al,33 over 386 patients for OR time (p < 0.001) 
using the same robotic device, however this was significantly affected by the surgical profile, while no learning curve was 
detected for implant positioning and gap balancing. On the other hand, Vanlommel et al34 reported a learning curve of 6– 
11 cases when using the imageless ROSA® Knee System. As both the systems use an optically guided robotic-arm, it 
therefore seems reasonable that the learning curves should approximate each other. However, when analyzing the 
differences between the two devices, the ROSA® Knee System showed a reduced initial setup time (8.9±1.9 min vs 
14±4.3 min) and registration times. Conversely, bone preparation and implant trialing seemed to be longer with the 
ROSA® Knee System, probably related to the fact that being imageless free of preoperative planning, additional time was 
necessary intraoperatively to determine bone cuts, components position and size.

The learning curve of another imageless device, the NAVIO® system, was reported in a RCT by Thiengwittayaporn 
et al over 150 TKAs.29 The authors noted that the mean operative time of the rTKA group was significantly longer than 
the conventional one (70.1 min vs 61.9 min; p < 0.001) with bigger difference when comparing the first 10 robotic cases 
(95.0 min vs 61.9 min; p < 0.001). Conversely, no significant difference was detected when the last 10 cases were 
analyzed, despite being the rTKA procedures still slightly longer. However, their analysis revealed an inflection point 
after the initial seven cases, identifying an initial learning stage with mean 100 min per case and a proficiency stage with 
mean 67 min per case (p < 0.001). The learning curve associated with the same robotic system (NAVIO) was analyzed by 
Savov et al,30 on two groups of 70 consecutive patients operated with robotic and conventional technique, respectively. 
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The authors reported that no significant difference was observed between the two techniques after 11 cases (69 min rTKA 
vs 67 min; p = 0.5). Conversely, Bell et al35 reported that 29 cases were necessary for a fellowship-trained senior surgeon 
to complete the learning curve using the NAVIO robotic system. The authors reported an overall 26% increase of 
efficiency throughout the learning curve mostly related to the so-called “review of intraoperative plan” phase, where the 
surgeon reviewed the cut suggested by the robotic system.

Similar findings were noted by Mahure et al36 in a multi-centre prospective study of over 115 patients with the 
TSolution One device. The authors reported a learning curve of 10–20 cases regarding OR time, while there was no 
learning curve associated with 3D component position or patient-reported outcome measures (PROMs). However, most 
of the studies on this topic have explored it with regard to fellowship-trained surgeons. To evaluate what that would be in 
general orthopaedic surgeons, Ali et al37 reported the learning curve of two non-fellowship-trained orthopaedic surgeons 
noting that it would require 40 cases, meaning that a non-fellowship-trained surgeon should be able to adequately 
perform a rTKA in a similar timeframe to mTKA within the first 40 cases (Table 3).

Cost Effectiveness Analysis
Robotic systems are associated with high costs including the base system, operational costs, disposables, and pre- 
operative imaging with an estimated initial start-up cost of approximately US$ 800,000 and recurring cost of $ 1500 per 
patient to implement and carry out surgical procedures and with disposable costing approximately between $ 750 and $ 
1300.10,38 Moreover, when image-based systems are used, preoperative imaging costs start from $ 260 and the annual 
maintenance costs for most robotic systems are between $ 40,000 and $ 150,000 and additional costs are required for the 
proper training of the surgical team.39

Moschetti et al39 reported that the robotic UKA system can be considered cost-effective in a high-volume setting of 100 
cases annually, being case volume the most important determinant to the cost-effectiveness of the robotic system at the $ 
50,000 willingness-to-pay (WTP) threshold, the most commonly used threshold used in the literature. However, the authors 
also suggest that robotic-assisted UKA must achieve a lower revision rate than traditional UKA for it to be cost-effective, 
even in high-volume centers. Similar results were reported by Vermue et al,40 reporting the number of annual cases 
necessary for rTKA to be theoretically cost-effective as 253 per year. Similarly, Cool et al41 utilized a large Medicare 
database to compare a short-term 90-day episode-of-care (EOC) costs between matched rTKA and mTKA patients operated 
between 1 January 2016 and 31 March 2017 including index costs, length-of-stay (LOS), discharge dispositions, and 
readmission rates. The authors reported that that rTKA patients had statistically significantly lower 90-day EOC costs (US$ 
18,568 vs US$ 20,960; p < 0.0001) considering lower facility index costs, shorter LOS, higher likelihood that rTKA 

Table 3 Learning Curve of Different Robotic Systems

Authors (Year) Robotic Device Learning Curve No. of Cases No. of Knees Variable

Mahure et al (2021)36 THINK 10–20 114 knees OR time (p < 0.028)

Kayani et al (2019)32 MAKO 7 60 OR time (p = 0.01) 

Team anxiety (p = 0.02)

Ali et al (2022)37 MAKO 40 120 OR time (p < 0.0001)

Vermue et al (2022)33 MAKO 11–43 386 knees OR time (p < 0.001) 

Surgical volume

Vanlommel et al (2021)34 ROSA® 6–11 90 OR time (p = 0.001)

Thiengwittayaporn et al (2021)29 NAVIO 7 75 OR time (p < 0.001)

Savov et al (2021)30 NAVIO 11 70 Implant positioning (p < 0.01)

Bell et al (2021)35 NAVIO 29 60 OR time (p < 0.0001))

Abbreviations: No, number; OR, Operative Room.
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patients were discharged home (rTKA 57% vs mTKA 47%; p < 0.0001) and were less likely to be discharged to skilled 
nursing facility (SNF, rTKA 12% vs mTKA 22%; p < 0.0001), as well as having lower readmission rates.

By contrast to the limited 30- and 90-day EOC periods, the Markov model-based evaluation proposed by Rajan et al42 

projected patient costs and outcomes over a lifetime and considered PROMs, and the potential future risk of arthroplasty 
revision. The authors reported that, despite improved PROMs and lower revision rates, rTKA is associated with higher 
capital equipment and surgical costs. As such, with incremental cost-effectiveness ratios (ICERs) of $ 15,685 and $ 2331/ 
quality-adjusted-life (QALY) being less than the $ 50,000 and $ 100,000 WTPs, rTKAs were cost-effective for mid- and 
high-volume institutions, respectively. The authors used a comprehensive review of studies to determine optimal Quality 
of Life (QOL) values for a conventional TKA, estimated at 0.82 at 1 year and 0.84 thereafter. Therefore, rTKA remained 
cost-effective for a mid-volume institution as long as their annual revision rates were kept below 1.6% and the quality-of- 
life values were greater than 0.84, otherwise shifting the results in favor of mTKA.

Steffens et al43 compared the in-hospital costs between MAKO-assisted and computer-navigated TKA (nTKA) 
between October 2018 and June 2019 and reported that, when the upfront surgical equipment and maintenance costs 
were included to the in-hospital cost, rTKA was significantly more expensive than nTKA (+US$ 2359, CI95% 4359 to 
656; p = 0.007). However, the authors affirmed that this was partly dependent on the relatively smaller number of cases 
performed with this technology during the study period and the per-case calculation method used.

Despite the promising results from projections model related with fewer readmission rates, shorter LOS, and less 
utilization of nursing services after discharge, robotic technology still has to prove its long-term efficacy in terms of 
PROMs and survivorship. Moreover, the volume of procedures remains a clear factor in determining the cost effective-
ness of these devices. In order to establish rTKA as a daily standard of care baseline costs need to be reduced to avoid the 
results to be biased by the fact that only experienced/high volume surgeons or surgeons with potential conflict of interests 
are able to afford this interesting technology.

Complications Robot-Related
Despite being unusual, several complications have been associated with robotic-assisted technique including superficial 
pin site infections, pin-track osteomyelitis, pin-track site stress fracture, vascular injury, hematoma, myositis ossificans, 
and even mechanical failures related to pin-use. In order to reduce the risk of fractures at pin sites, Baek et al44 reported 
success on using unicortical pins in MAKO assisted TKA with 0 cases (out of 81 TKAs) of pin-related complications at 
1-year follow-up. Thomas et al45 recently reported that the overall pin site complication rate was 1.4% over 7336 knees 
(range, 0.3% to 8%), with intraoperative and postoperative complications occurring at 1.4% and 1.1%, respectively. The 
most common intraoperative complications reported were pin dislodgement, breakage or loosening, eventually leading to 
abortion of the robotic technique in favor of the manual one (up to 40% of all intraoperative complications). On the other 
hand, among the postoperative complications, the most common were superficial infection, cellulitis, and pin site 
irritation in up to 83% of them. Moreover, the consequences may result in the need for secondary surgeries and increased 
EOC costs, increasing the notable economic burden related with this procedure.

Discussion
Robotic assistance in TKA was introduced to improve precision and accuracy, aiming at better outcomes, lower revision 
rates, and better patients’ satisfaction. Despite being considered still in its early phases, there are clearly some limitations 
with the available systems that need to be addressed to support definitive widespread and daily adoption of this 
technology.

Many authors have shown the increased costs related to robotic TKA including the initial capital investment, the 
yearly maintenance, and the per-case costs.4,40 Others have thoroughly described different learning curves with 
additional OR time required to correctly complete the surgical procedure.33 Both these downsides seem to be closely 
related to the volume-load and the experience of the surgeon and the surgical team, while none of the outcomes are 
affected during the learning curve, providing consistent results in terms of accuracy and precision to the preoperative 
plan since the very first cases. However, the more time-consuming procedure, associated with subsequent increased costs 
and reduced time-efficiency, limits the possibility of less experienced surgeons to adopt these platforms into their 
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practice. Moreover, this technique is potentially associated with additional complications related to the longer OR-times 
and the tracker pins such as infection and fractures.5,45,46 Furthermore, despite the promising preliminary results, most of 
the available literature comparing robotic-assisted and conventional techniques in THA, TKA and UKA, involve 
financially conflicted authors; therefore, someone may consider the results to be biased. To further clarify the effects 
of robotic assistance, additional studies free from conflict of interests (COI) may be necessary to provide objective 
unbiased results.47

On the other hand, the benefits of rTKA include improved radiographic alignment and increased accuracy of 
component positioning and targeted alignment when compared with mTKA, among all the robotic platforms 
evaluated.48 Despite this was not believed to be clinically relevant until recently, it has now become apparent that 
component positioning has an important influence at least on short-term clinical outcomes.49 Indeed, several studies have 
reported on short-term improved functional outcomes, soft-tissue protection, patient satisfaction, and less surgeon and 
surgical team fatigue when comparing rTKA with conventional technique.50–52 However, further results to prove the 
effects on implant survivorship are still required.53 It is worth noticing that rTKA has proven increased accuracy in 
component positioning and soft tissue balance, however, whether this will be the holy grail in TKA there remains the 
question. Soft tissue and ligaments intraoperative evaluation still requires improvements considering that the systems 
available measure the kinematic response of the joint during application of set forces to restore the natural soft tissue 
tension avoiding soft tissue releases. However, joint loading is not standardized, leading to potential misinterpretation of 
the reported data.

In the compulsory search for novel devices and techniques, driven by the hope to solve the mystery of dissatisfaction 
after TKA and make the procedure as successful as THA, technologies are improving at a fast pace. Despite more than 
one has failed in the last 20 years, robotic-assisted TKA seems to be here to stay as more and more surgeons are willing 
to adopt this technology in their clinical practice. As clearly shown, the number of publications on robotic-assisted 
techniques experienced a high rise during the last decade and maintained interest year by year.54 Moreover, to further 
support that, the number of robotically-assisted procedures remains stable without facing any real decline and the wide 
implementation of robotic surgery will promptly provide additional data to better understand its applications and clinical 
outcomes. In the meanwhile, Artificial Intelligence (IA) is rapidly growing, and the first clinical studies have reported 
promising results when used in total joint arthroplasty.55 Modern robotic devices will continue to evolve eventually 
integrating Augmented Reality (AR) to visualize 3D images and use intra-operatively 3D planning through portable head 
mounted glasses avoiding the necessity to look at the screen.

Clearly, it is not a simple job to effectively define what the future perspectives and applications of robotic TKA will 
be. This is for several reasons: firstly, as most technologies available in 2022, its evolution is extremely fast with new 
designs, software, applications and updates being developed every year, putting a hard pressure on health systems to keep 
up with such innovations without being externally funded or financed. Secondly, these devices are currently strongly 
supported after promising short-term results obtained throughout the whole range of different machines. However, strong 
mid-term outcomes are available mainly for MAKO robotic system, while 5-year mark results are mostly still pending. 
Moreover, the enthusiasm over rTKA could diminish if the 10-years survivorship and patients’ satisfaction will not show 
the expected and hoped improvements compared with the conventional technique, as some authors have already reported 
with the old robotic systems.18 Moreover, the significancy of such improvements is still not clear if we are to expect 
higher survivorship rather than improved outcomes and patients’ satisfaction, or just more “aligned” knees. Thirdly, as 
previously reported, the big contradiction of rTKA is that it is mainly used by high volume – highly experienced 
orthopaedic surgeons with a sufficient caseload to provide publishable results, despite often reporting a conflict of 
interest. For all these reasons, we can imagine that strong of the early outcomes, the applications of robotic devices will 
lead to a new era of long-lasting TKAs; however, this is yet to be proven.

Conclusion and Future Direction
In conclusion, surgical robots for TKA might be in their infancy when considering their actual potential, but they are 
already demonstrating clear benefits when compared to conventional manual technique. As technology continues its 
evolution, a more streamlined, interactive, AR integrated robotic systems can be expected. As more surgeons support this 
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technology and become more familiar with the surgical technique, it may be possible to reduce the costs and increase the 
theatre time efficiency, enabling a wider adoption of this powerful tool.
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