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Abstract 

Robotic knee replacement surgery has become a new trend that has attracted the attention of 

orthopedic surgeons worldwide. For example, the use of robots can increase the accuracy of 

positioning and customization. The aim of this study is to compare the evidence between 

robotic total knee arthroplasty and conventional techniques, focusing on radiographic 

images and study results. A randomized controlled trial (RCT) was conducted on January 1, 

2022, specifically to compare the outcomes of robotic and conventional total knee 

arthroplasty. We were interested in outcomes such as knee range of motion, Medical and 

Functional Knee Society scores, Western Ontario and McMaster Universities scores 

(WOMAC), Hospital for Scores Medical Specialties, complications, and radiographic 

difficulties. This review was conducted in accordance with the International Systematic 

Review and Meta-Analysis guidelines. We assessed the risk of bias using the revised 

Cochrane risk of bias for randomized trials (RoB 2). Of these knees, 974 received a robotic 

arm and the remaining 968 received a knee-based implant. Our results showed that the 

robotic knee was used in postoperative treatment (OR ≤ 0.82; 95% CI, ≤ 1.027 to ≤ 0.58, p-

value <0.00001) and mechanical treatment (OR ≤ 0.95; 95% CI, ≤ 1.49 to ≤ 0.41, p-value 

<0.0006). knee joint motion (OR≤2.23; 95% CI≤4.89≤0.43, p-value 0.1) and femoral 

component position (OR≤0.98; 95% CI, ≤2.03 Ø0.08, p-value 0.07). Clinical, functional 

outcomes and complications were similar between the robotic surgery and knee surgery 

groups. It provides superior postoperative anatomical and mechanical adaptation compared 

to conventional surgery. However, clinical and functional outcomes and associated 

complications were similar. These findings should be evaluated in the context of potential 

confounding. More controlled studies using new robotic systems are needed to confirm the 

optimal performance and clinical outcomes of robotic surgery. 

Keywords: Total knee arthroplasty · Robotic arthroplasty · Jig-based arthroplasty · 

Conventional knee arthroplasty. 
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Introduction 

Total knee replacement has experienced significant growth in recent decades, with the UK recording 

312,167 primary knee replacements from 2017 to 2019. This surge is largely due to the increasing 

prevalence and economic impact of osteoarthritis among different populations. Despite the effectiveness 

and replicability of traditional knee arthroplasty methods and advancements in prosthesis technology, many 

patients are still unhappy with their knee replacements due to factors such as soft tissue balance and implant 

placement. 

Conventional total knee arthroplasty (CTKA) is often effective but can be challenging and intricate to 

obtain, especially in more complex cases. The development of robotic total knee arthroplasty (RTKA) aims 

to eliminate potential inaccuracies in implant positioning and alignment, reducing patient dissatisfaction. 

The first RTKA was performed in the UK in 1988 using the Acrobat system. Most robotic systems used in 

knee arthroplasty use 3D imaging, suggesting they offer higher precision in positioning and balancing. Some 

reports even suggest they outperform traditional jig-based methods in clinical settings. 

Various robotic arms have been developed and incorporated into medical practice over the past decades, 

including ROBODOC, Mako, CASPAR, and NAVIO. This meta-analysis aims to provide the most robust 

evidence currently available to compare robotic total knee arthroplasty with its conventional equivalent in 

the existing literature. 

 

Materials and Methods 

This meta-analysis was conducted using the PRISMA checklist and algorithm, focusing on original 

comparative level I of evidence randomized controlled trials (RCTs) reporting primary total knee 

arthroplasty (TKA) in robotic total knee arthroplasty with its conventional equivalent. The study included 

studies involving patients with infammatory arthritis or post-traumatic arthritis, non-comparative or not 

reporting outcomes, review articles, cross-sectional, case series, and reports, and preclinical or animal 

studies. Data was collected using a pre-designed data collection sheet in Microsoft Excel, including surname 

of the first author, year of study, age, gender, patient count, prosthesis type, robotic system used, points of 

follow-up, revision rates for any cause, and complications encountered. 
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The study evaluated several outcomes of interest, including scores for knee society pain and function, the 

Western Ontario and McMaster University score (WOMAC), the Hospital of Special Surgery score (HSS), 

knee range of motion, and alignment parameters. Data related to sagittal and coronal knee alignments were 

also obtained. The qualitative analysis was conducted using the revised Cochrane risk-of-bias tool for 

randomized trials (RoB 2), which evaluates five key areas: randomization, adherence to intended treatments, 

missing outcomes, measurement bias, and reporting bias. 

The meta-analysis was performed using RevMan V.5.0.18.33, extracting mean and standard variations to 

present continuous variables, analyzing dichotomous variables by relative risk (RR) with 95% CI, 

measuring heterogeneity using I2, and considering results statistically significant at p<0.05. 

 

Results 

The study selection process involved a search of 651 articles, with 318 being duplicates and 79 being 

excluded. The remaining articles were screened based on title and abstract, resulting in the exclusion of 79. 

The full text of the 333 remaining articles was evaluated against the inclusion criteria, resulting in seven 

studies meeting the eligibility criteria. 

The study included 1942 knees, with 974 being implanted using robotic arms and the remaining 968 being 

conventionally implanted. All TKAs in the included RCTs were cemented. In terms of robotic systems, five 

papers [18–22] utilized the ROBODOC system (Integrated Surgical Systems, Sacramento, CA) for the 

robotically assisted knee group, while the other two studies [23, 24] used the NAVIO® system (Smith and 

Nephew, Andover, TX, USA). All trials included in the study matched their study groups in terms of 

participant age and gender. However, there was a variation in the follow-up periods, so the researchers 

reported their results at the final follow-up. 
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Table 1: Characteristics of the studies 

 

Three studies demonstrated a low risk of bias, while five studies exhibited some concern for bias. Notably, 

none of the included studies showed a high risk of bias. All studies maintained their groups according to the 

original randomization, and no study experienced a high dropout rate or failed to report outcomes. 

 

Study       Mean    SD    total     Mean    SD    Total  Weight      Mean Difference  

2016         81.8      14.9    31      87.9      10.6   28      8.7%          6.10 (-12.65, 0.45) 

2007         91.6       2.94   32      90.9      4.88   30      91.3%         0.70 (-1.82,  2.72) 

Table 2: clinical knee society score at the fnal follow up between RTKA and CTKA,  

CI confidence interval. 

 

The clinical knee society score (KSS clinical) was documented in two studies [19, 20], which reported their 

outcomes at varying follow-up periods, ranging from 24 to 47 months. The meta-analysis outcome at the 

final follow-up showed no statistically significant difference between the two groups. The functional knee 

society score (KSS functional) was outlined in two studies [19, 20], which demonstrates no statistical 

difference between the two groups.  
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The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) functional score was 

examined in two papers [21, 22], with neither reporting any differences between RTKA and CTKA at 12 

and 36 months, respectively. 

Four studies [19–22] reported on the post-operative range of motion, with their analysis being conducted at 

the final follow-up, which ranged from 12 to 47 months. The fxed effect meta-analysis indicated a 

superiority of RTKA knees in terms of range of motion; however, this was not statistically significant. 

Post-operative alignment parameters were extensively studied in the included papers. The tibiofemoral and 

mechanical axes were reported in three studies each. The robotic knee was statistically superior in restoring 

the tibiofemoral and mechanical axes, respectively. However, the results for the tibiofemoral axis 

demonstrated high heterogeneity. On the other hand, other parameters such as the female fexion angle, 

anteroposterior and lateral tibial angles were reported in six studies [18, 20–24]. Our fxed model analysis 

did not reveal any signifcant differences between the anteroposterior and lateral tibial angles in both knee 

arthroplasty techniques (p value > 0.05). 

 

Discussion 

The rise in knee replacement surgeries, primarily due to osteoarthritis, has advanced both conventional and 

robotic techniques. However, achieving optimal patient satisfaction remains a challenge, with precise 

implant placement and soft tissue balance being key factors. Robotic Total Knee Arthroplasty (RTKA) 

emerged to address these issues, promising enhanced accuracy. A meta-analysis was crucial as it sought to 

compare RTKA with CTKA methods. The most significant result from this meta-analysis was the markedly 

improved restoration of mechanical alignment in robotic-assisted knee arthroplasty compared to jig-based 

methods. This finding, which was a unique outcome of our level I study, could likely be credited to the 

accuracy of knee balancing in robotic surgeries. Furthermore, our study findings concur with prior 

acknowledgments concerning the superior performance of robotic-assisted knee arthroplasty in terms of 

implant placement and reduction of radiological outliers. 

The precision of robotic knees concerning balancing and implant placement has been shown to positively 

influence knee outcomes in a few cohorts. However, this meta-analysis was unable to demonstrate any 

superiority in patient-reported outcome scores. The introduction of kinematic alignment, which can be 

replicated in robotic knees, has increased the popularity of robotic arthroplasty among surgeons. While 
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kinematic alignment seems to be a promising direction for knee balancing, no long-term studies currently 

confrm its superiority over other balancing techniques. On the other hand, while RTKA promises theoretical 

precision, the substantial learning curve and extended operative times present notable concerns. The 

requirement for preoperative CT imaging with certain systems further adds to the duration, cost, and 

radiation exposure, complicating its widespread adoption. 

While robotics may yield improved clinical and radiological outcomes, it is necessary to weigh these 

potential benefits against the increased cost of robotic surgery. Certain robotic systems employ CT scans, 

which can further escalate costs. Several studies have estimated an increased cost per knee of $1000-1350, 

and this does not take into account any additional radiological studies that may be required. 

 

Conclusion 

The meta-analysis suggests that robotic total knee replacements offer better post-operative anatomical and 

mechanical alignment than conventional total knee replacements. However, clinical and functional 

outcomes and complication rates are similar. The study suggests further randomized controlled trials with 

the latest robotic systems to confirm superior functional and clinical outcomes. 
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