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Abstract 
Introduction: Total knee arthroplasty (TKA) is a prevalent procedure for alleviating pain and restoring 

joint function in patients with knee joint deterioration. Navigation-assisted robotic total knee arthroplasty 

(NARTKA) is an emerging technique aiming to improve surgical precision and patient outcomes. 

Concerns regarding prolonged surgery duration and associated morbidities have driven interest in 

advanced technologies. This study investigates the impact of robotic assistance on surgery time, focusing 

on NARTKA and its additional steps. 

Methodology: A retrospective study was conducted at Apollo Hospitals Chennai from January to June 

2023, involving 60 patients who underwent conventional or NARTKA. Only experienced surgeons (≥ 15 

years) were included. The study aimed to compare surgical time between conventional TKA and 

NARTKA, as well as analyze time consumption in various NARTKA steps. 

Results: Comparative analysis revealed no statistically significant differences in mean time between 

Incision time, Bone pin time, Bone registration time, Balancing time, Bone preparation time, Implant 

trial time, and Final implantation time in robotic TKA (P=0.891). Similarly, there was no significant 

difference in time between Incision time and final implantation time between Conventional TKA and 

Robotic TKA (P=0.219). 

Conclusion: While NARTKA shows slightly extended surgical duration compared to traditional TKA, 

the difference is not significant for highly experienced surgeons. Areas for improvement include bone 

registration and ligament balancing, which could enhance efficiency. Modifications to navigation-

assisted robotic equipment and improved training for surgical staff are crucial. As technology evolves, 

advanced methods may outpace traditional approaches in terms of speed. 

 

Keywords: Navigation-assisted robotic TKA, Conventional TKA, Surgical time, Additional steps in 

robotic TKA 

 

Introduction  

Total knee arthroplasty (TKA) is a common orthopeadic procedure used to alleviate pain and 

restore joint function in patients with significant osteochondral deterioration of the knee joint. 

Navigation-assisted robotic total knee arthroplasty (Nartka) is an emerging technique with the 

potential to enhance surgical precision and patient outcomes. The prolonged surgery duration 

associated with increased morbidities has been a concern for both surgeons and patients. 

Modern robotic systems offer capabilities such as pre-planning, data collection, and 

retrospective analysis, enabling the identification of trends and best practices for robotic TKA 

procedures. Advances in navigation technology within robotic systems have further improved 

precision, benefiting hip, knee, and ankle centering, accurate pin and checkpoint registrations, 

bone mapping, and multi-dimensional tracking. This ensures that the robotic arm maintains 

precision by accurately following the surgeon's movements throughout the surgery. However, 

literature on robotic surgery in arthroplasty is limited, particularly in terms of clinical and 

comparative data. This section provides an overview of the significance of surgery duration in 

TKA procedures and underscores the need to explore the impact of robotic assistance on 

surgical time, along with a time analysis of additional steps in navigation-assisted robotic total 

knee arthroplasty (NARTKA) performed by experienced surgeons. 
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Materials and Methods 

 A retrospective open-label randomized control study was 

conducted in the Orthopaedics department of Apollo 

Hospitals Chennai from January 2023 to June 2023. The study 

included 60 patients who underwent either conventional or 

navigation-assisted robotic total knee arthroplasty. Sample 

size calculation was based on a previous study's prevalence of 

osteoarthritis (3.91%). Patients aged 18 to 80 years 

undergoing primary TKA by surgeons with over 15 years of 

experience were included. Exclusions comprised patients 

undergoing revision Total Knee Arthroplasty and procedures 

performed by less experienced arthroplasty surgeons. 

The study aimed to compare the time required for 

conventional TKA and navigation-assisted robotic TKA 

(NARTKA). The secondary objective was to analyze the time 

consumed by various additional steps in NARTKA and 

identify areas for improvement. 

 

Methodology 

To ensure result accuracy, only patients operated on by highly 

experienced surgeons with over 15 years of expertise were 

included. Patients undergoing NARTKA underwent knee 

joint CT scans using the Mako knee CT scanning protocol 

(PN 200004). A total of 60 TKA procedures were performed 

using the Stryker MAKO navigation and robotic system with 

software version 2.0. This system was employed for pre-

surgical planning, ligament balancing, implant positioning, 

and gap assessment. Identical lines of prosthesis were used for 

cemented instances on the tibia and femur. Additional 

surgical steps in NARTKA included bone array implantation, 

bone tracker pin insertion, bone registration and verification, 

resection planning, and gap balancing. Surgical stage 

durations were meticulously recorded by a dedicated 

individual who remained present throughout the entire 

process. 

The primary objectives were to compare the time from 

incision to final implantation between conventional TKA and 

robotic TKA, as well as to perform a comprehensive analysis 

of the time required for the supplementary stages in 

navigation-assisted robotic TKA (NARTKA). 

Ethical clearance was obtained from the institutional ethics 

committee. 

 

Results 

Following a patient time-out at the procedure's initiation, a 

midline incision was made, and an arthrotomy was conducted 

through a medial parapatellar approach into the joint. Both the 

meniscus and the ACL were excised. On average, this step 

took 13.49 minutes (SD 4.36, Range 6.54-21.05) in standard 

TKA and 13.79 minutes (SD 3.96, Range 6.45-20.44) in 

NARTKA. In NARTKA, an average of 13.94 minutes (SD 

3.95, Range 6.51-20.55) was required for the insertion of 

femoral and tibial biotical array pins and tracking 

checkpoints. Registering the tibia and femur and aligning 

their anatomies with the preoperative CT scan took a total of 

14.07 minutes (SD 3.99, Range 6.53-21.03). Following the 

navigation system's accurate recognition of the anatomy, 

ligament balancing was determined, consuming an average of 

14.24 minutes (SD 3.98, Range 6.58-21.12). Once anatomical 

alignment and ligament balance were established, the MAKO 

robot's robotic arm saw blade model was used for tibial and 

femoral bone cuts, requiring 14.53 minutes (SD 3.94, Range 

7.03-21.27). Subsequently, all remaining marginal 

osteophytes and meniscus fragments were excised, followed 

by thorough irrigation. The trial prosthesis was tested, with an 

average time of 14.82 minutes (SD 3.97, Range 7.11-21.46) in 

NARTKA and 13.97 minutes (SD 4.95, Range 1.49-21.51) in 

traditional TKA. The steps of Palacos cementing and final 

prosthetic implantation took an average of 14.96 minutes (SD 

4, Range 7.15-21.54) in NARTKA and 14.17 minutes (SD 

4.98, Range 2.01-22.07) in conventional TKA (Table 1). 

 
Table 1: Descriptive statistics of mean and SD time difference in 

stages of Robotic TKA and Conventional TKA 
 

 
 

Groups 

Robotic TKA Conventional TKA 

Frequency 30 30 

Incision Time 

Mean 13.79 13.49 

SD 3.96 4.36 

Minimum 6.45 6.54 

Maximum 20.44 21.05 

Bone Pin Time 

Mean 13.94 0 

SD 3.95 0 

Minimum 6.51 0 

Maximum 20.55 0 

Bone Registration 

Time 

Mean 14.07 0 

SD 3.99 0 

Minimum 6.53 0 

Maximum 21.03 0 

Balancing Time 

Mean 14.24 0 

SD 3.98 0 

Minimum 6.58 0 

Maximum 21.12 0 

Bone Preparation 

Time 

Mean 14.53 0 

SD 3.94 0 

Minimum 7.03 0 

Maximum 21.27 0 

Implant Trial Time 

Mean 14.82 13.97 

SD 3.97 4.95 

Minimum 7.11 1.49 

Maximum 21.46 21.51 

Final Implantation 

Time 

Mean 14.96 14.17 

SD 4 4.98 

Minimum 7.15 2.01 

Maximum 21.54 22.07 

 

A comparison of the mean time differences between Incision 

time, Bone pin time, Bone registration time, Balancing time, 

Bone preparation time, Implant trial time, and Final 

implantation time in robotic TKA was described in Table 2, 

which yielded a p-value of 0.891, indicating statistical 

insignificance. Similarly, a comparison of the time differences 

between Incision time and final implant time between 

Conventional TKA and Robotic TKA was presented in Table 

3, also showing statistical insignificance (Table 2, 3). 

 
Table 2: Comparison of mean time difference between Incision 

time, Bone pin time, Bone registration time, Balancing time, Bone 

preparation time, Implant trial time and Final implantation time in 

robotic TKA 
 

 
N Mean SD F P Value 

Incision time 30 13.79 3.96 

0.38 0.891 

Bone pin time 30 13.94 3.95 

Bone registration time 30 14.07 3.99 

Balancing time 30 14.24 3.98 

Bone preparation time 30 14.53 3.94 

Implant trial time 30 14.82 3.97 

Final implantation time 30 14.96 4.00 

*Statistical significance set at 0.05; N: Number of samples; SD: 

Standard deviation 
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Interpretation 

Hypotheses 

 
Null hypothesis Alternative hypothesis 

There is no difference between the 

7 categories of the independent 

variable with respect to the 

dependent variable. 

There is a difference between the 

7 categories of the independent 

variable with respect to the 

dependent variable. 

 

Analysis of variance 

A one-factor analysis of variance has shown that there 

is no significant difference between the categorical variable 

and the dependent variable F = 0.38, p = .891 Thus, with the 

available data, the null hypothesis is not rejected. 

 

Post hoc Test 

The ANOVA showed that there was no significant difference, 

so it is not reasonably possible to compute a post hoc test. 

 
Table 3: Comparison of the difference in time of Incision time and 

final implant time between Conventional TKA and Robotic TKA 
 

 
Groups N Mean SD T P Value 

Incision time - Final 

Implant time 

Conventional TKA 30 0.68 2.14 
-1.243 0.219 

Robotic TKA 30 1.17 0.31 

*Statistical significance set at 0.05; N: Number of samples; SD: 

Standard deviation 

 

Interpretation 

Hypotheses 

 
Null hypothesis Alternative hypothesis 

There is no difference between the 

Conventional TKA and Robotic 

TKA groups with respect to the 

dependent variable Final Implant 

time - Incision time 

There is a difference between the 

Conventional TKA and Robotic 

TKA groups with respect to the 

dependent variable Final Implant 

time - Incision time 

 

Descriptive statistics 

The results of the descriptive statistics show that the 

Conventional TKA group has lower values for the dependent 

variable Incision time - Final Implant time (M = 0.68, SD = 

2.14) than the Robotic TKA group (M = 1.17, SD = 0.31). 

 

T-Test for independent samples 

A two-tailed t-test for independent samples (equal 

variances assumed) showed that the difference between 

Conventional TKA and Robotic TKA with respect to the 

dependent variable Final Implant time - Incision time 

was not statistically significant, t(58) = -1.24, p = .219, 95% 

confidence interval [-1.28, 0.3]. Thus, the null hypothesis 

is retained. 

 

 
 

Fig 1: Mean distribution of different time levels among Robotic TKA and Conventional TKA 

 

Discussion 

The surgical exposure was then closed in layers. When 

comparing NARTKA to traditional TKA, the additional steps 

of NARTKA, such as femoral and tibial bicortical arrays and 

tracking checkpoints, bone registration, and ligament 

balancing, extend the operating time. This extension could be 

attributed to the surgeons' lack of experience with the new 

navigation system and robotic technology. Even those 

surgeons who have previously performed TKA with 

navigation guidance and now have the extra robotic guidance 

find that executing the additional steps of NARTKA takes 

more time. Both the surgical scrub team and nursing staff are 

unfamiliar with this navigation-assisted robotic equipment. 

The lack of expertise and training among the scrub nursing 

team also significantly contributes to the time extension in 

these stages. Implementing step-by-step training for the scrub 

team and nursing staff is expected to enhance efficiency and 

reduce the time required by the surgeon to complete these 

steps. In a recent study, Held et al. found a greater estimated 

blood loss in the robotic group, which may be attributed to the 

prolonged operative time [7]. Another long-term study by Kim 

et al. associated the robotic group with increased blood loss 

and postoperative drainage volume [8]. In NARTKA, two key 

steps that consume more time are bone registration and 

ligament balancing, which can be expedited with experience. 

Even during the NARTKA bony preparation process, 

changing the saw blade after anterior, chamfer, and distal 

femur cuts is necessary. Simplifying this process by designing 

a saw model that eliminates the need for blade changes 

between bony preparation stages could enhance efficiency. 

More time is spent on the bone preparation step in NARTKA 

to ensure that soft tissues do not interfere because the robotic 

arm's saw blade and navigation system cannot detect soft 

tissues during bone cutting. The presence of tracker arrays on 

the femur and tibia, as well as the robotic arm model arrays, 

makes it challenging for surgeons to reposition while making 

cuts. When comparing the total time difference between 

NARTKA and traditional TKA, the p-value is 0.219, 
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indicating statistical insignificance. Thus, highly experienced 

surgeons proficient in navigation and robotic systems can 

perform surgeries within the same time frame as conventional 

surgeries. Conversely, young arthroplasty surgeons still have 

a steep learning curve to achieve favorable outcomes. 

 

Limitations 

This study include a relatively small sample size and the 

absence of a comparison between young and highly 

experienced surgeons. Additionally, the study involved 

multiple surgeons, introducing potential variability in results 

and outcomes. 

 

Conclusion 

In conclusion, navigation-assisted robotic total knee 

arthroplasty takes longer than traditional knee arthroplasty but 

not significantly for highly experienced surgeons. There is 

room for improvement in various processes, particularly bone 

registration and ligament balancing, which surgeons can adapt 

for greater efficiency. Modifying the directions of the arrays 

and the robotic saw blade model could facilitate younger 

surgeons' execution of the steps. Scrub staff training and 

experience are crucial for successful navigation-assisted 

robotic surgery. It is anticipated that these advanced 

technologies will continue to evolve, eventually enabling 

surgeries to be performed more rapidly than traditional 

methods. 
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