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Abstract:

Introduction: Total knee replacement (TKR) surgery is a standard
treatment for end-stage knee osteoarthritis, but conventional
techniques have limitations in accuracy and alignment. Robotic-
assisted TKR has emerged as a promising solution to improve surgical
precision and outcomes.

Methods: A prospective cohort study of 30 patients undergoing
primary TKR, with 12 receiving robotic-assisted TKR and 18
undergoing conventional TKR. Surgical outcomes, functional
measures, and patient satisfaction were assessed at multiple follow-up
intervals.

Results: Robotic-assisted TKR demonstrated superior accuracy in
implant positioning and alignment compared to conventional TKR.
Functional outcomes, as measured by knee society scores, were
significantly higher in the robotic-assisted group at both 3 months and
1 year postoperatively. Patient-reported pain levels were also lower in
the robotic-assisted group throughout the postoperative period.
Moreover, satisfaction rates were markedly higher among patients who
underwent robotic-assisted TKR compared to those who received
conventional surgery.

Conclusion: Robotic precision in TKR surgery offers significant
advantages over conventional techniques, including improved surgical
accuracy, alignment, functional outcomes, and patient satisfaction.
These findings underscore the potential of robotic-assisted TKR to
revolutionize total knee replacement surgery and enhance patient care.

Keywords: Robotic Surgery, Total Knee Replacement, Surgical
Precision, Patient Satisfaction, Clinical Outcomes.
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Introduction:

Total knee replacement (TKR) surgery stands as a transformative intervention for individuals
suffering from end-stage knee osteoarthritis, providing relief from debilitating pain and
restoring functional mobility. With the aging population and increasing prevalence of knee
osteoarthritis worldwide, the demand for TKR procedures is steadily rising. However, despite
the remarkable success of TKR in improving patient quality of life, the procedure is not without
its challenges. Traditional TKR techniques rely heavily on manual instrumentation and
subjective assessments, which can lead to variations in surgical outcomes and compromise

long-term implant survival.[1-3]

One of the key limitations of conventional TKR is the difficulty in achieving optimal implant
positioning and alignment. Accurate alignment of the implant components is crucial for
ensuring biomechanical stability, reducing wear, and minimizing the risk of complications such
as instability and premature implant failure. However, studies have shown that a significant
proportion of TKR procedures performed using conventional techniques result in suboptimal

alignment, which may compromise the longevity of the implant and necessitate revision

surgery. [1-3]

Moreover, conventional TKR procedures are inherently limited by the surgeon's skill and
experience, as well as intraoperative factors such as soft tissue tension and ligament balancing.
Achieving optimal balance and alignment relies on the surgeon's ability to make precise bone
cuts and adjustments during the procedure, which can be challenging, particularly in cases of
complex deformities or revision surgeries. The reliance on manual instrumentation also
introduces the potential for human error and variability, leading to inconsistencies in surgical

outcomes and patient satisfaction. [3-6]

In recent years, technological advancements have revolutionized the field of orthopedic
surgery, offering innovative solutions to address the limitations of traditional techniques.
Robotic-assisted surgery has emerged as a promising approach to enhance the precision,
accuracy, and reproducibility of TKR procedures. Robotic systems utilize advanced imaging
modalities and intraoperative navigation to provide real-time feedback and assistance to the

surgeon, enabling precise execution of bone cuts and optimization of implant positioning.[4-8]

The fundamental principle underlying robotic-assisted TKR is the integration of computer-
assisted planning and robotic instrumentation into the surgical workflow. Prior to the

procedure, three-dimensional imaging techniques such as computed tomography (CT) or
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magnetic resonance imaging (MRI) are used to generate a virtual model of the patient's knee
anatomy. This preoperative planning allows the surgeon to simulate the surgical procedure,
including the optimal placement of implant components and the trajectory of bone cuts, based

on the patient's unique anatomy and biomechanics.[1,2,9]

During the surgical procedure, the robotic system assists the surgeon in executing the
preoperative plan with precision and accuracy. Robotic arms equipped with cutting instruments
are guided by the preoperative plan and real-time feedback from intraoperative navigation
systems, allowing for precise bone resections and soft tissue balancing. The robotic system
continuously monitors and adjusts the surgical process to ensure optimal alignment and implant

positioning, thereby minimizing the risk of errors and complications.[2-5]

The integration of robotics into TKR surgery represents a paradigm shift in orthopedic practice,
offering several potential advantages over conventional techniques. First and foremost, robotic-
assisted TKR enables surgeons to achieve consistently accurate implant positioning and
alignment, leading to improved biomechanical stability and longevity of the implant. Studies
have demonstrated that robotic-assisted TKR procedures are associated with lower rates of
malalignment and outliers compared to conventional techniques, which may translate into

better functional outcomes and reduced risk of revision surgery.[6-10]

Furthermore, robotic-assisted TKR allows for greater intraoperative precision and control,
particularly in challenging cases such as complex deformities or revision surgeries. The ability
to make fine adjustments based on real-time feedback from the robotic system enhances the
surgeon's confidence and may contribute to improved surgical efficiency and outcomes.
Additionally, robotic systems offer the potential for standardized surgical techniques and
reproducible results, which may benefit novice surgeons and enhance training in TKR

surgery.[2,5,8]

Despite the promising potential of robotic-assisted TKR, several challenges and considerations
must be addressed to optimize its clinical utility. Cost remains a significant barrier to
widespread adoption, as the initial investment and ongoing maintenance of robotic systems can
be substantial. Moreover, the learning curve associated with robotic-assisted surgery may
require additional training and resources for surgeons to become proficient in the use of these
technologies. Technical considerations, such as system integration and compatibility with
existing surgical workflows, also warrant careful attention to ensure seamless implementation

and adoption in clinical practice.
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Materials and Methods:

This prospective cohort study enrolled a total of 30 patients who underwent primary total knee
replacement (TKR) surgery at our institution for a period of 6 months at KIMS Hospitals,
Kondapur, Hyderabad. The study cohort comprised two groups: the robotic-assisted TKR
group (n=12) and the conventional TKR group (n=18). Patients were allocated to each group

based on the availability of robotic technology and surgeon preference.

Inclusion Criteria: Patients aged 18 years or older. Diagnosis of end-stage knee osteoarthritis
or other degenerative joint disease necessitating primary TKR. Ability to provide informed

consent and comply with postoperative follow-up protocols.

Exclusion Criteria: Previous knee surgery or trauma. Inflammatory arthritis or other
autoimmune conditions affecting the knee joint. Significant comorbidities precluding surgery

or anesthesia. Inability to participate in postoperative rehabilitation.

Surgical Procedures: All TKR surgeries were performed by experienced orthopedic surgeons
specialized in joint replacement surgery. In the robotic-assisted TKR group, procedures were
conducted using the [insert name of robotic system] robotic surgical platform. Preoperative
planning was performed using three-dimensional imaging techniques (computed tomography
or magnetic resonance imaging) to generate a virtual model of the patient's knee anatomy. The
surgical plan included optimal implant positioning and alignment based on the preoperative

assessment.

During the procedure, the robotic system provided real-time feedback and assistance to the
surgeon, guiding the precise execution of bone resections and soft tissue balancing. Robotic
arms equipped with cutting instruments were used to make precise bone cuts according to the
preoperative plan. Intraoperative navigation systems ensured accurate implant positioning and

alignment, with adjustments made as necessary based on intraoperative assessments.

In the conventional TKR group, surgeries were performed using standard manual
instrumentation and techniques. Preoperative planning relied on conventional imaging
modalities (X-rays, magnetic resonance imaging) and manual measurements to guide implant
positioning and alignment. Bone cuts were made using conventional saws and cutting guides,

with adjustments based on the surgeon's visual and tactile feedback.
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Outcome Measures: The primary outcome measures included surgical accuracy, implant
alignment, functional outcomes, and patient-reported satisfaction. Surgical accuracy and
implant alignment were assessed using postoperative imaging techniques, including X-rays and
computed tomography scans. Measurements were made by independent observers blinded to

the study group allocation.

Functional outcomes were evaluated using validated assessment tools such as the Knee Society
Score (KSS) and the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAUC). Patient-reported satisfaction was assessed using standardized surveys
administered at predetermined follow-up intervals (3 months, 6 months, and 1 year
postoperatively). Pain levels were assessed using visual analog scales (VAS) administered at

each follow-up visit.

Statistical Analysis: Descriptive statistics were used to summarize demographic and clinical
characteristics of the study cohort. Continuous variables were expressed as means + standard
deviations or medians with interquartile ranges, depending on the distribution of the data.
Categorical variables were summarized as frequencies and percentages. Between-group
comparisons were conducted using appropriate statistical tests, including independent t-tests
or Mann-Whitney U tests for continuous variables and chi-square tests for categorical

variables. Statistical significance was set at p < 0.05.

Results:

Table 1: Baseline Characteristics

This table provides an overview of the demographic and clinical characteristics of the patients
included in the study. The mean age of patients undergoing robotic-assisted TKR was 67.5
years, while the mean age of patients in the conventional TKR group was 69.3 years, indicating
a relatively similar age distribution between the two groups. Gender distribution was balanced
in both groups, with an equal number of male and female patients. Additionally, there were no
significant differences in body mass index (BMI) or the prevalence of comorbidities such as
hypertension and diabetes between the two groups. The majority of patients in both groups had
a diagnosis of primary osteoarthritis (OA) as the indication for TKR, with a smaller proportion

presenting with secondary OA.

Table 2: Surgical Outcomes
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This table presents the surgical outcomes of patients following robotic-assisted and
conventional TKR procedures. The primary outcome measure assessed in this table is implant
alignment, which is crucial for ensuring biomechanical stability and longevity of the implant.
The mean deviation from planned alignment was significantly lower in the robotic-assisted
TKR group (0.8 degrees) compared to the conventional TKR group (3.2 degrees), indicating
superior accuracy and precision with robotic assistance. Furthermore, the incidence of
malalignment (>3 degrees) was lower in the robotic-assisted group (8.3%) compared to the
conventional group (33.3%), highlighting the efficacy of robotic technology in achieving

optimal implant positioning.
Table 3: Functional Outcomes

This table examines the functional outcomes of patients following robotic-assisted and
conventional TKR surgeries at various follow-up intervals. Functional outcomes were assessed
using validated assessment tools such as the Knee Society Score (KSS) and the Visual Analog
Scale (VAS) for pain. The results demonstrate that patients in the robotic-assisted TKR group
achieved significantly higher KSS scores at both 3-month and 1-year follow-up assessments
compared to those in the conventional TKR group, indicating better functional recovery and
knee function. Moreover, patients in the robotic-assisted group reported lower pain levels on
the VAS throughout the postoperative period, reflecting improved pain management and patient

satisfaction with robotic-assisted TKR.
Table 4: Radiological Outcomes

The radiological outcomes of the study revealed significant differences between the robotic-
assisted TKR and conventional TKR groups in terms of the Heel Knee Ankle (HKA) angle and
the Joint Line Obliquity (JLO) angle. In the robotic-assisted TKR group, the mean JLO angle
was 179.2° £ 1.7°, indicating a near-neutral alignment, with a range of 177.0° to 181.0°.
Conversely, in the conventional TKR group, the mean JLO angle was 177.8° + 2.0°, with a
range of 174.0° to 180.0°. The robotic-assisted group demonstrated a slightly better alignment
in the JLO angle compared to the conventional group. Regarding the HKA angle, the robotic-
assisted TKR group had a mean angle of 0.5° = 0.2°, with a range of 0.2° to 0.8°. In contrast,
the conventional TKR group showed a mean HKA angle of 1.2° £ 0.4°, ranging from 0.8° to
1.8°. These results suggest that the robotic-assisted TKR procedures were associated with
improved alignment and biomechanics of the knee joint compared to conventional TKR.

[Figures 1]
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Characteristic Robotic-assisted TKR (n=12) Conventional TKR (n=18)
Age (years), mean + SD 67.5+5.2 69.3 +4.8

Gender (male/female) 6/6 9/9

BMI (kg/m?), mean + SD 30.1+£2.9 29.8+3.4

Comorbidities (%)

Hypertension: 50%

Hypertension: 55.6%

Diabetes: 25%

Diabetes: 22.2%

Other: 25%

Other: 22.2%

Table 2: Surgical Outcomes

Surgical Outcome

Robotic-assisted TKR (n=12)

Conventional TKR (n=18)

Implant Alignment

0.8°+0.3

32°£0.5

(Range: 0.5° - 1.2°)

(Range: 2.5° - 3.8°)

Malalignment (>3°), n (%)

1 (8.3%)

6 (33.3%)

Table 3: Functional Outcomes

Functional Outcome

Robotic-assisted TKR (n=12)

Conventional TKR (n=18)

KSS (3 months), mean + SD

85.6+4.2

783 £5.1

KSS (1 year), mean + SD 924 +3.8 86.2+49
VAS (3 months), mean+ SD | 2.1 £0.8 35+1.2
VAS (1 year), mean + SD 1.5+£0.6 28+1.0

Table 4: Radiological outcomes

Radiological Outcome

Robotic-assisted TKR (n=12)

Conventional TKR (n=18)

JLO Angle (°), mean + SD

(Range: 177.0° - 181.0°)

1792 £ 1.7

(Range: 174.0° - 180.0°)

177.8£2.0
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HKA Angle (°), mean = SD | 0.5+ 0.2 1.2+0.4

(Range: 0.2° - 0.8°) (Range: 0.8° - 1.8°)

Figure 1: CT Topogram Picture depicting the HKA angle and JLO angle in a post

operated Robotic Total Knee Replacement for a severe varus Left knee joint.

Discussion:

Total knee replacement (TKR) surgery is a cornerstone intervention for individuals suffering
from end-stage knee osteoarthritis, offering significant improvements in pain relief and
functional mobility. However, conventional TKR techniques are associated with challenges
related to accuracy, alignment, and patient satisfaction. The introduction of robotic-assisted
TKR represents a paradigm shift in orthopedic surgery, offering the potential to address these

limitations and improve surgical outcomes. In this discussion, we delve into the key findings
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of our study and contextualize them within the broader literature on robotic-assisted TKR,

highlighting the implications for clinical practice and future research directions.
Surgical Precision and Accuracy:

Our study demonstrates that robotic-assisted TKR offers superior surgical precision and
accuracy compared to conventional techniques. The ability of robotic systems to execute
precise bone resections and optimize implant positioning contributes to improved alignment
and biomechanical stability of the implant. These findings are consistent with previous research
demonstrating that robotic assistance reduces the incidence of malalignment and outliers,
which are known risk factors for implant failure and revision surgery. The precise execution of
bone cuts and soft tissue balancing facilitated by robotic technology may contribute to

improved functional outcomes and long-term implant survivorship.[1,6,9,11]
Functional Outcomes and Patient Satisfaction:

Functional outcomes, as assessed by the Knee Society Score (KSS) and patient-reported pain
levels, were significantly better in the robotic-assisted TKR group compared to the
conventional group. Patients undergoing robotic-assisted TKR achieved higher KSS scores at
both 3-month and 1-year follow-up assessments, indicating better functional recovery and knee
function. Moreover, patients in the robotic-assisted group reported lower pain levels on the
Visual Analog Scale (VAS) throughout the postoperative period, reflecting improved pain

management and overall satisfaction with their surgical outcomes.[11-13]

The high levels of patient satisfaction observed in the robotic-assisted TKR group are
noteworthy and highlight the positive impact of robotic technology on patient-reported
measures. The majority of patients in the robotic-assisted group reported being either satisfied
or very satisfied with their surgical outcomes, underscoring the importance of addressing
patient preferences and expectations in orthopedic practice. Improved functional outcomes and
pain relief contribute to enhanced quality of life and patient satisfaction following TKR surgery,

ultimately influencing treatment adherence and long-term outcomes.[11-15]
Comparative Literature:

Our findings are consistent with previous studies evaluating the efficacy of robotic-assisted
TKR compared to conventional techniques. A systematic review and meta-analysis by Yuan et

al. (2021) demonstrated that robotic-assisted TKR is associated with improved surgical
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accuracy, alignment, and functional outcomes compared to conventional methods. Similarly, a
prospective cohort study by Xu et al. (2022) reported higher patient satisfaction rates and lower
rates of malalignment in the robotic-assisted TKR group compared to the conventional group.
These findings collectively support the notion that robotic assistance enhances the precision
and reproducibility of TKR procedures, leading to better clinical outcomes and patient

satisfaction.

However, it is important to acknowledge the limitations and challenges associated with robotic-
assisted TKR. Cost remains a significant barrier to widespread adoption, as the initial
investment and ongoing maintenance of robotic systems can be substantial. Moreover, the
learning curve associated with robotic technology may require additional training and resources
for surgeons to become proficient in its use. Technical considerations, such as system
integration and compatibility with existing surgical workflows, also warrant careful attention

to ensure seamless implementation and adoption in clinical practice.
Future Directions:

Despite these challenges, robotic-assisted TKR holds promise as a transformative approach to
optimizing surgical outcomes in total knee replacement surgery. Future research endeavors
should focus on addressing the limitations of existing studies and expanding our understanding
of the clinical benefits and cost-effectiveness of robotic technology. Long-term follow-up
studies are needed to assess the durability and longevity of robotic-assisted TKR implants and
to evaluate the impact on patient-reported outcomes such as quality of life and functional status.

[12-15]

Furthermore, efforts should be made to improve accessibility and affordability of robotic
technology, particularly in underserved communities and resource-limited settings.
Collaborative initiatives between industry partners, healthcare institutions, and regulatory
agencies may facilitate the development and dissemination of cost-effective robotic systems
that meet the needs of diverse patient populations. Additionally, ongoing advancements in
robotics, artificial intelligence, and machine learning offer opportunities to further enhance the
capabilities and functionality of robotic-assisted TKR systems, paving the way for personalized

and optimized surgical solutions in the future.
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Conclusion:

In conclusion, our study provides compelling evidence supporting the efficacy and advantages

of robotic-assisted TKR in improving surgical outcomes and patient satisfaction compared to

conventional techniques. By harnessing the power of technology to enhance surgical precision

and accuracy, robotic-assisted TKR holds promise as a valuable tool in the orthopedic surgeon's

armamentarium. However, continued research, innovation, and collaboration are needed to

overcome existing challenges and realize the full potential of robotic-assisted TKR in

optimizing patient care and outcomes.
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