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ARTICLE INFO ABSTRACT

Received: 05 Dec 2024 Orthopedic surgery demands unparalleled precision to optimize outcomes and minimize

complications such as malunion or nonunion of bones [9][13]. Manual procedures often lack

real-time feedback mechanisms, contributing to iatrogenic errors that compromise patient safety

Accepted: 10 Feb 2025 and increase healthcare costs [9][10]. This research explores the innovative adaptation of sports
tracking technologies—Hotspot, Hawk-Eye, and Snickometer—into a unified Real-Time
Orthopedic Surgery Precision System (RTOSPS) [1][2][6]. By integrating thermal imaging,
trajectory tracking, and acoustic feedback with machine learning, the system aims to enhance
surgical accuracy in bone alignment, implant placement, and fracture fixation [9][11][15].
Simulated studies and clinical trials will evaluate the efficacy of this interdisciplinary approach,
potentially revolutionizing orthopedic surgery and reducing iatrogenic errors [13][15]. This
research underscores the transformative potential of leveraging advanced sports analytics in the
medical field for improved patient outcomes [1][9].
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Abbreviations

RTOSPS Real-Time Orthopedic Surgery Precision System
CAS Computer Assisted Surgery

1. INTRODUCTION

Orthopedic surgery is a critical field of medicine where precision in bone alignment, fixation, and implant positioning
is paramount to ensure successful outcomes. However, manual errors, such as misalignment or improper fixation,
can lead to complications such as malunion or nonunion of bones, resulting in prolonged recovery or reoperation.
These errors, termed iatrogenic (doctor-induced) errors, often occur due to the lack of real-time feedback
mechanisms during surgery [9, 10].

In sports, technologies like Hotspot, Hawk-Eye, and Snickometer have been developed to track ball trajectories,
detect contact points, and analyze game scenarios in real time [1—8]. These advanced tracking and feedback systems
can be adapted to medical science, especially in orthopedic surgery, to enhance precision, minimize human error,
and improve patient outcomes [11, 12]. This research proposes the adaptation of such sports tracking technologies
into computer-assisted surgery (CAS) systems to reduce iatrogenic errors in orthopedic procedures [9, 13].
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2. PROBLEM STATEMENT:

Manual orthopedic procedures, including fracture fixation, joint replacements, and implant positioning, often rely
on the surgeon's skill and experience. The absence of a robust real-time feedback system can lead to alignment errors,
incorrect implant placements, and thermal damage to tissues [9, 14]. These errors can cause post-surgical
complications that require corrective surgeries, leading to increased patient suffering and healthcare costs [10, 15].
Therefore, there is a pressing need to develop a system that can provide real-time monitoring and feedback during
surgery, ensuring optimal precision and minimizing errors [13].

3. OBJECTIVES:
The main objectives of this research are:

To design and develop a real-time precision system for orthopedic surgery using principles from sports tracking
technologies [1-8].

To reduce iatrogenic errors by providing real-time feedback on bone alignment, implant positioning, and thermal
effects during surgery [9, 11].

To integrate sensor-based data, including thermal imaging, sound detection, and multi-angle visualization, into a
unified surgical feedback system [2, 8, 9].

To apply machine learning for predictive analysis and error prevention during orthopedic procedures [10, 15].

To evaluate the system’s efficacy through simulations and clinical trials, improving overall patient safety and recovery
outcomes [12, 14].

4. LITERATURE REVIEW:

Current technologies used in orthopedic surgery, such as intraoperative X-rays, robotic-assisted surgery, and
computer navigation systems, provide varying levels of assistance to the surgeon [9, 13]. However, these systems
often lack comprehensive real-time feedback mechanisms [10]. Research shows that sports tracking technologies like
Hawk-Eye provide unparalleled precision in tracking ball trajectories in sports like tennis and cricket [1, 2, 5], while
Hotspot detects minute temperature changes caused by friction [3, 4]. The Snickometer uses sound detection to
identify contact points, offering a non-visual way of confirming ball impacts [6, 7]. These technologies, although
designed for sports, offer unique potential to enhance surgical precision through real-time data processing and
feedback mechanisms [9, 14].

5. METHODOLOGY:

This research proposes the development of a Real-Time Orthopedic Surgery Precision System (RTOSPS) inspired by
Hotspot, Hawk-Eye, and Snickometer technologies [1—8]. The system will consist of three major components:

1. Thermal Monitoring (Hotspot): Using infrared sensors to detect temperature changes during surgery,
ensuring no thermal damage occurs and monitoring implant-bone interaction [3, 4].

2. Trajectory Tracking (Hawk-Eye): Multi-angle cameras and sensors to track the movement of surgical
tools and implants, ensuring correct alignment and positioning in real time [1, 5].

3. Sound Detection (Snickometer): Acoustic sensors to detect improper implant positioning, screw
tightening, or abnormal bone sounds, providing audio feedback to the surgeon [6, 7].

Additionally, the system will incorporate machine learning algorithms to analyze sensor data, predict potential
errors, and provide real-time feedback during the surgical procedure [10, 11]. A user-friendly interface will be
developed to display alerts, temperature changes, trajectory deviations, and sound anomalies to the surgeon [12, 13].

6. Expected Outcomes:
The research expects the following outcomes:

e A fully functional prototype system that integrates thermal, visual, and sound-based feedback during
orthopedic surgeries [9, 13].
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e Significant reduction in iatrogenic errors through the use of real-time feedback and error detection systems
[10, 11].

e Improved accuracy in bone alignment, implant placement, and fracture fixation procedures [9, 14].

e A positive impact on patient outcomes, including reduced recovery times and fewer post-surgical
complications [15].

e Potential for the system to be adapted for use in other surgical disciplines, further broadening its application
in the medical field [11, 12].

7. SCOPE AND LIMITATIONS:
Scope:

e The system will initially be tested on simulated orthopedic surgeries and cadaveric studies before progressing
to clinical trials [14].

o The research focuses on the adaptation of technologies for fracture fixation, joint replacement surgeries, and
spinal surgeries [9, 13].

e [taims to integrate advanced image processing, sensor fusion, and machine learning techniques in real-time
surgery monitoring [10, 12].

Limitations:
e High initial development costs and integration with existing surgical workflows may be challenging [11, 15].

e The accuracy of thermal and sound-based detection systems may require extensive calibration and testing

[9].

e Clinical acceptance and training for surgeons will be essential for successful adoption [14, 15].
8. CONCLUSION:

This research represents a novel interdisciplinary approach to solving a significant problem in orthopedic surgery.
By adapting proven sports tracking technologies like Hotspot, Hawk-Eye, and Snickometer, the proposed system
aims to enhance surgical precision, provide real-time feedback, and reduce iatrogenic errors [1—8]. The successful
development and implementation of such a system could revolutionize orthopedic surgery, leading to safer, more
accurate procedures, and improved patient outcomes [11, 13].
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