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Abstract—This research focuses on the detection and analysis
of neck rotation during head impacts using the YOLOvV8
model, with the goal of enhancing preventive healthcare
measures. Accurately monitoring the neck’s position and
orientation is crucial for predicting its movement direction
during such impacts. The study simulates mild head impacts by
replicating neck movements like flexion and lateral rotation,
inspired by scenarios commonly seen in American football.
Data is collected from ten subjects—five male and five female.
The YOLOv8 model is employed to detect and track neck
rotation in real-time using video footage, offering high
accuracy in determining directional movement

l. INTRODUCTION

The musculoskeletal system supports and enables body
movement, with the head and neck muscles playing vital roles
in motion, expression, and sensory functions. Musculoskeletal
models, like those created using OpenSim, provide detailed
insights into muscle and joint dynamics, aiding in the study of
human motion, performance, and disorders. Kinematic data
from IMUs and kinetic data related to muscle forces help in
analyzing neck movement. This study applies machine learning
and deep learning models to detect and predict neck positions
under load impacts, aiming to prevent musculoskeletal
disorders.

By integrating Explainable Al, the system offers interpretable
results to support clinical decision- making. The proposed
model demonstrates higher efficiency and accuracy, making it a
valuable tool for musculoskeletal healthcare and personalized
biomechanics.

Il. EASE OF USE

The integration of YOLOvV8 with Explainable Al (XAI) offers a
user-friendly and efficient system for real- time neck direction
prediction during head impacts. YOLOv8’s fast and accurate
object detection enables seamless video-based tracking of neck
movements, while musculoskeletal healthcare.

11 EXISTING SYSTEM

o XGB Classifier for Neck Direction Prediction:

The XGBoost (Extreme Gradient Boosting) classifier is used to
predict neck direction based on biomechanical data such as
tendon and muscle forces. Known for its high accuracy (98%)
and efficiency with structured data, XGBoost builds sequential
decision trees to capture complex patterns. However, it operates
offline, lacks real-time detection, and does not handle spatial or
visual context— limiting its effectiveness for dynamic
scenarios like continuous neck movement monitoring.

B. LIMITATIONS

o Longer training time compared to simpler models
[ Risk of overfitting
o Low interpretability without additional tools

o High memory consumption on large datasets or limited
hardware
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IV. TECHNIQUES/ALGORITHMS USED

XGBoost for Neck Direction Prediction:

XGBoost is a gradient-boosted decision tree algorithm used to
predict neck direction during head impacts based on structured
data like impact forces, accelerations, and neck angles. Trained
on labeled datasets, it captures complex patterns and delivers
high accuracy while minimizing overfitting. However, the
model lacks built-in explainability, making it difficult to
interpret which features drive predictions—Ilimiting its
usefulness for safety analysis and design optimization.
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YOLOVS for Neck Rotation Detection:

YOLOVS is a real-time object detection model used to track
neck rotation during head impacts. It processes annotated video
frames by resizing and normalizing them, then uses a deep
neural network to predict bounding boxes and class
probabilities. The model divides each frame into grids, detects
head and neck positions, and applies Non-Maximum
Suppression (NMS) to refine results.

YOLOV8 enables accurate, continuous tracking of neck
movements such as flexion and lateral shifts. Integrated with
Explainable Al, it offers interpretable insights, supporting injury

prevention and clinical decision-making in healthcare
applications.
FUTURE ENHANCEMENTS

Future improvements include integrating YOLOVS8 into real-
time systems like wearables and motion capture for continuous
neck rotation monitoring. Expanding datasets to cover diverse
populations and scenarios will boost model robustness.
Combining neck rotation data with other physiological metrics
can offer deeper impact insights. Enhanced explainability will
improve clinician trust. Deploying on cloud and edge devices
will enable remote and real-time analysis. The system could
also expand to applications like driver safety and workplace
ergonomics, broadening its impact across healthcare, sports, and
safety sectors.

V. CONCLUSION

The use of YOLOvV8 for detecting neck rotation during head
impacts highlights its potential as a powerful tool in preventive
healthcare. This system provides accurate and efficient
monitoring of neck movements, ensuring timely identification
of risky positions during impacts. By incorporating Explainable
Al, the approach ensures transparency and reliability, making it
highly suitable for clinical decision-making. This innovative
method not only advances the field of biomechanical analysis
but also opens new avenues for real-time injury prevention and
improved patient care.
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