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ABSTRACT

Current biomechanical studies lack a comprehensive investigation of deep learning
clustering algorithms for identifying homogeneous movement patterns in runners. This study aims to
compare the performance of principal component analysis (PCA)-based hierarchical clustering and
K-means algorithms with an end-to-end deep temporal clustering (DTC) approach in analyzing ankle
joint kinematics of runners with homogeneous movement patterns.

[VETEEE Three-dimensional ankle joint angles were obtained from 108 recreational runners (55
males and 53 females; age: 22.45+2.42 years, height: 1.6910.11 m, body mass: 64.64+9.54 kg) during
barefoot running at a speed of 3.0+3 meters per second. DTC, hierarchical, and K-means algorithms were
trained using ankle joint angles during running. After clustering, the performance and accuracy of each
algorithm in identifying clusters with homogeneous movement patterns were evaluated by calculating
the Silhouette score, the Calinski-Harabasz index (CHI), and the Davies-Bouldin index (DBI).

S In cluster separation, the DTC algorithm demonstrated superior performance and accuracy
compared to the other two algorithms (silhouette score=0.74, DBI=0.35). This algorithm identified three
distinct clusters with a clustering inconsistency rate of 6%. The hierarchical clustering method achieved a
silhouette score of 0.68 and a DBI value of 0.52 in 10 seconds with a 15% inconsistency rate. The K-means
method showed a silhouette score of 0.63 and a DBI of 0.78 in 3 seconds with an 18% inconsistency rate.
[T The DTC algorithm outperforms hierarchical clustering and K-means clustering in identifying
homogeneous movement patterns among runners. Its higher accuracy and lower learning error make
it a suitable choice for analyzing kinematic data in biomechanical research. The findings can enhance

Received:04May2025 | the understanding and analysis of movement patterns and contribute to the development of effective
Accepted: 21 May 2025 :  strategies for prescribing targeted interventions.
Available Online: 22 Nov2025  ©  [GSla 2k Running, Ankle joint, Deep temporal clustering (DTC), Hierarchical clustering, K-means clustering
. ........................................................................................................................................................................................................................ .
* Corresponding Author:

Mansour Eslami, Associate Professor.
Address: Department of Sports Biomechanics, Faculty of Sports Sciences, University of Mazandaran, Babolsar, Iran.
Tel: +98 (911) 1124005
E-Mail: mseslami@gmail.com
Copyright © 2025 The Author(s);

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

698



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://medrehab.sbmu.ac.ir/?lang=en
https://dx.doi.org/10.32598/SJRM.14.5.3363
http://medrehab.sbmu.ac.ir/?lang=en
https://www.orcid.org/0009-0004-8759-5250 
https://www.orcid.org/0000-0002-8050-7076 
https://www.orcid.org/0000-0001-9931-2538
https://crossmark.crossref.org/dialog/?doi=10.32598/SJRM.14.5.3363
http://medrehab.sbmu.ac.ir/?lang=en
mailto:mseslami%40gmail.com?subject=
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

Introduction

unning has become one of the most popu-

lar exercises due to its accessibility and

low cost. However, the repetitive nature of

running leads to a high incidence of over-

use injuries. Epidemiological studies have

reported an annual running-related injury
rate of 19-79%, with 70% of cases involving the knee and
lower limbs. Despite widespread preventive interventions,
injury prevalence has not significantly decreased in recent
decades, probably due to individual variability in response
to treatments. This suggests that identifying homogeneous
movement patterns and developing personalized interven-
tions can be an effective strategy for injury prevention.
While traditional clustering algorithms have been used to
cluster runners with homogeneous movement patterns, their
effectiveness is limited by challenges in processing biome-
chanical time-series data and capturing nonlinear movement
features. Recent advances in deep temporal clustering (DTC)
algorithms, utilizing deep autoencoders, have demonstrated
superior capability in extracting complex temporal patterns
and identifying homogeneous movement groups [7] also
known as temporal clustering, is a challenging problem in
machine learning. Here we propose a novel algorithm, DTC.
This study aims to compare the performance of the DTC al-
gorithm and conventional methods, including principal com-
ponent analysis (PCA)-based K-means clustering and hier-
archical clustering, for analyzing runners’ ankle kinematic
data. We hypothesize that the DTC algorithm has greater ac-
curacy due to its ability to model nonlinear relationships and
preserve temporal dependencies in movement data.

Methods

The study examined 108 recreational runners (Mean age:
22454242 years) using motion capture systems to analyze
their ankle kinematics during running at a speed of 3.0+£3
meters per second. Ankle kinematics were transformed
into 101-point stance phase matrices for DTC and were re-
duced to 12 principal components for traditional clustering

Table 1. Performance comparison of three clustering algorithms
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methods. Three clustering methods were utilized: 1) DTC
algorithm employing a one-dimensional-convolutional neu-
ral network (1D-CNN) and a bidirectional long short-term
memory (Bi-LSTM) model to extract temporal features and
cluster data in latent space; 2) Hierarchical clustering with
Ward’s linkage on PCA-reduced data; and 3) K-means clus-
tering (k=2-8), optimized using the Calinski-Harabasz index
(CHI). The cluster validity metrics included Silhouette score
for cluster cohesion and Davies-Bouldin index (DBI) for in-
ter-cluster separation; higher Silhouette scores (up to 1) and
lower Davies-Bouldin values indicate better clustering per-
formance. The DTC architecture was specifically designed
to address limitations of convolutional methods in process-
ing biomechanical time-series data through its temporal au-
toencoder design (Figure 1).

Results

The results showed that the DTC algorithm achieved su-
perior cluster separation with a silhouette score of 0.74 and
DBI value of 0.35, despite requiring a longer execution time
(20 seconds). The DTC algorithm also showed the lowest
clustering inconsistency rate (6%) and successfully identi-
fied three distinct clusters. Hierarchical clustering yielded a
silhouette score of 0.68 and DBI value of 0.52, with an exe-
cution time of 10 seconds and a clustering inconsistency rate
of 15%, and was able to identify three clusters. In contrast,
the K-means method emerged as the fastest algorithm with
an execution time of only 3 seconds, but showed relatively
poorer clustering quality (silhouette score: 0.63; DBI: 0.78)
and a higher clustering inconsistency rate (18%). The com-
parative analysis highlighted DTC’s superior performance in
capturing meaningful movement patterns despite its greater
computational time (Table 1).

Conclusion

There are significant differences in performance be-
tween hierarchical, K-means, and DTC algorithms in
analyzing 3D ankle joint kinematics during running. DTC
has superior clustering quality despite a longer execution
time. Its integrated dimensionality reduction and cluster-
ing architecture, featuring an autoencoder and specialized

Algorithm Silhouette Score DBI CHI Clustering Inconsistency Rate (%) Execution Time (s) Cll\:?s.t::s
Hierarchical clustering 0.68 0.52 120 15 10 3
K-means clustering 0.63 0.78 90 18 3 3
DTC 0.74 0.35 150 6 20 3
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Figure 1. The DTC architecture
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Note: It involves encoding the input signal into a latent space using a convolutional autoencoder, followed by a BI-LSTM model.

This combination forms a temporal autoencoder. The latent representation from the BI-LSTM is then passed to a temporal clustering

layer to generate cluster assignments.

clustering layer, has a lower clustering inconsistency rate
and can effectively capture complex movement patterns.
These results confirm DTC’s advantages over conventional
clustering methods for movement pattern analysis. Conven-
tional algorithms showed limitations primarily due to PCA-
based dimensionality reduction, which eliminates nonlinear
relationships in movement data. While PCA scaling is com-
mon, it alters data structure and complicates biomechanical
interpretation. The DTC algorithm overcame these limita-
tions by processing complete stance phase data without
dimensionality reduction, preserving subtle movement
variations. The DTC’s end-to-end unsupervised learning
framework provides researchers with an improved tool for
precise movement pattern analysis. Unlike traditional meth-
ods that may produce ambiguous results, DTC maintains
data integrity while enabling meaningful clinical interpre-
tation. This has particular promise for developing targeted
interventions in running biomechanics, though additional
validation studies are warranted to establish its clinical util-
ity across diverse populations and movement conditions.
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14. Deep Temporal Clustering Algorithm (DTCA)
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19. Calinski-Harabasz
20. Silhouette Index
21. Davis-Bouldin Index
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22. Autoencoder
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23. Principal Component Analysis (PCA)
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