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The Role of Titin in Muscle Contraction

Siwoo Jeong, Kiisa Nishikawa

Department of Sports Rehabilitation Medicine, Kyungil University,
Gyeong-san, Korea

Muscle contraction has traditionally been explained through the Sliding
Filament theory and Cross—bridge theory, both established between 1954
and 1957. These foundational theories have played a pivotal role in forming
the basic framework for understanding how muscles contract and generate
force. However, these theories have not fully explained all muscle force
phenomena under dynamic conditions. To bridge these gaps, ad hoc
assumptions about cross-bridge mechanics were introduced. Although these
assumptions provided partial explanations for various muscle force
phenomena, they failed to gain experimental validation. In response to these
limitations, muscle mechanists and physiologists began focusing on the role
of the glant protein titin in muscle contraction and force production. Initially
considered a passive element responsible for maintaining sarcomere
integrity, titin has been recognized as a tunable viscoelastic component. Its
stiffness and damping properties vary depending on muscle strain and
activation. Recent studies suggest that in calcium-activated muscles, titin
binds to actin filaments, which reduces its free length and increases its
stiffness. These mechanisms offer a foundation for explaining complex
phenomena such as history-dependent force production and doublet
potentiation, which were previously difficult to reconcile with traditional
models. Despite these advancements, some aspects of muscle force
production, such as force depression, cannot be fully explained by titin's
binding to actin alone. To address this, our research has focused on
understanding how titin behaves in the active state. The “Titin Winding
Filament™ model, proposed by Nishikawa et al. (2012), offers a compelling
explanation of titin's role in force production by considering the intricate
structure of the sarcomere and titin's specific mechanical behavior under
varying conditions. Although studying titin's behavior in the active state
remains challenging due to its small size and the difficulty of direct
observation, experimental evidence supports the validity of this model. This
keynote presentation will explore the evolving understanding of titin's
contribution to muscle mechanics with recent experimental and theoretical
developments. By examining these advances, the presentation aims to
reshape our understanding of muscle contraction and its broader
implications for biomechanics.

B FEE

Dr. Siwoo Jeong is an Assistant Professor in the Department of Sports
Rehabilitation Medicine at Kyungil University. He holds a PhD in Bioengineering
from Northern Arizona University, where his research focused on the role of
titin in active muscle. His interdisciplinary expertise spans biomechanics, Al-
based neuromorphic systems, and digital health solutions. Dr. Jeong has
contributed to several publications on muscle mechanics, sensor-based digital
health technologies, and EEG-based user authentication.
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