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Figure 1 Driving modes and typical application fields of artificial
muscle fibers
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Figure 2 Actuation mechanisms and material system of artificial muscle fibers. (a) Motion mechanism of biological muscles. (b) Entropy elasticity-

driven contraction mechanism. (c¢) Helical structure amplification mechanism
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Figure 3 Application of environmentally responsive artificial muscle fibers. (a) Application of humidity-responsive artificial muscle fibers in fields
such as smart clothing™!, and wound healing®”. Copyright©2019, American Association for the Advancement of Science; Copyright©2023, Wiley-
VCH. (b) Application of temperature-responsive artificial muscle fibers in thermal management fabrics!'>*. Copyright©2025, American Association
for the Advancement of Science; Copyright©2019, American Chemical Society. (¢) Application of magnetic-responsive artificial muscle fibers in areas

including confined spaces and drug delivery!®"!
American Chemical Society
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Figure 4 Application of electronically controlled artificial muscle
fibers in the fields of bionic aircraft”, bionic grippers®®?, bionic
arms!’Y, flexible power-assisted suits'*?), medical compression belts”,
and optical image stabilization motors. Copyright©2021, Wiley-VCH;
Copyright©2018, Wiley-VCH; Copyright©2024, American Chemical
Society; Copyright©2025, Elsevier

MSVE RS, CTERIANLER A . BREg . HRE
BT 5 AW B2 Hiv AU B R ) R R
NHETS, R F IR B R G T B AR i
2. (HFE SRR SR REIR T . &R AL IR N R AL LA
Fe NS 56 5 SRR [a] S BRI FH R RE v, A OGEF 4R 3K
SRR AT — R AR AR YRR S TR AR
R, FEAR KRR LR T H a5k . Hisif
i
3.1 AN LNLErger bl s
311 #EHEBER

RE R RCR VR N T LT 42 S PERERIAZ O
FEFR. EARAE YL T ATP/K i Ak 27 e BG4k
IR, HACR B s RN RE 1] 1520%!%,
RO T R E R Eik60% . 5 2 it B %t e Al 2,
A N T2 ) e e A R I X — 7K P

FL IR B R T HILEF 4508 AR AP BRI, 7]



F1 BRI RN T LA 4 RO RE X EEY

Table 1 Core performance comparison of typical stimuli-responsive artificial muscle fibers
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Research progress and challenges of artificial muscle fibers
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Artificial muscle fibers are emerging flexible actuators that imitate the deformation behaviors of natural skeletal muscles
and have attracted extensive attention for next-generation intelligent systems. Conventional rigid actuators based on
motors, hydraulics, or pneumatics generally suffer from high stiffness, bulky configuration, and poor biocompatibility,
which cannot satisfy the growing demand for compliant, lightweight, and bio-integrated intelligent devices. Depending on
the material system and structural design, artificial muscle fibers can generate reversible contraction, elongation, twisting,
or bending under external stimuli such as humidity, temperature, magnetic fields, electricity, and electrochemical ions.
Each stimulation modality offers distinct technical merits. Owing to their lightweight nature, structural flexibility,
controllable linear deformation, and ease of integration, artificial muscle fibers have demonstrated considerable potential in
intelligent textiles, wearable assistive devices, soft robotics, biomedical systems, aerospace technologies, and human—
machine interaction. This review summarizes recent advances in artificial muscle fibers from the perspectives of actuation
mechanisms, application scenarios, and practical challenges. Different from conventional classifications based on material
categories, the muscle-like deformation mechanisms are analyzed using a unified framework consisting of microscopic
structural rearrangement and macroscopic structural amplification. At the microscopic level, reversible changes in
molecular-chain orientation or supramolecular configurations generate axial deformation through entropy-driven or phase-
transition-induced processes. At the macroscopic level, twisted and coiled architectures amplify small material-level
deformations into large tensile strokes through geometric transformation. This framework provides a more intuitive
understanding of the relationship between material properties, structural design, and actuation performance. Furthermore,
representative applications are discussed according to their actuation characteristics, including environmentally responsive
artificial muscle fibers driven by humidity, temperature, and magnetic fields, as well as electrically controlled fibers based
on electrothermal and electrochemical actuation mechanisms. Despite remarkable progress in contractile stroke, response
speed, work capacity, and functional integration, artificial muscle fibers still face several fundamental scientific challenges
that hinder their practical deployment. These challenges include low energy-conversion efficiency, limited effective work
output during a complete actuation cycle, and insufficient control precision. In addition, several technological bottlenecks
remain unresolved, including scalable continuous fabrication of high-performance artificial muscle fibers, consistency and
reliability in function integration and assembly, the lack of mature control methodologies and closed-loop feedback
systems, and insufficient understanding of biomimetic structure—function matching for specific applications. Addressing
these issues requires advances in material design, structural engineering, manufacturing technologies, sensing-actuation
integration, and intelligent control strategies. Finally, future development trends are discussed. Through interdisciplinary
efforts spanning materials science, mechanics, electronics, and bioengineering, artificial muscle fibers are expected to
evolve from laboratory-scale demonstrations into practical intelligent actuators capable of meeting the demands of next-
generation wearable, robotic, and biomedical systems. Promising future directions also include multi-stimuli responsive
integrated fibers with built-in self-sensing capabilities and rigorous engineering validation focused on key real-world
application scenarios.

artificial muscle, fiber, linear actuator, intelligent material
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