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microphysiological systems: a narrative review
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Purpose: Conventional 2-dimensional cultures and animal models have limited ability to reproduce the structural complexity,
dynamic mechanical cues, and sustained functionality of native skeletal muscle tissue. To overcome these limitations, skeletal
muscle-on-a-chip platforms have been developed as advanced in vitro systems for studying muscle physiology, pathology,
and regeneration.

Current Concepts: These microengineered systems incorporate essential features of skeletal muscle, including 3-dimensional
architecture, cellular alignment, contractile function, and responsiveness to biochemical and mechanical stimuli. Recent ad-
vances, such as vascularization, multi-organ integration, and spaceflight-compatible designs, have expanded their applications
in disease modeling and drug screening.

Discussion and Conclusion: This review examines key engineering strategies, biological performance metrics, and represen-
tative applications of skeletal muscle-on-a-chip systems. It also addresses technical challenges, including long-term function-
ality, measurement standardization, and clinical translation, and considers future prospects for their integration into preclinical
testing and regenerative medicine.
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Figure 1. Overview of skeletal muscle on a microphysiological system (MPS), created with support from the Medical lllustration & Design (MID),
Yonsei University College of Medicine. The platform supports vascularization, multi-organ integration, real-time monitoring, external stimulation,
and disease modeling. It recapitulates native muscle structure, providing a versatile tool for skeletal muscle tissue engineering and therapeutic

screening.
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Figure 2. Strategies and platforms for 3-dimensional (3D) skeletal muscle tissue modeling. (A) Schematic overview of the fabrication and
transplantation of 3D skeletal muscle constructs using induced myogenic progenitor cells and decellularized skeletal muscle extracellular matrix
(ECM). Adapted from JinY et al. Adv Funct Mater 2021;31:2006227, with permission [24]. (B) Schematic illustration of skeletal muscle organoid-on-
a-chip fabrication. Adapted from Li J et al. Adv Funct Mater 2024;34:2401564, with permission [25]. (C) Schematic representation of a microfluidic

multi-organ-on-a-chip with two chambers designed to co-culture skeletal

muscle and pancreatic tissues, enabling inter-organ communication.

Adapted from Ferndndez-Costa JM et al. Adv Mater Technol 2023;8:2200873, according to the Creative Commons license [27]. (D) Left: Schematic

representation of a microfluidic skeletal muscle chip showing media and ge!

| channels. Right: Hydrogel compaction driven by cell contraction force

under varying physical conditions, including differences in distance, size, or stress. Adapted from Kim J et al. Adv Funct Mater 2024;34:2410872,
according to the Creative Commons license [28]. (E) Schematic illustration of mold design for vascularization in 3D muscle tissue engineering.

Adapted from Wan L et al. Micromachines (Basel) 2020;11:907, according to
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Figure 3. Strategies for disease modeling using a skeletal muscle-on-a-chip. (A) Left: Schematic of the microfluidic platform used to generate
engineered muscle tissues. Right: Representative image of a formed muscle tissue and immunofluorescence staining of muscle tissue. Red:
myosin heavy chain; blue: nuclei. Top: Representative image of an old sedentary-derived myobundle; middle and bottom: images of young
athletic-derived and old sedentary-derived myobundles, respectively. Adapted from Giza S et al. Aging Cell 2022;21:e13650, according to the
Creative Commons license [32]. (B) Timeline and workflow for a skeletal muscle-on-a-chip experiment conducted aboard the International Space
Station (ISS). Adapted from Parafati M et al. NPJ Microgravity 2023;9:77, according to the Creative Commons license [33].
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