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Advances in 4D printing technology in medicine
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YANG Fan®, WANG Zeng-ming”, ZHENG Ai-ping’
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Academy of Military Medical Sciences, Beijing 100850, China; 3. Guangdong Provincial Key Laboratory of Advanced
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Experimental Center, Guangdong Pharmaceutical University, Guangzhou 510006, China)

Abstract: 4D printing technology represents a revolutionary breakthrough in the field of additive manufacturing.
It not only inherits the spatial construction capabilities of 3D printing but also introduces the dimension of time,
endowing printed objects with dynamic "life". This technology uses smart responsive materials that allow printed
objects to change their shape, properties, or functions in response to specific environmental stimuli, such as
temperature, magnetic fields, or light changes, as programmed in advance. This has shown great potential and
application prospects in the fields of medical research and clinical applications. In this article, we first explore the
smart responsive materials that enable 4D printing and introduce their unique physical and chemical properties and
functions. Secondly, we review the innovative applications of these smart materials in the medical fields of tissue
engineering, regenerative medicine, and drug delivery. Finally, we discuss the challenges faced by 4D printing

technology in practical applications and look forward to the future development direction of the technology and
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its broader application potential in various fields.

Key words: 4D printing technology; smart responsive material; morphological change; medical application;

prospect and challenge
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Figure 3 Shape memory polymer materials undergo deformation
triggered by temperature changes. Adapted from Ref. 14 with
permission. Copyright © 2019 WILEY-VCH
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Figure 4 Shape memory polymers containing magnetic nanopar-
ticles revert to their original shape under the influence of a magnetic
field. Adapted from Ref. 26 with permission. Copyright © 2006
WILEY-VCH
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Figure 5 Biomimetic tracheal stents undergo deformation over
time under the influence of an alternating magnetic field. Adapted

from Ref. 27 with permission. Copyright © 2019 Elsevier Ltd.
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experimental principle; B: The experimental results. Adapted from

Ref. 35 with permission. Copyright © 2020 Springer Nature
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Figure 8 Application of 4D bioprinting technology
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Figure 9 A schematic diagram of the implantation effect of a deformable tracheobronchial stent. Adapted from Ref. 58 with permission.
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