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B 1 (MGRRR B RESGE SR NI A5, (a) SERRMIAN R I HES RGO B3 SR L3 AP, Copyright©2017, Sage Publica-
tions. (b) N BTSN BR SR 32 ALY, Copyright©2011, John Wiley and Sons. (c) i\ 19 25 5075 25 8] 1) 3% S A b 32
A Copyright©2022, John Wiley and Sons. (d) % T BETEMORL K B A 24 1] g AR AL BERIE SR BLES AP, Copyright©2023,
MDPI (Basel, Switzerland). () 45 & i1 5644 K¢ S A LR BR B W LA 1 i s L 32 AP, Copyright©2021, John Wiley and Sons
Figure 1 (Color online) Classification of magnetic continuum robots. (a) Continuum robot integrated with two magnets arranged in the opposite
direction [37], Copyright©2017, Sage Publications. (b) Continuum robot embedded with two small ferromagnetic spheres [41], Copyright©2011, John
Wiley and Sons. (¢) Continuum robot embedded with two groups of micro coils [43], Copyright©2022, John Wiley and Sons. (d) Continuum robot
with multiple programmed magnetization segments based on magnetic micro-particles [51], Copyright©2023, MDPI (Basel, Switzerland).
(e) Continuum robot combining magnetic polymer skin and tendon-driven mechanism [56], Copyright©2021, John Wiley and Sons.
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B2 (M RROR B SN A N BEIREh RG22, (a) ST AREMR (R M 5 S AL 88 N S 1 R 48, Copyright©2022, The
American Association for the Advancement of Science. (b) FIl Fl 2 4R E 24 2% P BRSPS LR AR HLES A 2 481, Copyright©2025,
Springer Nature. (c) & T4 47 2 BL LK IO RGBS AR LA N T R 587, Copyright©2019, IEEE. (d) 45434 28 L G E FLA
A BOK R (IR & B R L, T B 8 1A ML 28 ™), Copyright©2023, IEEE

Figure 2 (Color online) Classification of magnetic actuation system for continuum robot. (a) Permanent magnet-based actuation system for guiding
magnetic continuum robot [22], Copyright©2022, The American Association for the Advancement of Science. (b) A Helmholtz coil system utilized to
actuate magnetic continuum robot [69], Copyright©2025, Springer Nature. (c) Distributed electromagnet-based actuation system for navigating
magnetic continuum robot [78], Copyright©2019, IEEE. (d) Hybrid actuation system combining distributed electromagnets and robotic arm-supported

magnets for controlling magnetic continuum robot [83], Copyright©2023, IEEE.
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Figure 3 (Color online) Magnetic continuum robots for achieving diagnostic goals. (a) Magnetic continuum robot with magnetic polymer body
served as steerable guidewire [19], Copyright©2019, The American Association for the Advancement of Science. (b) Magnetic continuum robot
embedded with two magnets served as controllable catheter [88], Copyright©2022, John Wiley and Sons. (c) Magnetic continuum robot integrating
small magnet served as endoscope [35], Copyright©2018, World Scientific Publishing Co Pte Ltd. (d) Magnetic continuum robot with magnetic
polymer tip served as in situ measuring tool [93], Copyright©2023, Compuscript.
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Figure 4 (Color online) Magnetic continuum robots for achieving treatment goals. (a) Magnetic continuum robot integrating drilling tip for treating
blood clot [95], Copyright©2025, The American Association for the Advancement of Science. (b) Magnetic continuum robot embedded with laser
fiber for treating vitreoretinal macula [96,97], Copyright©2017, IEEE/Copyright©2021, IEEE. (c) Magnetic continuum robot integrating commercial
endoscope for accomplishing complex surgical manipulations [100], Copyright©2024, Springer Nature. (d) Magnetic continuum robot integrating
optical fiber array for achieving high-precision endoscopic operations [102], Copyright©2024, Springer Nature.
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Magnetic-driven continuum robots, with their advantages of wireless control, precise motion, and miniaturizable structure, are of
great significance in the field of minimally invasive interventional procedures in biomedicine. Compared with traditional driving
methods, magnetic drive not only enables remote, contactless control, avoiding the infection risks and operational limitations
associated with mechanical transmission, but also allows for flexible navigation and precise manipulation in complex and narrow
human cavities (such as blood vessels, bronchi, and digestive tracts) while maintaining a millimeter or even sub-millimeter-level
shape, significantly improving the safety and accessibility of surgery. This article systematically reviews the latest research progress
of magnetically driven continuum robots. First, it outlines their structural types, including designs with embedded permanent
magnets, ferromagnetic spheres, microcoils, and magnetic composite soft materials. Then, it analyzes various magnetic drive systems,
such as permanent magnet robotic arms, paired coil arrays, distributed electromagnets, and hybrid drive strategies. Further, it
summarizes their wide application in biomedical scenarios such as guidewire and catheter navigation, endoscopy, tissue biomechanics
measurement, targeted drug delivery, thrombus removal, and multifunctional integrated surgical platforms. Finally, it discusses the
current challenges facing this technology, such as limited load capacity, difficulties in real-time navigation, low system integration,
and biocompatibility issues. It also looks forward to its future development direction in the deep cross-integration of materials
science, robotics, artificial intelligence, and clinical medicine in the current era of artificial intelligence (Al), aiming to provide a
reference for research and clinical applications in related fields.

continuum robot, magnetic robot, biomedical engineering application
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