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Fig. 1 Polymer/carbon nanotube (CNT) composite fibers: (a, b) Schematic diagrams of the fabrication of composite fibers

with (a) hybrid or (b) core-sheath structure; (c) Characterization of structure and morphology of a composite fiber with
core-sheath structure (Reproduced with permission from Ref.[17]; Copyright (2017) Fudan University); (d) Resistance of
composite fibers with core-sheath structure varying with tensile strain (Reproduced with permission from Ref.[31]; Copyright
(2015) Wiley-VCH).
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Fig. 2 Characterization of mechanical properties of fiber materials: (a) Internal stress under compression, Scale bar, | mm;

(b) Finite element simulates of the stress field under compression in fibers with different structures (Reproduced with
permission from Ref.[48]; Copyright (2019) Springer Nature); (c) Young’s modulus measured by nanoindentation (Reproduced
with permission from Ref.[38]; Copyright (2019) Springer Nature); (d) Bending stiffness (Reproduced with permission from

Ref.[48]; Copyright (2019) Springer Nature).
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Fig. 3 Characterization of biocompatibility of fiber materials: (a) Concentration of transaminase in blood measured by
enzyme linked immunosorbent assay (Reproduced with permission from Ref.[65]; Copyright (2020) Multidisciplinary Digital
Publishing Institute); (b) Raman intensity-CNT concentration calibration curve; (¢) Concentration of CNTs in blood measured
by Raman spectroscopy (Reproduced with permission from Ref.[66]; Copyright (2008) National Academy of Sciences);
(d, e) Cell viability test on CNT-based materials and glass; (f, g) Immunofluorescence and Hematoxylin and Eosin staining
characterization of surrounding tissues after implantation of fiber (Reproduced with permission from Ref. [48]; Copyright
(2019) Springer Nature); (h) Immunofluorescence staining characterization of neurons and glial cells distribution after

implantation of fiber (Reproduced with permission from Ref.[38]; Copyright (2019) Springer Nature).
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Fig. 4 Fiber biosensors: (a—c) Photographs and schematic diagrams of the applications of fiber biosensors in sweat, blood

vessel and brain (Reproduced with permission from Ref.[72]; Copyright (2018) Wiley-VCH; Reproduced with permission
from Ref. [48]; Copyright (2019) Springer Nature; Reproduced with permission from Ref.[59]; Copyright (2020) The
Royal Society of Chemistry); (d, ¢) Schematic diagram of neural fiber biosensor and its real-time monitoring of neural signal
(Reproduced with permission from Ref.[59]; Copyright (2020) The Royal Society of Chemistry); (f, g) Structure of the fiber
Ca?" sensor and its real-time monitoring curve in blood vessel (Reproduced with permission from Ref.[48]; Copyright

(2020) Springer Nature); (h,i) Structure of the fiber dopamine sensor and its real-time monitoring curve along with

electrophysiological recording in the brain (Reproduced with permission from Ref.[38]; Copyright (2019) Springer Nature;

Reproduced with permission from Ref.[84]; Copyright (2022) Springer Nature); (j, k) Structure of fiber glucose sensor and its

real-time monitoring curve in blood vessel (Reproduced with permission from Ref.[48]; Copyright (2019) Springer Nature).
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Fig. 5 Fiber bioenergy and modulation devices: (a) Schematic diagram of the implantable fiber battery; (b) Photographs and
galvanostatic charge-discharge curves of the fiber battery implanted into the subcutis, heart and brain of live mice (Reproduced
with permission from Ref.[93]; Copyright (2021) The Royal Society of Chemistry); (c) Schematic diagram of the fabrication
process of the biodegradable fiber battery; (d) Schematic diagram of the biodegradable fiber battery concept; (¢) Photographs
showing the biodegradation process of the fiber battery in the subcutis of a live mouse. Scale bar, 2 mm (Reproduced with
permission from Ref.[94]; Copyright (2021) The Royal Society of Chemistry); (f) Schematic diagram of the injecting process
of the fiber device into a tumor; (g) The working mechanism of the fiber device for treatment; (h) Photographs of mice and
their tumor tissues without and with the treatment of the fiber device after 9 days. Scale bar, 1 cm (Reproduced with permission

from Ref.[96]; Copyright (2021) Springer Nature).
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Feature Article

Flexible Fiber Bioelectronic Composite Materials and Devices

Yue Guo, Jia-jia Wang, Li-yuan Wang, Xue-mei Sun®, Hui-sheng Peng
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
Laboratory of Advanced Materials, Fudan University, Shanghai 200438)

Abstract Wearable and implantable fiber bioelectronics can continuously collect physiological information and
accurately modulate physiological environment, which have revolutionized the conventional way of health
monitoring, disease diagnosis and treatment. However, most of the fiber bioelectronics reported so far have
insufficient flexibility. They do not match the soft tissues mechanically and cannot form stable device/tissue
interface, limiting their long-term use. In this feature article, we mainly introduced our recent progress on flexible
fiber bioelectronic composite materials and devices, aiming to solve the problem above. We first introduced the
fabrication of flexible polymer composite fibers with hybrid or core-sheath structure, which possess good
electrical and mechanical properties as well as biocompatibility. Based on the high-performance flexible polymer
composite fibers, a series of fiber bioelectronics with functions of biosensing, energy-harvesting and storage, and
electrochemical modulating were constructed for wearable and implantable applications, which showed promising
prospects in healthcare and medicine. Finally, we discussed the future development direction of flexible fiber
bioelectronics.
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