L W < (rhIEREE ) A4k

SCIENCE CHINA PRESS
CrossMark

& click for updates

SRR YLl B ARt b i v RS0k i

MAEE, B, RER Mth, AR A, B, ER, BB, AEF

AR BIRL 5 T AR B, ek e dibh ke E 0 E, 1 201620
* PEFR A, E-mail: pansw@dhu.edu.cn; houkai711@dhu.edu.cn; chengy@dhu.edu.cn

2025-05-20 Wk, 2025-07-21 &1, 2025-07-23 457, 2025-07-24 P4 IR K& 3%
FETTHEZ R ARIGTRI(24CGA36) 7 )

e HEETLTRANRELE, LFEHEERELT PN AT RAEEK, SHBOIRETE, 7T
wE, EMBEUTIZTRBERETEGE R G223 BERR AT b TAARRN ¥ BEMRE
WEHME, B5 ARERN MR, FEEMEEMTRERTEAGRBARGAG, PTERNLENSEE
TmFHINA. MEEREY AT EEEZRANRSE., RROEYHEEE, BENTREVREAUREN S
HRES AR AUT , O MR R R BAM, St A TARTRE., G9GH. £MERFIH. AX
EFRERTHERSYAIHBE T, 2k, HEMAERH, RAFEE T BTz A% RGUR B R BRIV K

TR EA, TR BERSY TN — ST REF —RETEX.

Kkl

A R — K EACHAE M RE L 4Edr ok}, 7EiE
15« B AEAR ELA T R A F R SR
BRI CA MR EYOLLr. motsr 2—RU " H ik
el R IR, S8 A PR 15 B AOBER A EL, TERT
WAELLAM G N B LR A& I . B r Al
R FE A P, 38 ORI/ T2 dB/Am 7, X
L R Y E e 5 W R SRy rs LK SR S h i Bk &
BRRY R, (R X FOCE Bl . A, MELLE
1 MR A YL TR Bk R R A
HARE, W or R R G YOG MR A YDA i
FURG YA S e HO A MR, 2R LINIYE
T R WIANR AR Lo (polystyrene, PS). HEHIAE
N R F 6 (poly(methyl methacrylate), PMMA) ., bk
P& ik (polycarbonate, PC)JA Uk #5152 i) — S EEF 4
BEH T AR AT I A WO TR, I BRSO
T REELDE RS, BB RS YOCET MR B il 25 AH LE T4
FPBOCLE HA TR FEAEM PRI gk

BUR AW, FlEA, W RE, £R A

KAWL & — K FZ S TR A OGER,
R W INMBRES (poly(ethylene glycol) diacrylate,
PEGDA)R/KEEHELF 1 5 — F ek e (polydi-
methylsiloxane, PDMS)EF! 18 B WZ (polylactic
acid, PLAYGET! U4 SO AU 76 T4
PE, R SRR AT R, B R AT R SR R
JEARIE V).

Bl 4 8T 2% B2 7 BR84SR T 388
XA AZOCEF MR T 220K, bR |
AR AR R A Y R . SR, 14
LM RHEE LT A BT3RS WDGET B T ) A vy
FPMEZ, P, Hl R SR AR T 5 R
Wrdal i f, PR 7 HAETT AR ZIE AR B IR B BT )
N, I H 5 A RA LB RE™ E B, A= 24
B A YA, HENIPEZE AL AT B JE M 55 A= )
HYUE ARG, M2, SRS YLLr
BA RAFREYAR A E . TR DL D Re R A Y

Bull, doi: 10.1360/CSB-2025-0705

SIAER: Wi, G, SRR, S5 SRS DA i A A i L IR T JE . ki 41t

Yang J, Zhou W, Zhang Z, et al. Research progress on the preparation of elastic polymer optical fibers and their applications in sensing (in Chinese). Chin Sci

© 2025 (PIERFE) Atk

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2025-0705&domain=pdf&date_stamp=2025-9-11
emailto:pansw@dhu.edu.cn
emailto:houkai711@dhu.edu.cn
emailto:chengy@dhu.edu.cn
https://doi.org/10.1360/CSB-2025-0705
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2025-0705

N I

FIBETH SRR, AR R S U R T e F) 17
At XEAPRIRE T T IT A vk il iy e, it
AN RN 567, TR AT A ZOLLT R,
TER N BEATRTMERDL 2T, OHIR 58 TOLH T4
PR DIREARL G 20, Han, Tl R a9
JCET B JORE 32 2R R B AT e 445 RS IR A
REY, BIaTNHRIZERGY . RABRS, FFUIEpr
G PRI RE M R R T AR T S i
PO Rk SR Y 0 s
Y PTVE R T L

ARERIRET XS E KUK R G YD LR R, 1EH
48 T2 e L BRI A SN FH 257 ThT (P 1) R TF R4
ZEAR, RS HTHOIN TR B A BRI S T R A
WICET BT 2 B Al B i i R R PSR, O
ARSI B PSR St A T e R B

1 SEREPDEL L
L1 SRPER YRI5

RPEIA PR S A Ky, PR EYELr ]
03 R KA RS YA (RIKBEOGER) Ao K st
REYICE. XIS R A YN AR R, 75
AT 7 FH AT R AR e B AR A P 3. K BER LR AE
R KR . RO LR KA SR A, T
RAIPAE AN FH AN 4 21 F st 24 il . eiasr
S G IRAE) rh A R 3, (BT R E
PAT T v IR EEHR K. M2 T, IPDMS AR
TR TR TANE R AW AR M B 1 S B0 2 ok
RArasm e v, o oAy T 25 S £t B A 0 (A IR
Jof AR AL B FMAR SN PG L PR AR ) BAR R $E. R R
Xt T RSORLT I EEEE 2 R, SRS AR EK
YERE YL AEFRERS | JesitiRE . Ji2RkfE
T e A 5 B AR, B0k R
it
111 AkEEREM LT

AR, IKBERSICEFAE N — R AL R AP
LM BLEEZ R0, AU KB AR 2R 4K
MR L RRREE . A R R, BRLE T A YE
BHOE KA . 4 SRR, L5
JEEFRRH I B R A A A, IR
T, VR FAE . AL RS R T A 1

JHATEHS.

2

WHET S, FT KSR R JFR Y o] T
IKEERE LYty . i, Applegatei: \HfE 17—
PR B R 22 Z R KB ELF, 2 REN
N E TR R 1.54) IR BEE B2 2 (TR R1.34) 21 1.
M T2 2 E A RUKEE I Z (B AR RS R TR 22 52,
AR Y LA RS, IR A B 8400
RO HA BRI ZE . AR E RO e
(2.0 dB/cm), A] HFAEYIMATRIZH LT AL FNAYT BN
FH. BRI, UL 7K BRI A 6 DR 2R 0 DR 24 N 3550 L i
ZHBBERFERALE], SEHMIER K. S, 165
JO7 77 B AR LT ME LA RS R R e DY R T
IKEEECEF Y S 24 PERE, GuoZE AR T —Fhal Hir
2 T700% A9 AL IROK BERSCET, HLMIZ L4 3222
T T S HE P T 9 TR 5 ) 285 AT A7 52 TR A SR TR 4 P o X9
R AG, B KA A B A RE o AN 7 24 B
(~9000 J/m?). L4 SR (A B A W (il /K A L
ARSI R, T Rl A A TS ER R A it
TEARIE T AEHIDUB AE SR i i K B (. Ik Ah, %1
BAIEFI FHYGEF AR 0 BRI G2, TR R T —Fhr
TR AR, s T HAE i L A A A S
TRIT LA AR A VR A A (1

W FIREE O IR O A A 2, RRE
FHEYHLUF L EE SR B, ChenE AP
BT — b U 5 R 0 S 2 S B I R (PEGD AT
TR ) B2 B K BEIE GET, W TG 24 . Sea6:
SRR, ZOCE YR N EHA R AR AR |
e FHELL K MURIERE, FE0E7E IR A ZH S 3Bk G p ™
FEOCR AR5, AR 0T R, S1E50EEH
Eb, ZA RS | & SRR RO A, EAh, %A BAGAR RHIE
TIZKEEO AR IZ A SO E R R W 1,
R CIIERE IR T LA B2 113845 r st %
2, R T KB CER (1 G .

1.12 TAREEREH AL

JCEF ARG P BE 2 A i U 7538 T A R 40
W EEIS R —. RE SRR YA EAS
A LA HLIRTERE, (8 HGE A TR S 5 A
MCIRZS, YA At a) e K Iy 24 PERE A2 R g Yy
SH1k, BUFCLFARRE | AR IR LR, M T
RAEYICA AR A N, BFR AR CHER
ZRICKHPER G YIVE LR R,

PDMSJE—ZSMAI ) ToK SR AW, T2 HT
il & LR, VR —Fla LRk SR, PDMSHA



S iR

Bl 1 (MR )3k 3 A LT R

Figure 1 (Color online) Overview of elastic polymer optical fibers
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Table 1 Comparison of the properties of aqueous and anhydrous elastic polymer fibers
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(b) 1. Crosslinking of the core in a tube mold
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Figure 2 (Color online) Discontinuous preparation method for the preparation of elastic polymer fibers. (a) Molding method for preparation of

waterless elastic polymer fibers™*”. (b) Molding method for preparation of hydrogel fibers
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Figure 3 (Color online) Continuous preparation methods of elastic polymer fibers. (a) Thermal drawing®®'!. (b) Wet spinning technology
(¢) Microfluidic spinning technology!®. (d) Dynamic polymerization spinning technology
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Figure 4 (Color online) Elastomer polymer optical fiber sensors for motion detection. (a) Stretchable force-sensitive fibers®™. (b) Functional fabrics
integrated with elastic polymer optical fibers that can withstand extreme deformation!'”. (c) Dual-mode fiber optic strain sensors that can be used to

simultaneously monitor both subtle and large human movements®®
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Figure 7 (Color online) Elastomer polymer optical fiber sensors for physiological environment sensing in vivo. (a) Hydrogel optical fiber for
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(c) Hydrogel fibers used to monitor blood oxygen in real time!®!
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Research progress on the preparation of elastic polymer optical
fibers and their applications in sensing
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The rapid advancement of medical photonics has significantly increased the demand for fiber-optic devices across sensing,
diagnostic, and therapeutic applications. This growing demand imposes increasingly stringent requirements on the
constituent materials, necessitating exceptional mechanical flexibility, stretchability, biocompatibility, and, in many cases,
biodegradability. Traditional silica-based or rigid polymer optical fibers, characterized by their high elastic modulus and
inherent inflexibility, face substantial limitations in dynamic biological environments. Their mechanical properties are
fundamentally mismatched with those of soft human tissues. This mismatch not only compromises biocompatibility but
also poses a real risk of damaging surrounding delicate tissues during implantation or physiological movement, restricting
their potential for long-term or minimally invasive monitoring and therapeutic intervention.

Elastic polymer optical fibers (EPOFs) have emerged as a promising solution to these critical challenges. Their
exceptionally low Young’s modulus closely resembles that of biological tissues, significantly reducing the risk of
mechanical irritation or damage. Moreover, EPOFs demonstrate excellent biocompatibility, minimizing adverse immune
responses and enabling stable, long-term tissue integration. Most notably, they exhibit remarkable stretchability, allowing
them to endure significant deformations—such as bending, twisting, and elongation—that occur in living, moving
organisms without compromising optical performance. This mechanical adaptability enables them to conform to complex
tissue geometries and accommodate physiological movements. In addition to their mechanical and biocompatible
advantages, EPOFs provide considerable versatility through structural and functional tunability. Their composition,
geometry, and dopants can be precisely engineered to tailor optical properties (e.g., light guiding, scattering,
luminescence), sensitivity to specific stimuli (e.g., strain, pressure, biochemical analytes), and even therapeutic
functions (e.g., light delivery for photodynamic therapy, optogenetics, or localized heating).

Leveraging these distinctive features, EPOFs have rapidly evolved from novel materials into key enablers of cutting-
edge biomedical technologies. They are increasingly utilized in diverse applications such as minimally invasive signal
transmission pathways for deep-tissue light delivery or sensing, and highly sensitive in vivo biosensors capable of
continuously monitoring physiological parameters (e.g., pressure, strain, pH, specific biomarkers) or drug release kinetics.
Their flexibility and biocompatibility make them particularly well-suited for interfacing with dynamic organs such as the
heart, muscles, and brain.

This article presents a comprehensive review of the emerging field of elastic polymer optical fiber materials. It begins by
defining their core characteristics and differentiating them from conventional optical fibers. The review systematically
classifies EPOFs based on their constituent polymers (e.g., silicones, hydrogels), fabrication methodologies, structural
designs, and functional mechanisms. The central focus of the discussion lies in the expanding range of applications for
EPOFs, particularly their transformative role in biomedical sensing, including various sensing principles (intensity-based,
interferometric, spectroscopic, luminescent) and target analytes. While highlighting the significant progress and distinct
advantages offered by EPOFs, the review evaluates current challenges impeding their widespread clinical adoption.
Finally, the review synthesizes the current state of research and outlines potential future directions. By consolidating this
knowledge, it aims to serve as a valuable reference and provide strategic insights to accelerate the development,
optimization, and practical implementation of elastic polymer optical fibers in next-generation sensing technologies.

elastic polymer optical fiber, preparation technology, response principle, sensing application

doi: 10.1360/CSB-2025-0705

17


emailto:pansw@dhu.edu.cn
emailto:houkai711@dhu.edu.cn
emailto:chengy@dhu.edu.cn
https://doi.org/10.1360/CSB-2025-0705

	弹性聚合物光纤的制备及其在传感中的应用研究进展
	1弹性聚合物光纤概述
	1.1弹性聚合物光纤的分类
	1.1.1含水弹性聚合物光纤
	1.1.2无水弹性聚合物光纤

	1.2弹性聚合物光纤的制备技术
	1.2.1非连续制备方法
	1.2.2连续制备方法

	1.3弹性聚合物光纤传感器概述

	2体外物理环境传感应用
	2.1受力环境传感
	2.2温度环境传感
	2.3水体中的分子监测

	3体内生理环境传感应用
	4总结与展望

	Research progress on the preparation of elastic polymer optical fibers and their applications in sensing

