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Abstract: In the medical field, traditional sensors often face challenges such as discomfort during wear, signal attenuation, and
complications arising from invasiveness. Gallium-based liquid metal flexible sensors, with their exceptional advantages including high
conductivity, flexibility, and biocompatibility, have shown great potential in medical diagnostics. This paper focuses on four innovative
applications and technological advancements of gallium-based liquid metal flexible sensors in medical monitoring: in terms of vital sign
sensing, these sensors enable real-time continuous monitoring of dynamic physiological parameters such as pulse, respiration, and
surface pressure, providing data support for early disease warning; for motor function sensing, they can accurately detect joint motion
trajectories, swallowing coordination, and muscle strength, serving as a basis for rehabilitation assessment in neuromuscular disorders; in
multi-parameter surface sensing, the sensors allow non-invasive detection of skin temperature and sweal composition, offering new
technical pathways for early identification of health issues such as metabolic disorders; in deep electrophysiological signal sensing, they
break through the limitations of traditional methods in collecting weak internal signals such as neural and EEG signals, offering new tools
for the diagnosis and treatment of neurological diseases. This paper provides an in-depth analysis of the practical applications of gallium-
based liquid metal flexible sensors in early disease warning, postoperative monitoring, rehabilitation management, and personalized

medicine. It also summarizes the key challenges in real-world applications, including packaging reliability, multi-physics field signal
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crosstalk, and weak signal acquisition, and explores corresponding optimization strategies. Finally, the paper discusses the future

research prospects of gallium-based liquid metal flexible sensors in the medical field.

Keywords : gallium based liquid metal; flexible sensor; medical field; non-invasive detection; wearable devices
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Table 1 Four types of innovative applications of gallium-

based liquid metal sensors in the medical field

57 1 Y5 BN AR PR R
Az i AR SR LiSNGR) RS ]
BHIIRER KATIB ) AFHIIRE LA J7 ik
R Z SHUEH IRFIRE T
W2 PSRRI N RN R

1.1 A e B R H

T 27 (it BRAST I 40 38K,, 3% 28 sl A K I A= A AR 2 K
WEBST G, RIS 4 M ZR Mh A5 s SE A L RO
BN ST LA I DR | il | R R A SR T T 43 A
TEAE TR HEAG I 4548, % ¥4 5 B BAE

1) Bk#5 i

SRR AR S U AT A RO O AT R SR
fa RS, BB R B0 I 0, 00 7 o e B i o
RFFEPER , PR T A2 W7 B3R 9T RICR PEA R A 00
{5/

A ARG S B0 ik 5 2 Ik 40 T i s Ik S ok 8k s
BF A9 R AR Ak, AT S 3R I A AN, 2024 4F Xu
AR S A B R MR R A B T T R
A ARG 1 A5 U8 3 1) B/ N T AR R 7 A8 Ak, S ko
W 0 R B iR A S, 2023 4F Chen 457 FF &
T AT A N PR R A L R R a2 )2 A 4
754 54406 4 (eutectic gallium-indium , EGaln) LA 445
B SR T LG0T B A R R ol M 25 R B
SR M)A, %L R R AT AR R 2 UK R R TSRO
AR (AR 1 iR ) |, I % S2 A — J5 6 R B kT
SIS, SRy U e R RGN A0 2 HUL L SE2 A 1 PR T BT T R

A e G T 4t T ol AR TR S 4 R AL IR B
STERH B A B, 2023 4F Luo %V R T — R T
RIS 42 I8 1 SR MR B MR 1Y AR A SR A%, R Peano 43
LSRG BET T TE 4R FHPERE . A SEPR BT I R, X
AL SRR B S W A B ARG I JORCHRE, ol B ML B R 12 T 5 oA
b T R A PR T Bl A LR, A1k
7 4R AIE Bh A A B S HE . 2024 4F Wang 57 HF &
THT EGaln BN KT 2 & 4 W RH AT 37 1 27 4 1 A8
BB | 3 3 0 K £ 4 b A 1) fG 3 A5 SR HL A R
REBFHE R S T T L, o) LSS B2 Bl R v
B JC LR A, an &l 2 R,



% 6 1 P BE S BRI A A A IR A [ T U P 5 Pk 19

R i) /s

BT Tk AL AR IE T LIS

Fig. 1 ECG detection while swimming and running
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Fig.2 Pulse detection using fiber strain sensor on the wrist
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Fig.3 Sensor array for blood pressure measurement
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Fig. 4 Detection integrated into a mask

WAL IR WL B 20 v | AT S B PR 174 S I 34 4
K, 2023 4F Bie %570 8 a3 R R BIE A £ 8 10
YIERR 2R R T R T EIRRCS & TR g 4L,
TIT I ARG T 54, , A R B IR 5 Y 2 o R A LR 4R A R
SR, SCHRL 22 15T 0T 7 A 27 2 [ AR L IR s | it
RTRAE B IIYE R 5 4 4 LA M E 22 19 o7 )&, 7]
DIFEUE Hu S e, an el 5 R

BRBEVAS 4 Jd AL AR v A H O IS 3h A A AR T
W, 2023 4F Lazzari 2577 %% EGaln 15 — B 3L ik 404
( polydimethylsiloxane , PDMS) FJIR & , il & T — iz w1k
SER R AT SRR RS IR 6 BT T I R I e K
TIN5 oA 5 M 1t e W A DX PRI | I 5 R Wi
TRIFIR 38 TR I PRER BT P A P WA I, 12 1% e 45
Py e H B B Bt T, BB 75 5 24 SRS h A



20 % # X

x E AR a6t

0 6 12 15 24 30
i []/s

Pl 5 AR e S A I e A5

Fig.5 Strain sensor detect throat signals
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Fig. 6  Sensor connected to chest for respiratory monitoring
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Fig.7 Schematic diagram of multi-directional pressure

recognition using liquid metal soft sensor
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Fig. 8 High-flexion detection on wrist and elbow by the sensor
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Fig. 9 High sensitivity for large-area detection on the shoulder
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Fig. 10 Detection of the larynx by the sensor
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Fig. 13 Remote operation platform for dangerous experiments
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Fig. 14 Detection of muscle activity by data knee brace
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Fig. 16 Sensors for daily activity detection
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Fig. 17 Infrared thermal imaging of the sensor during temperature loading
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Fig. 19  Proximity and temperature sensing performance of the sensor
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Fig.20 Hydrogel sensor response to cold and heat sources
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Sensor with excellent breathability for sweat collection
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