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Abstract: Biosensors are medical test devices that have attracted widespread attention in recent decades.
However, the application of biosensors in clinical diagnostics is restricted by poor stability or portability,
as well as the laborious and time-consuming of traditional body fluid collection methods. Microneedles are
minimally invasive transdermal devices that can be combined with miniaturized electrochemical sensors to
prepare a variety of bioanalytical platforms, and their technology has emerged as a revolutionary approach
to the biosensing field, offering new avenues for improving and advancing current biosensors. Innovative
configurations using microneedle arrays as standard electrodes have the potential to improve the detection
performance of electrochemical sensors. In microneedle-based electrochemical biosensors, conductive poly-
mers, enzymes, nanoparticles, and their composites are usually utilized to modify microneedle electrodes
for painless transdermal detection or wearable monitoring of glucose, lactic acid, alcohol, urea, amino
acids, therapeutic drugs, or biosignals in tissue interstitial fluids. In addition, microneedle technology, as
an emerging body fluid sampling method, can be used for further electrochemical sensing by directly ex-
tracting interstitial fluid. By utilizing non-invasive techniques, this approach not only eliminates the need
for bulky instruments used in traditional interstitial fluid extraction, but also enhances patient compliance
and simplifies the body fluid collection process. These two types of microneedle-based electrochemical
sensing techniques have been widely used in the fields of disease biomarker analysis, routine biochemical
indicator detection, and therapeutic drug monitoring. This review outlines recent advances in electrochemi-
cal microneedle sensors, including their types, sensing construction modes, and diverse applications, lists
the working electrode configurations as well as the detection capabilities of different microneedle electro-
chemical sensors, also providing analyses of the advantages and limitations of currently developed sensors.
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HA R R. I, U Ak 2 % SR 0 T 52 i W A& IS v o S 4 b 2 38 Jo Uy T B A B
(9 I ¥
3.3 BES

WUHLAR 5 S AR 2 LA 2 v iz 2l B 0 1Y SV Ha A 78 B ) R s ) By &, R I09 L v iy UL el S 00 o o 22
WUIA ZR Ge 05 B A £ | 32 S I RE A P4 DL AR W I iy S B S S A . 5 A% G 0 2 T LR AR
MIE AT 15 R BE S S8 B 0k f T2, A AR R AR BT, B R TH T Wl i i i k. Ji 250 MR 4 1) o o
AT T RIE, BIE T AR R R A, T S N AR UL I (B 3b) . i Ak 2 R R
sar ) A RS T O 20 4 SR W S g e e 2, DA SO IR A ) 35 O M AT 97 k. R RAR S5 A B T R 5 2R
PESRLC A2 il i AR, B OK T AR B, WU TR AR R AR R Ny AR v, SR A5 R AR, XA A B
A 5155000 i ARAR S 0 R T L M Ee . O BAERK IS 3 b ROR T AE. BEOCIE T, R AR A A R
ASTE AT ZE B BT R g WU L L AR R R AL A T S R A )T 1 R I s
3.4 EHEMIER

A ARG 56 2 3 3 ) N I 9 AR ) BT ) e R S R O AR ME AT X b, AT A WL ) f AR
BIE NIREMZWSIRIT TAERMES 5. A0 30 55 UL A A I F8 A A IR . IO . JH I e F B 2 g
. SEGRI A L, JE TR A A A% IR A A B TR L SR DL R R g XU IR A G

Yin S5 IF & T — R T RUET BY 0OBE WO R S8 (B 30>, K RN Ak 2 1L B R A S A A B ATk Al A
T 2 K A8 IO 19 235 0 BUEE A R AR PR R A7 IR 000 . SR P2 PR B R AT AR S A SR A A, T 0% R g
THLHE S LA 7R S B I A 7K P B AN (BRI DA SiE b 65 000 3 K 2 ey e e 20, i L B ROE O 9 Y R
JEL1 pA/Cmmol « L™ T 14 d B Far. B, 36 TR0 b 2A G B A o AR &
K FEE 1% 3% S8 MR W . A SR R DR e 1) — O AR TRRE R b R R H TR 3R A WS R R A R S i
2 g R ™ EAAW AL AR, AR SR B A RSB0l e b a4 — % Sl fE W I 1k
RN B A R N WK ISF i R A OB v R, (H & X T R AR 00 % 22 W I xE R B AT R AR D
Teymourian % L -3 T B2 Jid &0 i (14 Al 02 I 07 o0 JE Ak . TR & T R 1 S W 3-8 38 T IR (R A 1) B 2 4
O3 BT B AL AP AR RS XA B A B PR R L R R AR M, A R A Y SRR D T
AR RN AT, BR OB IR AH D A A AR AR Ah s B AL 2 AR IR AR C YT R BRI ISF Y £ B oy b
Yy, B4 MR LR . PR IR VLI 55 % AL A Tk 48 bR (GR D).
3.5 M#HIRE

Il R 36 7 Hh R 28 GIAE TR BLIGYT T A 254, 5 S I A7 1M 25 Wk B A A . K. H A T A A
024U BE ) 43 AT 7 T R AR MR REAS O AT 5 B2 iy S e &5 Ay, T or FE I BB, B9k P, ISF p
(G 285 Wk B 55 1 2 9k B S TR AR OG. PR, T RUE 100 v A S 1 SRR T o B i O =B 42 B 5K ISF,
ST H AR ST, Goud MY IF R T —FhIE T 0ET B T S AL 2 AR R AL I TR
D — T ] 339697 0 4 AR AE 1Y 2459 By D A I 2 B A2 JR gt AR T T o I e e 08 2 — 1 ARASUINE ‘B e AT 1 PR
A AR, KGN ISE A Bl $ gl i G BE IR R BE . A, AR SR R B T R T — A TR g 25 H
HIER RS0, o i T Al AL SR S it 38 S AR 2 B, DL4ERS 004 AR AE B I L 25 ¥R . Parrilla 2 JF
R T —FIRT DA% 8 W 00 FH e 4 v B ) U P Ak A I (81 3D A AT S FH S v JRORE X o 2 B AT 4
g, B A 5 R R AR A e RS T AR A, A% AR B U A WIS e MOk 4 DO RE. Ak, B ATIE
TR T —METHRBAOMEFES], ST H 2R WS R AZ. XSSy — IR a & e T
BT B AR AE IR 25048 B 5 i 1Y B R N T 7).
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F1 RTBEUFERBOEE, MR, TEERREE. Y. RURNREEER
Tt . . . . o 5%
. TR A1 o TAF oA LialllE7] ;0 BR 2R M .
JeHl SCHK
REHRENER
L &/ RpEE AL — 0~20 1/L 46
EZ K &/ E R LB 2 B mmol/ [46]
S oK Bk / - JR IR 2.85 pmol/L - [47]
BK LN
f#l & T 44 K R/ - pH fd - - [48]
BK LN
[ A N3 — i 25 1 0.92 mmol/L 3~13 mmol/L [23]
W)z fif R/ 4 W55 - - [41]
w2 NG BIREAA IR/ HEAR [22]
B/ TR A7 WV Jot i
w2 bl £k /40 WA= - - [49]
W)z SR/ 4 RORMe—mm/ R#E 0.9 mmol/L 3~18 mmol/L [50]
JOR 8 / 4 G i
Wz NN & /HER /2 Tk Eikari 268 pmol/L 1~30 mmol/L [51]
iR P
S NG [VELES=TEP S 3 gt 2 7 R 11 mg/L 75~448 mg/L [26]
SRS SIIE 59
w2 SR/ 4 GiapiE=niq 2 0. 63 mmol/L 2~12 mmol/L [32]
w2 Rilm G /A ORBURL / 1o AL b 40 pmol/L 0~26 mmol/L [30]
R ML /7 % Wl A At/
4 PR R I
S w BRI Ca*" /K" /Na® - Ca®" [37]
0.01~100 mmol/L;
K. 1~32 mmol/L;
Na™: 10~160 mmol/L
w2 N B/ & 0K SR/ pH & - pH: 4~9 [38]
EF s
w3z /% F WK FZ RSk REARKKEFZH 4.8 ng/mL 10~250 ng/mL [39]
w2 BH WG R & e A ZHisE - - [52]
HBR /4 /4
W2 BHILNHR T E B(3, 4- T2 A FEBE) Na" - - [53]
®E NG W2 /5 W 4 8 Ak PR LR 0.1 pmol/L 1.0 pmol/L~ [54]
2.0 mmol/L
w2 NG| G /AR B U R I Cikohi 22 pmol/L 1~30 mmol/L [55]
w2 N Tl &/ BN/ AR ARG/ LR - 1.9~2.2 mmol/L [56]

AR /B (-7 IE-

AR 24




% 6 4 BRE, 5. MACKFERBORFFRER 11
EF S|
B TR B AR LR A s iz 0 oailll L 2%
*m % i e H 3 iRl 6 00 B 2 M i
Wz R e &/ ZRERRNKAT /W i/ FLER /% W FLER: 3 pmol/L;  FLMR: 10~100 pmol/L; [57]
ilg CEL R %10 R 7 265 NG 7 pmol/L E#ENE: 0. 05~5 mmol/L
Ji A D
W NG AL TR /6t B DU R AR Gikal 0. 46 pmol/L 0.03~6.00 mmol/L.  [58]
S & RE RE 2.8 pmol/L 50~2 500 pmol/L  [25]
w2 Rk SFEEREY HAR-6 1 pg/mL - [59]
w2 it G /3-BnA N H AL R/ HENE 0. 66 mmol/L 1~9 mmol/L [28]
TR O Y R e — e Rk

REW /WAL
2 Tt ZEARRE/ &/ R iR A P R A - 0.1~1 000 pmol/L.  [29]
TE NG G/ EA R /4 TR R R IR Gk 22.5 pmol/L 1~20 mmol/L [60]
W it &/ AR/ AR Bk HAE S - 62 pg/mL~539 ng/mL [61]
w2 RIAmEEIR  RZUEM/BREWKA/1H, 1H, T 1 nmol/L - [62]

LBY) 2H, 2H-2 5+ Zhi bl / &
w2 & ZALE G R L2 B e 100 nmol/L — [63]
WE REBRABRE G /A B R AL L - - [64]
w2 LR BURL/ T 0/ BB B NOR G /R ikl 0~21 mmol/L [65]
T g ST/ TP AE TN I TR AL % B TR
750 N2l & /38 ik AlER - 9~35 pmol/L [27]
25 JE 219 g (BIO) - EANE] 0.13 pmol/L 1~120 pmol/L [66]
70 g i %5 b L - 1.7~10.4 mmol/L  [67]
250 N BRAOKE /AR AR 3-W e k25 Je R 11 mg/L 75~448 mg/L [26]
LYINE P
il R IETRER TR M /A BB 7K At N LR - - [68]
ZE0> E-Shell 200 JeZIM AR 1 884 /4-(3- T k- 1-BK M) - N 27.8 pmol/L 20~160 pmol/L [31]
1-T B i &

750 - BT/ A T /4 TR R B JIR [ - 1~20 pmol/L [69]
20 N ZEERNAKAT /1, 4-ZRI/ HE - 0~20 mmol/L [42]

DL /55 RN/ b

ST /4 ST R B A/

R B

250 - THcH /8 WL/ FE WS ok — i/ BEILTmR 50 pmol/L 1~10 mmol/L [43]

R I M M R — R/
ST/ BT MR A/
R/ RA LK
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EF
Tk 5%
. IRz TAE AR oRilE7} oaill 28 PR o
JeAl SCHK
20 2 ik ik ) BB/ /R H G i 0 - 25~400 pmol/L [45]
250 Anycubic YERURIBE B/ 46 98K UKL / 4 ST 1% 72 1 A o] 1 A R 0.6 pmol/L - [44]
20 RWERBRPE W/ REERAEEika 5-Fe 0.9 pmol/L 13.5~95 pmol/L. [40]
BRI AR AR/ 4 TR R R
2500 52 ik ik T/ 2R BE TR 4 K W TEWEENE 075 pmol/L 1~50 pmol/L [70]
250 O R A g &/ E T/ AR/ N - 0.8~34 mmol/L [71]
70 M /4 TR 7R R
250 BRI R - HEBE/ pH 0.2 mmol/L WA, 44~ [72]
6.6 mmol/L;
pH: 6.94~9. 23
KBS 35 R/ AT 0 - Na' /K" /Ca*" /pH - Na' : 0.75~200 mmol/L; [33]
PR 5 iR K™ 1~128 mmol/L;
Ca™": 0.25~4. 25 mmol/L
pH: 5.5~8.5
KER ZEREIHERRR  RG, 4T L ZF LY — pH {8 — pH: 3.5~9 [34]
RORCIBRIR) /BR _ 1

K B 15 H RN R A - IR L/ KR/ — Bt 0.3~1.8 mmol/L; [73]

& W JILIEF /PR 2 JRER . 50~550 pmol/L;

LEF: 50~550 pmol/L;

JRZ . 1~16 mmol/L

KEER  HRWER - BT - A 0~12 mmol/L; [74]

% W R A . 0~20 mmol/L

4 RE5RE

SR . B Pl 1 T 28 DR FC B L 3 5 M 8 S U L AR BT IS P R R . B R
F 0 1 5K T o 1 22 2K 1B RE I TT L P T B ) L 0 BRI & A R AR RILIR R 4
FRAY. WG R ., B i e 15 B8 B TR0 2 B PR S bR A5 HB A TR - B0 2
FRAEY B ARE AR UL S A2 M B . A% SCON BT FBL A2 1 TR0 R 0 | Sy 2 X % %
7T SAGE T HCRHT IR, AR LR T B 10K 2 0 ) T T A A RS 2 A (LT AT A B e A 2
I B8 B B SR W L 5 2 A 6 T At LA VL (1 IO TR R AT, T P A 1 G
20T LTI 5 R HE P 75 e RIS M s A0 e 4 UL U AT U T R o B 25 0k L Uk
W95 Y

BRI BT L BT A R TR (L7 7 7 — 6 ) B o 0 A

1) FRL AR R TR 15 D R B L3 A 22 . 285t — B T B4 8 25 B ol A
YT 1R 5 R B 1 e L T A ORI 45 SR .

2) O YA R A R BT BRI . TN AR T . I PRI 2 B I J01 20 ik T 1 75
TR LRI A T RTIT .  0 T 11 7 2 L 35 o7 4050 T 1 0 R K 5 BB L 33 T RE 2 MR AR AR 4 R 1
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G I o A A

3) PR AL AL S AR R B B TS PERE L B S W B e S R Y BRI 2 rp. — L8RS IR L R
S W MR L b R R R, O LT RE 5 BRI Y 1 11 g

4) TICBE S BRI B2 SR ) S PR O BT, DUBR DR DU P S 2 W 8. MR B IR B9 AL B 4 D AR
iCaN PR B2 2 U TR A Y N EINES S TTEZ S N0 - S i R IR N SO R VI % i S E e DR T S ER e o
SR A S BRI A 3 T % [ 6 i S AN ) AR 1) B DR 28 o PRI i A 0 o R v S e £ b 4 A R BT 2R 9 1
DL, TERFKMBETEH . BIFFEN 5N 2 HE— 2 LA A [RI A RE I B 0k 28 P RE . O fol BT A% J A A 00 i 7
RE 5004 4= HL 5 2L

5) fUEH AR BRI B 2 T AR 2 DR AR L BT 5 4 (0 S TS PR P L BlET He AR AR, IR S Ry T
JoEH) 2 il TR AR, X AT ) T oA DR B R M LR S . ER i T TS R AR A 5 R W e A
B JF LR B B2 1 R (A5 530 b By B Sy L FLRI 2. 7R SEBR AR L X AT RE S BUML B i
PR 3 P Ay Jor e ST B, DT B2 I 1) 3 T 45 S 4 9 A 1P 5 AR

6) B2 AR B Tl A A RS EE A T 20, AnfloR i T EOR, AEAR EATR R R A, R
BT WA IR H, St B E AR A U AL A A RS AR A A, BB T R AR e
R Fit Al 2 AR AR 0 A 7 A, (il 2 AR R B URAL A )™ AR FRANT R IRA R I AT MR R,

7D TR PR A= A A S I I ) SC B S I I B A A B T SR AR X X RE TR
Pl TAR G EESR. MO, BRI AR AR AR . RO MV Ty AR BN AL R A, DU R 0 R
W BUAEVE 2 IEAE BT T ol R oMb P 1 S 00 s 475 6 P 3 30 A~ e v R AR e . O T R A R R L BRI
e it AR A REASRHAO R, B ORI A AR M AR B OCH L SR T HLMGE 3 IAE L RO IR S
REE WA mT RE R AR S IR (E RIS & ] R 52 BN (] W3k FRL AT 2 AN KBRS 119

FIAT . 15 2256 TR0 B9 v Al 2 15 B s 2 B Ah T 52 50 3 AT e B B, (H & 8 BUAR R 7 12 W vh A i
b2 N I3 73 D 5 N IV I 11 e d DN B o S S I N B KT R i R N AR L E A S € N
AR IR AR O HORE SR RE 8 2 S R AR5 AT 22 B IR )
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