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Abstract: Objective Based on the bibliometric method, a visual analysis was conducted on the research status and development
trends of gel patches from 1995 to 2025 to provide a reference for future exploration and innovation in this field. Methods Relevant
Chinese and English literature on gel patches from the CNKI, Wanfang, VIP, and Web of Science (WOS) core databases were retrieved.
After removing duplicates using NoteExpress and conducting manual screening, CiteSpace, VOSviewer, and Excel tools were used to
conduct a systematic visual quantitative analysis of the included literature, comparing the characteristics and differences between
Chinese and English studies. Results A total of 3 689 articles were included, including 1 605 Chinese articles and 2 084 English
articles. The analysis showed that the annual publication volume fluctuated and increased, with the growth rate and total volume of
English literature significantly exceeding that of Chinese literature after 2015. In 2024, the number of English literature reached a peak
of 192 articles. At the national level, the United States had 528 articles as the leading English publication volume, China had 404
articles ranking second. Three major research centers formed in North America, Asia, and Europe. In international cooperation, China
and the United States were the core nodes, and the cooperation network was dense. In terms of institutions, Beijing University of
Chinese Medicine had the highest number of Chinese publications (25 articles), and domestic research institutions showed a
“regionalized small group” feature, with low participation from enterprises. The institution with the highest number of English
publications was Novartis (77 articles), and international institutions formed a global collaborative network centered on multinational
pharmaceutical companies, with deep integration of industry, academia, and research. In terms of authors, the Chinese author with the
highest number of publications was Liu Shuzhi from the Chinese Academy of Traditional Chinese Medicine (24 articles), with core
teams including the Liu Shuzhi team (focusing on matrix optimization and permeation technology), Wu Xueru team (focusing on
process optimization and quality standards), and Ma Yunshu team (focusing on the development of ethnic medicine gel patches).
Domestic authors' cooperation was characterized by dispersion, forming multiple independent research teams. The English author with
the highest number of publications was Fang Liang (58 articles), with a highly interconnected core team research network focusing on
the frontiers of drug delivery mechanisms and disease-targeted treatment. In terms of research hotspots, Chinese literature focused on
basic research and process optimization of formulations, with frequent keywords such as ointment, matrix, and preparation process.
The research evolution went through four stages: introduction of formulations, deepening of technology, establishment of standards,
unified concepts, and frontier exploration. English literature focused on clinical applications and frontier delivery mechanisms, with
frequent keywords such as transdermal patches, double-blind, and efficacy. The research expanded from alternative treatment to
neurological diseases, intelligent delivery, and tissue repair, going through four stages: hormone therapy, neurological disease treatment,
formulation technology innovation, and integration of biomedical engineering. Conclusion The gel patch field is developing rapidly,
and there are significant differences in research focus and cooperation models between Chinese and English studies. In the future, this
field needs to integrate transdermal absorption mechanisms and intelligent delivery technologies, promote the modernization and
standardization of traditional Chinese medicine compound gel patches, expand their application in chronic disease management and
tissue repair, and overcome technical bottlenecks such as adhesion force.

Key words: gel patch; bibliometrics; research status; development trend; CiteSpace; VOSviewer; visual analysis; transdermal

mechanism; chronic disease management; tissue repair
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Fig. 1 Trends in publication of Chinese and English literature
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Fig. 2 Distribution of English-language publications by country
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AT 1 S22 B 5 ) 05 T 1) S5 RO BT Rl & R AL
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HAVERR, BFFLTT A BRI T ROV 254058 16 B
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FHBATRIEC S 2%, YR BB R IE S B2
2.5 XKBEASH
2,50 REERESLIL AT @, SESCOCERTT R
AL BT (B 6), FF45 & mdioctin gi it 4
BGR 4, TTHIMEE RN E U . SO
OV S5 5 R RS . U AR OS m R AT
35 T2 5 5 w40k, < B A7) (363 V)
CRF (118 YD “Hll& T (115 ). “IERSE
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Fig. 6 Co-occurrence network of keywords in Chinese (A) and English (B) literature

& 4 E3OEk S B IISIURET 15 (IR KHE1R
Table 4 Top 15 high-frequency keywords across Chinese

and English literature

i HHOR ] SR BRI AR
1 B 363 transdermal patch 524
2 R 118  double-blind 248
3 LA 115  efficacy 204
4 IEASSIES 108 pharmacokinetics 195
5 BRI 87 delivery 195
6  EHRE 83 in-vitro 159
7 OB Gk 81 skin 149
8  BURMWE 74 transdermal 136
9  IEAR®IF 67 safety 131
10 % 48  patch 123
11 FEE 45  drug-delivery 111
12 HEFiabsy 45  release 108
13 fRITZE 42 permeation 96
14 ¥t 39 formulation 94
15 AR 38  system 91

TEARA BTEEVPAY 24 R0 E 5 7 Tr i ST 1 5 %55 T
ZREEN o IX— P ARFER B, T SO T A% Lol ) 1Y
KGRI RS ERTE, RN REC T Ik
ESEES WS EETEAHI & T2, I
FREINE . SR EEEE N KRG E VN
PRZR, PRI SR A 7T SRR AL T .
MR ZT, S pmg R I B E M 2= R
AFAE . “transdermal patch” (i Bz 7, 524 1K)
“double-blind” (XUE, 248 k). “efficacy” (J73K,
204 %)+ “pharmacokinetics” (Zjzl%%, 195 1K),
“safety” (24, 131 IR0 SR 8% 32 FHUAL,

HOGEER LI M 25 3 (K] 6-B) St AT %
TG, RIS E A WA e i PR N 5 0 R TR VR T
W 2% B %8 ) W 1 B3 Crivastigmine )« ZF K JE
(fentanyl). % & &7T (rotigotine) SF4FE 259, LA
I a4 7% (Parkinson’s disease). [l /K 7% i BRI
(Alzheimer’s disease) 5547 € BN L K2 M 7L e
B, TH TR I H A FERBI 7T A s R AN B e A B 9T
FRAT . UNEARRIER, FEOCHE TR ik R
4t 5 A0 Yy Ae 4 ORL o d R U B E R
“nanoparticles” (49K¥i). “hydrogel” (ZK&EEH)
“microneedles” (Ft) &5 Ryl oo B 1] 1 HH W, A4
SO TERT KR . B REARESE VA S R AR
WARER, ML TT W) 5 4% Guidh Jz 25 2500 T IR FE
G, FLEHES) TR E BRI KR

W, SECOCHRERF R E S R R E E R, AR
BB 2 F TR TR B S %0 R R TT IR A
[F]: Ho SO 9T SR AR TR R A R AR AL S AL A &
B, AU S 1) IR S S T
B EIG R UME RS S AR ER AR R, R
RAEZBIB AT KR TT M 2 3 T2 AT
N JE S XA SR B R A B TR AR AL T B A
B, AR NGB U A SR R R TR B T 2 o)
BHTERAE -
2,52 RHEAIERIET @I, SESOCER oG
BT R RA MR, RSN SR NG s,
IR FAZ L FIREE M 5 R k%S, FF LAy EL Al
XA A R K R a3 AT R T . Hr SCCHR Y
FeB A R (K 7-A) BoRr, iZAUR K 13
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Fig. 7 Cluster map of keywords in Chinese (A) and English (B) literature

NN RIESRIER RIS, IR 5 PR, Ira R
e BRAE Y =09, RHEHER T M5 O @R
SE AR R . A RIBNIREHTIEHE,
ALK SRR ITYN N 4 MEOTFRZR: (1D HEah
WHFLE, AERE#H0 JE7 L IEAS B BB O,
BTGB FI R BRI 5T ST A, B
SRR T R R SRR A (2 TEHKRE,
PATRISH Hl46 T2 FIsH6 I8 AL, Nt
TR I KLU, %0800 T8RN B )%
TEMIRE. Bt S &80 (3 FREEHZ,
IRFEHI 2 T2 IEAS SIS O R 7T R
P AR A R B AR R, B I =
(= AT AL SR DGR B IR B s (4) B FHERIEZ
WEE T2 AT TEKHd BUNEE . BRH5 2
M. B0 g, RIS KRR, K ET )
FLA it 7t 5 T2 R R S A A AR 1) 24 U6 E
SSeBRA A Z T, PREIHZ AU 7T LA bR R A
SR BB A B A

EAR RN, T SRS T ZS R T4
BT 2000—2010 4, X3 E P EER G E T
FUAE LT WP N AR BB B 1T 2010 4EJ5 11
WF 72 00T BE G BR, F e 3 22 O B8 0 R0k 4y
Je, WY IERS SERG AL ST A A R T, ok
H LSRR B T ST T T R BT AR R

TESCSCER DA SRR (] 7-B) RILH
BN R HZ GRS R, R 16 AN EFeE

B (EA>0.9) HRENFIRE. 5rhsCTmkrmt
FURFAEAH L, 9 SO 700 S H 6 B PR 2 ) 5 2
ARIRB W E K EFHE. WK 6 Fx, AR 7T
AP RGP N0 T ), JEE#1 (rotigotine
transdermal patch ). #4 (alzheimers disease ). #5
(parkinsons disease) AHERERIE L 1 58 BB 044
R, SO B NG B A A A AR AT I I AR
ST IR E N AN . BEAk, TEZR#0 (women) U
REET Lot FR USRI Ry A 7T, B FT IO
AR Mg R B WAL AN HTT R, RO
B E LT 3. BORBEZ T, T LIl
HOREN I ATVE R R H sk, MR HE e 251
X RGHR 53 BB TR TR IR R .
R #2 (wound healing ) v #10 ( propranolol
hydrochloride). #13 Chydrogel patch) 54T 24
VIidik RGEIT R, WETEIE BOKEER MR 49Kk
S BRI BRI R SSEBR R s JE2E#9 (skin
permeation) JUIRFZE R B 75 Bz W SC I SR AL | ) R itk
WEFT, NIRBEOR A & iRt | B B8 3
o IWBHTEIN I 4E SR, SR & SRR %O
TEERAEAS I 2001 4 (#0 women) FFAEIESEZE 2021
4 (#10 propranolol hydrochloride), 23 H B 5T
RBATEEE . FRE TN R AR . XM 5807 )
IABTEA SRR, Sl Hh S SR 7 RE A% S 412
W EMIT R BUR SBT ImIR TE 5K, A i B RE 7 2
O, IRAARFRZ SRR FE 6T 7).
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Table S Cluster analysis of keywords in Chinese literature
RERL TR REE ER PR

#0 L Jit 20 1.000 G, BSIuct. BERE AL B Bk EAAL RREAA. KRR
Wi\ SE7K AL B2 M5

#1 & LE 20 1.000  #l& L AR IRRATS . Rt Bshade, @R IR, EEKE
Bl BT 45 S AL Y A R

#2 LA 19 1.000 AR, BERCEA. ME. RIRDE. BURMGE . KA. o, R
S BRI

#3 1% B 18 1.000  FERWY. BB, AR T BB L. IRRBRCER. TE
T BEEF AT

#4 BERG B 17 0917  HBERRMEE . AR TR, JRITZ. REFM. NS, ASERE . Fe
I, mE R

#5 20 16 0.958  ZHR. VRMIEL. WNPRIT AL SR FEEJD . TR AR EEE R AR L IR
W2 R MATE . TR %

#6 1225050 14 0.958  IEACESE. FEFACH. T2, MR il R BRI TE. Far. &
bigE BRI 5 BT A

#7355 B S 13 0976  FEHRK. DT WEREEPRE. BIERE. ZOTEIEME . ERA. T
BRI AR B

#8 IEAZ BTt 12 0.859  IEXZ¥ih. BT L&, SR, 4T FEETHR. HEH DA
Al TREATA AT T A

#9 2y 12 0911 . WRUEbiE. Hmll. RE. 5% ARG, Edr. BRI, A
7. IEAS#E

#10 5 Bl E 12 0920  FENE. KR, KEB. KHR. AR, WRBR. SREAAR. I
B 3 R

#11 KR 10 0.995 KRR, R, JUMMGEL. gEMA T, AR, RIT. A B SR T
KB BRIBE T %

#12 HMETE 9 0.943  SMAE. BUEIFM. 8. FEIRSF. BT R, HEATAL. RIEERITIE.

JILES B R

253 SRHERILM OREE R R

I FESCOCERE A R EE (] 8) AR
GUARHT, AT FUIE B3 A A I B s . S
W IC I 2 A O B AR SO R RRHIE . s
SCHR P P R 4 B BORFIE,  SE R HY %
SR ARG B2 H ER R R, (1D F78
513t 5IEREHELEF ] (1997—2001 4F): /E AT
FUHTSEM B, OCiAl “BER 7 (1997 4F) 5 “ T
M7 (1997 ) AP, 4348 MBS E 0K
(R A% O P —— “ N7 SRR TR A A ) S il
5L, BTN 7 A IR AR A R %
HYER R GV . AR IR, [ i
SCRIE FUAE RS 5 B B AT A7 2 A A 2% B PE 0 1R 58
BEORNELE, RS TOIE 7 Al . (2) HARVR

1 SR AR R (2002—2008 4E): R Bt
R OESE “FER ZOBARBIFRLEER, 6
T “IE R (2005 )L “HEIE 7 (2005 ).
“COREL” (2006 F) 5 “UImpRIT R (2007 4F) Kk
S, A ATEMT R TR AR ARSNGB
B A M e B AT, B R E kL S 5
5, FHEE K RS SRR AR ) 258080, B
LA RIGAIT RO X — I FE bR 2 [ A B
Nt 9 7 T XN B0 ) 70 Y O e RS A 245 4 7
a R E . (3) ARdEER L5 R R B
(2009—2015 ). JH#IA “FisAniE” (2011 4
IREL, TR0 E i A —H AR IR R M R4
WHE AR R E . TREFGEE TE L5 — R =
AR AE . FIEhR AL T2, HESNEER G B BT
FUM SIS BERRIR R M P A A P2 e, R S
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Table 6 Cluster analysis of keywords in English literature

RERB WEH BEE BB R
#0 women 22 0.945 women. efficacy. vaginal ring. menopause. oral contraceptives.
idiopathicrls. prescription adherence
#1 rotigotine transdermal 22 0.943 rotigotine transdermal patch. dopamine agonists. alzheimer’s disease.
patch parkinson’s disease. transdermal patch. animal models. tem. levodopa
treated
#2 wound healing 22 0.981 wound healing. drug delivery. rivastigmine. hydrogel. parkinson’s
disease. suture resistance. sensitive vesicles
#3 alzheimers disease 21 0.968  alzheimer’s disease. capsules. clinical pharmacokinetics. rivastigmine.
estradiol. correlation. economic trends. reprod
#4 alzheimers disease 21 1.000  alzheimer’s disease. rivastigmine. transdermal patch. cholinesterase
inhibitors. donepezil. behavioral side effects. analysis
#5 parkinsons disease 19 0.930 parkinson’s disease. postmenopausal women. quality of life. rotigotine.
alzheimer’s disease. amantadine. extracts. in vitro
#6 cigarette smoking 17 0.952  cigarette smoking. nicotine. sustained release bupropion. smoking.
major depression. reaction time. phase i, caffeine
#7 adherence 16 0.886  adherence. transdermal patches. double blind. dysphagia. child. healthy
japanese. alzheimer-type dementia
#8 smoking cessation 16 0.782 smoking cessation. transdermal patch. nicotine patch. sumatriptan.
acute. inner-city patients. nicotine dependence
#9 skin permeation 15 0.939 skin permeation. chemical enhancer. rivastigmine. bisoprolol.
calorimetry. tds. transepidermal water loss. tolt
#10 propranolol 15 0.974 propranolol hydrochloride. solid lipid nanoparticles. ex vivo permeation.
hydrochloride ex vivo permeation studies. ccd. analgesic activity. ustukhuddu
#11 transdermal drug 15 1.000  transdermal drug delivery. invitro. rivastigmine. parkinson’s disease.
delivery transdermal drug delivery system. nerodilol. multivesicular vesicle
#12 norgestimate 14 0.932 norgestimate. vaginal ring. risk. intrauterine system. hormonal
contraception. acceptability. perimenopausal women
#13 hydrogel patch 12 0.911 hydrogel patch. transcutaneous immunization. myocardial infarction.
vaccine. transcutaneous vaccination. magnetic stimulation. poke-and-
patch
#14 diclofenac sodium 12 0.918 diclofenac sodium. vivo. alzheimer’s disease. palladium. isobornyl
methacrylate. palladium. isobornyl methacrylate g
#15 dopamine agonist 11 1.000 dopamine agonist. adverse effects. therapeutic use. rotigotine.
cholinesterase inhibitors administration & dosage. levodopa/carbidopa.
clinical practice
MG Sim Rz N TR TIRSEREORSC SR, TR B R R R R ROE Y B

. (4 HEG—5iEREN (2016 F2£4):
CEERME (2016 4E) IX—4i— RIBFIRM, &
FAZUIBAENE & %A EseIibnai L 5k, 2R
2RI BT 5 F 7T S R R R 1T 2022 4
SR I ISR “ SRER -7, R B E AR AL 2
N 011 751 28 AR P I 90 A5 TR N B 4y A FH AL

B LS R R IR U B A S AL A SR A [
(R I, e 4 B BRI R, ARE 1 %)
BT 51 B AV 9T SR B 52 2 AR W IR 5 TR B A
HIFIR R B (1D BERIBIT ST AT IIREN
(1996 —2005 4 ). A By Br R Bl K 8 1] 1 45
“estradiol” (ME I, 1996 ). “smoking cessation”
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Kevwords  Year Strength Begn End 1995—2025 Keywords Year Strength Begin End 1996—2023
-5 1997 598 1997 2002 — estradiol 1996 699 1996 2007  e—
i 1997 390 1997 2003  — smoking cessation 1997 1010 1997 2008 e—
ST 1997 356 1997 2000 m— - Postmenopausal women 1998 1253 1998 2005 e
/|NEERRG 1998 407 1998 2002  s— - hormone replacement therapy 1999 12.50 1999 2002  m=
‘AT 2001 363 2001 2001 - efficacy 1996  8.10 2003 2010 —_—
KR F 2002 389 2002 2005 — oral contraceptives 2006 781 2006 2011 _—
EEEE 2005 350 2005 2005 - - alzheimers disease 2005 1005 2007 2011 -
e 2006 432 2006 2008 —_— - dementia 2008 1134 2008 2016 [
E 2008 393 2008 2011 —_— - dopamine agonist 2008 791 2008 2010 —_—
AAHEE 2007 374 2009 2011 —_ - Randomizedcontrolledtrial ~ 2008 7.85 2008 2013 —_—
Fa Fepe 2012 585 2012 2013 _ vaginalring 2008 716 2008 2012 —
ERTE 2009 455 2012 2017 —_— tolerability 2007 1007 2010 2016 e

* 2012 420 2012 2014 — donepezil 2010 707 2010 2015 e

EFEH 2008 3.80 2012 2014 — - placebocontrofled trial 2011 1299 2011 2018 R
HsEEET 20n 1976 2013 2020 — openlabe 2010 1096 2012 2018 Fe—
FEFE 201 571 2014 2019 —_— restlesslegssyndrome 2009 869 2012 2017 —
{RiET 2001 529 2015 2017 — formulation 2015 936 2016 2025 —_—
BEMEE 2016 3288 2016 2025 e drugrelease 2018 7.56 2018 2025 e
ERLFE 201 882 2017 2023 e panoparticles 2019 9.81 2019 2025 o
JURIEEr 2008 6.86 2017 2020 — - design 2017 1099 2020 2025 e
HE & 2012 402 2017 2018 —_ woundhealing 2019 1523 2021 2025 —
ik 2002 449 2019 2022 —_— optimization 2021 8.06 2021 2025 e
MepRATEE 2007 617 2022 2025 — acid 1996 773 2021 2025 —
HBAE 2005 601 2022 2025 — scaffolds 2021 699 2021 2023 —_—
SHERT 2022 5.66 2022 2025 m— transdermaldelivery 2007 773 2022 2025 —

8 . HICE K RIARIEE

Fig. 8 Atlas of keyword emergence in Chinese and English academic literatures

(R, 1997 4F). “postmenopausal women” (4845
Jatd%, 1998 4F) 5 “hormone replacement therapy”
GHEREBARITIE, 1999 52, JHMTHE 7R H BRI E 7E
RIBYIIEE N TN T 29 adik, RAE
WRBMITES & T BT R, W thaiar
TSR TR KR TT R RS . (2) Ff
ZRGPIRITIRI (2006—2015 4F): KA
“alzheimer’s disease” (FI/RAMFERN G, 2007 ).

“dementia” (JHiZR, 2008 ). “dopamine agonist”

(Z ERZHBN7, 2008 4F) 5 “restless legs syndrome”
(A TRREZEAE, 2012 4F) AHARRIL, FRWIFCH
0 2 FH B0 DA T B 1) B ARG T 3 1) 2R M 4
RGEIRIRIT O, 785 ™ S H BRI UG B LR AR A
ZRGEAYIEIE ERR S AANME . (3D HlFHEA

1) A B AR A B 1) 60 87 5 PR A BIE 8 B U, O 1A
“formulation” (7], 2016 4£). “drugrelease” (4
YIRERL, 2018 ). “nanoparticles” (49K¥i, 2019
D) BIMKIRRIL, b EE ZI B A% O Fl S 25
BEIBAT ARG HERE T I, I8 AR AR 5T
REMPRII IR B FH S IX — B AR, HA 9K
TN 2 Ay Bk I I B ) PR R T 5 N FH R T R
AW (4) AYERFE TR S (2021 F£2
%): “scaffolds” (3¢4%) 5 “nanoparticles” (44K
KE) HIRFEETRI, ARG Se Al Dy e A RHE 1240
WAL A s 1 “wound healing” (5 1 #&)
1) R T DN LA o 365 1P ) 2 B o S ——— X R AR

JRE U B MR 1) “ 25 i 6 AR, T 3=
VAT TSI “TE LRI %5 BOWF 70 IR B i A b
BIRLE . HUTRE . 29035 55 2 AN AT 2= R
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R .
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3C TR ) % 1] 2 A ik, “ nanoparticles ”
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SRR EE R PR RS, eIl E 24
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HHRAY, NIFRERERISEIE RGSedt 7 H
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