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Abstract

Diseases of the urinary system involve multiple organs, including the kidney, ureter, bladder and ure-
thra, and are frequently associated with tissue defects, barrier dysfunction, impaired urine transport,
abnormal storage and voiding function, infection and fibrosis. Conventional therapies, including dial-
ysis, transplantation, reconstructive surgery and autologous tissue substitution, remain clinically in-
dispensable but are limited by donor shortage, immune rejection, donor-site morbidity, anatomical
mismatch and insufficient long-term functional recovery. Three-dimensional bioprinting integrates
medical image-based modeling, computer-aided design, biomaterials, cell deposition and tissue en-
gineering, allowing spatially controlled fabrication of cells, bioinks and bioactive cues. This review
summarizes current progress in 3D bioprinting for major urinary organs, with emphasis on induced
pluripotent stem cell-derived kidney organoids, perfusable renal tubule models, organ-specific de-
cellularized extracellular matrix bioinks, layered bladder scaffolds, urethral stricture repair and ure-
teral reconstruction. Current evidence suggests that urological bioprinting has shifted from scaffold
fabrication toward regulation of cellular microenvironments, organ-specific functional modeling and
personalized platforms. However, printing of fully functional urinary organs remains a long-term goal,
and clinical translation is still limited by vascularization, innervation, functional maturation, long-
term safety and standardized evaluation. In the near to medium term, kidney bioprinting may be
more suitable for in vitro disease modeling and drug screening, whereas localized bladder repair and
personalized tubular grafts for the urethra and ureter may represent more feasible translational
directions.

Keywords

3D Bioprinting, Urinary System, Tissue Engineering, Bioink, Regenerative Medicine

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

W PR R Gias B HA VR a2 AV E R RE L — k. FIEARMIEE . SR, Y AR S 2
REs WEMERT B MRHCIRA N oE Bt R, FFAEFHRFRIPISCEL I RIS Ar s PRIE AN a0 PR WU 32 BE4E R PR VBU% 2
i PURTBRREA R E AR E . I, RSN IR SRR LA “ IR R AR FIESENE " N A,
ERIRVEPRIBOASE . ML SR, M. JIer gt AT R4 -

HAT, ARNE WSS ERAOBEI B B AERF A dr . BT BERE A0 B ACHE DI e, (EXE ALY
B RS A 0 W S AR VR T B R T RO, A2 BB R R S e e A SR e ] UG
IPRE . X TS PRAERSRIRE I, AL GNP TR B R BRE S, (HAE Bkt AR &
Qe R B B B B A R AP BRI, ARG B RIS B 40 INAE R R R AT R %
3 58 1) RS B 5R H [ 1]-[4] o

3D VAT EIRAE L G H R TR AL F R R OR (R M RHIEROR . 5 H SR AR L, HALS
FAET P E RIS T, M TS AU BB MR E SR RIS, 0 FLERS5

7

DOI: 10.12677/acm.2026.1662416 1961 Il A 2= 27 ik


https://doi.org/10.12677/acm.2026.1662416
http://creativecommons.org/licenses/by/4.0/

JMT S, FEdh

MR, AR A E MG R T AT REAT AR . SR RGN, XA RE S 9 B ISR G bR v
R WRPEIEIN R B BB PRIEPRAE AL SO A R B AR SR TR EOR TR,
[51-[7].

R EAR AR, SERDRETEI R B AT BN T 0 F Aw . DB BT DS 8 37 55t 3 E R AR A
PR, 2P0 EREEVRO . R RSO R IR S AN PR AT AR . BRI, SRR
FREEHERET “WRAGTESEASTR” , EANe B, BB JRIEFGERE D) 3D YT E
WEFC, Az o BT SEHL e B as B BHARER .

X R R SR E

R SER I, ASCLL PubMed. Web of Science. ScienceDirect. [l &M F 75 75 s 2 A
FERZKRIE, KZEiaaH “3D bioprinting” “bioink”  “urinary system” “urology” “kidney organ-

”» [13

oid” “urethral reconstruction” “bladder tissue engineering ureter tissue engineering” “3D AW 4T
BI” “WIRRG” “PREHLTRE” “BEMAZTRE” “WMREHLNTE” % RRIELL 2016 F£ £
2026 FFAE, RN NLH S AR D S5 AU 48 S R BIE 72 o N SRR e e B RIAT VRO TIHR SC . &
Grogal . ARRVE IR TR = B R b SOZ O IR SCHR s BT PR . 2 U ZE A RIEAS W STHR A E 9 5
SRR

2. BAREM EYHESARENR
2.1. 3D EWHTENRAREFF =

3D AEYFT BRIl E BIE R FRAR BRI e A FTENERAA R . AR SR & B Z R
SEHR B FIR S IE TR AT . IR T, o o Br A, meER s, WOk, JelEb AT [H
HFTERAEIRAL . B 2UFT BRI A R A5 o 286 P52 7K T s R4 i 67 b ), I P A IR BRI 2 445 3
s S AT B BERR R . AR AR AR/, EX A ) 286 R AN A P 2 R B SR s OB B AT B 2R AL
&, G EAEHEA IR E AL AR T AR B R AE 5 A M R i B Ty T B R3S, (R R s DG
SR ' R A 5 0 HE ST BT[] %) 4 B PR A 2[5 [6] [8]-[10] 6

AN U PR 2R BT ENEEAR I 5 SR IEAAH ] o B AT St A 2540 . A RAR P . %18 T RE AN EE: 2% 1F s
B I S SR E SGyE S L WRUSE AN PR % b R BB RO AN PR SO AR BRI AeoE . RV Bushba. B
YA B BR—ATENEORME LA 35 AN I 50, MR 24, 2 REEBCEIT Bk ok B 2
Tl

2.2. EYIMR SE 8K

AWK 3D AEFTEN AR O RS oy, PR B U e FT B R it & A AL 2T e . R
AV RN [F] I B A ATATEIVE . BUDIAERE I . PR SZBRRE 1. AHRAHAME . ATRRMEE . e ase e
MR R AEME S . R BIIRIR . BRI WFEmRE . BERIR . A4EEO . LR E MMM
Ji (decellularized extracellular matrix, d(ECM) B A B IF AU MAH BRI AEYE 5, (HI5 R TRRIREFRE /)
FfbFEE AL A AR % & W BE(polycaprolactone, PCL). R FLER (polylactic acid, PLA)FI R HL IR
- 23t LR IL R W) (poly(lactic-co-glycolic acid), PLGA)IN TAZE PR, HIEh = KARGUM IR A AL, JHH
i ESRAREST BCM W KBTS N[ 11]-[217.

EFEFYE dECM B SK R IE R E G . BIE dECM R B RIE . ERNERE . fd4ids
T WAL & 2 AR TGS, A /NE LR A R 20 A R R A B A B R A P

DOI: 10.12677/acm.2026.1662416 1962 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662416

FMLE, Rk

W, DHENERGENE dECM AR A EAE SK, s T RIR ECM MR RE 774N /2 1) 17
i[22]; FAEE dECM #iRY5 GelMA HE4&, nlfgmbrkiae e, MU e Al B B R A 5e ) [23].
Alginate-Norbornene 55 ] Y #2 /K &t i i A0 AC BRFI R Th B4k, 7E T HE 1% L ACiat 428 1 B R 4 Ffa 355 Bt
Z (a5t 1 RIE AR 6 [24]

2.3. HHRRIES RSP RIS R

S0 M RVE Yo FT EPAHL L) FAE I A RE B PR . B IEAR SSHIT F R 5 5 2 Be 41 il (induced plu-
ripotent stem cells, iPSCs). "B HHAHME. B NE LA EAHMRAN KA B IR 700 ¥ R g b Rz 2
M. BEEErE AR AR IR 78 T4 B ) e o T AR BRI M T AR IRIE SRR E B E
W75 F 2 08 E Al P A MEA AP IO ST . AR R R A LS, B 16
1~ DM AR AR 2T e 2 IR AR IRORIFEAE N R 8, (BAFAE e %4 ) 8; iPSCs 7]
PRpt BF R VA ORIE, (A5 T R . AL AR E I A LE SO KU AT 75 P VT AR [24]-[30] .

A AP AR FR IR OGS . — R0 M IR 0 — 35 7 0 BRSO P 4t - 4B MR A - AR BLAE A
BT &AM HLGERTE A2 I ST RE F1(3 1] BEVE A IR R A8 AR 18 Fr R g e it
B IR FURBE AR BT R, B INERRR L R BE IR R AR BUE IR SCER I U L B

3. XEWIRFENNRAHR
3.1. B XBFE. BIMEREFBPAAEE

B AR ARG I D RE R R AR B 22—, B R/NER, I NE . 1T/ NE . REE . W, I
AN G BN 2 R B o SE 34T ENAT RO A B AE H A0 S, 32 BERRehS G045 B B A S (A1 RS R /K
e BRREL CENVERIE . PRGN A R AR G B O B B A . DRI, BT 1R A S e
FUR AP AESRAS B bR eI . RTETE B /NVERE L 2900 R S R DR AR R A SR AR R

iPSCs S B ISR A B REWS AE — E R FE BN B 8 F IR, TR BB /INVERE L B /NERBEAIA] S5 R 45
), ATHTEIERE AL B R A2 IiE it 70 [28]-[30]. MG B EFREATIE R DAY MBI R
KA IR AN R 4 17 . Lawlor SEA5 20Tt CAEP03T EDH T FF MR E8 B A 2, $im 1 ke an am i &
RS EE N, A T 24 EEVFA[7]. Shin ZdE— P @SR . modE L AT E I iPSC Sk
VB R EATEN RS, NRa B B AR EAL ] SR SR it T BORERAR[25]. IXEERT FUR I, B HEAEDAT
EVELBT BLAIAZ Lo DTl A E B AU RO A, T2 B R A ML ) — P E AT AT PP 4

FIVEVE B INVE R B IEAEYAT BN 53 — B2 7). Homan S5IE A44SR /K 4T ENAG L 3D & i T oy
ANE S IPR B T RS R, BRI AL T AR R IR GRS 1 L BB A D RERHIE, T
MT 2 stEirEi (o). SSRGS EMLL, EEHEMEEE SRR, EERE. il
RIKANZG B e S, A ELATI AN BE 52 BEREAUL 1 B0 22 B S WA /NER ST o B I 3R 50 70 22 AR O UK
Tk C 2 e A5 0 (R4 T BB S 7 B S L6 X 2% (U BR Y BN B K) - FF AR E dECM
SRR T A B AR R AT DRI B RS D RE R B A Ao S5 SRR A BOR, FEAR MR N ER K
PSR, et AR P B A B ) R R B

B dECM ZEW 28 KORE 2 R IR OB R 41 e 1 iUk MAAE i . dECM RN B AR SR S 11t
PR FIERCAEL, B6 GelMA . AR R BRI AT VNG S5, AT SO AR AT 3T B AT AR A 1k
[22]-[24]. Wu SEFI A1 B dECM & /K BEI ST BN AR IS0, Ay ' e 265 00 s 26 1 P8 FRlc R S5 0T 32 43
FE24]. MIRPREEA AL, B RETT AV I BE N E (O T A L 5 ek A P 2539747, Tk
R ERE A E A

DOI: 10.12677/acm.2026.1662416 1963 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662416

JMT S, FEdh

3.2. BERt: SEXEREThEEMA A

B R BFE PR b B R FRNUEMBKIEE, That b7 Em R b . I AR
SRS sk A 4 . B S TR RO RAE T, BRI BE B e R0, SCEEAE SRR
B AR I N YRR IS R B Rz S e

SR Z3 T AR A A T Ll Atala 55 SR PRAFF 504 B ARGt e f T 5 - R SRR =48, H
FRIEY KR B, o AR TR A B — 2 IR R rT AT 1 [32]. HiZF R HALEH T
3D AEWFTEN RS, Fom CETUER “4iffl + SCBE + AMRHE A TR 4 nT ik NI R . AR
RSB, 3D AEWAT BV AT E— 0 SEPL Ay IR G5 A v R BRI b bRk, AME RS LR SO 2,
Frm FLBR =R . LRI A A AR DR 7 A S A T RS 5 A 25 [33] [34]

JBE e S B M RO IR R L B S 3B B IR « 474k 88 L BRI £ . 4B s e 5 . PCL A1 PLGA
o RINKEREA R T FR % b RF-T- 1 WLAH M ZE P 5 3858, A RO R S50 S SRR BE R R PR -
JUEEJ A ) 72 S5 T M ) 7 S5 T 4 R R 40 i T 3 5 1) A RN 55 W E F 5 5 TR i B R
AEIE VA, (HAUHRIE REFR R G 22 A R0 T 1 4 B B e R P 4 1 o

JBE R A= 3T ENVPAN AN REAEE BE T A AL S 25 W 5% . BRART AN 1A 22 o7 [ (0955 R % - B B P e bk L
TEWUVHES . ST RV . PURBORIE . RGN G A A SCEEBE R 5 SV IT R R, UK %
PEFEAL RS . 5B IEARLL, BB M ARG AT 5, SR b A 20 s A S mT RE SR BRI I PR AT e fbs HL5E
HEIE I AT T R A . A STRCRIHE R V0 i R . SR DD RE A O AE T “fi)R - HEIR” I & R
5o ARSI UZ AT BN JCVE SE I P R i o 7 SR SR T S AP AR KR (NGF) 28R R 48, B3L4TED
T HRAH 2 AT 40 (DRG) 5 FIE W4, DL S IhREMEARZE WL L (NMD) I R, P 565 FOE A N I8t A
& M Ai Th g .

3.3. Ril: REBESMIUERIE

PRAEAR 7 S W PRANEL R W B 5 SR I » AR GEIR T OARRIEY 5. WYITT. smsmvl &, R
MR B 5, (HERKBIE . 2RER. MR SRR 7 AU AR E 3], JRIBHLAT
FEM AR AR RALfE A 87, MRNERAEEER. KWk, LRI, PUSEMPURIR
RESTHIA LB

3D AEWIT ENE PROE L T AU I TR FRIEIG R . MRI B CT S BOR I . il EEAN
1, SCBUEFER RSO B ADEE 2 MORHT SN SRS S 2 I S BOK B ES &5 IR HE
WANE I3 I BC B PR i L B AP LA, BEUR AR IRIE 72 R 4544 . Zhang R A] PCL/PLCL #RJig3C
ZRRNET YR K BERE, R PR e b S A0 55 P18 FULAR L 20 o) 97 3R T AN S ARG S s SCERMURAYE fE 45
TRPKIE, $TEVE 7 d QRS eV ORIF BRI KT, N PRIE A 3T BN S 96 B4 5E FEAti[35]

IEAER BRI AEDNFT NG Bt — 0ok, AR B AT SR g o B R B i . ML 412
BE R, HIRREAD R T RSB R BE VT IE SR [34] . FRIEAE R IR R 32 20K B ) #0i
TR MBPESE . PRIBORIAUR G XS, TIAR AT LT ARSRSCARATE— BT DhREAL 8L, i fa 3k
IRk PURET (R E R T BT 4 258, DASGE 5 B i A3 55

EREDUAESE, PRI PR 298 3D AW3T BN AT RE SR SE HE N I R BT AL SRR (0 7 1R 22— o SR EEIAE T
HLAE R BB AL F DA R R AP . SR U MR BETE, B miiniE IR ia g R, i
PRAR . R NEG R AR E BN AL, FEIERA LT, AR HRE Y S w80 R 5
MM B Gt JRIE AR .

DOI: 10.12677/acm.2026.1662416 1964 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662416

FMLE, Rk

34. MIRRE: KERBERSSEERWE

B PR R EE P NE S B DR PO IR AR B, I REANUR IRIBUAL T, IR LI 3 A BT AL
o KBRS SR A B AR T I DK I RN R, ARG AR . B & Bk
MM N TAOR AR, (HATREtERR . 4. B R T ARG BORAE [ 1] [2]

3D AWFT ENAE R PR AE FE v BB AE OB S BRI MAL IR SR 0 R SR B NIR R A
fite. BRARPRE SCORMR #0& U WINE . SURMERES . IR, R4 LR BURBUR BN — & i
BNBAURE T ARRFIELANZ 7 T S3CHEMEHS W ZKEZE dECM B 5, Mg SR B AUR AN B i
YRR 2 R G, R Rl T BN S A kLB E BT, O RBCBHRA S S S ui E L E «

HIREME, R E B RHAINOE LIRS % T JURIR RSB E BRI . BT

FORMRD T RRIEMBETT 9, 240 TAPRRBETE . EPIRSC AR i R L9134 S B B BL
T B (160 PR A PP A 38 S A VS I VN 28 i, EMIN I Bk T) . EBUKTEEE
BN L R ARG PR AR bR . AT IR 1
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Table 2. Main bottlenecks and suggested evaluation indicators of urinary 3D bioprinting
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