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Bioprinting Fabrication and Biomechanical Functional Evaluation of
Microvascular Networks
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Abstract; Constructing functional microvascular networks in vitro represents a pivotal step in the creation of
engineered tissues, organ-on-chip models, and organoids, holding profound implications for tissue engineering,
regenerative medicine, drug screening, and disease modeling. As a cutting-edge bio-manufacturing approach,
bioprinting enables the precise deposition of biomaterials, cells, and bioactive molecules to fabricate intricate
microvascular networks that faithfully replicate the geometric architecture and functional properties of native
microvasculature. This review summarizes the research progress in bioprinting microvascular networks, with a
focus on bioprinting technologies, bioinks, and the biomechanical functional evaluation of microvascular
networks.
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Fig.1 Major types of bioprinting technologies

SEHH IR F ik o S & 2E B 1 AR T U IR )
X bR A FH DR ] 3k S 4 O e e 9 A
Yy B2 K AT BN B S a4 1 1058 (0 N AR L 1
REJELLT i A S W T B AR 3 ok B A ) B K
FTENEI B SRR b, S B ), so iRk 1AL g8
HAE AT EN A S e M 2 BRI R R, 78 SR il
KGR 3 T ED S EOR A 1 55K RE M AT 34 5] 43
RN EE W) B, bl 5 % B ML O 8% [) s 0
HUBAR A3, A a2E 40 i A7 3% F0 2 BB DR F ., Skylar-
Scott 51 (f PG Ak 1k A4 ) B K 7E % BE 41 i 2R
SEREE & B A P 21 Y SCHR i R AT AT B
T TR R P A ) B K R A SRR T TR SRR A2
WG, 22 BRAT A 1R A= W 280K, e 208 1 — A5 A= i
B i3 A A S % B A T T 2
JCHE B A Wy 4T B H AR ] FH WO 35 6 [ Al 51
R B oK LS SR 2 BT OO AT BN
RO CTE T 10 F e B 5 2 Fp 7 vk . SRR H 5Ll
AOFTEN 3 HEAR IS H R TE L 190 285 4) 442 v Joe B
AR R OEF . WOL T AT BN (laser ablation
techniques) F1 % 5 % 52 47 B £ K ( digital light
processing ) s &) Z I PIAATERFL R . HOGIH
Tl A 3 3o 3R v i JBE Dk PO HEA T OB ik,
FERP R R R A O fGE A, B0, Arakawa 2517
FIH 206 F WOt L 7 B oK BE R th B T 5 ~
10 wm ROTABAN I, BEE R EG N A KB 4
LA B A 9 W #E A= ) 4y F AH B AE . Rayner
S5 ) 2o T OB O TR AR 4 T AT B AL



EREYMAE £40E E£5H 20255104
1362 Journal of Medical Biomechanics, Vol. 40 No. 5, Oct. 2025

AN T AN/ NEREIRY {8 TN Dk A R
2 BB Y Ty VR SN B2 A TRV FITC — W I 1 HiE
ST UM AR BEDRE . SR, WOGTH BT BN H A
FYENGE R A | BRG] 1 Do) i IV 2 K G A i A 14 17
Mo MHIZT B AT ENHOR i i R O A
LR RDCBUKBERE | )2 FEA AR U = 2
UM E5 ), AR IR $2 5 1 AT EN 3 B i i {1
TR 57 P99 4% 1 2 R — B . You 551 R FH AT
PO ATENEOR P il & 1 BA o= 200 i %5 B 1 ISR 4
20 NP L EIE ELAR A 250~ 600 wm , If-df 25
TN K PN R A R RN R BT AR AR L, 28
14 d FETSHEFR G WA B IX Lo ZUR I B
BALHNMAE R, AR, BT B AT BN R TE AR S
ML LI R B AT E R 1 .
1.2 AT ED A 2 o0 ol 125 5K e

AT BNV I A 0 285 1 o] 32 SR 32 R Dy
EFEFT ED (direct bioprinting ) 18] 4% $T E[l (indirect
bioprinting) ( ULE 2) " [AIFEHT BN HE MR A5 T 7 S
BT AY T2 250 (AN AR = S 28 ) | T o A B 4
MR RN, 55 S8 BN AL s aE . Bl an, BF5E
7T SR T R S BT 2 oA ) S A R A o
W2 FEFT BN 52 UG 2 BRAGEE AT RE, AT I B 3% 18
A ESS 1 12 R B D0 A TE T RE 8 1y 2 1 578 1k
B PR 0 A 30 % ] R A i 1) A 7 R A
RS SR, o T AR N B 40 i ) S 22 R A
DARATEN A3 B3N 1 45 () R, S I 457 70 3% 3 e ¥
PRSI BN R, /N EAR 20 50 wm, 3T 4]
$2 1 1 RO BE AR AT ENRER 2 i ST AR 6 2B A
ML 5 22 BORSE A B B A M B AT BN it R
(53R 140, 20 i R IS 3 H R IR A e % 4
0 B B K BE R A W S5 K AT BRI 29 5 pum 1Y
A

ELFEAT B SR W 3 3 VR TTORR S A TN B A L Y
AWK TEF T BN 175 5 N B2 2 AE A R A
A L A 2%, 3205 12 O T A e A
JEE A T MRS P R 0 ML ) 1 3247 Sy B At i — 4
JRIAHEAE T, A HAE 5 3 1Y SR B vh B 2008 i) fig
PEGIONAE 2% . AR LU TR ARAT BN, B4R AT ERLE /M L 4E
o 2% F R e T LA O R A R0 P ELE KRR 4
LU SRS IR A RGEAT T Im PR, g,
VFZWIFEAR N 25 G e S TR BT SR ms | R Ga i 47

© B A g SR K
o R B AR R I AR
WEK

@

v @ N4

AR 1 A A
SR

B2 AT ED R o D 45 B ol v s g L)

Fig.2 Bioprinting strategies for microvascular networks

B AR AR AR A R Sy 30 T R S B M 9 T
T [P AR TR B4 11 AR R A T 2 A 1Y
BN R, X—RIGAER N Z N 2 2R
AL B T [ S i

2 AEUDFTEN UM P 4% B A M 2k

Ay B K i ER N B2 A0 SR A K B
FABHE N, K BERAAUTE A= YT B i v 52 (i 254
HE, I8 LA A B BT ( extracellular matrix,
ECM) , MUl A& i B LA DI 6E . AR AT RER IR
IKEE T 53 R KR AKBEIE | A UK & M HOR &
PpLo AR AR LA A 2R T SR, AT HE— 2B 4E Ak K
BEAT R LR, AN/ N B AR 0 kol 5 36 5
RRH /KBS , AORUEST B A RS 240 43 HE 5 A0 R 4 1Y
MG, TSR A B vy ) 28 3R ol A U 22
SROKEE e B4 T g i LB BE RN T EDAR E . R
SRIKBEIGE (TN L £F 425 11 BB A% B 3R )
AT 00 A= Py A 25 1 F ECM e, 2 B il A5 4T Ep
W DGR RL B T SRR AR R R TR A I
SR, FCALBR iR 2 R0 AT 4T B 38 5 A, P
T Ak A A8 i SRR 2% 1 TSk 1 B K B I 1Y) 1 2
REFIRRE M, BN, FH IR AL I ( GelMA ) >
P R DR R 375 ) IR R ( MeHA) Y R (R 5 A 7%
PR [) I 38 4 D' S B 1 ik K B8 S 1Y ) 22 M RE FI AR,
ST A IS P T AN [) AR R0 45 48 5 SR Y I A8 T
B, Wang 58 Bt 17l 8 1 5 06 1 5 R 9 1
Tit S K Y JE 2 S L D 245 K B, S 4 5 T AR W)
SRR I PERE, A T ORI 3 KR 14, JR AR

[6]



KA, . U E M &M EMFTEN R EY N ZTEEITEMN
ZHANG Dongrui, et al. Bioprinting Fabrication and Biomechanical Functional Evaluation of Microvascular Networks 1363

W HHT AW A BRI T A UK EBERE, 4N
B L " (polyethylene glycol , PEG ) FIZREFLIR -2 3E
LRI Y (poly (lactic-co-glycolic acid) , PLGA )
S FUA R BE AT Y g S RE AL A A A, B i
SR TTAT BN TR R B AR HLARE RE AR
MM AE A8 o SR, B AT H ok = A= Wil 1, A Ot
iy Sl I REAL I M B R AR KBEIE S 4, LA 5
240 0 286 BRI 0 ol A A B A, SR
Pluronic F-127" RNy A5 4x @ > A5 b b A Ay ik
PEA MK, 78 4l If 5245 7R 3T BN 9 2L B DUE
R T T, BRAEAY AR ) AR OK T R N LA R
AT BV AR 0 A8 A G AR s P, ROk, Z2 208
S IKBEIE | SRS IR B IS FI R B M) 15 B Ak B4 107 K
SERM M R 5 A M Pk B =2 18] - A, B T A
A3 T ED RS BE A REME

3 MIMENKHEY NFINEE T

Bl A= W FT EN AL A X 45 F 52 G ik % i, 4
ar b2 Al IR A1 T fig 5 5 Ak S5 BRI PR 1
I CHERRT 0 L5 B T REDEAG 7 1 A0 455 40 i 77
TG PN R AR R B I 3 A 1 A, B AN 3 5/ AT AN
T o AR 0 S K 4 iR 14 A S5, T LA SE B
S3HT N Bz 4 A K D i 40 e B A A IR S R A AT
U A, PR A R S bR AR (W CD31, VE-
cadherin ) 1] FF 3RAF 1ML ) K2 41 9 DI BEIRAS | 3F
SINTINAE BLAR R B SRR AR IR R S Ui
B B (40 FITC-dextran 373 ) ] PEAL UM%
(5% B ) BE, PN B Ak 0L A5 1Y) 3 T 9B B R R E R
IR0 Xk T A AR AR SR A 9 45 1 3 A 1)
AE , (H G 4 AR B A8 7 AR BRI BE v i) J) 22 3%
PR WO T I A5 B AR I 9 PR A2 A I PR I FH &R Ok
HE PRI, ARk 8k 8 22 4 B 5 O 1 G 1 A
ML AW T2 DIREVEAS , S AL T R R 5%
PR AL FEAR Y
3.1 &Y N=EThee
311 hF ARG A R UL BRI
FI2EVERE (APPSR 48 A O FF 1 AR 5 ) B
g mfa et mB R IE M Tite, b T IR
T AT RE ) g 2= 1 R, 8 A S5 36 5 s A 45 v e
R WO SRR 3 S AT DL S A il
P RER R | IR S R i S R ) A

S, HEWFT BN AE Y BE R E R A L EL
F RO AR A, ) 25 B AR, R B ¢
ZEBCHIREEFIUEYE , FE MR s VI I ER T 5 %)
S | 5 R R I g T r R I B A B Wl
SV A RE AR B, (H AR )T BRGSO A8 1 7 27 Pk
REAS 5 AR A AAAE—E 2205 ML TR
BRI A (JUHIE B 4010 A8 ) e H 25 A
A0, AN B LR o R4S I 25 ) B RE FIAS,
FETES AN ) 2 PERE B VAR OC . il dn ks
T IYIKEERE (~2 kPa) REAS A 1 P Kz 40 i 1) 1 7%
A A G, T e A Y 44 BE (> 10 kPa) WA Bl T4
RO 25 0 i R e R — Sk b il A
KD 2 S SR T R 3 5T Y ) 2Rk e R A T o R
LI A2t S 5 5 BRSO 2 U s ) R
UF B A DG, AW T S I Re VR BRI T A ST
&[39-40] .

3.1.2 i Ia s A xE R R e ey e (UL
VAR A0 LA I BT VTR ) iR IIVE R, R &
FRE A 2 R0 ) 2R N I BY U0 T 2 A A
JH 5 i 3 2 FR] AR AR ELAE 7, BEAS 52 0el DY B2 240 1 1
FrBESEREME MRS S BB SR A RIA, K
A BT VIR 73 (0.3~ 1.5 Pa) R BEHE 35 A K 40 i fie
RAEFAY | B D REFEAR, LA K AR 10 04 58 5
(G TR 5 AR FREY VTN J7 (1. 5~3.0 Pa) NI REAS (2
M FEAS A LERE | B0 M 45 9 B2 9 Bf )04 T
GO I ORI AR B
VIR A7, 552 0 W N R 4 B (%) 8 5 A8 Ak B0
A (U0 VE-cadherin ,ZO-1) B K K, LK R
i R FO AR A, SR A il 45 O 28 78 A SR8 h i R
PR RESR AL T E B A AR 2R AR

3.1.3 WRONARIITEEM B A Y H FEE HE
LS HIASFOLAR P i L DO 45 1) ) 2 A B, F 58 5
AT B K J 2% ( computational fluid  dynamics,
CFD ) E A FAR SN T R G AL EL S A Il PR 5% |
A 1A 55 Y1 R g g g A B LA BE 2 e
CFD FEAERE A AL It 3 2 3 | R 3% S 59 U1 1 )
3T, DT FBEINAS ] 485+ 3 it A8 7 i i A T B9 2
REFRFN | 454 62 18 B OB iR ( micro-particle
image velocimetry, WPIV) A | v LIE— 2 100ET T
SRLERE R RN 25 PR B R T | B PN
R KI5 B W 0 A ol 55 D) 24 7 Bl A 2 Aar T 7Y



EREYMAE £40E E£5H 20255104
1364 Journal of Medical Biomechanics, Vol. 40 No. 5, Oct. 2025

A LA BT B e, I TITIEAS AR ) o7
FesE PR T RE AR P 0 M MLER 2 2 B iz 7
B TAEYIATEN S B AL 5 A= Wy il 3 e A, 4
PR AE A 0 70 2k e I AT 4 e B DR A A B 4%
TEFRE AT BE R B 28 Lk, sl i
PRSI A Y ) 2 B 456, BEIE R G ITAN
AT ERGIUIN A8 1% 0 23 17 M BB R e M X T g
SERNE IR X 4 B A AR 15T R FH 2 A 3
W,
3.2 TEMRThEEESE

O A A D RE PP Al AN AL R T 1AM S 5 | 34 75
T ARSI 56 9 iE A B T e A PR TV T, 5
PRAMTAL AR L, TR A DA T i A Pk i g 52 2%, &2
BRI A N PR R B A8 R A B R e TR A il A ) A
K MR B 5 04 P 28 38 SEPE AL R R BRI A
RWKE ML B R Z WAL, I 5 m RS R 45
AR B, BT R /N BURIR U 2 52 955
B, JUH I A S TRl 1 o JULAE B 25 A5 2 v iy ]
BRIz o 3k e AU BR AR AL I A fle 1 14 5 5 1
PRA PR AR | PPAL T ED R4S A R YRR G RE T | il
Uit 81 73 R A S i T R A AR B A
U ol N0 - SR Szklanny 20221 1] KR,
I I i AR Y DA T A= AT BN Y 22 RUBE B it 4 )
ZRINRE, A W ATEN /NSl Ik B 25 /R B8 114 ) 20 T
SIS KRB IR BV & . AP S, 1T
BT B ol 00 55 P 6% S 300 1 3 VB 3 I o 2 e i )
J B B LR, A, S SR 25 ) A 2 ] T
W98 BRI LA A RN D) BEVEAN , Jang 250V
3 BN LM AEHE AR S8 KA 3h Ik, 45 5% B
AJG TP MY B, UEB T AW TED IS 7E 28
LA )AL R = A

4 BESRE

S HE AT BRI A 19 2% A AR Sh S ARl PR
Al Ty i R B 9 Oy (B A0 TR B BE, H AT,
REBNAE M ALAEARSNHEAT T 018 T RETEA
PR A i PR L T ATS A R 22, AR T BNt
LA PO 265 T Mk £14) 5 B [P 60 355 T B 70 A A2, X
LUK AR 72 0 40 LA PO A I 2%, L ORI 5 6
M2 LR A MERE W, AN, SRR E A E
AR S REME G A W0 265, 30 75 D0 A A W 52 K B T - fie

PRAAN S B AE R, RSk, BFSE B A6 22 S It
ERFTENEOR S5 T &M B AR W TG P S 25
REEE R A 0K, A5G B M T RS
PRSP 28 09 A BT SR, 5 R, 7
AR SRE VAR AR R R AN R R S
PEBTTE 122 DR Z00F A PR ) R 0, T4 2l 20 2 21
TR RS RGO f R R
JHIRAE Y AP/ TAZ 5538 5 14 25y st AT 820 13t
RS R/ T SR | I T ST INER I DI 7D
S RE VP iR 1 £ 7 S LA P AR HE AL 1) 2 4
JEPFIN A 2, LUK HE 2 AR DL S0 A 1 A A B )
B, BEFBORIER AW 9T B GO A I 2547 B O IfiL
EACHA TR 2 B A S in 7 #e 1 i ak
RHERIAR R IT SR

MEPRER: L,

EEREAR: RAS AT LR EERE,
S Aa S B B a3 F 5 TR kAL B AE
& Ak IS,

SE

[ 1] POTENTE M, MAKINEN T. Vascular heterogeneity and
specialization in development and disease [ J]. Nat Rev
Mol Cell Biol, 2017, 18(8) ; 477-494.

[ 2] IAIZZO PA. General features of the cardiovascular system
[ M ]//IAIZZO PA. Handbook of Cardiac Anatomy,
Physiology, and Devices. Totowa: Humana Press, 2009.
3-12.

[ 3] NAZEER MA, KARAOGLU IC, OZER O, etal
Neovascularization of engineered tissues for clinical
translation: Where we are, where we should be? [J].
APL Bioeng, 2021, 5(2): 021503.

[4] NOVOSEL EC, KLEINHANS C, KLUGER PJ.
Vascularization is the key challenge in tissue engineering
[J]. Adv Drug Deliv Rev, 2011, 63(4) . 300-311.

[ 5] YANG G, MAHADIK B, CHOI J Y, et al. Vascularization
in tissue engineering: Fundamentals and state-of-art [ J].
Prog Biomed Eng, 2020, 2(1) . 012002.

[ 6] BARRS RW, JIA J, SILVER SE, et al. Biomaterials for
bioprinting microvasculature [ J]. Chem Rev, 2020, 120
(19): 10887-10949.

[7] WANG H, LIU X, GU Q, etal. Vascularized organ
bioprinting: From strategy to paradigm [J]. Cell Prolif,
2023, 56(5) . e13453.

[ 8] SEYMOUR AJ, WESTERFIELD AD, CORNELIUS VC,
et al. Bioprinted microvasculature: Progressing from



KR, E. WBUILE MK EMITE R £ S 2 I TEM

ZHANG Dongrui, et al. Bioprinting Fabrication and Biomechanical Functional Evaluation of Microvascular Networks

1365

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

structure to function [ J].
022002.

LOUKELIS K, KOUTSOMARKOS N, MIKOS AG, et al.
Advances in 3D bioprinting for regenerative medicine

Biofabrication, 2022, 14 (2):

applications [ J]. Regen Biomater, 2024(11) ; rbae033.
Pl Q, MAHARJAN S, YAN X, etal
microfluidic bioprinting of multilayered cannular tissues
[J]. Adv Mater, 2018, 30(43) . 1706913.

LI H, LIN X, RAO S, et al. Decellularized tumor tissues
integrated with polydopamine for wound healing [ J ].
Research, 2024(7) . 0445.

LEE A, HUDSON AR, SHIWARSKI DJ, etal. 3D
bioprinting of collagen to rebuild components of the human
heart [ J]. Science, 2019, 365(6452) ;: 482-487.
JIA- W, GUNGOR-OZKERIM PS, ZHANG YS,
Direct 3D bioprinting of perfusable vascular constructs
using a blend bioink [ J]. Biomaterials, 2016(106) ; 58-68.
WANG X, YANG C, YU Y, et al. In situ 3D bioprinting
living photosynthetic scaffolds for
healing [ J]. Research, 2022(2022) ; 9794745.

WANG X, JIA J, NIU M, etal. Living Chinese herbal
scaffolds from microfluidic bioprinting for wound healing
[J]. Research, 2023(6): 0138.

SKYLAR-SCOTT MA, UZEL SGM, NAM LL,
Biomanufacturing of organ-specific tissues with high cellular
Sci Adv,

Digitally tunable

et al.

autotrophic  wound

et al.

density and embedded vascular channels [ J].
2019, 5(9) : eaaw2459.

ARAKAWA CK, BADEAU BA, ZHENG Y,
Multicellular vascularized engineered tissues through user-
[J]. Adv

et al.

programmable biomaterial photodegradation
Mater, 2017, 29(37) . 1703156.

RAYNER SG, HOWARD CC, MANDRYCKY CJ, etal.
Multiphoton-guided creation of complex organ-specific
microvasculature [ J|. Adv Healthcare Mater, 2021, 10
(10) : 2100031.

YOU S, XIANG Y, HWANG HH, et al. High cell density
and high-resolution 3D  bioprinting for
[J]. Sci Adv, 2023,

fabricating
vascularized tissues 9 (8):
eade7923.

ZANDRINI T, FLORCZAK S, LEVATO R, et al. Breaking
the resolution limits of 3D bioprinting; Future opportunities
and present challenges [ J]. Trends Biotechnol, 2023, 41
(5): 604-614.

QlU Z, ZHU H, WANG Y, et al. Functionalized alginate-
based bioinks for microscale electrohydrodynamic
bioprinting of living tissue constructs with improved cellular
spreading and alignment [ J]. Bio-Des Manuf, 2023, 6
(2): 136-149.

SZKLANNY AA, MACHOUR M, REDENSKI I, etal. 3D

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

bioprinting of engineered tissue flaps with hierarchical
vessel networks ( VesselNet) for direct host-to-implant
perfusion [ J]. Adv Mater, 2021, 33(42) : 2102661.

YUE K, TRUJILLO-DE SANTIAGO G, ALVAREZ MM,
et al. Synthesis, properties, and biomedical applications
of gelatin methacryloyl ( GelMA )
Biomaterials, 2015(73) ; 254-271.
HIGHLEY CB, RODELL CB, BURDICK JA. Direct 3D
printing of
hydrogels [ J]. Adv Mater, 2015, 27(34) ; 5075-5079.
WANG D, MAHARJAN S, KUANG X, et al. Microfluidic
bioprinting of tough hydrogel-based vascular conduits for
functional blood vessels [ J]. Sci Adv, 2022, 8 (43):
eabq6900.

SIMINSKA-STANNY J, NICOLAS L, CHAFAI A, etal.
Advanced PEG-tyramine biomaterial

hydrogels [ J ].

shear-thinning hydrogels into self-healing

ink for precision
engineering of perfusable and flexible small-diameter
vascular constructs via coaxial printing [ J]. Bioact Mater,
2024(36) ; 168-184.

KINSTLINGER IS, SAXTON SH, CALDERON GA, et al.
Generation of model tissues with dendritic vascular

networks via sacrificial laser-sintered carbohydrate
templates [ J]. Nat Biomed Eng, 2020, 4(9) : 916-932.
WU W, DECONINCK A, LEWIS JA. Omnidirectional
Printing of 3D Microvascular Networks [ J]. Adv Mater,
2011, 23(24).

SUNDARAM S, LEE JH, BJORGE | M, et al. Sacrificial
capillary pumps to engineer multiscalar biological forms
[J]. Nature, 2024, 636(8042) : 361-367.

JIANG H, LI X, CHEN T,
tissue: Assessing functions from cellular, tissue to organ
levels [ J]. Mater Today Bio, 2023(23) ; 100846.
SCHONEBERG J, DE LORENZI F, THEEK B, etal.

Engineering biofunctional in vitro vessel models using a

et al. Bioprinted vascular

multilayer bioprinting technique [ J]. Sci Rep, 2018, 8(1):
10430.

BEN-SHAUL S, LANDAU S, MERDLER U, et al. Mature
vessel networks in engineered tissue promote graft-host
anastomosis and prevent graft thrombosis [ J]. Proc Natl
Acad Sci USA, 2019, 116(8) : 2955-2960.

KOLESKY DB, HOMAN KA, SKYLAR-SCOTT MA, et al.
Three-dimensional bioprinting of thick vascularized tissues
[J]. Proc Natl Acad Sci USA, 2016, 113(12) : 3179-3184.
FLEISCHER S, TAVAKOL DN, VUNJAK-NOVAKOVIC G.
From arteries to capillaries. Approaches to engineering
human vasculature [ J]. Adv Funct Mater, 2020, 30(37) :
1910811.

SERRANO JC, GUPTA SK, KAMM RD, et al. In pursuit
of designing multicellular engineered living systems: A fluid



1366

EREYMAE £40E E£5H 20255104
Journal of Medical Biomechanics, Vol. 40 No. 5, Oct. 2025

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

mechanical perspective [ J]. Annu Rev Fluid Mech, 2021,
53(1): 411-437.

MAMMOTO A, MAMMOTO T, KANAPATHIPILLAI M,
et al. Control of lung vascular permeability and endotoxin-
induced pulmonary oedema by changes in extracellular
matrix mechanics [ J]. Nat Commun, 2013, 4(1): 1759.
BORDELEAU F, MASON BN, LOLLIS EM, et al. Matrix
stiffening promotes a tumor vasculature phenotype. Proc
Natl Acad Sci USA, 2017, 114(3) ; 492-497.
SCHWELLER RM, WEST JL.
mechanics via network cross-linking structure [ J].
Biomater Sci Eng, 2015, 1(5) : 335-344.

MENG Z, THAKUR T, CHITRAKAR C, et al. Assessment
of local

Encoding hydrogel
ACS

heterogeneity in mechanical properties of
nanostructured hydrogel networks [ J]. ACS Nano, 2017,
11(8) : 7690-7696.

MA T, LIU X, SU H, et al. Coupling of perinuclear actin
cap and nuclear mechanics in regulating flow-induced Yap
spatiotemporal nucleocytoplasmic transport [ J]. Adv Sci,
2024, 11(11) ; 2305867.

PRICE GM, WONG KHK, TRUSLOW JG, et al. Effect of
mechanical factors on the function of engineered human
blood microvessels in microfluidic collagen gels [ J].
Biomaterials, 2010, 31(24) . 6182-6189.
ZHAO P, LIU X, ZHANG X, et al.

controls the initiation of neovascularization via heparan

Flow shear stress

sulfate proteoglycans within a biomimetic microfluidic model
[J]. Lab Chip, 2021, 21(2) ; 421-434.

SUH, MAT, LIU X, et al. Microfluidic organ chip of fluid-
solid dynamic curved interface [ J]. Appl Phys Rev, 2024,
11(1): 011404.

WANG Z, LIU X, SHI X, etal
based on the Hilbert curve for nutrient transport in thick
tissue [ J]. Regen Biomater, 2024(11) : rbae094.
MITCHELL TC, FENG NL, LAM YT, et al. Engineering
vascular bioreactor systems to closely mimic physiological

Microvascular network

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

forces in vitro [ J]. Tissue Eng Part B Rev, 2023, 29(3) .
232-243.

WU C, XU Y, FANG J,
biomaterials, biomechanics/mechanobiology, and biofabri-

et al. Machine learning in
cation.: State of the art and perspective [ J/JOL]. Arch
Computat Methods Eng, 2024, DOI. 10. 1007/s11831-024-
10100-y.

TENG F, WANG W, WANG ZQ,
bioprinting strategies for skin diseases and injuries through

et al. Analysis of

structural and temporal dynamics. Historical perspectives,

research hotspots, and trends [ J ].
Biofabrication, 2024, 16(2) : 025019.
ZHANG B, MONTGOMERY M, CHAMBERLAIN M D,

et al. Biodegradable scaffold with built-in vasculature for

emerging

organ-on-a-chip and direct  surgical
anastomosis [ J]. Nature Mater, 2016, 15(6) : 669-678.
MAIULLARI F, COSTANTINI M, MILAN M, et al. A multi-

cellular 3D bioprinting approach for vascularized heart

engineering

tissue engineering based on HUVECs and iPSC-derived
cardiomyocytes [J]. Sci Rep, 2018, 8(1): 13532.
MIRABELLA T, MACARTHUR JW, CHENG D, et al. 3D-
printed vascular networks direct therapeutic angiogenesis
in ischaemia [J]. Nat Biomed Eng, 2017, 1(6): 0083.
JANG EH, KIM JH, LEE JH,
biocompatibility of multi-layered, 3D bio-printed artificial

et al. Enhanced
vessels composed of autologous mesenchymal stem cells
[J]. Polymers, 2020, 12(3) . 538.
LIN X, YANG H, XIA Y, etal
Harnessing mechanobiology principles for tissue repair and
regeneration [ J]. Mechanobiol Med, 2024, 2(3) . 100079.
JIANG ZL. research in  China.
Mechanobiol Med, 2023, 1(1): 100002.

ISLAM R, HONG Z. YAP/TAZ as mechanobiological
signaling pathway in cardiovascular physiological regulation
Mechanobiol Med, 2024, 2(4).

Mechanobiomaterials .

Mechanobiology

and pathogenesis [ J].
100085.



	1004-7220y2025v40n5p30.pdf
	1004-7220y2025v40n5p31.pdf
	1004-7220y2025v40n5p32.pdf
	1004-7220y2025v40n5p33.pdf
	1004-7220y2025v40n5p34.pdf
	1004-7220y2025v40n5p35.pdf
	1004-7220y2025v40n5p36.pdf
	1004-7220y2025v40n5p37.pdf
	1004-7220y2025v40n5p38.pdf



