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Researchers Material Manufacturing

Encapsulated cells

Achievements

Fedorovich et al. [32]  Alginate hydrogel 3D fiber deposition

Human chondrocytes and

Possibility for the repair of osteochondral defects

osteogenic progenitors

Gauvin et al. [33] GelMA PSL

Lam et al. [34] Starch-based 3DP —
polymer powders

Chen et al. [35] nHA/PLGA Low-temperature deposi-

tion manufacturing

and periosteal cells

liver cells from Lewis rats

Hutmacher et al. [36] PCL FDM

Fisher et al. [37] PPF Ultraviolet laser stereoli-  —
thography

Williams et al. [38] PCL SLS

Zhang [39] PLGA/PU FDM —

Kim et al. [40] PLGA 3DP

Pati et al. [41] PCL 3DP

tissue, and heart tissue

HUVECs

Primary human fibroblasts

Fibroblasts

HCs and nonparenchymal

Adipose tissue, cartilage

Demonstrating the biological functionality of the micro-
fabricated scaffolds

The scaffold properties were characterized

Chondrocytes of fetal rabbit Good biocompatibility, proper pore size and porosity

The PCL scaffolds have the potential to be applied in
tissue engineering bone and cartilage

Photocrosslinked PPF scaffolds are biocompatible in both
soft and hard tissues

In vivo results show PCL scaffolds with high-precision
enhancement of tissue ingrowth

Mechanical properties of scaffolds are better than those of
commercialized artificial blood vessels

Cells can attach to and survive on the 3D scaffolds in both
static and flow conditions

High cell viability and functionality of the printed dJECM
structures, and enhanced structural maturation of myo-
blasts

GelMA: gelatin methacrylate; PSL: projection stereolithography; HUVECs: human umbilical vein endothelial cells; 3DP: three-dimensional printing; nHA/
PLGA: nanohydroxyapatite/poly lactic-co-glycolic acid; PCL: polycaprolactone; FDM: fused deposition modeling; PPF: poly propylene fumarate; SLS: se-
lective laser sintering; PU: polyurethane; HCs: hepatocytes; ECM: extracellular matrix.
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Error (mm)

3.750 .
3.250 I
2.750 .
2.250
1.750 .
1.250
0.750
0.250
-0.250
-0.750
-1.250
-1.750
—2.250
—2.750
-3.250
-3.750

Error (mm)

3.749
3.249
2749
2249 .
1.749 .
1.250
0.750
0.250
-0.250
-0.750
-1.250
-1.749
—2.249
—2.749
-3.249
-3.749

()
E11. s () TR (b) FIMILIRZE K. KT ENRMFBOLIH S5 B0 CTI 1 S 2% J LM 45 FdE AT LR [47]

R2 SHMAEHENGEMIRTE/ARTETPEGDMA R

(b)

Mass-swelling ratio

Equilibrium water content (%) Compressive modulus (kPa)

PEGDMA content(% (w/v))

9.02+0.19 37.75+7.18
91.53+0.05 30.14+4.41
83.85+0.26 395.73+80.40
83.60+0.14 321.06+43.99
91.74+0.06 47.61+2.80
92.00+0.03 36.12+8.44
85.04+0.34 483.75+29.47
85.19+0.23 372.40+37.85

Printed 10 (without human chondrocytes) 12.54+0.30
10 (with human chondrocytes") 11.80+0.07
20 (without human chondrocytes) 6.19+0.10
20 (with human chondrocytes®) 6.10+0.05
Non-printed 10 (without human chondrocytes) 12.18+0.01
10 (with human chondrocytes®) 12.51+0.04
20 (without human chondrocytes) 6.68+0.15
20 (with human chondrocytes®) 6.75+0.10

*Human chondrocyte concentration in hydrogels: 5x10° cells/mL; w/v: weight/volume.

Tl SR IR BEAR S5 (IR TR, ORRF S M R e M A 5
PE, IR B S BT RS R R UG G AU R
RAAEN AL AL B iAKW 1) 2K ETh g [49]. A H
RS R dE RO i R L & I TR NN = o4 G 1
A FCN 238 8 R A T T 2R S B A I 2 1 e
[50], ZBRT. 2 FEES NG, BT BRI pHACEX .
TEAC I 72 A5 A [R 1) B Re A T 7 198 7 i 4 i 2k
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PN o3 |2 P ALBR 5 R 0 A s e B S 4,
ROIEWE (PVA) AR NRATHTR S /15 Rk .

) B FH 22 PP A 6 T2, G0 S 1 A BRI RE ALK
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A4 T — MHEBE RIS, §il6 7 m e,
mE KB CEI12) . X AR 5 25 1 7K e 1) 4900 1k
WA BB P BE AR g8 FR B 1K 1T I Ca S IV
FENLBRRE, MAE KRBT, PEGHAN B RFr M. 1Y
I T IR AR FE L RE B 5 B2 A /KB 1) 1 24 PERE .

WEFRN RIEIIE T R T2 BA PR, =i
HAIRALZ BN T8 20 o KB IRE, L ) 4%

(DN) J/KEERZ[53-57]. Gong [581KINHEE (2-PNHHEE
Jie ik 2- F - 1-PI TR ) (PAMPS) 58 H A ot A0 58 D 75 1k
e (PAAm) w1 584 W il 1 1 v i B DNUK B Jie B A
ORFIIPERE: AREEHE . (REE A A A PE [ 13 (a) .
Sherwood%5[591 1T T Z B E-BHA TEE G4
(K13 (b)]. %8 E#B+2HD,L-PLGA/L-ZFL#2 (PLA)
MR 5 33 5, DM HESY A4/, TE2h
L-PLGA/BFR =45 (TCP) HEMIEiHFH sy, AFT
B AR TR AR I I DX 3 ) A R A LR LR
KR, ARG IR R R RIES . RIS RN, 1S BRI %
P B AT 95 A R PR N R 4 D1 B e ) R

CuiZs [60]F F W LR IR AT 4EDURR B AR B % T F
SREMAEE BAERNZRARE (PO -RESE. H
149 )ZPU-IR IR R, XFhE5 w456 17 s
G 2H URE 2 1) I SR RN A 2 B 1 2 RE TR AR 1
P

2.4 {4, S E EHARITH
At 258 41 23 TR 0 200 i 2 30 T B A AR D SCBR
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BE12. (a) FTEIRXZ PR Sl i BIATAR I L =A%, FAsl 5 I L8 Ak R LR AR TR (b) AT DRGSRV AR SZ 95 % S48 A8, Aot e PR

JEARTEAR [44]

(d)

E13. () i EPAMPS/PAAMIM 26 KB 5215 (b) ANIRTH AR Ee R 5 MTTA ()1 Foi SRR (o) AR TIEE ff m MTT ALt i)
OB SRR (dD 4 I TR B G MITTH (i) B B0 SRS B AL AT Ced 4l i e Bl n MITT A (0 i) B 0B SRR A B LRI [53-57]

(c) (d)

E 14, XZPU-JE AP S BEARHME. () XURSERE S (0)
N CBOED A E EIR: (o KRIEZERRFHAS: (D PUE
2 ZH 21 [60].

AR TCIEAG LD B SR A ER, A ATt H ez i 2
SRR MM AE K . FTEL, ORI (AT TN 5
FIEM LB AE K BT I EEATEOR, Hm & Hn 2

il HHZ, #2E . 20004FE, 3E[E Clemson k2% Thomas
Boland##Z 4t “4H SR 28 EATED” Hiiie, X
R IACE L EAEY3DIT EREUR R, B BAFh -1~ 41 i
(P4, SofdaiinsEs) . EKRETE RN SH
R A SR, ShE HARRPRHZ JZ T B e f g5 A,
SR B RE AR H AR

SR SEILZHZA ., 38 B 1 B R i UME A2 i 1 T
EARG, MaEE AT NI LR E MMM, K,
VFZ W 7N 18 R0 R 1 L FT ED . 20094F, £ [H
Ganovo A ml & X AHH 3DFT B A& 1N T [61].
5 H /e R B SR gl R B OK 25 R0 BN K 2 R 3DFT B 2%
B, DRSS, fTEnHER NN T
3 mm L 73 32 R [62] -

WS K Wy ss i A2 TRER 78 AT B2 K [63 14kIE T
— PR T s B 2R S 3DAE T BRI T, i
ZANFTENSKFIRRIR I “ 880K 7 i3 B A A0 A S5 4
FEHIE WA ME . 2 Fhdu A f4h 2 it (ECMD 41
Uk R, 2 AP HI T BT Sk (1) 3DAE YT ERATL
TR A B ) 22 PR e o 4 4 o PR TR S T B I



(GelMA) E 40 AL 5T #4417 AN [R5 e A G 1)
B R EREE D (PDMS) TR A A (A 4R
15 (a)y (b)), #LEFHEFBHTEIRFE3DZEM[ELS (o) ],
52 HAF I GeMALH B, 7T LA 2 Hb Wi 52 2 4 6 5l
T ARIE N A LR AT 4e 40 s (HNDF) Fl4fa
P ARIA PN FIK N K 4 (HUVEC) [E15(d),
(e) ], XUERH T HUVECHH M v] DL7EFT B I I 5 o 5 b
T, AR AT FEIER . STREIG A S 3.
ES R Y SR G NS A NS I AN E N R A1 =
Michael 55 [64 7 F IO 4 B AR PFT BN ARG £ 57 20 A
LT AN B AEAG B 1 — e S (Rl oy BT R, Hil T N TR
JRERY (16> FFT B B R 45 14 B T/ B k1
B0 b, RS AR N T 4 AR e A R TGRS (R A 1l o 21
V1) J T 24 24 LR 3¢ €60 1 7 SO AL [T 16 (b)) ], 1T/
B RZ R PR LA 23 OR R S8 BEAE AT bl o ZE AR BT 0 R ok
R b DA e SR Z R IS, F T B AR 4 e ORI 1 I e e
BB oy wh A AR L . kA, L6 (o) FoR, TR0
Mg AERK T —HinEARTEE. X2 244
WIATENHIAR A A Ja T 2 M AH ST ENBE5E 1 Al
Mannoor5s [ 65 K- 42 el 5 200 i 1) 35 12 6 7K 4 e
J3DFT BN N BTEAR, TR B oK oRE 7 4T Bl Rl H- i T

Multi-material
printing

Cell-laden
inks

(@)

(c) (d)

Perfusable
tissue constructs
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o WA AEEEIL7 (ady (b) ], XA B Sk 14
AE I ANF IR E ) BRI & . RERRRK
ST A SR AR AN A= v oy T A BT B Y A
TEH TAER AT 17 (o], i B4 R a8 2 i
FeH o NAAARL. H ATt A 3DIT BTSSR T I R
BT, WELT (D Fros, SHRKZTF RN RS
Fe RAMESE BRI B 2L LN 1 3DITEPAN TR,
B IR IR, XA 4 BRE 1 D K 3DAT BN AR
wHMBET A,

3. 3D fTENEYERMKE

AYERAME (18 EEAUFEEEME (k&
&)\ AT MBI REY) CRRCHEMPLGA),
SEPEAR IR G (PDMS) . BOKEER T &4 (HAD,
T &4 )72 F T 3DFT B 7k A M AR N A4 5541 B 5 256
SCHE[66].

3.1 R AR
B2 & @ Rk 32 B TG K AR, AN
W, i EE. REEE18 (] HEEiERECE

Cross-sectional
view

(e)

E15. Ca~b) 3DAWHTEN /R (o) Brri TRHLLG MR EEL (D TREHAALGHIEEFRORMIOUREE: (o) TARHLRLMEEIRH RN TE0

REEL (&) PIFIEER 1 N BRI HEFIAE = 2 55 R 4545 1 [63] -
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Keratinocytes
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Sample taken for histology

Skin fold chamber Normal mouse skin

(a)

(b) (c)
BE16. Ca) /NGRS £T 24 48 A A0 £ 5% RS 2 TR 2 ) AR ik = 4 45 M) 7
Bl (b) BB S TEA BT #50 B SR A s 95 11 38 5 11 ZH 2R AR Rz k540 s (e
FEIE 11K 5 LE AR GRS 0 B SR s 03 11 o7 P 2L 2R T R ik 5 A [ 641

E17. (a) 3DITENTAE H R EIME : (b) 3DFT B A FL AR A% 35 1 15
(c) 3DFTENAES A (d) 3DFTENLIEIE[65].

BHEANE, ZXEE MR RIFNAEARE, 756
[FSE3 7):

3DATEN R NAR SIS, BT A1 g
fE, DI geE AR B S . T H i B S22 AT B
BT DA DR AT BN AR AE (R e 205, RIS A RL T 75 P fE
3DFTERAPEAL il & (K B v E 52 5% B, 3 AT RAE il A
BRBNESCF A 2R . RITALEE, fne
DT A e AR A B ] TR s 2 AL & R

MG63 cells

E.coli bacterial colonies

CoCrw

CoCrW-3Cu

(c) (d)

E18. AFEFEHI3DIT Bl o (a) K& SN (b) Hi AL n] fEuk
W A=A RHE R SR G IS S8 s (o) IRIRBEI S AR [78]: (d) otk
WA SR [T79]

TN A TG . VE A48 3DFT BN EBE I — 5857
AR PR AR AT AR U T A AR A R g R . A
&AL B T MBS, SLMIRIE K Ti, Al VE [ 5 57
K HREFIISA] . RIEFFES TR, HUCERF N
PRTEPTHF AN 55 5 T A S AR e MRS AR B2, T 4
BB o3 AT s, BT RS AR AR R RS IR AL,
o B 6 B IG5 B AR 3950 [67]. KL, S@id 3DFTENS @
FARLAN 5 2 i Ab B 3 1) 5 IR F T3R5 B i 1
VIERAR AR, T LR G Y A A A A T T R A A
FRA

H T % WTi, ALVZ LB AL VITE A 40 i 5
PE, HATIEFETF R B8 1 Hoth @ Rk . 9t
Ti-Nb#& & i T HARF R . R 5 MR 2
e, R ARG TR R, AEEE SRR
NE[68]0 AT HE— 30 BRARAE N AR SRR & DL /MK
JIBEMIASRI G2, AT DLIEER & S b s I AR S fs e oo
#[69]. SLMREE B Ti-Tadfh L Tig Al VE A 5 1 1) 58
FE RN EAR A g PR R . SingZ5[70]H FAE M 1 3T [\ 17
I3 KT 5 1R BIO G i 22 FLTi-Tald 55 &A% 45 /) 1 AT 471,
T2 K H S T Ti-Tadr 4 5 ks 4546 11 R~k Ji
A 2EvERE . BFFCN BE AT LU F SLME: A I & 4
gk, TR ORIFENI-TiG £l 3 PR RO R 1012 Th B Rk
[717. HEERICNI-Ti AT 40 0 7E 57 5B F /N2 p R B
FEGiErE, RN AP 5 R . BE A E AR
JE BT TE AR N SE Ao iR, 5 KRR R EEAR LM
PO 5 0 B PRI S ) BRI RN, FERE A4 7 T B A TR K
BRI 711720 AL, Mgt 2 (e i3k 40 3 e AN
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H AT R ) — 28 B AT ) 5 v R A AR A A PR T
B AP B 4 AT DUMR R 2 T R g B SE ] @, W1Co-
CrWCu[ 73]+ 4 7t 2= 3t B A B35 P8 I e 02 2557 AR
e LufE[7410 55 1 Cuss =X 2 F TR AR R}
FICoCr& 4 MIsem . B 7845 RAESE CoCrW gl o 244,
FEAI RIS YRS R, 40 RE A8 7 & 4 3R 1 b 25 P A1
FEIEI19 (ad. (o) o PUmMRIEsL 7 i — & ECu)F
o R KA L B R RE [ 19 (b)y (dD 1o

3.2. EH @ TR

o T MRMEEE KRR M RN AR, &
B T 28 R AR R RN W] PR AR S SR Tz AR B R AR
S TR FR R, RIE[E18 (o] REENA
S, YHBRAHZSYELE, REN (R I 2 o 25 B 4 A K 4 R 4
KM, HEIEMWREE, K. NLadFMEanE
FUR . ROImIE. ROABR[7515, 7T LUK B 6] SN E
AT 43 R B AN B AR B . AR, W T AR R B =
TR P R B A, AR A S AR S . B
s S U Y B < A R S s AN el e e AT
RERESE, G GFTEIERE, e BN,

YueSE [7614% B 2 1 2 2% D) e 84 2 = o 7 Mk}
e AT THEE AW, RIGX PR 3D E
N STERCR R, 1 BASHE NS R, R
Al RE S BAME S RHE Y. W H, 3DITEIPLEE R o
TR 772 AT DL 2 F A R e 2 B A0, B
A, K ERZLEILA.

G . (b)

5 mm

(©) (d)
E19. (a) % FCoCrW4 & MIMGO34H i i) 2¢Ot B ik Bt 18 (b)
1ECoCrW < PR IR I NI AT RS s (o) 32%EF CoCrW-3Cus 421
MGO3ZH i) 76 Bt K% (d) #ECoCrW-3Cud <z EF TR KNG
FFEA TR o
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3.3. = H M A Kl

M gkl (R BLE PR IR ACH AR —55) 7E/R N
BALPERERRE . BA RIFHIAEMAEE B L S0,
ZHT N TR RHENAR[77]. XA RIE3 DT Ep
AR SRR B 55 G, 2 EARR DA R
HH KK 2 RESTORATIONII H JT & 1143 4 AT P i g e A
MEEMEHE18 (b) PR T A S 7
A F AL FEH,  HE N 3DHT B il 515 B AR K KUk
D EEE P . PRI KA K18 () [ —Fil fl 2 4
SR OB PRy, AE I IR B Ho&E S A Aotk X B
4 (SLS) FISLMEE PR )5 B H A ) P A kL

H&mME S TARA L, K2 E0 &M R Resh
J& FAG AN [F] R [ 25 AL R B R R AR AR . 77, T RE s RE R
HAU R R FLRR A . FESLMEKSLSRE R, By KRiE
JEHERL, BOG-M KA EAE . 30 ) Aok 4 B ) 55 2
B 56 4 BUE PR E S5 1 I G EE R 2R [80] . IbAh, I8 7R %
TEAR A B A a5 B B A R R B . AR SRR 4 350 )
BTN A TR AR ST e T ER Ay R
AR AH S RO R S 2 R T S5 T THI[81]

IR AR RE I PR S R & B R N, BRI,
RN 7 RS AR B LLSEEL 2 Fh D se[82]. 441
o, SREEREAEYR R (RIEJE . o T A kR
A Tk 2 FLSBR DO R AN ER . WE RN DR R
B IR)ZEZILTHE NS A, 5BMP-2ilid ik E &
CLR I ) % =4k 2 FLIGPE S &M B 15],

ST RA R (R AIE TR 0 38 AR A s 5 8 A H 3 DT Bl R
MR FE. Br TIAESME, TEARIEIZHE (SMMD,
MR REA R, IESIES 2 . B R A e
PARERT DATERF T (1) 405 38T LA E 77 2028 HOR IR -
FEVE[83]. g hI AN R FE R 2 L, SRS IR
J 77 B8R 3 78 AR B B A L TR R DA . 40 2R B 1 RS
Rk, 3DFT B Re A RHE A= W B 5 B A 2 o tH A )
BT I E R T .

4. BRI

T [ = 27 N FH (¥ 3DFT BB & T3 2% HL PR Jig
22 SR, SRR AW 2 A PR} 22 R % 4
B RES A RO o a8 B RS R I B B L, LR BL
EIRTT AELATENAR L, (EESRSMG E H LU AR AR H 18
ZE[84]. HMEANEE TR —DNH SRR IR AR, Bk ik
HIAECIE LSS R B ) 2 D e . DU R LB RS
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AP B A RE IR S5 K, TCiR AR A P R A SR
R T RSTBORRISEEE,  H AT ek it 2 i 4i i
0 H AT IR A ORI A S S MIRIAREE, Teik
SRAF R E FRBEN . XU, AR TE AR
=YERAIR[85]. LhAh, FTEIMISCIR. HAEE G E W
IR ATG . KA S A CRIRE B — R 5 i

FLUM B D5 T B AFAERR ] o R AR AR — e HI A
A RN E SRR, 5 SBREAEAE Z
F) (R BEEAE SREC o 3T BT A S SRAE AT AL Y A A R
B VE R R AR S T AP RE R I R ER A
ANFAb S A R 10 H H T E bR T BB AR S
—hRiE, HTAMELE S5 U TE AR ST SR R AR B TE A2 Y
SLIGHE, RAEREEH M. DhREA I PR SR 46 77 Thi >k
ZRETVEA.

PEAh, JRE AR I 22 2E AR IR T R R 25 1)
3DAT AR K S, {H3DFT Bl AT + LRE A A
el HAT, BRI B TR AW U ST 5T
USSR AEZEA RS AL, Sh=Z B A, X WAE—5E
FREE PRI T H O f . i BB S BRI G 35 0] R
ANTT 2N, PR LT R R 24 3DT EEOR B BE N IS
B2 P K55 71[86-88].

5. R KR KiaE

] [ B2 57 3DAT ENEOR K e 224 L INAS 1R Kt
o b, &% E B AVER KR H1E SR H
JRE BT FEN By O BN A P 22 o R 4 i A AR AT R
fRSCHR I DR . RE EEATENAL, ST
HIAa B B B E A AMITFEN B2 O AT BN I B TR
BEHZL, B EEITH. 3DFTEIEE H A R4 &
J&~ T AN R, 8 A AR R PA S
BUITENER A P B R Ak DhfiE . R AT 3DIT BN il i A+
I RVGTT > E3DAT ENEEARAE R LR 4 S0 ) 5 41 i Joig 2
JRJ7 AT SR 32 BIBR . AT AT B R B S PR
LURERE BR8N Tl AR S 1 B AR, I8 AT
2 TAFZAS.

WL R —BEAESO) T vk BB A, SR SEH0RE
3DITEI AR SHAT RS &, EEB L TAREHEIT K
st LR IESCIR I i FLBR R A RIS B W Fd
AR R 57 B 3SDAT B R By w PERER B J93DATHISE
RN — bR ISR T3 I DA A I PR R P AN
s s e e Al MU FEAL 22 T8] (74 38 i 573D

TENT 6. X ER - DHESI3DITHH L TR S
R R e -

g

AT AE 2 & A AR (2016YFB1101303).
R HFERFE G (0216110066) Fiterh Rl K
2EEER AT AR B B\ SRR BB .
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