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Progress in the Development of Hydrogel-Rapid Prototyping
for Tissue Engineering
PAN Ting, CAO Xiaodong

(National Engineering Research Center for Tissue Restoration and Reconstruction, Guangzhou 510006, China)

Abstract: For tissue engineering, the combined actions of seeding cells, matrix and bioactive factors determine the e-
ventual performance of the implant. Organ or tissue printing, a novel approach in tissue engineering, creates layered, bio-
factors (including cells and other bioactive stimuli)-laden hydrogel scaffolds with a defined three — dimensional (3D)
structure and organized biofactors placement, which is seen as a great promise. To this end, hydrogels represent to be the
most promising materials for bioprinting because of their high water content, excellent cytocompatibility and tunable biode-
gradability. On the other hand, rapid prototyping (RP) techniques have become a powerful tool to produce a scaffold of
the desired shape and internal structure with encapsulation of multiple living cell types or other biofactors, such as growth
factors and genes. However, not all kinds of RP techniques are suitable for generation of hydrogel scaffolds or cell encap-
sulation. Therefore, in this review, we give a brief summary of different rapid prototyping techniques suitable for the pro-
duction of hydrogel scaffolds. Each technique is further discussed in terms of the different hydrogels used. One major limi-
tation has yet to be addressed is the poor mechanical strength of hydrogel scaffolds. This problem and probable solution are
also discussed in this review paper.
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Fig. 1 Schematic diagram of bottom-up (a) and top-down (b) ster-

eo- lithography setups. The bottom-up setup shown is an ex-

ample of a system whereby the laser scans the surface for the

curing of the photosensitive material. In the example of the

top-down setup, dynamic light projection technology is used

to cure a complete 2D layer at once! "]
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Fig.2 Working principle of two-photon photo-polymerization. In the
focal point of the near-IR laser beams, the photosensitive poly-

mer is cross-linked. A ‘true’ 3D object is obtained! "
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Fig. 3 Schematic diagram of 3D-Bioplotter dispensing principle.
In the 3D-Bioplotter system, the nozzle works pneumatical-
ly or via volume-driven injection. This also illustrates the
principle of nozzle-based systems in general, where a noz-
zle is used for the deposition of material. Key difference
with other nozzle-based systems is the ability to plot into a
liquid medium with matching density, thus introducing

buoyancy compensation'®’
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Fig. 4 Schematic representation of a typical 3DP setup. A roller

spreads a thin layer of polymer powder over the previously

formed layer, and is subsequently solidified by the spatially

controlled delivery of a liquid binder!®*]

Zeorp 23 R4 T —Fh 3D FTERHL(Z402) , W] LAGE A
KER WG o0 T FERE, T ARG 25 500 2 — Bl K 3 1 a8
K BRI R T ED R e T K A R R A )
Utela 25 N X4 (A b4k 3DP™ 5 A WA A 1 6 R 11 252
WA, AL R R A 45 A0 BRAN (AOR ) A 155 % M A
A BB o

3DP™ AT LA TSN [5] £ T R 52 BG4 1) TEE 4R
Gk —EPTRER B SR/ N AL RST s R R A Y
ALY L Ay AR R BE b A T R 4 70 W
i RASS AU ] PR A A P o 42 o o - RS 12 790 22 1)
BRI SHRALEE . BB A B O PR L R R T Ak BT
2 B ARSURLAL AR KN BORLAR 43 A7 B VR UKL 4 T AR |
R AHERUR B | R VR BT KGRI RO B L RGHE AR
RG] WG ROT L VR B R R SRR 12 58] Y
b3 DA R FEI PR T o PR g (e 0 8 E 1 PR



53 1 itk

B Rk DRI ) 8 R S R AE 2 S TR TR A O P e 241

ROUFE: FEbra— 255 R, RSB 500 DR
P E ARG AR B, WS A VR o B R R AT SR A, f
B 2 B AORY $2 5 B 4 K s ) T E A R, A IR B
AR HER, X B4y PR I /INFL A FLAR AT 45 3 fe il
2R

B2 FTENHL A (Inkjet Printing) 33X — M5 EJ i B F AR
LT T A VR AR IS SR AT B R R, Hoh— ik i
3DP™H AR BT LA S AR, 593 PR Ay Y0 25 05 JC T 9K
PREPAT' A — o 5 1 5 R R BT 4 A
FIEHE BB A, WIXTEREN, BWEME A SUH
A EN AT
2.3.2  wEp R A HOR 69 B 16 BE R 8GR AR

WS B S TR 4 AR N Ry 2 e AN i 5 I S 28 i T 1Y
PRIy v (B A A D TR 2R M R I BRI
Hfthm A FAEH RS = 4E 83, B TRZHE,

Landers 25 A" BT 1 {6 FH K 7880 1 43 74 o S 4
WL, FKERE KR 42 o R LT n] AL B 00 f
TRIGFP AR 2, (R I A 5 B 28 e 4w [k 1) i Ak
PRI, AR SO pLR M B AR E M o

Lam 28 A"V FH USRS 3 1A A 1R & R A A ok 28
MR, IREMIEA R FREN (50% ) . iR
(30% )RR (20% ), ¥4oh o i 4o 1T KG 2 700 64 et A
A REE T K, #5203 R ($12.5 mm
x12.5 mm), PIFFFLESHE N BIAETE ($2.5 mm) 846 T8
(2.5 mm x2.5 mm) . {f FZKAVE ARG AT LIk 6 75
(1 1 5 PR BT RIS 0% B8 b A Wl BB . o) — Al R K A
AR B B AE T 0T UM 9038 P i (AR K R
T)EOH LM, SRS T B G AL B, DR R
M 12EE, IF HAR S HUKIE . SCHEAE 100 C T4 1 h
Ja, RIMANFEEEWILRYER, & 75% 8 LA8HM
25% PCL f) S P BEiA i -

Xu 25 N ) P 058 28 7 0 AR A = 4k S04,
P BEIE A AL N £F 35 B A BEIS . 4R AE N —MEMT
SHEFTED R EE A RE, H TS @M B = S S,
15 R I BE AL 8 I A EE LB AN CaCl, 5| R4
SRR ARG OV S B, BT & R 2R
LY RN, 22 )5 A Wt Sk e £F 4 2 1 L
ER%E LAY . e LG AT 6 25 4k 85 3t pe o 88 i AL B i 21
R A o B R AE AR Y £F 3 B g ED— 2
NT2 Pl BN EBRELE 5 K, HLHE =4k
B Z AN — B TR A

3DP A #0515 S 22 H R T A R 1) AU R v
R RE RS 2480 B . 3DP SZ 40 Zy HERAR KRR b S 2
HJZERTRR S, 2R & e Z B0 53 PSR AR 4R i R

RR/NERIE o R 3DP RS RE, — 11
REBAIDHR, SR ERRRARA IR KR,
SR, By ARHIRLAR I8 2 5 B R B S, MR IR
B RTERS R B RS 9 2 SRR IE o DRI b — A st ol N A3 A Y
RARWATIAT, KA K/NB R SRS 22, ek IR
R A GE . AR BB ACRLAR AL Bl P A S AR
BURTE PR UE B /IR AR RO 42 6 (AR i 3 sl 1. Spill-
mann 55 N A B U b 3y R R R VR I 3 B
AT PMRIEAEB/IVREAR RSE (5 ) B R D 75 210 Bl Ji2 5
PSR )2 (N s Bz ) o i i SO RHI ) 24 TR fig
—JT NI T AT, B B e TR R R A R
AL PER . A T L5, ] LA e SR i 44
AN FH 3 T2 PR R B 3 SR g 2P A 2
BRI RA B 10 1 22 PERELE B i — g .

i
5 ZEEAR D A B 0 R B T (Y B A R
R BE - (a) FNE A1 R B 2 BE A (b) [0

Fig. 5 The images of high flowability of plasma treated
5 wm powders (a) and a homogeneous bed of

the same powder (b) [70]
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Fig. 6 Printed Lutrol-TP scaffolds: organized 3D structure (black
arrowhead ; vertical pores; white arrowhead: fused horizon-
tal pores) , inset: total printed scaffold (a) , printed un-
photopolymerized structure (b) and handling after photo-

polymerization (c) (7]
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