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Abstract; Bone is the second most commonly transplanted tissue in the world, with at least four million surgical
procedures using bone grafts and bone substitutes every year. However, the limitations of traditional treatments have
affected current treatment options, and the clinical demand for bone grafts has continued to increase due to the high
incidence of trauma, cancer, infection, and arthritis. Autografts and allografts are commonly used in the clinical
treatment of bone defects, but chronic inflammation, disease transmission, and immune rejection have hindered
their development. In addition, metal-based material scaffolds are the most widely used implants, while there are
also problems such as stress shield, infection, and inflammation, leading researchers to find new material scaffolds
to replace them. Therefore, developing bioactive three-dimensional (3D) scaffolds that can be adaptively expanded
and filled to promote bone regeneration has become a key area of focus in bone tissue engineering ( BTE). In recent
years, manufacturing methods including 4D printing of shape memory materials have been used to create new
methods to replace traditional bone grafts. This paper mainly reviews the classification of traditional polymer
materials and new shape memory polymer materials, the main manufacturing methods, mechanical properties,
biocompatibility, and the latest applications of polymer scaffolds in BTE. Furthermore, the importance, current
challenges, and future development directions of 4D printing technology in BTE are summarized.
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Fig.1 Schematic of bone tissue
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Fig. 2 Confocal fluorescence images of osteoblasts cultured on
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Fig.3 Histologic analysis of in vivo bone healing in critical sized rabbit cranial defects implanted with Col-GAG and MC-GAG scaffolds"

1.2 ZRE(CS)EEAXE

52T (C) s fe 1 5 I RARE I 20, 2
Hreeahy (IR B e iRAE) thiiic, CLAN CS $A
Hie—FZ I RERE YA R, A CL A & Fh L
v R B TR S 7R s 5 ny (l F 3Z 3
BRI, 53 —J7m, B Stk CIRTAEY - CS B4
INRIARGY) . B FEARRICE (14) Bt
FEVERENY D- A 5 A 5 BEALE 7 1Y AT 224 H N-
Z Tk FE-D-7 B % BE ( N-acetyl-glucosaminidase,
NAG) £, CS BEA 5 EE B (glycosaminoglycan,
GAG) #H UL 45 %, GAG 2 4 jfg b 3 J§i ( extracellular
matrix, ECM ) H 5 f¢ J5 £F 4EAH BAF F DT 41 i - 40
JRORSG R b e B AR A o 2 — o CS R BB 4 3¢
IR U AR R, Ko B B R E YA A
P AT A R A A R VR PSR o T S
CS TR RE, RE YN Alg,Gel \PCL A Y% 14 K
Be % an HAP (Si0, \TiO, \ZrO, 2 4 1 T34 CS A=
W A R R S

Elkholy 2" JF % 7 —Fh B-CS/n-HAP & & #4
Bho BEE B-CS W3 Jy 2= PERE B H K, M E &

[30]

ik ) 30: 70 i B-CS/n-HAP S5 b HFRAS T e fE:
Jize e (PUESRIE y 13.05 MP) , Ak, BF58 & B
B-CS/n-HAP & H FHE SBF W iR 8 )5,
T RAE DI LTI R, B e A R A R4
H LR AT RE ™ . S SR A R L 4, B A
B-CS/n-HAP {EN AT AE MR B , AT LA
HEEEAR I, B AT LUIING#E Haversian REEATIE L.

Wu 255 S iy 735 H e R i s R iy 77 2K ol
&1 ST B/ KRR B KA - BT B h
( CH/nHAP-ALs ) i3k 1) 22 FL R FLIR/ 9 K 32 H gl JK
NG RAG(CM-ALs) o FEXTEA 0% \10% A
20% 1y ( CH/nHAP-ALs ) SR i 52 & SCHR Y L TH P
A LB BB BE L 25 W 1A SRS T AN i 3 Ak 1
A% )7 pEAT TR, SEM W3 S 40 5L 1 4
HAHB R Z L85, LR R ZY4E 150 ~250 wm 2
], AP S g R W] 2 FL R FL IR 98 K 2 L i
JRATSCIRAR L , S iR 5 18] 52 57 20 g ( rabbit adipose-
derived mesenchymal stem cells, ASCs ) 7F 1 2% 7% B B
BRI SR EREIR S d 5 e DR B A 4
AL T B4 A= A, B9 15 2 ¥ ( alkaline phosphatase |



55 8

KB, G YRR G Y MR A AORAE B AU AR R Y 1 3 g -5

Bone Marrow

ImmatureBone

Osteocyte

Implanted

Material Blood Vessel

4 RAMBNANBHEER

Fig. 4 Microscopic images of control group and implanted group™”
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Fig.5 X-ray analysis of new bone formation in CM-ALs (0% ) and CM-ALs (10% ) implanted groups'™
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Fig.6 FESEM images of MC3T3 cell attachment and proliferation on CS-HA, GO-CS-HA, and SV-GO-CS-HA at 24 h and 48 h respectively ™’
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Fig.7 Schematic of shape memory process
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Fig.8 Shape memory process of PCL-AT membrane
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Fig.9  Cell viability of C2C12 myoblasts after 5 d of cultivation on PCL80000, PCL3000-5AT, PCL3000-10AT, and PCL3000-15AT™’
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Fig. 12 3D micro-CT images of bone defect area
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Fig. 14 Schematic of self-adaptive SMP foam as a bone scaffold for bone regeneration
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Fig. 15 Fixing of a temporary shape of a 3D-printed PLA/HA scaffold through compression, and a demonstration of shape memory

effect after heating above the glass transition temperature
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Fig. 16 MSC colonization of 3D-printed porous PLA/HAP scaffold surface: HE stained
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