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Table 1 Compositions of scanning area shown in Fig. 1(b)

(mass fraction, %)

Ti Al \Y%

90.56 5.95 3.50

B 1 3D 4TE Ti6AI4V BkE 6 2 LSRN ES
Fig. 1 Morphologies of Ti6Al4V porous scaffolds by 3D
printing: (a) Macro-structure; (b) SEM image
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Fig. 2 Curves of compressive load—displacement and shear
load—displacement of titanium alloy porous scaffolds by 3D
printing: (a) Compressive load—displacement; (b) Shear load—

displacement
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Fig. 3

scaffolds after shearing at different magnifications: (a)

Fracture morphologies of titanium alloy porous

Overall fracture morphology; (b) Magnified image of red
selection in Fig. 3(a); (c) Magnified image of black selection in
Fig. 3(a)
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Fig. 4 SEM image of BMSCs on Ti6Al4V porous scaffolds
by 3D printing after culture for 24 h
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Plastic flat

Ti6Al4V scaffolds
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Fig. 5 Calcein dyeing images of BMSCs after culture for 24 h: (a), (a") BMSCs on 48 hole plastic flat; (b), (b") BMSCs on Ti6Al4V

porous scaffolds by 3D printing
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Fig. 6 BMSCs adhesion on 48 hole plastic flat and Ti6Al4V
porous scaffolds by 3D printing after culture for 24 h (n=3,
X*s, *P<<0.05)
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Fig. 7 BMSCs proliferation on 48 hole plastic flat and

Ti6Al4V porous scaffolds by 3D printing after culture for 1 d,
7dand 14d (n=3, x+s,*P<<0.05)
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Fig. 8 Scheme of Ti6Al4V porous scaffold transplantation in rabbit distal femur: (a) Disinfection of prepared skin; (b) Exposure to
patellar articular surface; (c) Bone defect with diameter of 7.8 mm; (d) Alloy scaffold transplanted into bone defect

B9 3D fTEEAG S AR N REAE 3 N M RS S HAE IR i ) T A X 20 P
Fig. 9 X-ray images of Ti6Al4V porous scaffolds by 3D printing after transplantation for 3 months: (a) Appearance;

(b) Anteroposterior view; (c) Lateral view of X-ray photographs



764 hEA SR R

2018 4 4 A

LIS R E, 3D $TH Ti6AdV k& & EY)
FHBME T TP AETEA AR, a0 40 5 3UDR5 B 2R 1K
AN e FUBR A P A 2255 o BEXFLL B, mT AR
FAESAE . 2RI KAC T b b LA R 2 T e PE ARG AL
BAR, s AR AR e b, IRk LR
G 1M Re, Rk AR B R RN W 7 T I R N
)ﬂ[l%ls]o

3 %t

b=

1) 3D FTEN¥) Ti6AI4V £KH 4 2 FLSC LM FLER 43
Iy, R/NIEA 3, 0K IR] B e, A4 ) £L
BRESHIIER RAF. FEM LR, ML ER S
/W ES

2) WALEAR N 400 pum ZE47 . FLER A 25.2%01
Ti6AI4V BRE5 SCBRM) J) eME fe 32 WA A i) (E 2272 4L
ey, HARGE G NMEMAIMGETRAE, i RYUE
SREEA 27.6 MPa, HRRBIDIRRAEY 10.4 MPa, £F6 A
KR TUR (1) 3 2 5 B

3) 3D FTENZALERA S 28 AT R4 i A4
FHENE, 2 AL ST AR W ks 25 1) Dy 4 2 gt A
2R IR], MO TR RE I T A MR E TE RE T . AL,
EZIN EEp il e b R DN R NP E T A DN
PR G S AL KN

REFERENCES

[1] FRYDMAN A, SIMONIAN K. Review of models for titanium
as a foreign body[J]. J Calif Dent Assoc, 2014, 42(12): 829—833.

(21 &0, BOM, FEN, BAEE, 20 e HERE ST
FUHERE[T]. T EA 4R SR, 2015, 25(2): 280-292.
JIN He-xi, WEI Ke-xiang, LI Jian-ming, ZHOU Jian-yu, PENG
Wen-jing. Research development of titanium alloy in aerospace
industry[J]. The Chinese Journal of Nonferrous Metals, 2015,
25(2): 280-292.

[31 AMER M A, RODRIGUEZ P A, RENOU S J,
GUGLIELMOTTI M B. Use of human fascia lata in rat calvarial
bone defects[J]. Acta Odontol Latinoam, 2015, 28(3): 231-235.

[4] KOKUBO T, YAMAGUCHI S. Suppl 1-M2: Bioactive titanate
layers formed on titanium and its alloys by simple chemical and
heat treatments[J]. Open Biomedical Engineering Journal, 2015,
9(Suppl 1): 29-41.

[5] CHIKARAKARA E, FITZPATRICK P, MOORE E,
LEVINGSTONE T, HIGGINBOTHAM C. In vitro fibroblast

(6]

(7]

(8]

]

[10]

(1]

[12]

[13]

[14]

and pre-osteoblastic cellular responses on laser surface modified
Ti-6Al-4V[J]. Biomed Mater, 2015, 10(1): 015007.

HRABE N W, HEINL P, BORDIA R K, KORNER C,
FERNANDES R J. Maintenance of a bone collagen phenotype
by osteoblast-like cells in 3D periodic porous titanium
(Ti-6Al-4V) structures fabricated by selective electron beam
melting[J]. Connect Tissue Res, 2013, 54(6): 351-360.

MR, sk, Zail, R, X 3, & . s
ANTFISLBRURE 22 SRS BB A M K2 (], b A R 2 4
2010, 20(4): 749-755.

CHEN Liang-jian, ZHANG Si-hui, LI Yi-min, CUI Xiao-ming,
ZHENG Yao, LI Ting. Effect of porosity of modified porous
titanium on osteoblastic cells[J]. The Chinese Journal of
Nonferrous Metals, 2010, 20(4): 749-755.

BALLA V K, BANERIJEE S, BOSE S, BANDYOPADHYAY A.
Direct laser processing of a tantalum coating on titanium for
bone replacement structures[J]. Acta Biomater, 2010, 6(6):
2329-2334.

FIRNE, 2. HERHEGD FTENER KR HUb S
5131k, 2013, 42(4): 1-4.

Lu Bing-heng, Li Di-chen. Development of the additive
manufacturing (3D printing) technology[J]. Machine Building
and Automation, 2013, 42(4): 1-4.

WK, FR, KB, FEME. RS H &
Ti-6Al-4V &4:[1]. WIFIR 4, 2004, 32(5): 17-19.

YU Lan, LI Yi-ming, DENG Zhong-yong, LI Du-xing,

Preparation of Ti-6Al-4V alloy by powder metallurgy using
titanium hydride powder[J]. Hunan Metallurgy, 2004, 32(5):
17-19.

R, F M, Y . 2RGSO AL
FEBRBE T[], g AS T K 2% 244, 2016, 50(2): 165-168.
WANG Chun-xiao, LI Xiang, LUO Yun. Design and strength
analysis of porous titanium scaffold[J]. Journal of Shanghai
Jiaotong University, 2016, 50(2): 165—168.

XU J, WENG X J, WANG X, HUANG J Z, ZHANG C,
MUHAMMAD H. Potential use of porous titanium-niobium
alloy in orthopedic implants: Preparation and experimental study
of its biocompatibility in vitro[J]. PLoS One, 2013, 8(11):
€79289.

CHENG A, HUMAYUN A, COHEN D J, BOYAN B D,
SCHWARTZ Z. Additively manufactured 3D porous Ti-6Al-4V
mimic trabecular bone structure and

constructs regulate

osteoblast proliferation, differentiation and local factor
production in a porosity and surface roughness dependent
manner[J]. Biofabrication, 2014, 6(4): 045007.

BUIR, WO s, kW1 RIEAEEA ST AR
RIEUR B [I]. B e =k, 2013, 2(2): 7-11.

MIU Wei-dong, CHENG Gui, YUAN Zhi-shan, ZHU Ming.



§28 3 4 ) X W, SF: 3D 4TED TI6AIAV BRG G BE I I 25 ME e T AR AR 765

Present situation and trend of the biological function [15] KRISHNA BV, BOSE S, BANDYOPADHYAY A. Low stiffness
development of titanium alloy materials[J]. Advanced Materials porous Ti structures for load-bearing implants[J]. Acta Biomater,
Industry, 2013, 2(2): 7-11. 2007, 3(6): 997-1006.

Mechanical properties and biocompatibility of
3D printing Ti6Al4V titanium alloy scaffolds

LIU Chang', WANG Chen-yu?, LIU He?, WANG Zhong-han®, LIN Gao-yong'

(1. School of Materials Science and Engineering, Key Laboratory of Nonferrous Metal Materials Science and
Engineering, Ministry of Education, Central South University, Changsha 410083, China;
2. Department of Orthopedics, The Second Hospital, Jilin University, Changchun 130041, China)

Abstract: Taking titanium alloy Ti6Al4V porous scaffolds by 3D printing as research object, the relationship between the
microstructure characteristics and the mechanical properties was preliminarily investigated. Moreover, the bone marrow
mesenchymal stem cells were used to investigate the biological compatibility, and the in vivo bone ingrowth ability of the
Ti6Al4V porous scaffolds in a rabbit full-thickness bone defect model was detected. The results show that the mechanical
properties of Ti6Al4V porous scaffolds prepared by 3D printing are affected by the porous microstructures with
the incipient intensity that is suitable for human body. The Ti6Al4V porous scaffolds also have good biocompatibility and
absorbability. The detailed grid structure in Ti6Al4V porous scaffolds provides a unique space for cells to grow, which
can increase the proliferative ability of the bone marrow mesenchymal stem cells, and promote the ingrowth speed of the
surrounding bone tissue in prosthetic microporous.

Key words: Ti6Al4V porous scaffold; 3D printing; mechanical property; bone marrow mesenchymal stem cell; bone

ingrowth; biocompatibility
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