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Abstract

As a new manufacturing process rapidly developed in recent decades, 3D printing is widely used
in the medical field because of its advantages of rapid molding, mold-free manufacturing and per-
sonalized manufacturing, etc. The preparation technique will make the medical titanium alloy
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prosthesis cheaper, more practical, and can manufacture structures that are difficult to manufac-
ture by conventional processes. However, whether the medical materials prepared meet the use
requirements has been questioned and studied. This paper mainly reviews the feasibility of 3D
printed TC4 titanium alloy (Ti-6Al-4V) artificial bone and the therapeutic effect of 3D printed
medical TC4 titanium alloy in recent years, focusing on the quality, mechanical properties, bio-
compatibility, biosafety, biotoxicity, corrosion resistance and surface modification of 3D printed
products, aiming to provide some reference for related research.
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1. 51§

3D T BN AR A4 138 (Additive Manufacturing, AM), HEARLE 19 fHad i piit t, (HEIEHS AN
(1) KB 27E 20 tH4D 80 4FAX. 2010 4F, RIEFRSEEAF M 3D AWHTEINL, CAREILHL 20 um IFT IR
B, BEMSATENH 2R NARH VRIS B [1]. KIEES, 3D HEICAREHE — e EIF M, FHFRWi) 2
fiTH[2]. BT IR R Tk HERE /T, 3D FTEVECH T BB Al M dn e AR 2 —[3]. 4J& 3D
FTENHII, vk VAR Z E U AERS, #5284 4], FEBRST AU, ZHARE N TTHE RHl & L R4% T
WRIINE. NTEHMEREEANG, HTEE a0, B A MRAN a0, BRGNS s
B ERDIEE, A AR & R AR KR [5]. TC4 $kG 4, K 5 HER(Ti-6Al-4V), 24k
HEM—F, ERBEAERFFRE. TR EVASES, BN TR, A
NN AR, ARG EERIA6] [7]. BURMZE, SRR TC4 h& &t a R &, 1B
BHEANDIRS, & T N B AR E 2ok “RIBEM” S8, & RAENY) A BB Hm R, 48U
AWRA8] [9]. TCA (G40 55— BBk s R I Z A WiEvE, E AN THEANEHLS, 5AA
B E AR, 255 TE A S 3 BB 5 1E A BI[10]. FABIA N T K2 E L), B F80E
IR BUREKG S M6 S EUX R B 0046 @A R BRI . SR H ATEA K 05 56 £ (1 B A0
Bl RN —EHES) THEIE TC4 SR & & MEh S, 4T . N T B S S i it
i, H—EfRE Lo AN, AR T 2 LA MM G &M R, 2R 2 530 S o
ITZ AL [12]. ZILEHBIRTTAME T TCA SREE— i a, HEMHNE T2, fliEfLpRn iz
M2 FLAERITIIR IR e, 3D 4T ENAIHBUE NATE BB A, (B H AT AR I 5 RS A H A
P PERE A NAHVESEAT R AR UL Il AP AR . ASSCEZE 3D FTENM TCA SR A &M, P, #l
PRPERE . AWM. AV et SRR R o TR, IS H 2 BIIERE R 3D FTE)
HliE Y TCA 4K & N T HIIRTT BCR AT E4E, LLUiBH 3D #TE) TCA 8k &4 N T i ml 47tk

2.3D fTENER & £/

£ 3D FTEIHOR I BLLART, ARGEHI B U TCA A& <™ b 1l U7 30K 22 R il i sl 1 e /7
XA W THERAE 1) TCA ke &, A s bRk, HRAK. HEXNTALE, AHEHE
i, PUOVE R BEAEE R EER] . XTI E A AR REiH, 1&g iin Ty 5052 2R PR,
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i X RS . AEREE TSRO0, RS R AR GIE R A m . RS, HliE N TE W, B
HE I 77 A& AR, 3D FTENREAR M P AERCRAR BE AR DA DG [ R o K G 4 e 1Ak 1) s 22 AL,
SER R B AP R PR B AR, 308 T ARG H T RS B AN UL C T 51 A2 1Y “ B Bl AORE[13] [14]. “ R
JIBERL” BN — Pl i, 2R A IR SRS, Bk P EOPE A 2 [15] [16] [17] [18].
A5 K. PNVEFAA[19] [20] [2110CK, REA 24T TC4 thE&4, Re—EfEE FEcERmmAE
YIEE, BEA B ARG, BREGRIE . M LR fili, SR S LR TR R 2
FLERA S SE N (E[22],  fA7 18 ) 7 ok i SR A I 35

3.IDTENEAREE AT TR
31 FRRE

JetMIIN T L2, B e B R R . 7EBE A, 3D FTENH TCA SkE& N T H,
FRIE Bt AR A T 3, 7 b R85 ST (1458 28 06 Z0UAE M 4252 IOV BB P o DA HOIE 72 R [23], A I
SRR T R MO K B BUR (Selective Laser Melting, SLM)il 4 EL A3 2 FLIFIR S5 TCA k&4 T Al
By FEm LI RAF, 5 RRLE G, FLBRER TS, PR R R SRAT EPR R T s A
GG, ANFLAEH 0.2 mm, 7= il () E5 40 BUARAFAE — B G R 22, FeBRAR ORI BRI e T 78
MERIRPIERE BN, RETESMN A, XK G 3D 4T EPE AR UL T 2 A LAk G, K
PIRTHE AL | P> ik 22 . 3D FTENM TCA KA &=, WIRAZIATMT AT, B T3 W 3,
AR T U RS R DG w22 K, I8 RS FC RO RE . AP ) 1) B E 5 AL R R g AT 4, SR
P IN T RAS, PG FEAE DA SRR, A S RS AN TR RS B B ). P B
FEHVRELRE 7] L7 35070 B FH RN S A T A2 o (RIS 55 N [24] 80 Fh 7R, 3D T B (RS 2 1 1)
P A, FERITHS ARG . ERARTE A 7 THUAEDRS 2 10 T e S B SR A8 o 7RI AR 1 S B A o
WARGERH 3D FTEN B BB 26T B0 . 2B, O RA . WEHF RS AR E 55, 3D 4TH
BIRe s A, HMEANATREREAL, S5HRTHARL, WiESIREARMGIT SR [25] [26] [27] [28]
[29]. EZRLL b 3D FTEN S RT I R AR 22 - AR, (ERUEYE CRERS R I 3D 4T BRI & 6™ i i &
CL AR 2 070 e RS FH (5K

3.2. HERE

FTE#EEN TC4RESNTHE, @IS ATELIUKE ) E#EBAL, FEERSZ —EMEA, B
PAESR TCA Sk &4 N T B BAEA LW INIIERE. O RIREFT[301K I, 3D fTENH TCA (k&1L
PYEREIF AR R — 3, AR L ZS%, S mrINURERe A2 R, R AR R T 6
P LESH[31]. 5K A[32]0 5T 3D FTEI) TCA k&4 MBS = MU ERE, 255 &I 3D FTEN5E %
PR, RETAEMTALER, A4 AE LR 372.93~428.46 HV (3G, & T-44& Gkl 7 A 77 1) TC4
G EMYEIRIEBEAE33]. PrhrsnfE. o Rom S FI a2 7 5y 1821.7 + 146.2 MPa. 1355.9 + 109.7 MPa
1313 +1.8%, HUMRIERECRIES RIFIPIRAS, Reli RAHCHI E R ARHE[34]. 3D 4TENE @AM R FEAN R T
GG i, R EAPRIE DI I - Ak - AR, FAMES B EEEIX IR, AR
JEWEIERAR, BT RHERYGE, & SBEEREA U R ST EEE[35]. T3R8 L 7= Sl 7 Hud 3,
B R 3D FTENJE I TCA £ha 4 12 MR A LT S B I 20775 [36] . 255 N [371%F 3D 4T N5 k4T
PACIT) TCA ERA SAFAT R R NN, 45 RERENIPTRRE . RS (RSN PE R
TG T A RZ= (R 1), NN B R R 2w T RA T G MR (R 2), T TH
ZWT TR T I R (SEM)RAE R I, BRI R T e 214 1), uERH BN R 4F . HAhkE
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Hi[38], WFFEN SRR SLM HE AR il 4 (18 5 AR 22 Jok 17 S (1 AR A 3 5 JLR P v TR S50, AR PR s i
P JeE AR P R R A5 IR B & I 4R . 7R 5K&EN[39] [40] [41] [421fmt5i, &I 3D
FTENIE ) TCA Sk E&rm i, &l —RVINEAIE, 7E%EE. SR Bk, phab BRI 57 00 5 S fabn
LA S &G TERIGE KA S SEEL B AR . Sy — T i [43], FIH 3D FTENHI L2204 400 pm (1)
TCA BRAE4E3CHE, HARBRPUE 58 AN BT ) 5 5 80 G5 W TCA BRE S B B T %, (R N B 1)
SrERe, WRNEHEAMN I FIERR TSR . IR IR [44], H2BIEEMH T 3D FTEIR) TCA
KA S HE A, JRITRIBRE B B B, YT RCRARLF, TERE U7 H RN I AR R A W RS U R 2
L TT I, 3D T E[ TCA K& it il LA 2 N B MR EER

Table 1. 3D print mechanical performance results of Ti-6Al-4V alloy (n =6, x £ s)
52 1. 3D fTEN Ti-6Al-4V A& HMIMERELER(N=6,x +3)

PUHLEE (MPa) JeE IR 5 (MPa) HEAfIZR
1388.62 + 41.16 1387.66 + 41.06 15.93 + 1.03

Table 2. 3D printed Ti-6Al-4V alloy machine and natural enamel (n =6, X  5)
3% 2. 3D #TEN Ti-6Al-4V & EH R IR T MR EEEIRLEER(n =6, x £ 3)

KL Fx JEE 45 R R AR AR 25 B (om®)
3D FTEl Ti-6Al-4V &4 0.00078 + 0.00003
R i 0.00512 + 0.00012

e WALELEL p<0.0.005.

Figure 1. SEM photo of 3D Print TC4 alloy tensile sample fracture
1. 3D #TED TC4 & &h ikl O SEM B

3.3 SYHEHAMY

AR & EEANEAL B ANGE, 5 NRHALIEmE &, THENEAA AR RN, i
CUBT T2 AR G S E A AR VI L Re R B AU S T 200 50— D EZ R AR - ARSI IR AT 3D
ITEN TCA SR & A F I AW BPE VAN , 2238 T2l 3D T B4 (K 53 IR 2 £L TC4 Bk & 5028 . TCA
FRHEE BT, AR, RSN, ZPRERW] 7 AR P I E S SRR, JRR M BUEAYIA
FIAHZURE . Fein. K SRBEEE NAEME RO B [45]-[50]. VNt — B IRIE, IR f R BIwHTE T,

DOI: 10.12677/hjbm.2022.123028 232 s


https://doi.org/10.12677/hjbm.2022.123028

BAHEL 45

AT 1 IR — 2L LS N A 3D FTENHARSI# 1) TCA 2h&4 i, BATFE (4 2) [51]. JH
KAT(E 3) [52] HiMEE[53]s MEE[54] [65] NANESE[56]HAL, FEMT AN &I 3D #T ENHIAM & TC4 4k
GENTHEARSRMNMALR S GRS, BARHS BRI MG TR, Fh BT %A BB R A
RN it BB G AR SO o T LAFRATTIAN 3D FTERHI & AR & & N T B R R A2

Figure 2. Photo of arm clinical case reconstruction with 3D printed TC4 titanium alloy. A is the photograph during the sur-
gery, and B is postoperative X-ray photographs
2. FIF D HTENH TCA KA S ERFBIRARGIEBE. AAFAGTRE, BAKRE XAXBR

Figure 3. Shoulder photos using 3D printed TC4 titanium alloy. A, B, D and E are photographs during surgery, and C and F
are postoperative X-ray photos
3. FIA D ITENM TCA REEEERBXTRA. A B. D\ EAFARPRE, C. FARE X XBH

34. £MEEM

3D FERHIEAMENFIR L, HISAMANLEME, RESNEEE M, B 252G
S, WA E AT TRAE. CAMREMRER. £, 2% A[57] [58] [59] [60]HIAFFTH, 3D FTENfI4%1K)
TCA KA S ARSI AR AR AMETE RN A B A s, SAANiEEtE. £, HaE2eE[61] [62] [63]HF
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Fifg it 3D FTENil e B & S FIE R, XENMAN B WS4 S8 tk, XNEWIHSAREHRIER, 753)
VIR A2 R AR B ARSI 7%« TEIRIR b, 23030 3D FTENHI 1) TCA 2R SRR AR e Ak
ReRAF, EZEHEIY, WA TAE(E 4, ARARTIIER, B. CRRTHE), D ARERF)[64] [65]. M
H[66]. FE[67]. MEE[68]. AHE[6O1SEEFAMA 3D FTEIIAR & &7 ih, BHEBFERAL, 4E, Kl
SHRAASG 1 DA RAF, DEFER ] AR /N 7998 N R IRAEL N0 JE BRI, Tk g N LU FE IE Y L A
FEAR R BT R AT RIA 5 51 R R Ge. IXSEEE R W 3D TR & S e 2 vk AT HE 1 .

Figure 4. Clinical case photographs of the mandible reconstruction using a 3D-printed TC4 titanium alloy
4. £ 3D HTENM TCA hE S EETHBHIRARGIR A

3.5. MM RE

PR A e R BT RO IR e MR RE T R 44 o SRTIBRAOT I v, IR IRz R B m LA S IR VR,
Kb b, SR ABGEIR NS R IT R, RGeS Y AR B A A AR
B TR SR M ARECE IR, AR SR TR L Gt — 2D i, SR BIPUR R ZhRE[70] [71]
[72] o T B3 P R A DR X A L A PO TR P R 2 W0 R 2 1 PO S5 0 2 L S 0 B A5 P 25 i, RS
BNV RARA ARt i REHRIEEOR, 3D FTEIN TCA Sh& &M R mikRe 2 5
G T M%) TCA R E & —FE, AT REH LI AN LSRG @ AR IR AT U IR 2R — R G L 2L
oI TG TZERIANE, S5 [731 8L, 3D T Enfil 4 (K] TCA Bh e F IO i vh i RE W] B 22 T Bod S5 1%
GLZHIEKFEMR G E. EREMEZNERREE, BT 3D FTERER G & iR B S 3 5,
2 — D AR AL BT LASR e JE e, R ORX — 1A, AE J Fojt. FIAESA [74] [75] M FT R CLIESE
TR W RTINS T AL ERRE, HRERR I TR G, OGBS v Re g0, A RARE
Yrid e 2. UL E UL, 3D TENH TCA Bh& &t RAGN R SEIR 2 OB, L 5 ik e 2 W 2
AR e, AHSE AT RE R B MG, T ROZAET IS o E IR A PR SR B R A i AE 75 i Y
T ™ S BN Rk BRI L 3D 4T ERY TC4 BK& &MY i e I JEME LARE 2, BlaE W] Ak ek
T HE— AP A EE TR B P M RE AN A2

4. 3D FTEPR S EHIRE L
SRS T T 234, 3D FTENHOAR R B 7 APRHIIIN T892, FFBCA MRA LSRR -

DOI: 10.12677/hjbm.2022.123028 234 AW


https://doi.org/10.12677/hjbm.2022.123028

B 2

FITLA 3D FTENER G &= i, ARG SRR SR UK IR AAAE A R AT E— P IR IE M. A X Hm
TR A SR PERI NS, 7T DUESEXT 3D FTENER A Sl AT HLMRES I « 22t A4k 76] [77] [78].
SERMNERE S, 8 INUIRESC I ik iR T b . OB ZI S0 S . Wi Ao REZI R B R R &
SERMEEEEM Y. SE RV RER[79], MBS &R EAG —E A, e RE LT
MESE A, FEEASI R S 2E ERERIAE Y 2 S M RAR K IR, & T34 9 F I R T ol v vk
A B A TR Bl AR RIAEEE, IXFER TR T 1E TC4 kA &R IR
AAEE RS, AR DIEVETE A TR e M RE TR SR AT [80] . R BRIk R ik — D HE AR P 43 S A
PRI Z LG, H HLYE SRR TR T A AR i 1 B S 5 e P R B8 e 1 THO,, A S8 5 L R T A 2R i
A ) ) Bt e PO JE8 e BB 8 1] [82] 0 RPN skt ) 77 v o 5 TE B S5 EAT IR 1) R B v HAEK
BRI, AR BERbE SRR T —iE . S EMEININERIER G S&HRTNE S —
FEEARRINGENM R, BEIABISCEECA S0 B hE . MBS APig e, PUErERESSE(EI 5, A FID.
B fl E. C I F 2 BRI 2 MERTIER & 4. FIFIKBGEAEER S &R mH % Ca. P O MERISER S
% IO ENEERR G &R IHI% Cay Py O IRZMSIEER A 4. G NE A AN AK I E &5, H
NS R AR A AT . B 2 R 1 AR KRR 2 (Vi S R A B AR, IE I R R AR
PESELT . ) [83] [84] [85]. HAMELE LUREM T NiRE TG &IALKM, & F SR ES&HAKE
SRR FRIVEREFIR I E SR ERE . FHH T E ARG &R RT, H TR &S SR e S
PERIM B BEIRES . T2 LS AYE B ARl BERRESIE 51053 SHERE A2 2 el £2
Bt FiH[86] [87] [88] [89], IEIITEELA LR INE AHEIRES K2 LIS EWIEVEE I M RL, #hSirE—
SEFERE L OGE TR A S AEETE . N RIR IR TR E M A IhRE, T LMERZEH BN — e )R
JiE, RBERAEPE. BRIEYEEN IR Hd, L B B RENIRERNIB RS, TCA KA
S PR TR RS DN BE GRS 71, X P ThRE R 225 5 A AT P RIS A AR AR B ke, i
BAFARERM, FREAGVEERNESRZEIME TERKE . We—MRANTIECR, Fivg
FR[90] [91] [92], TEAMATIMITRTLH, 7E TC4 kA SRIME GHIMAMBRIRIEBEAAIRZ, it TC4 4k
SEEAMRAIPIEER, FRHAE RIGEDSE. N2 RRmMISIERZEREH, 3D HTER TC4 44
SANTH, SRS, k= s, BE BRI,

—
sk
: _I_'
* %
—_ \
HTi M-T
Bone Area Ratio(%)
—*
* %
— X5 4
* % ==
—
Ti H-Ti T

i
Bone Implant Contact(%)

Figure 5. Histological photo of 3D printed TC4 titanium alloy implanted before and after modification. ** p < 0.01 com-
pared to the control and Ti groups and * p < 0.05 compared to the H-Ti group

[E 5. M4RTERY 3D $TEN TC4 SKE SN SMIMAELZIR . *p < SxtiB4E50 Ti LA4EELA 0.01, *p< 5 H-Ti4A
#AEE A 0.05
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5. BEMRE

3D FTENHARFREA L, TEARHEE A= T AL G i hiliE T2 A,  FLRRET XA A AT R 1
I, fFEETHEAMIAY)HER. FERB BRI T T2, 3D 4T ENHI= Sk A ae 76 g A T AN
%o ERKEMZEEGFELGEY, 3D TEI TC4 k& ELE M. HUtERE. AWM ErE. £
22 A VAN 55 b S5 7 T ) 14 B BB A S (P R . 7 A — BRI R AR N A B R Pt R T
AT AT Rk, U8 3D #TE) TCA Sk& e N THERAT. £4, 3D fTEN TC4 £k& &7 il A7 7E— 1k
WA B AR ) TP, = ok BEAT SRR PR« 7= R AN e &6 iR AR e A BIR R A, 3D 4T
B S0 AR RN 73, JRREEN TCA 4k &4 N TEIINIR. FTLA4 )5 3D FTENHE T (1 5 s nf LA
JERAESE SN ARG BEFI R OGS FE b BEAE 3D FTENREARAR I R AR M5, R PEREZ J5 1) TC4 £k
BN LEBEHEANIEE. 3D TR mPARELRNHIE L2, #1T TC4 ShE& AN LEHH&, I
JEfa S B!

AR
8 74 A SO B R
E&WHE

A H RS T 2 BEOE R (2021043), VU A B T @S 30E N A B 978 o & M 20 s = T H
(JG2021-1102), ¥ & &/~ 24 &1F bR & AT H (202101011010), FAS K2 CC H K A B2 ] 2021 £ 61
Bl E L TR R (ccyg202101008) , DY 1 48 K 2= A BT Bk Il 25 1 il T H (S202111079028
$202111079043X, S202111079095, S202111079124X, S202111079041), F&#HS K2 KA 605 B \L Il &
117 H (CDUCX2022604, CDUCX2022600)% B
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