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The metal implant fixation with bone tissues is an important factor for excellent clinical outcomes in total joint arthroplasty.
Various porous surfaces produced by additive manufacturing have been developed to enhance bone-implant fixation, and clinically
used. However, in some cases, poor fixation of the additively manufactured implants has been reported, because they are not
bioactive. In the present study, we focused on the nano-hydroxyapatite as a promising coating material for additively manufactured
metal implants. Regardless of surface topographies, nano-hydroxyapatite could be coated on additively manufactured metal surfaces,

and nano-hydroxyapatite coated Ti-6Al-4V alloys had high bioactivity.

Key Words: Nano-hydroxyapatite, Additive Manufacturing, Orthopedic Implants, Bioactivity, Simulated Body Fluid

1. #8

HAE, HATIE, 65U EOE#E NLIH 25% % #8 2
BEBEEASICRALTEY ., £%WNT 5 2 L7l
ENTWAY, EEE NI, I B O
X9 R BIETREIC X 2 EER RO T REH Y A2 ok

PRSI NTBY, MEREOERISEH S s N TR
@%?&Ci%io“(b\%o
N OFFrid, —MIICH 15 F~20F & ShTw

LA, M REICHEERICELERDREINTVD, £
D7z NLEEICIE, L) BEME%ZE L TERRIZBWT
iR RE # T 5 2 L RO LN TWAH, ATHHiOE
Fafb DO OEEFREO—212, [ NLBIE & &k &
@lmJ#%éo_ﬂif NTBaE & E Mk % FET %
72902 7Yy M TS A M X BHELRMT 5 B
VaDBEEIZ LB EILE %&&@%ﬁ%m%ﬂﬁﬁéﬁ&
L. R oM SEC MR R -7 1 VT B hE
ENBZ - BRISHENTEZY, LaLads, AL
METOEEDOBEARBIZE D) [TATHEEOKA] 3
BROELRERHO—2 L LTRIZRESNTEBDY, &5

7 % B B ) O MR H e e NTRIET O BISEH RO H T
Wb,

FAE, &8 O =R ITTH 8 & T (Additive Manufacturing:
AM) Hﬂﬁ@’%}% 2RV AM FHl R Vv 72 N TREE O g
FHEEAE A AT DI TV %0 AM BiffF Tl M T &
) HBEEMLTIIERRETH o 72, mcILEE - EadEik
B LM Z RS SR ER T 2 2 LW RETH
bo TZ T AM BT 2RI L7z, HEk X1 b 5l 7 & [
EEERTE L2RAEROERDHIRE SN TS, HTE.
AM Eiffy & v TR S 7z RRIE, T2 AT B

FEA Y FIEERISH SN TE D, BENZEIRBGEA
WESNTWDY, —J, WP lcB T X -
TALPBEH & & & OB (radiolucent line) 2YEIZ S L5 IE
Bl b — &L S TwD, Zhid, AT RIEE I
BULZEEEPZL W EERELTEY, HERICES
FEFII L Vb DD, RGN TR OFE A IZEED 5
ZENBEENSE, T 9 L7 radiolucent line D FE A % #]
T 5720120 AMBATIC & D ER S NERTIS, B
EHBETE D &) RAEKEERILI 2 EH S 5 LEP S
5o

*THANF A Y AT A I VRS R&D £ > 7 — (T 701-1221 [ LR R ITTILX 5 5322)
R&D Center, Teijin Nakashima Medical Co., Ltd. (5322 Haga, Kita-ku, Okayama, Okayama 701-1221, Japan)

s 3 KBUE RSB DB SRR ~ 7 1) 7 Ltk ieRh:

B (T 565-0871 KFRHFWR T 1L 2-1)

Division of Materials and Manufacturing Science, Graduate School of Engineering, Osaka Umver51ty (2-1 Yamadaoka, Suita, Osaka 565-0871, Japan)

* ok kRS Y 72T R&D ¥ ¥ — (T 567-0085 KERIFAAT D & X 7-720 BHNA LA /) RX=2a vk r ¥ —

102 5)

R&D Center, SofSera Corporation (102 Saito Bio-Innovation Center, 7-7-20 Saito Asagi, Ibaraki, Osaka 567-0085, Japan)

— 251 -



Ti-6Al-4V T EAREE LD F ) T35 4 P a—F 4 ¥ 72 & B EREERROSE (% - @ - LmHE - /N5 - R~IE - i)

NLBEFIC B 2 AFREERTLE L LT, ~A P
FITNREA T HA) OaA—T4 Y ITHRELHSENTEY,
BAEMIChzo THRFEHR SN TV, TEOIIETIL,
HA I—7 4 Y 7% ah N LIRBEEEEHY v 7id.
BT 2fEEREY HCERSIWZESHY v 7 &
Y % radiolucent line @ HBIMHEEA D 70 W 2 L A3 HEY &1
TBH., ATHEEBEICB 2 S EEEEICIE, HA T
TAYIPENTHLILEERL TS, LALEDH,
AM A2 & D RS N2 ZRITCL LR IS, fERMIH &
NTVE T IATEFE T HA I —7 14 » 7 % #H
ThHE, ZRICEIEEOILTHA K T THE > TL W,
ZAMEOEBEDPET T 5, 22Ty FAaIE, AM I
S ER SN =TS UM 2 A HE L 72 £ F AR AR
NG L7200k KE LT, HA F /0T (57 785 4
N 2—54 2 7IZEB L7

RIFZETIE, AM ETIC X 2 BMREREET 24 75
v EREOBEEILHIEEE LT, F /7884 FOAH
P DWTHE 21T 5720 & BIZIEZ O ARIEMRE DR
#ITHZET, FITNIAL NI—FT 14 Y TICE BB
RAERN IOV THR S22 x HIE L7z,

2. RBIE

2.1 BRI X B ARG TR 0 3

FIOTNRIA N A—F 4 ¥ T OEEI X B AEREEED
ZAL % TS 5 720120 ANALR S AR 4 5 HUE
i (SBF; Simulated Body Fluid) % {E# | 7z, SBF i3, k&
MR OMEEA F U IRELITITHE LD I ) ICAKSR
TPKBWTH Y, MERMOAKGHEELFMCTE L H
FEELTELHWLNRTW S, ABFZETIE, /N L IVIFE
12 & o TP E IS E VT 72 Ti-6mass%Al-4mass%V (Ti-
6Al-4V) § 7R ERF (Polished: 1% 14 mm X JE & 2 mm)
&L Polished (2F/ T7/8% 4 bxa—T7 4 v 7 LIz EA
(Polished + nano-HA) %= H&E L 72,

Polished 3 & 0" Polished + nano-HA % . 36.5C @ SBF (2
1. 3. 5 HMRE S 7, SBFIZERIHICBIT 5B &
MO SEMEL L OREHEOZ LT, X HEYIE (XRD;
SmartLab, Rigaku) 3 & OVE Ftlil 1 7 & 7~ B8R (FE-SEM;
S-4800, HITACHI) 2 CaHHi L 72o XRD Tld, #iEIZ Cu-Ka
= v, AT 20, BEE - BT 45 kV/200 mA., I E S
20 =20°~ 40°, AHf05°, AF ¥ AE— F0.02° 512
TMI%E L 720 FE-SEM OEGESMIMAEILE S kV, 714 7
A Y MNEF 10 pA & L7z,

2.2 AM RBEH~DF ) T84 ba—F 4 7
REFFETIE. Ti-6Al-4V ELI &4 K 2 (L5 EE & L <.
ET Y — L8 &3 (Electron Beam Powder Bed Fusion;
EB-PBF, Arcam S12, Sweden) % H\»C, “HMHORERR %
PEEL L 720 —H I, EE 14 mm, §E X 2 mm O FHCKER
P, EEFMPRER G L CETIC RS &) ICEE

L726 99—, 10 mmx10 mmX1 mm DZILEZHT
LEAFEREBS (&4 20 mmX20mm % 1 mm) % &R L 72,
BonzR BRI LT, MFTOFIETT 2 787 4 b
DIA—=T 1 YT & 707, B % 2-70/% ) — )VIZ Tk
L7z, 300C. 30 7 M OBLE & fi L 720 ZAALEHE % i
LB %, Y50y TV TH (-2 7)uaxy
TOUENV M) I b TTT ) R ER L MV VTS
RESEDLIETY IV Hy ) VT ERL 72 FO
#. FIRAER 40 nm OFRIRF 7 T8 A MR & GRS
H2Ly ) - VEBICRBR 2 RESEHZ. METTO
BULH (120C. 60 47 [) %t L 720 BULHEE, =8 ) —)
12 & B HE RS EIT o 72,

BHRBE OREMEBI S ) 7874 bDaI—F 4
¥ 7 HROERRERE 2OV TIX, FE-SEM % W TBIE L 72,

3. XBERLEE

31 F /7% 4 ba—F 4 7K D ERGETERN S
Fig. 112, SBF ZRiHRI #1281 % BB K © FE-SEM
BERT SBFIZIERITIZ, F/ 7884 va—T14 27
I2& 0, A oORIBPRICKE RELEED LN 0o
7o Polished (/N L VHFBE & 72 Ti-6Al-4V §&EH) TIE 5
HR® SBF {2 ZICBWT . REA R IHERR

Polished Polished + nano-HA

before soaking

Idays

Soaking time
3days

Sdays

Fig.1 FE-SEM images of Ti-6Al-4V alloy surface coated with and
without nano-hydroxyapatite before and after SBF soaking (1-5
days).
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Fig.2 XRD patterns of (a) Polished and (b) Polished + nano-
hydroxyapatite after 0, 1, 3 and 5 days of SBF soaking. The
marks of ll and @ correspond to the diffraction peaks of apatite
and titanium, respectively.
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Fig.3 FE-SEM images of the rough surfaces of Ti-6Al-4V alloy
fabricated by EB-PBF method; (a) before and (b) after nano-
hydroxyapatite coating.
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Fig.4 FE-SEM images of (a) rough and (b) porous surfaces of nano-
hydroxyapatite coated Ti-6Al-4V samples fabricated by EB-PBF
method.
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