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ABSTRACT

When bioinert materials with fine pores were immersed in simulated body fluid with higher pH in comparison
with conventional SBF and subsequently temperature of this SBF was raised, fine particles of calcium phosphate,
which we named ‘apatite nuclei’, were precipitated on the surface and in the pores of the substrate. Thus-
treated substrate showed high hydroxyapatite formation ability in SBF and will be utilized for bioactive
functional materials in orthopedic or dental fields. In our present studies, SUS316L steel, CoCr-based alloy
and polyetheretherketone, which cannot bond to living bone spontancously in living body nevertheless they are
attractive artificial bones from a viewpoint of mechanical properties, showed high hydroxyapatite formation ability
by applying the above surface modification process. By utilizing hydroxyapatite formation ability of apatite
nuclei, in addition, hydroxyapatite capsules could be synthesized.
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SBF) M CTHBLTE %™, SBFIZMEMH A + Vi L pHZ b
FOMBELIFIFHELL A2 L) IGRELKERTH Y, &
WL T Iy 7 A% IERNE RO SBIZ L), SBF
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&, SBFHUZY VA VY A DK 2 5. B
513, C OBRL TSR SR L 728 % @ SBF 1T
HIICHAp B A3 5 2 L2 AL, oMk 1% 7
NF A4 % (Apatite nuclei) & 24717 72'7 (LI, ApN & I
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L& TR X A 72 354 LN Bl oo ApN 2T X85 &
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TR REASKIEICI &b 2 &, & 5121 SUS316L ™,
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[ Apatite nuclei (ApN) |

@Alkaline SBF treatment

v Formation of apatite nuclei

v Imparting of hydroxyapatite
formation ability

@Pores formation
v Holding of apatite nuclei
v Mechanical anchoring effect

Fig. 1 Schematic illustration of fabrication of bioactive functional
materials by alkaline SBF treatment.
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TIRARBEEFa—F 4 VAR FLN. L, T
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(a)

Fig. 2 Three-dimensional microscopic images of the surfaces of (a) untreated
SUS316L and (b) that after multi-step sandblasting process.
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EERICEE LTSI LWL R o7 (Fig.3 (b). F
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Fig.3 (a, b) FE-SEM images of the surfaces of bioactive SUS316L (a)
before and (b) after soaking in SBF for 1 day and (c) thin film XRD
profiles of the surface of bioactive SUS316L before (denoted as
‘0 d’) and after soaking in SBF for 1 day, 3 days and 7 days.
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HEL-REMZOBEBNGERNLTEBY), SBFHTERSN:
HAp BO#EAE L, TV —ROFFIILH25DTHL L
Zrxohs, Py, 7HYSBRMEICLY, HER
G SUS316L i~ &\ HAp BB 2 1 54 5 2 & A BET
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BB BRI O —FTH B, LD blF CoCr IE&4 3T
RIS 2 58T 2 720, BRI BT 2 A TIEMEO
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CoCr 2454213 SUS316L $lif & [k, #R-REICER L, T2
DOARBRIEIREZ RS 5720, WEEEICERS. T,
SUS316L § & [ BRI AN CABRERZ IR » R v
Y ABT B, FOTLREE L SUS316L 8 & [Al #1245 &
THEW?., ZTEHELI, ZERTIAMNTICEY I
0 7 M & I S 7z CoCr A SO KM B L OLIAIZ ApN
ZATH &, CoCrE& 4 HAp BB RE 2 1 5-F B HF % %
fTo72".
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DT 5 A MMLETV, & SIERAEE 8 pm o SiC R T-%
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LB T 5 A M L&D CoCr #44:% 7 )V /) SBF I2i%
WL, MARIEZMAZTT VA Y SBF % CoCr 345 4321 @
JLNIZEA L7, 20, CoCrGERRELLTLAHY
SBF # 70.0°C C24 FIff#E L7z, DLLEOBIMEICE Y, Ak
Wk CoCr A AR L 72 45 Nz ARG CoCr 22 &
£121E, REIC AN L TW5DH Z E2%hh -7 (Fig. 5
(a)).

Fig. 4 FE-SEM images of the surfaces of (a) untreated CoCr-based alloy
and (b) that after multi-step sandblasting process.
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=R LoTHONLEEZLNS. U EXD, CoCr

G4&% 7 VA1) SBF CULI-¢5Z 12X D, SUS3I6L S
D#7% 5T CoCr IEAEEITHB VT H BV HAp LA DT 5-A%
WEETHL I ENbh o7
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ARG OY v 733, BEE TR 20 GPa, JiEfiE T4~
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Fig.5 (a, b) FE-SEM images of the surfaces of bioactive CoCr-based
alloys (a) before and (b) after soaking in SBF for 3 days and (c)
thin film XRD profiles of the surface of bioactive CoCr-based
alloys before (denoted as ‘0 d”) and after soaking in SBF for 3 days
and 7 days. In (a), black arrows indicate ApN.
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LAEMRAENTH L7720, HEHBNIHEET LI LENTE
B, FOROANTHEMB T, BIELEAIELD
CHERET (BFASOMOM2 SR L72a) 2 eHT
5720 DfLARET HITWw5h . PEEK OF R HRIZE W HAp
WRe % ft 59 % 2 & C, PEEK % 7= BRE ORI
LRWIKERGHEP ISR S, T TEHLIE, ApN %
v 72 ARG PEALPE 2 PEEK (2 b %M L, $FLZTBR & &7
PEEK D5 & OLNIC ApN 2T HI & &, 737 4 MK
BER A3 B kA %47 - 72217,

¥ 9 PEEK £ I2fL% JZK§ % 72, PEEK (2 H,SO, L3
ZHiL, EWICTLELH 0.5~ 1 um OILA S 7 2 iRk %
R L7z (Fig. 6 (a)). R\, PEEKIZ0, 75 X< % B4
L CE % Ak S (Fig. 6 (b)), 74 SBF IR L
72, F®D, PEEK #iZi{& L7z 7 V7% 1) SBF % 70.0°C T 24
BRRIEE L7z, DL oREIC X 05 S 2 B RGME PEEK
FHITIE, APNDTR EN TS Z LA 7- (Fig. 7 (a)).

5 5 N7z A 4Ki% M PEEK @ HAp TRk % SBF 2 i itk 12
X D A7z SBF#RIE | H % o 4 K% 1% PEEK K T % FE-
SEM CHIZ L7-& 25, iR EmMEkrEL C
w7z (Fig. 7 (b). &5, KEMOHPEXRDMEZ T2 &
Z %, SBF#&iE 1 HIZIZHAp @i ¥ — 7 HHli &, SBF
RIETARBICIEE =27 REOR AL ¥ — 7 Boinisisg
a7z (Fig. 7 (). INHORERENS, 775 SBF LA
12 & Y PEEK O K 12T L 72 ApN A3 SBF #21& 1 H DI IZ
HAp L% % ##2 L, PEEK R4 2HAp CHEbONI2 &%
A bMN, PEEKIZBWTHEWHAp BKELZ 5 TE 52 &
Nhroiz, SHICEALEF, o4& EN PEEK 2 H A
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720 oS, AMRIENPEEK BRIICBUT 2B V79
b B X OV & O IREE I AR LI PEEK O % 47 B
Eul by, ARG PEEK 28 & b TRIF R B A2 R 2
EBHLNE RS T

Fig. 6 FE-SEM images of the surfaces of PEEK (a) treated with H,SO,
and (b) subsequently treated with O, plasma.
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Fig. 7 (a, b) FE-SEM images of the surfaces of bioactive PEEK (a) before
and (b) after soaking in SBF for 1 day and (c¢) thin film XRD
profiles of the surface of bioactive PEEK before (denoted as ‘0 d”)
and after soaking in SBF for 1 day and 7 days. In (a), black arrows
indicate ApN.
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Particle Apatite nuclei (ApN) Hydroxyapatite

capsule
Soaking .
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Fig. 8 Schematic illustration of fabrication of hydroxyapatite capsules.
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Fig. 9 (a) FE-SEM image, (b) EDX spectrum and (c¢) powder XRD profile
of hydroxyapatite capsule encapsulating agarose gel.
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