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Novel surface treatment process for forming thin hydroxyapatite coating on titanium
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We developed a novel and simple surface treatment process for forming thin
hydroxyapatite coating of nanometer thickness on titanium. In the present research, optimization of the
treatment parameters was performed, and thereafter, biocompatibility of the treated titanium was
evaluated, in order to complete this process. The coating using optimum condition consisted of
hydroxyapatite with excellent bonding strength, and its thickness was ca. 300 nm. Furthermore, the cell
tests demonstrated that the treated-titanium has sufficient biosafety similar to an untreated surface and
can activate a bone-formation of osteoblast.



B X C—19, F—19, Z—19 (@)

1. AFZEBIAE S DT =

WEA 7T MREE X, Bl JE
IR X o T2 K ST AL OBEDOEICT, A
THR (A7 T ) ZHDIAR, ZO L
NHANTHEZEETDIRBETHD, 2D
77U MHEME L THREERA LI T
AH DL, fiF 2L HA (O Fafx oo
2 A R) GIETFZ AT KBIEN D, HA REfiE%
BITDHTFH AL, fiTFx o LHEELTC, BE
LV R L VEIFEEHdR, bz, L%
VWVETERCE BIFF R, B R AEEEME T L C
WA EREETH> THLHEARETHY, &
SIZIREBIM S KiglcEfcE 5, LaL,
BEAFEE i CERL S 5 HA Rl R ik
DIREEME S NV, F & o Hpf & R
O OBEEMETFTH HBRNLT Wi DX
SN D D, R, HEC KD INEZ RV K
LTW5 9B, HA IS E 72 0 #H3hiz v
LT, BFRMNSLEL R RN HRE SR
TWb, L7e-> T, WEHEMZ S 5133
BB 2l = K7 HA A LT X 5 |
B LWRELHEE ORI RD ST
=y
Tz, HRTED AN, RaX v T o% A b
BRIz, DEOKEMZ THEET D Z & TE
BCx B, BMEEZESTZRIR (RT U —1R)
DOMERR|FIZTF & VM RS, 20 F
F 600CREETIMAT L L, WAy Ty ABX

WY U EROIEEMEE S, Dz Lk,

MR T 2 A — R L fngE HA F s /i
TEAHAZLHHOMNI LTZ, Fo, KFEEF
B FEM ORI BEEE SR S du, (ERY
L7 REBEDRHBRUICS WZ &, EHIZ, 2D
R 95 F 2 o PRI IR S
BE, FOREIY VBRI T ADEEIZ
HHEnsZLbbnol- @ Ll EOwZE
BRRIZE Y, Fxid, ATV —RA KX
TR A S T LN F AL 5 ik
1. EREBED RS2 ETHETEXHHL
W HA EIFEFEMTE LT, O THETHD &
WORERwREE-, Lrb, Zo7Fatv 23
B A L ELETHZ ERLBHETHY .,
BHER TR 2 FF O B ~ D IR b 5 5
Thh, I, ZOUHa X N HENTH
D

2. WD HBY
FerxNHEB LA R T % A b
25 Y —Z W7 at AR, BEFEETC
BRI DH LW HA R IEE LT, D TH
YThdI LT /IR, LL, B
B & D BB ORI, MBS IE L T
Wz b T 5720, BURTIE, RSEDORK

IR FERME L SRESTH Z ENEELY, FTo,

BriEmEAfr & L CoREMEEBE LTS E,
ZAAMEE L OE MBI D E AR EE D

RARTHD, o TARIETIE, ZhbHD
AR ORI L OWEE L. A A, EH1E
FREARHTE M & LT T 52 L A2
B L7,

BRI B, AT O#EY Th oD,

@ EEMBHCEE HA %, F2 M
iz, HEML S REAETE D2
T 5

@ ik S N R D AR AR L OVE TR
ERER ., B RN GIEET D,

3. WD Ik

(1) EtorER

T XY =R THIEEL-F & B a2, A
Ra o7 X% A4 MR EZEBKEREL
TR L7 A7 U —fRALERA 2 I &,
WHRESE (AW TRE T TELET 5
L TREIEERILT-, 2O, BULE DR
ErEESES 2 LT, fix D HA FREAE
LT,

(2) FELOFHMm

T2 DA THERL L 72 F & Bk oo & i 4y

PEIX, PAFISAR T BT L=,

< XGRREIFT (XRD) : FRIAE R L OSSR

- EEAE M (SEM) KROVERT LV—
THEGREE (SPM)  : FHEAR O

- XFRAEBTHN (XPS)  AbFikEeES TR
F OB E FHmOEH

- BIEETEEMEE (TEM) : WriissEomT

« AT T v TRER  EAETR R

(3) MR REAm

F— h7 U—TWE %R, fx OFMCER
L7z F % UM BFR AN, B 200 R i ik
MC3T3-E1% 2 x 10* cells-cn? #%ff L, 24 H%
B L O 72 BEES2E L7-, sk, b
U7 A X HMBHBERS XN T
J—Yu AL U7tk MEREHERR 2 FVCEF
WL7-, T, MREREIX, JAFALT AT
ERICEDAEER PR X ) — VBLKAVER L
7otk EAEFBEMERIC TR LT,
BT, BRELI-MpRN a7 MZ
L7 tR, Ml b s 220, 4
RER Ak L=, TOM. 6 AR LN 12H
Bz, B ORI ~— T —CTH BT IV
Y KRAT 72 —BIEMEZ, I5I1C 28 Hi%
W2, B~ —b—ThdrMlaakibEENE
AR L 7z,

4. HFFERE

(1) ATV —LBIZI T 5 EVILVERIR 03
D Y- A

X 10%, SEVERSE TR L 7= ¥
VHMMFRE O SPMI&TH D, 750C THLEE L
REICIE, &S 500 nmFRE O MY 2R
INB, TIuE, BB X AR LI A —
NEMRICERTDHIHEDTHDEEZLHND,
fih 7. 500CH L TN 625C TRLER L 7= ifi 1 &kt
AR TH D, 500C, 625CE LN 750C
THREL L 72T % RO VR S X, £
NFEN, 183 2218124 nmTH -7,



B 1. ff 2 OEVLELGAE TR AL LT T & VR Bk O SPM{4 : (a) 500C, (b) 625C, (c) 750C

X 2 1%, 625CF L O 7000C D Stk THRERIE A%
L7=aEtoWriE TEM % Th 5, R IL,
WEDOHE LN THE Y, ZOREEIL, 625CT
L% 200 nm. 700C T3 k% 1000 nmT
DT ENRDLND, Tiebb, BULEIEE %
LR EESHZ LT, B E SRR E
e S, FEPEHL S 3 X OWRE S B R4
HZENDboT,

2. & OBMLBSACHIBTE R LT F & k)
FEOWm TEM £ : (a) 625C. (b) 700C

X 8 1%., Flx DR T L F 4
VHEM OB OBEREE, AT T T
TRl L=/ R Th 5D, 550 CLLF TR L
TR, BERE NS, FHMIITX Ao
7o BAETRFEIX. ALHYEE 625°CO & 1T
KiEERL, ZO%, BEBINZHENMET L
TV ZERXbnD, SPM B L TEM Off
BLY, WFEEO EFIC XY WIEEE
AL, &5, REMHILBERLTWDLZ
ERbNho TG, Tbb, ABLRE %
KEED L BEHARE MR T ¥ R
W ORRENEL, ZDZ L1k > T, #hE
DOWNEBEENE Z 0 o3 < 720 | BAEREN
KFLTW EEZXLND, DI, BE
FRIC X AREH S O, KHEEBEEDHD
HRA~NEDRMNWY, ZNBRRT T TR REBED
ERICEELRIILEEZLND,

Critical scratch load (mN)

1 N/A N/A &

500 550 600 625 650 700 750

Heating temperature (OC)

] 3 il 2 BMLER S T AN 0D 9 75 5

(2) A7V —L7EFZ Mo
TN G R & o L T2 BRI E 650°C T
FERL L 7o R g O 2 SRS~ 72, X
4 1%, XPS % TRl BHR R S 1)
DETRDOBEENATH D, Bk L= mk
fEIZIZ. Ca. P.TIB L OO NEENTED,
E B2 Z O & F 2 RO BN E R
BIREDNER L TWA Z ENbnd, BT
300 nm FRETH Y . FOEHEIZ CaBLOP
DAL L TWDZ ENbND, ZOEEBICE
FTA5Calt POxEIZ.BLFLTTHY,
HA ofbEsmt S 1EIE—& L, 51,
Z ORI ORGSR Z X BREPTTE (XRD) Tl
NDB &, R LRI II LT LR TiO, &
NARaXTTRIAL PR EENLTND Z
ENROND (K4), LEDfEREFE DD &
FH B RN RaX T NEZ A F e 2T
U —Hi ¢, 650°CHLE CTEFRALEE4 5 Z & T,
ZORMEIZ, BNTEEMEL IR CX HiRiE
DA Faxv 7 %4 NEH TiO: K%
R TE D Z ENbhoT,

(3) ERHgER LR et

s
oo [So3e [

Atomic concentration (at%)

— T T T T T
0 200 400 600 800 1,000 1,200
Depth (nm)

X 4. 650°C TIERL L 7= R H#EIED XPS 14
<HmrTa 77 A

® HAp (Ca,(PO,),(OH))
o TiO, (Rutile)

Intensity (Arb unit)

2'4 2'8 3'2 :;6 4'0 4'4 48
26 ()
X 5. 650°C TR L 7= R HEHIE D XPS 14
SHmra 7y AL



A7) —RH A i L= T X R R R
KD —FLTH DN 7 AEBHIERIRIZ
RIET DL, ZORMEITIT 24 FEELINIZY
VEEINT T ABNTHT D 2 RHER S
oo —H. TOX D RHTHIIARLEE T & 4F
BBl sninorz (Me6), sPlikikh
WCBWTYU ULy T A AR T
X OMEHT, BB EE RO Z &2
fFCE D,

X 6. #EURIE (v 7 ZEER) Tk
FBV AT A0, (a) HAp #
fBEF-% 1 HiziE, (b) 3 HiZIE, () 6 H
2, (d) ROUEF X 6 HiRlE

WIZ AT U — L TF & bRk A K2 4
BLOEBMMEEZHEND D T2DIZ, AT U —
WLER - 2 A BE SR IS . B 2R B AR e
MC3T3E-1 Z45FE L. 24 ERE1% 3 L O 72 M
HBCOEMBEEZFE LT, TOMEEX 7
\ZRd, AT U —ERRPEL R E IS 3 1T D A
Fagid, WOV T b RERA B
CIZIERIUHERTHY . MitFHEEEL R
Mmolz, T7bb, ATV —MHELE-FH
MEHT, B EL & [R5 O AR 20 % Ff
STWBHZ ERDhroTz,

@

Attached cells / Seeded cells
~
Attached cells / Seeded cells

7. RWEE, BULELE LA T U —ALEE
2 MBI T (a) 24 FEfEF LN (b)

X 8 1%, el m ICHEFE L 7- & 2 aek
R EFEZ B 2720, & 5 ISR A fik
ML EDOTNVHVERAT 7 4 —E1EMH
DIETHD, TVHVKRAT7 72 —BiX, B
IEHEIE AN, BRI b T D AT B RS L2 s
TIEMEE R DR ~— D —Th D, B
DN TEMEES I L T\ 5 Z &2
MR CTE D08, biFE 6 HiZB LN 12 H
BRIZENZIIBNT, AT U B L7=F
o DOIERIE, RO H O L IFIZE%ETH
D, TNAHVEAT 7 X —BIEHEICEIT 5 A
Z ) —E OB M IR SR o T,

UL, Zfb#ki 28 HZICH T 5B/l
HMED%E~—H—, HIRAEOREFE % Lhik
BHE, KRBT Z AZII RO 720, A
TV —RH L= F % UFRE T, B
HAIRILL TV Z LR T (M9),

60

V77 untrated Ti

Heat treated Ti

N

ALP activity (x107° IU cell™)

Days after the differentiation induction

X 8. ‘FIFMfuEasbiFE e itk &
W12 HRIZBTAT VIV RAT 7 X —
BIGVEE

(b) ©

9. /MMbiFE 28 HRICK T 5 &R
OEFMBEEMEOT VY Ly RS
YefafhE i . (o) RABTF & (b) B
FH () ATV —BT X

PUEDFER LY, 650CHEMETAT Y —
JLER U 72T & MR B, BB
AT HE HA SR L, 2D Z LT
L0, EIFHEEHEOGIKLEEETE D
Z ol

<G HISCHER>

D N. Ohtsu, Y. Nakamura, S. Semboshi, Thin
hydroxyapatite coating on titanium fabricated
by chemical coating process using calcium
phosphate slurry, Surface and Coatings
Technology 206 (2012) 2616-2621

72 WilE:E U-% A oA Mg © n=3.
T T — N — [ FFEUE R,




5. ERRRWLE
CERERSC) (RF510)

1. M. Hirano, M. Yamane, N. Ohtsu, Surfacq
characteristics and cell-adhesion performan
of titanium treated with direct-current gas
plasma comprising nitrogen and oxygery,
Applied Surface Science, in press

154

e

2. N. Ohtsu, T. Kozuka, M. Hirano, H. Arai,
Electrolyte effect on the surface chemistry and
cellular response of anodized titaniufpplied
Surface Science, 349 (2015) 911-945.

3. N. Ohtsu, T. Takahara, M. Hirano, H. Arai,
Effect of treatment temperature on thg
biocompatibility and mechanical strength o
hydroxyapatite coating formed on titaniun
using calcium phosphate slurr@urface and
Coatings Technology 239 (2014) 185-190

A1

4. M. Hirano, T. Kozuka, Y. Asano, Y. Kakuchi,
H. Arai, N. Ohtsu, Effect of sterilization and
water rinsing on cell adhesion to titaniun
surfaces Applied Surface Science 311 (2014)
498-502

5. N. Ohtsu, M. Hirano, H. Arai, Response of
osteoblast-like MC3T3-E1 cells on bioactive
titanium fabricated by a chemical treatment
process using a calcium-phosphate slurry,
Journal of Biomedical Materials Research
Part A 102 (2014) 3838-3845

(3R] Gt 9
1. f8 - PP R, /NGRS, R EL SR
A7 U =B IMELE 2 iz Ag 2 a7
NG A MEEREMBEOTE e, A
@R 20154 K% Re (2015, 3/ HUA)

2. N. Ohtsu, T. Kozuka, H. Arai, N. Ohtsu,
Effects of electrolyte on surface chemistry an
cellular response of anodized titanium, 7t
Vacuum and Surface Science Conference on Agi
and Australia  (2014. 10 /%)

= - O

3. M. Hirano, M. Yamane, _N. Ohtsu,
Characteristic and cellular response on titanium
surface treated by nitrogen/oxygen mixed gas
plasma, 7th Vacuum and Surface Sciend
Conference on Asia and Australia (2014. 10
#15)

~

4. N. Ohtsu, N. Tanimura, M. Hirano, Preparatio
of hydroxyapatite-deposited  zirconium by
chemical treatment process using calcium
phosphate slurry, The 15th IUMRS-Internationg
Conference in Asia (2014. 8f# lif])

h

a

5. N. Ohtsu, M. Hirano, H. Arai, Calcium

phosphate slurry processing: A novel chemical
treatment technique to activate osteogenesis on
titanium, IVC-19 (2013. 9 /7 7 >/ A)

6. T. Takahara, M. Hirano, H. Arai, N. Ohtsu,
Bioactive coating on titanium fabricated using
calcium phosphate slurry — Effect of treatment
temperature on bonding strength and cell
proliferation, The 4th Asian Biomaterials
Congress (2013. 6 &%)

7. N. Ohtsu, M. Hirano, T. Takahara, T. Itoh, H.
Arai, A. Yokoyama, Improvement of
osteoconductivity on titanium implants by simple
chemical treatment process using calcium
phosphate slurry, The 4th Asian Biomaterials
Congress (2013.6 %)

8. i JFUEE ST, TR 5K /MO R EL
AT ) — BN 2 NI RIT N 2 A
MEGMILEEO R, BARSEY2 2014

ERFRE (2014, 3/HR)

9. BRI, AZETRAT TS R
2T — B INEGLER 7 R Z A T &
U O AR AR, 55 37 Bl AT b
Fame (201345 A 1 WEE)

6. WFIERE
() BT Rz

K#Ee E5L (OHTSU, Naofumi)
LR TR - T50 - HeHd2
WF5e#% 5 10400409

(2) WFset S
HH 1 (ARAI, Hirofumi)



