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Fabrication of titanium surfaces which promote or inhibit bone formation by
modification with various functional groups

Hieda, Junko
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In this study, in order to investigate the relationships between surface
properties, such as surface energy and surface charge, and HAp formability in vitro, we prepared Ti
surfaces with various surface energy and surface charge through modification of Ti surfaces with various
functional groups.

After immersion in 1.5 SBF for 7 days, only on the COOH modified Ti surface, many spherical precipitates
were observed. The peaks attributed to HAp were present in XRD pattern, which indicated that the
spherical precipitates on the COOH-modified Ti surface were HAp. The surfaces with high surface energy
such as COOH-modified Ti surface exhibited high Ca2+ absorption amount and Ca/P ratio. In the case of the
surfaces with low surface energy such as CH3, CH=CH2-modified Ti surface, which were hydrophobic
surfaces, the Ca/Ti and Ca/P ratios were higher than those of untreated, SH and NH2-modified Ti surfaces.
These results suggest that COOH-modified Ti surface promotes the precipitation of HAp.



B X C—19,. F—19, Z—19 (tm)

1. IRBRIDOER
PEIRLHM T o T2 B O DR RE A 4
DTz, NLEESHWEA > 77 bR
b, B&OHEEHIZIT, 74 Bk
WF L EE&BMfERHINTWS, ZhvbE
EDOEATTIX, BLOEE, Thbb,
FHCOBRNLETH D, BE, T4
VERELEE E BRI ST DI,
BOEEE Y THDENA KXo T4
A MHAPIZ L B F % il OB TD
IWCTWD, — EHTEE R T IEE%.
BRI vEEEEZARNLSERY BT
72, BEHEELRWRENPLEL INT
W5, BIfE, HAp FEE T4 U Bd L ORE
P EICBT 2 %E 21T - TR Y . FEEHK
um O HAp L F 2 VB X OTF ¥ 54 L
DOEEEMEICE LT, HAp s X OV ¢
DELSMIEIC LD FBE L, £724< Ot
BNRH B, T, FEUOBIORTFH
BEOREZOLDIZ, B Uiz
EREED 2 LR TERE, BEEEORE
137272 %,

MEHERE~OFIHKIT, EERRNIZBNT,

TN T AT RV CEEA A BB
FHA~WFE L, HAp B SN D Z LTk
S>TiETeE SN TWD, MEFERE~DA 4
v OWAEITIX, BOEFR T ORI BRI
TR —PNEERRE T ERD, PRI,
NS OREFFE L BEKEE & OERE
B ONCT 5 2 &R, MERE TOBEEK
OFENITMETH D,

2. FREDEM

AL T, B ZHIEATRE/R T & v
BLOF ¥ o EE&FHROBIROT-DIZ, £
D XS RmEME, RETRLXF—DOK
X XEROTH URED, B O Ltk
HDWIHIT DO, FHOMTTHZ
CEREME L, ZOEHIC, FXUER
BREA LR ERETEM TS LT K
0., KEx pREBEME, RETRLE—0D
RKESEFOT X o REEER L, ERE
FERE T COBEMAIE L OISOV T
WM EIT- 72,

3. IRDAE
[1] BItFERETEBHLIE-FI ODE
)
FHEBEBMEBLOEHT ANLT —DK
XEINB LT UREEERT L2
2, BT =T R~ DRER, Ty
TV 7EERWT, A ERER (OH %,
COOH #:, NH, £#. CH;#:. CH=CH, <
SH ) TF & v Rimz &M L=, FLFE
BEETEMLE-F X OoEmEmEL Y
—ZEAHEICL Y, FHTRLF—EK
T AN BB L,
[2] BEEE~DFERER
HE W2 B PR (SBR)ICx L T, &
A FUPEEA 1.5 7212 L= 1.5SBF 12, 4%

BRI TEM LT 2 &, —EHREE
¥, FLFERRETEM LT ¥ %
[~ HAp OHFtHOA R L O HIFEE
Z, FHEREMEL L OFRT RLF—
DODREZICEY, POXITEDLIZDONE
Et L7, #TH L7= HAp ORERIL. X ##
[T HE(XRD) % W T AT IERE O BIER 1T,
EBEFTMEESEMIZ LV T2, &6
|2, 1.5SBF |2 7 HEliR{E% D& HHEH TE
i L7-F % v Ebk RlcBiT 5 CaTi b &
O Ca/P e X BB IEXPSHIT L Y
FHA - BRET LT,

4. HERE
'Eﬁﬁﬁﬁéf@ﬁbtfapoiﬁﬁ
RWEDOT 2 HMR, ¥ T =7 WRIZIR
% L= F % v FE B X OB RE L CE il
LT % HREREICB I 228K, ~a
— RAZ L AR T H U OEAEK 1
WRT, ARAEEO K HEARA 1T 53 deg.
Elpole, BT =T HIRICIRIE LREIC
OH JEZ AP INES7=F & v B oK ik
1% 26 deg \ZJD Lz, T vy T Y v
TR k> TFH o Hb A SH H. CH,
. CH=CH, % CEAi L7=%G . /KitEfh
AL, TNZIUR 67 deg., 102 deg.. 113 deg.
WZHESIN U7, —J7. NH, 2 TIEM L7545
1% 42 deg \Zi8) L 7=, F 72, KMnO,, NalO,4
\Z& D CH=CH, 2k Z b S&25 2 Lick b,
COOH J:TER L 7= & v MoK i
i 725 5 deg AR & 720 HBIKMEZRL
Too VE— RAZ U OESfRAIT, KOO
FH HMRE e LC, OH J. SH .
COOH J:TERf L7 5 Tk, £ 32 deg.
DB ENZEI 10 deg., 24 deg.. 13 deg. (23K
/L. CH; &, CH=CH, & CTIEHAfi L 72 FEMK
TIXENZENH 51 deg.. 37 deg. (M L 7=,
XY T O AL, CH=CH, % T
i U 7= FER LI Tl 5 deg LT Bl L&
72572, CH=CH, & CTIEHAfi L 7= MR D~
T DAL, K 8deg. Th o7, 3
FRFE ORI O AN L HE LA FE
REFE CIEfR L 7= F % B D Kl — %L
F—%K 2T, REZRALX—D5H
FIESS yg (2T TOHMTHI 27.6 mI/m?* &

140

120

» >
g 3

Contact angle (deg.)
P
3

i

Ti Ti-OH Ti-SH  Ti-NH,  Ti-CH; Ti-CH=CH, Ti-COOH
m Water ® Diiodomethane Hexadecane

X 1 % ERESA TEM L7eTF & Bk
T O 7K i 12 fik £



I~}
S

I o o 3
& g 3 8

Surface energy (mJ/m?)

w
S

o

.

Ti-OH Ti-SH Ti-NH, Ti-CH, Ti-CH=CH,  Ti-COOH

O Dispersion force component ™ Polarity component ™ Hydrogen bond component

X 2 FERETCEH L-ZFX D R
I TR L —
eolo, Fiz, HEAAMEIE CEKMEEZ R L
72 OH %&, COOH & CTESf L 7= F % v Hif
DOFRME T FRILF—ILZLNEN 104.9 mI/m’,
109.5 mI/m* & 72 0 | RABLDOF & o Hoti &
el LTVl Z R Lz, BikiMEz s Lz
CH; #, CH=CH, #& C&ffi L7=F & &R
DFEH TR /LX—ILTFNFI 352 mI/m’.
40.0 mi/m* L 720 . RIBEOTF & o Hpg b
Feig U CTIRVMiE & 22 o 7=, COOH %, OH
FITRNE & FFo 72 Fifi T R /L — D
MRS Ay D EVME & 72 o 72, £ 72, COOH £
OH &, NH, 3K FRE ZT D729,
F Ml T VX — DK FEREA RS D3 8 OME
L7po7-, CH; %, CH=CH, F:/Iit: % £F
723, MOKBREETER LW =D, F*
[l T L X — DR Ry & K FERE A RSy
DMERUME & 725 72,

RAFLD T 7 ZAFEM, €T =T ERIZIR
BLIETT AR, T by 7 7L
ﬁ{:c]: @ SH %\ NHQ%\ CH3%\ CHZCHz
F5. COOH :TIES L= H 7 A HM T D
Y — BN A 312759, COOH i CliEtf
L= H T 2RO — % EAI1E-60.57 mV
ER0 | RAERD AT AFEMR L Helg L TR
EUMEAZ R L2, SH A&, NH,J&, CH; &,
CH=CH, 5 TIEHMi LT- 4 7 AR DE —#
WAL LN FH-37.52.-16.04,-25.83,-27.52
mV &0 RO T T AHAM L gL
T/hSWMEZER LT, 72, OH & TESA
L7=H T 2RO — % EN1E-49.74 mV
Ll RAERDH T AR & RIFLE O
Llpolz, ERFEmROEREOFEIZ L -
T, EROERBMAELY . F X U HMR
WCEREREM 21T > 2858 b R OHE
MZ72 D EHEER S L%, COOH ARITIAHE
IZBWNT COO &Ry, ADEMEFHUND
=, A€ —FEMETT, 2. NH,
BT I8V T NH; & 72 0 IED &
HEOND 0, RUFELD AT A FM & i
LT, B—ZENMNOBED/ NIl EZ
LB,

RIZEERERETBHLI-FZ O RETO

HAp D4
1.5SBF (27 HEIRIE L= K BREFRL CTE

& //62‘” &
FF XS

Zeta potential (mV)

80

X3 KBERELETEM LY T AEKOE

— X BN
fifi L7=F & » Fet > SEM #4755 COOH
ETEML-FZ R OFmMICER 2
um F&EE DO BRIR O W) 03 HeZE S Tz,

X512, 1.5SBF |2 7 HRRE L
COOH #: TIERfi L 7= F & v HeMFE 11 O Ti.
0. C, Ca, POILHR~ YL T % X4
\ZRT, SEMBOTH#E Ca, P, CB
FORODHAR—HTHZ b, Tl
W Ca, P, CBLONO Z&ETeZ L2VUR
-,

1.5SBF |Z 30 H[{{z &% ® COOH } T
Effi L7=F % »HM D XRD 717 7 A4
IV E X 512", #925.9.28.1,.31.8,32.2,
32,9, 46.7, 49.5 deg.\ZIOIHTE— 27 N A5
., 2T s olEPr e — 2L ICDD
[9011098] &L ¥ . Z4LE 4L Cayo(OH)»(POL)s
D(002), (102), (211). (112). (300), (222).
QU)TFE SNz, £z, 351, 384,
40.2, 53 deg.\Z b [EHr B'— 7 D3RR S 4L,
Z B OETE— 2 X ICDD [9008517] &
V. Ti ©(100). (002), (101), (102)iZ 7
BNz, TS ORERNS, 1.5SBF (2

[X] 4 1.5SBF |2 7 H[Ei2{& L 7= COOH #:
TS L= F & R Lo HY ot
E NS A-/4



@ Apatite-Ca(OH) ICDD [9011098]
ICDD [9008517]

(002)

O Titanium

Intensity (a.u.)

o

20 30 40 50 60
Diffraction angle, 26 [degree]

¢ 5 1.5SBF |{Z 30 H iR D COOH

KT LT &% v HEER Eofr o

XRD v 7 7 AL

1278 % . COOH £ TEfifi L7=F & > etk
WHTH LAY HAp TH D &5
Moilz, £, HAp OHTHIERENS
COOH & Effi LT-F # v HRFEHEIZE
WX HAp SAEVERAERIC X0 Hr i
L. CH; £, CH=CH, &% Effi L7-F ¥
VRO FRIZEB W TIRIRIK P THER
R LTc HAp WM E LT B2 B D,

B] BELPERETCEBHLEFEZOD
FE 1 & HAp TRk & (D 1ERE

RIZBW T, Ca¥'™° PO NF ¥ K
~EH% ., HAp AR L CRETH 2 L
T, FHUREIZ HAp DMTHT 5, D
T8 MBI DY — Z BRI Ca®' < PO

DWHE BT DL LEEZDND,

LBERRIECTEM LT T AFEREL D
Y—2ENMNE., FCL SRR ERETE
fifi L7=F & v EBREE~D Ca¥ DWW &
(Ca/Ti k), Ca/P LLDOPRREZZNE NI 6,
72T, B—HEMNPAICKRIWIEE,
Ca/Ti b LN Ca/P Eessdin L7-, #Bhs:
HNAICHEL, TORMEM DRI WIE
. Ca¥ OWE RN L, HAp 23HrH L
LI RBEEZLND, —H. REEM
D/NENE | C¥NWELIZS VW EEZ S
ns,

B EREIE TIEM LT & v SR o FH
TRLF—L CaP O E R, Ca/P LD
REENZFNK S, 9(T/RT, FHT R
X =@\ F ¥ U FHR (COOH, OH )
TlE, Ca¥ DS RN 5 & & 1
Ca/P Lb3EIN L7z, —F, K= R /L¥
—MEWTF Z U EB (CHs. CH=CH, &)
T, FERTRLE—DEWTE, Ca¥
DWW EE, Ca/P & HITHA LT,

INHORERLY, RETRALF—N0
ﬁw Tebb, BUKMERE CIXE—%

BN BIZKREZ VT LY, CaZ Ol 5 &N
BhinTaszEnbhotz, — 5., EHE=T
FXF—=REN, Thebb, BUKMERT
TlX, FEUERHBA~DKFILTIZA F D
W5 A3 HNHH] S A, RO /NS HAp D 27

=
T
~

COOH

)

)
[
o
jan)

=
—_
(=}

Ca/Ti ratio
(o= S
= =
N oo

&

=4
o
o

0.02

0.00

-80 -60 -40 -20 0
Zeta potential [mV]

l6%EE%T%%Ltﬁ7x%ﬁ®
RENr & FH FREA~D Ca O
%?5%035546

2.0
1.8 - COOH CH,

16 CH.:CH2
14 b
B2 SH® NH,
Em—
Sos |
0.6 r
04 |
02
0.0 ‘ ‘ '
-80 -60 -40 220 0
Zeta potential [mV]
7 FEREETEAM L2 7 AKm D
CT—FEMET X o RE~THLE
HAp @ Ca/P D Bf%

0.14

COOH
®
0.12 OH
CH, g
[ J

0.10 CH=CH,
°

=
=)
o0

Tig @
SHe®

Ca/Ti ratio

o
=
=)

=
=)
i

0.02

0.00 : :
0 50 100 150
Surface energy [mJ/m?]

X 8 A 'BREMTE.M LT ¥ D
FEH TR F— & Cat O35 & BFR

FAF—=DBNFELTZEEZLILD,

AHFFE CHERL L 7= 30k C. COOH %&
TS LTz T 2 o AR FR R BV TO R,
1.5SBF |2 7 H [lR{E% . HAp 25071 HY L 7=,
COOH £:TEffi L7=F & M, Fin
TRILF—=NENT2D, REYERAR D
B S = R L — DML oD FoAR & el LT
E< Y, Ca¥' PO DA, HAp
DARYERER L EZbND, —F




2.0

1.8 g_[
3
1.6
CH=CH,
ol R
’ Ti
212 @sH
<
g\: 1.0 .N}12
So08
0.6 r
04 r
02 r

0.0

COOH
o

0 50 100 150
Surface energy [mJ/m?]

X 9 KEREILTEM LT ¥ o FERD
FlT R LF¥—L Ca/P OISR

T. OH JETEAM LT ¥ v L,
COOH & TIER L 7= F & v Hibi & [k
BRI T RV X —% R LIZ23, HAp O
IR SN2 o 7=, OH K TER
L7=H T AHEKRDOY —&ENMNIT COOH
T LT T A E T L TR E
< Ca™ DL BT 2\ 3, Ca/P FAS HAp
HHETHD1.67LE0 HLIEVWVETH -
T2 T D72, HAp OEART 57201
L. HrHHRETO Ca/P LAY 1.67 (2L Vv
HETHLIVENRDH D EEZOLND, Kl
DR IABMIL, FRE RSO A A > DFH5I
WA S, RIS, AITHE L7 iR
ik Cfﬁ&%#é Wz, FEAFRmICK
#HLI Ca¥' & Lfﬂ@f#&%#é p-s
W§ﬁfcfkioqwfﬂﬁﬁﬁf;é
95 L, HAp OEARNEZ 5, I HIT
FEMFRE CTERMR L2 HAp OEEDNAE L,
HAp HTHI 35, RO FRmEER B AITK
TVNE L, EREEICRAET D Ca’ B Y
M4 5L LIz, POSDWRERENEINL .,
FAR 3R 10 T F OV O s A FEE A EH
5o WIROIBBFEN FHE+ 2 L. RYE
BAROERABHET RV =0T 5
DT, FEMFm TOREEZAERN A TR
T2 %, —H T, REEMP/DNIWIGE
I3, Ca®', POSOWHERNVRL, FHE
BA R LBl F TEL 2

7o, HAp BT L 72 o Tc & &2 bl b,

Fo, RRTXALX—=DNE VT, RYE
BAROBERAEAHT XL =045
DT, TR TOREEREERNDIEZ D
LI D, —H, i%ﬁa:ﬂﬁ“ﬁ)d Lo
FH TR LF—DNEROWEAIL, Ca®', POS
DR FEET, BAERNEZDIT< WEEZ
LN DN, ABFSE Tl CH;y 3 L UV CH=CH,
TR L7 F & o RE T, Cao O E&E
M%<, CalP lb @ o 7o, HERE ¢
I HAp 37 T AX — L 7eo THFEL TV
HZENRREENTVWD, FRFTR/LX—
IMEWEAIT, KR L2 A A v DSBUK PSR
HICHEE TX W, 207D, MED/NE
W HAp O T AX —NREIIWAE LT- &

g Eh s, €Ok, Rili—F/LxX =K
WRE TIEAREE AR ORR A BT
NF—INREL R DT FMERE TIEA
PYERZAER DS E T HAp 2T H L 72 »
mEBEZBND,

4. FEH

AWFFETIE, EDO XD AR EER., FH
T RNAX—EEOT ¥ U REDEKE
HEH D WITIH T D00 EHSNIT D
7Telz, FH# Kk OH %, COOH %,
NH, #. CH; &, CH=CH, %&. SH At CI&Af
L. BEUARICIRIEST 5 2 & ¢, Rkt
L BTEAHE & DB O W T - gtz
To7,

COOH K TEM LT ¥ o FEDFHE
TRAX—NERLEL ., POB—XENMND
AR S K& < 1.5SBF (2 7 HFRIE
#%. %@%ﬁ HAp 2HTHI L7,

XPS IZ L DK EREL CIEAMi LT ¥ >
Ft E~D Ca BL P OISO FHA )
b, B—H#EMNPAICKEL, RE= RV
XF—NEWVIE L, CaZ DO E RN L,
ARYERARNEZ D LT W ERHEL
75‘&720710 INHOFERNS ., REEN

DARIZKEL, RET AL —DNENERE
IZHB VT HAp OHTHIMEES L, B—%
AL EICRE < RETR/LF—MEN
FKIAIZHBWT HAp OFTHAIIHI S D Z
EWRIE T, AR TR DAL A LI
ﬁ%/7/ YFICEDFZ URE~DE

REEEMi7Z 1 T, 20O a—7 ¢~
ﬁ%ﬁ@@&E@%ﬁ@ﬂmwmm%%
fFCE D,

F X KRB TOEEKTIL, RHE~D
HAp OHT 721 Tl < Bk Z 7 B
BIHFEMEOWEELZREL2ITERS
RV, BT EMEX R RS LT
FHOFREES L, T EBHRO R
[ CIEEFMREE & biz, Ca P 25T
MERHERE NI S NS, Lizii> T,
St EHIT, B 7 R

w%%£ML FH BB L OFET TR
X — L OMHBICHOWTHAET S Z & T,
FH KB TOERKT 22D
M CTE D,

5. FLURRMIEF
(ﬁ REFH . WL KON SE
ZITTFR)

(MRS sC) (BE 0 F)

(%R G 1 1)

WOS, Ry, BET . REH
KM%, Fx OFRELCTEM LT ¥
UREOFKEEFN, 2016 FFEFEE T
TRRFRETFINGHHS, 2016 4 03 H
15 0, EEHEBKRT, DUEREE




(XF) Gt o fF)

(PESEA PEHE]
Otk Gt o )

OFfFRIL G 0 )
(D)

6. WIRiEEE

(D) WFgEfzs

PiE  fiF (HIEDA. JUNKO)

I TERY BT AR - 3%
Wroeg2a 40566717



