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MgSiO; (MSO) thin film was fabricated by RF magnetron sputtering to develop new scaffold to
accelerate bone formation. Single-layer, double-layer and triple-layer MSO thin film were fabricated on
Cu/Ti/Si (100) substrate by RF magnetron sputtering. According to X-ray diffraction analysis, crystal
growth along (111) orientation was confirmed for all MSO thin films. The surface potential was induced
due to spontaneous polarization, and it decreased with increasing the number of layer. The culture
system was developed to culture bone cells on the MSO thin film with 4-point cyclic bending
deformation. Alternative sinusoidal waveform of the electric potential was observed for all MSO thin
films, when pulsating cyclic bending deformation was applied to the MSO thin film by 4-point cyclic
bending deformation. The peak value increased with the number of layer. These results showed that
generated MSO (111) thin film can be used as coating material to enhance bone formation.

In order to investigate the effects of cyclic surface potential of BaTiOs; (BTO) induced with its
deformation on osteogenic differentiation of osteoblast-like cells in vitro, osteoblast-like cells were
cultured on BTO with or without compressive deformation. Polarized BTO and non-polarized BTO were
prepared as specimen. Cyclic compressive load was applied to the BTO by a fatigue testing machine.
The surface potential of polarized BTO due to spontaneous polarization was almost same as that of
non-polarized BTO. Alternative sinusoidal waveform of the surface potential was observed on the BTO
with frequency of deformation. ALP activity of osteoblast-like cells cultured on polarized BTO with
compressive deformation was highest, whereas there were no significant differences in ALP activity of
osteoblast-like cells cultured on polarized BTO and non-polarized BTO without compressive
deformation. These results showed that the surface potential induced on piezoelectric material surface
with deformation enhanced osteogenic differentiation.



WFoTorE . T

FHbge D F - AHE - BT - BT - BB

o OMBAIND U 2 B3 ) U AGTF ¥ VB Y U ADRFAEGRF ¥ R— L

1. BFERRLES IO 5

BIE, BEIRECEIEOERE IR LA
<A S H NTREGEMECEREM DL
e E ORI OEE S ZREI TS
FKHERERCE AP OBRIENEAL TS, L
ML, HED QOL o F-HAR{E <[ 5 Er it
DRI BEORYHSEIFEZEZ D &,
ARE — AR TOBRHEEEZ S SICHE
TV IBENRERNDH D, Ln
ST, AEREITBMHT 55 HEEA 2
(A% v AR—/U R) (ZxT 2 HH OB ER
EHEFEIZE . 2B D AX v R—/L RBE%S
(2B EEFEO O L 2L, RETcoEk
RERHET D X5 ERAL LB IS E
B D A ¥ v R — /)L RREI~DEEB X
VB M~ D 43 b D e & v - 7= FEAAE
HEHEELZ AT DOHIAXF Y A— L FORBIZH
L. I, ANEITEBREE A L TERY,
BOEGIAE D JEERFRIT L0 B F Mg
HEORESLEOV ET VU 7R TbiuT
WA ZENIMBNLTWA., Ziub by, JEE
FEE2 BT 5 PLA O HILEE L7 A KR
X T NEA MHAp)ZE W2 A% v R —)L
ROFIEL in vitro FEERIC L 2 Mia FEAE AkE

BOERBIZIIH L AZTOND. Ll

PLA IZHIPVEDARNEL CTd B 720, faf B FF
EA~OBMIZIRETH Y, HAp DIRAITE
AR OB EMEE B <3 2 ARG R 250
ST=bDOTH DN, REENN 2B I REE s 4 40
STZb O T2\, F72, HAp b L < 1% HAp-
BaTiO; 18 M (/ML B & it L, 2% B ff D
MR L DAEMRE L OEEREN RN
TWDN, MEOEERMEEZFIH L CHFE
FNCLE D R F ¥ AR—I R B OB 72 il
BRI KL 2 JE OB MR OTE AL 21 72
HOTIHZRW. EBEROEWEEET X7
AL L TCPZT BT BN M, PZT (3$h &5
FAEMRMELE LTIl & e, Bxiong
TIZAERBESEEMEE LT T 24
R RUIE 7 i1 & B> MgSiO; B i o
BIELZRRBI L, BIEILS FEHIN T D EN
JEEEM B PZT IZVCH T D EERHE A 1572 K
IECIix, BNEEREEET MBI CHD
BICER L, BB 55 B RERE A R
THEOIE, ZOBEBRFREEBRATS
CEMMETHY, [EEBEBEBELETF X AED
BEICLANTLAFYAR— NV FEZHNWSZ
& CARREA OB MRk PR > AT ADTERK
THEEZD.

2. RO BEM
AWFFEIE, N LEEE B BHEZI,
RS — B RIS BT 5 E AR

2 7= 8 O AT FILFE R LA % v R — v
NOB% % B 9.
AWFTETIX, MEMS £ L0 BIF L4
FHESEBMEE LT 7 2 h A FIE
07 e iiE 2 FE O BT SN R FEM B MgSiO; &
U a U EMEREICEERE TS LT, B
HORIEE 2 (3 2 3 Rt E A & v R —
v R ORI 21T 5 .

F7-, BaTiOs Z HWTHE D K L AT LY
JE AR R IR & 7= BN e
BRI OB AR RIE T B A2 T RD.

3. WD L

(1) BIERMEHED 7= D EEME MgSiO; #
HEE D R B 7 D B

HEER L LT, RE 7 Rbhrr A v
Vo E A2 T, Si (100)
(20x36x0.3mm) |2y 7 7@ & LCAIR L
7= CulTi B iz (111) FH{roo 1 Jgd MSO 7#
i (MSO1), 2 & MSO it (MSO2) # k&
W 3 D MSO #fisE (MSO3) AR L 7-.
MSO DA 8%, X BRIBIPTHEE (2 K 26
MR, 7RSI X A R E A
i, LW a-step 1Q |1 & A EEHIEZIT > 7=
F 72, MSO HEED A IR RIC K 5 Kk EN A
BT v — 7S A CRIE L. 1l
TEEMLIE MSO i L Si B R CcH v,
Si R FmAZ YL U CEMEZHE L.
AWFZETlE, MSO FRIZHE Y K LA % 5-
IR B iERE T uE R T 2 B Bk
BEAE-LEZ (K1),

Stepping moter  Cyclic deformation

2 ¥

= = F:F!T:ﬂ

X

PDMS MSO
Loadcell

1 EEERARELIE X

AR AL EICRE L7 MSO I 4 SihiFic
LV IELUEMHOTHE G 27205 H
EEMTRADBE Lo TWVWA, RiEE|IZ K
D MSO IR E IZFHE I DEMEHE L
72. MSO L m ZH 72 (AR L 7= Cu %
EmE L, Ny 77 @0 Cu Ay TEE
i L U721 Hz @ JE ] THHAZ & 0.04 mm O
0 3R Ui 2 MSO 3#EIC 5 2, MSO j g
REICHFESINTEBMEA L AT —TZ



FVHELE.

(2) MR LUEMERICEVFEINDIE

AR BaT|03 BF IR EE S OrE S liR)
DE RN B AE T H 28

Polarized BTO F & TX non-polarized BTO %
HEL7=. BTO ®H A X%, 10 mmx20 mmx1
mm & L7z, FhEhno BTO % BIEDOEZE
dish (ICHEE L, X2 (R EICHE L
7o T — AR AR 57 B 12 LV IERK
¥ 1Hz C, JEMEOTHOE— 7 HDS 65 pe &
2% £ 91T BTO (T#E D K UEMEMEH 4 5%
72, MR LUEHEEIZIZHES BTO OXHEE
%, #EENMFT (541A-2, FL v 7th) %
HAWTHIE L. F72, &MY v — 7K
# (SPM-9700, SHIMADZU) % FWT, M
RZ X% BTO OZFKifENM %, BTO K%
HAEL LTHIEL.

| Stimulation group |

upper stage
with stimulation

cyclic compressive
deformation (1Hz)

Co,
regulator O

Control group

incubating box

water bath

lower stage
without stimulation

2 HER&GOBNEX

BTO b (Z#M % E 1.0x10* cells/em® T
MC3T3-EL fifid (B IFEHIIasmIE) Z8kFEL
7o, BERWIZIE, 10%4F8R IR IMIER L 0P
W % &1 o-MEM & W o, EREE T % 5
Z 72 BTO BLOEMER % 5 2 T\
BTO L CHIFMuERMALZ 6, 9 B LV 12 H
M55 L7-1%, Alkaline Phosphatase (ALP)
T JE L.

4. WF7ERkR
(1) BERMEED 7= DD EEME MgSiO; &
JEE D B B EL i D B 7%

AR  ORE S 2R L 7oA, 3
R KO CET A 4510 U I [T R BE oD
E— 7 BHER S, WTTHD MSO HEEIZ G

(111) FAL~DfE bk E D3 fesd S v,
EANE LR, WPFhoiRBRA b 100
pm/V FEEDOEEBEH NS S, 1EIER UfHE
s Lz, BRIEZRE L72fER, 1 oEs
135 600 nm V), ek ThatkslL
TR 3 L7-.

MSO2 JHEfE D H IR K 5 Fe BN D5y

%X 4127, X% MSO #ifE & Si Ft o
BERCOBRERRE T & EBIZ, REOD
T — AN REEN & LT 5. Si i
%% MSO1, MSO2 ¥ X 1Y MSO3 D # ik
MITZFNFh 1.25V, 0.65V 5 L 100.23V ThH
STz, ZHUE MSO RN HFEEIRTH ST
WIZ, BRI LDEHEMPAECTZ LS
Zbhb.

MR LAWK A5 272 MSO #iKo T E
WA U2 B2 RIE LR 2K 5 1R
7. MY IR LR TE OA ST E IS T MSOL,
MSO2 LTt MSO3 DOHERIZIE, FEh
+2.37 mV, +2.82 mV I L ’+3.22 mV OiiE
D OFBMNFEINTZ. FO8, AEFZET
AL 7= MSO I B R 2 (EtEd 25 a—
T 4TI L TWAZ ERIEENT.

MEO - . * M50 (21
2 'ﬂ A le Curlll)
u |* R
MSO2 .\J+l P MgS0 (111
— Lol . Yy
# M50 (41
-
W=SO3 * & 5104007
- J
30 40 50 i} 0

28 (degree)

3 MSO EFED XRD it 5

MSO -0.10V

120.00um

120.00um
-1.32V

4 HRSIRIZ L D MSO2 OFMEEN

Surface potential (mV)

Time (sec)

£V MSO I

5 ZKJBIC it S 7o BT



2 MYUERLEMERICIVFEINDE
BB BaTiO; DK i FEAL 2N F AT A AR A
DETERIT I E T 2

6 |Z7x9° & 912, Polarized BTO BL O
non-polarized BTO 0 H 432 & 2 FK ik dENAr
ITENTN-154 BL 144 V THY, EF
ZH 2 TR Wil OREEAMIZIZIER T
ThoT.
=y “ c*“'"j} -1.15

S N

Fonin iy
Cal Y N VR O
[—
20.00 um 60.00x 60.00 um -1.65 20.00 pm 60.00% 60.00 ym -1.80
\Y \Y

K6 HRDWRIZ LD BTO FE &N

#h0 IR UEAMEETZIZE D polarized BTO @
FH BT A E NS 7 B o E
Zor L, ORI L OR/IMEIL 16.2V B
L1778V TH - 7=. —J, non-polarized BTO
D BN S AT NS U7z BRI OB
TBaRLIZb DD, ORI X UE/IME
13 1.82V H X217V & polarized BTO D1
EHERTIEFITNSWVVETH - 72,

Polarized BTO with deformation
Non-polarized BTO with deformation
Polarized BTO without deformation
Non-polarized BTO without deformation

OoOm

=
(o)}

=
N

SN
—

e L1 1L

Days in culture
7 AT

ALP activity (nmol/15 min/well)
[ee]
.l

o

4 712 ALP {EPEDRIER R 2= B &
B2 72 0ETE, ALP IETEIC 3 WROF DR
BIIR O -o T2, B 9 B BLIERIZBW
T, B %5 %2 7= polarized BTO L TH;# L7
BAEO ALPIEMER b o & b @l otz AT
% 5z 7= non-polarized BTO | Ch:#E L7-%
B D ALP JEME S B &2 5 Aol
non-polarized BTO £ CHi#e L7546 L 0 &<
72 o128, W % 5% 7= polarized BTO ETH;
ELEGAO ALPIEEL VR o7 2D 2
Linh, Y IR UEMAETZICHE S polarized

BTO @ dEAL 0N H 2 Al R AR e o 431k
PARHET B Z ERIB I LT,

5. ERFEERCE
(WFFeER . IFFE o3 R ORI S 12
=Y

CMERERmsC) Gt 0fF)

(ram&R) Gt 71

O BHHME, FFEAZE, PRTIEE, MgSio,
JEBEEa—T ¢ 7N T > M hERa
(25 % DB, Rk 23 FEE B A SR
R B AR RO RS AT S, 2012 423 A 15
H, BEERKFETRILXy /X

@ InpEEE, ZEAE, (PETER, DK
LU EHERE FI23B 1) B EBEMEL BaTio, 3
F o NEBERNIC MAET RS, SRR 23 4F
JE BV AR A B AT R GRS,
2012 4£ 3 H 15 H, BEERFETHRLFS ¥
N

@ HUFEKES, ZREASE, MEEEE, (BT
Jh, JEBME MgSi0, DEH B T v
N EBEARAIE I RAFE T, SRk 24 AFEER
AR 2 B VG 22 2 A B AR S IF SR 36
FEEMSS, 20134£ 03 A 15 A, KBRI3E
K

@ IngEE, MEALE, PETIHE, BB
££ 9 BaTiO, DR EEN N T » M fiAbE
OB HFEMIE~DO I RIE T, AR
PR S BATE S5 88 HIE MR Rk TH
£ 20134E 03 A 17 H, KK THEKZF

® Yuki Kato, Yusuke Morita, Eiji
Nakamachi, Effects of Surface
Potential Induced by Cyclic

Deformation of BaTiO; on Osteogenic
Differentiation of Rat Bone Marrow
Cells, ESB 2013 - 25th European
Conference on Biomaterials, Madrid,
2013

© InpEEE, REASE, METRGE, AILUE

A, BV LUEMERICL BRSNS
BT BaTi0, O3 H LAY E 2 Ak
AR BRI KAE T2, B AR
2 BWESGE 89 WIEMRRAHES,
2014453 A 18 H, KRBFFIL KT

@ HIREARS, FZREA7E, AILEA, {hiy

PR, BIERIEHE D= O FE B E
MgSi0, IO AIRLE T OBR%E, B Ak
gy BT SCEE 89 HERHAS RS,
2014453 A 18 H, KBJFFL K

(XEF) Gt off)

(PEEIY PERE)
Ok Gt o)



Py
T
MR
TEEA -

HE
HFEFH B
ENS DR

Ok Gt 0fF)

By
TEEAE -
MR
T -

HE
BASHAH :
ENF DR -

(Z Dfth)
R AR

6. HFZEHR

(1) WrgefRaEE
Fril {84 (KATAYAMA, Tsutao)
[RIASAERE: - EmEREET - 8%
&S : 70161065

(2) Wrge sy
ZRH Az (MORITA, Yusuke)
R KT - EmEREE - 2d%
s 5+ 80368141

fhIET 957G (NAKAMACHI, Eiji)
R KT - AmEREE - 2d%
WFges %5 60099893

R Ffn A (TANAKA, Kazuto)
[FIEREREE « A ERSET - #B7
Wrges%& 5 : 50303855



