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Artificial enamel induced by phase transformation of amorphous nanoparticles

Kazuo, Onuma
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Amorﬁhous calcium phosphate nanoparticles (< 80 nm in size) were synthesized
to use for regeneration of human tooth enamel and dentin. Nanoparticles were compression-molded to
prepare a substrate, which was immersed into the calcium phosphate solution at 37C. Immersion after
~20 h, thick calcium phosphate layer (more than a few 10 micron-meter) formed on the substrate. The
layer consisted of accumulated apatite nanorod crystals (a few 10 to 100 nm thick and a few
micron-meter long), which were oriented to c-axis perpendicular to the substrate surface. This
morphology was essentially the same as that of human tooth enamel. The average Ca/P molar ratio of
each crystal was also close to that of human enamel apatite.

The amorphous nanoparticles in the substrate were transformed into the apatite nano-crystals after
immersion. The morphology and chemical composition of apatite nano-crystals were consistent to those

of human dentin, suggesting the possibility of rapid tooth regeneration.



% X C—19, F—-19—1, Z2—19, CK—19 (I3

1. MBS PO 5

W IXERD A MMER IO L ER B OHBZ S BEEGE THY . RIBICE-> TEORAINERTHE,
o2 OWEIE B R & 5 | & 295K I2 72 5(Simons, Lancet 1996), ¥R DB m vkt 128
T, BRIV QOL ZHERFL CIEBIICIR T 3720121%, +0725k00 A SRR A fRFFL TR A
THIENMEATHD, L, AaIZEDRE D2V ENK A O = OVE L, —ERET5E0 8
HMEE ZA1TO AN A FBIT 2, R B Tl i i H SN A EEM I NRIC B E 2 E &8
(&B728) . HONTAEWE 7T (AR RD0) THHH, ZNOOWEIT=FT AVED L5 Th
BT B A Nk LB IR RN E RN K EER R D700 | BRFIICA SR D =) AVE DRI 22/ %
AUT, ZRAWREAEDRRKIZ/eD, ZOMBITEFHER DR ARIZEEDDD | RIEFMRIITRYY,
PRARROIZI, bt 7 2 A MR [R]— b G L Cic RS E Ce b= AVE R O~ 7 affid
ZRBEICIEA T UL, IIGEREE FTRE Th D, Lo, 7737 A MORREGIZ YV il Rl X2
RS L 72 E S BREE 2720 | 437 B ORE A BRI BB T 22813 TETWR, S HET
W2 RIBESDM N I Rt 2t 52 L UT=3%4 (Yamagishi et al Nature 2005, Li ef a/. J. Mat. Chem.
2007, Fan et al Biomaterials 2009) ZfrE, N LRI VVE ~ 7 ol 2 HE CET-HF5EH) 38
HThHD,

2. WFED A

AW BHBE, e = OVEEEE G, Teb b /A= MVInBI By A— LA XD E
EaMET 2SZA R ¢ BT ISR L CE R L= M8k . % in vitro CHREEF BT 254528
WD, Fio, B U= Hii 2 th B R B CHEBEO R ARITIGH 95720, BHEEZ D&
OREEE (B 21X R FE 0 EhESTz C2LL DR ~DE AER) ~Oxfab & T, o AVVETRE
T SRS E O HBL R IZAND,

3. WHED F ik

AREEFE R M AN, T XA ME SR ORIBRMA THDU R\ L7 A(OCP)#E & B . & D i
HAR AT REANPMUBIE R T HZEZFIHL T, —H AR LTz AOVESERL T 2 A N s &
TR DRt % N T, LosL, DR OMIEIZEY, TN T 7 AU RN NACP) T SR
DT REANE B A~OFIEBEFH T 5L, OCP ZFEMRELTZGA LD 1000 504 F#HS T /321 MNidh
RS DZEMHIBALTZ, =2 C ACP F Rl % 20MPa CJEMEREL CHBIEL . A el A2
BREESS (37°C) TUU VD ARIRIIRIE T 2fEe 7 m AT, =7 VVE PG O FBLA
FxTzo ACP F ZRi1-1%, i HIRE DAL LT DIREY TR VD DERIROIRE T RETH D,

4. ffFZER R

(D) AL HVEOMHEIERL, ACP EbiA 37°CHOVANEIIL LT AEIRIZHK) 20 BiEEE 457210
T, AT c fhELE L= T SF AN a R (I 100 nm F2EE, £&8 1 m) O g &2 Bk 45
LRI LT(X 1a—c)y ZORFD T/ F A NEEIE 20-30 pm THY, HEEVAEBEBR Y CIE RS-
EOUa7e %7 3 E A MGG R EEE X0 5 1 HRE Y, F2, XORRETE & 0N 8 7 PR 8
22 (FEFRREITHIEZ & Te) OFER, 7737 AN IR ThE PEEL (X 2a—c) . Eh# = ALEIC
BEELT 22BN o7, BT, =X =20 B X0 e BT DAL FA AT 6 | Bl 8
DI Ca/P E/VHIT 1.6410.02 T, =) AVE T _ZA ROV EFEF I B — BT 528030
Mote, B8 DY) Young 3 ENEIIE S ZHZ 41 63.419.2GPa, 2.87+0.41GPa C, AR =7
AIVE OB RFE DL 72,

vﬂ‘ﬂwaﬂlww' (it e
4 PRARIAESY A :

,\.t ’ ~

' q —— » : Bt ‘v,ii'

1(a) RREOKEAKE SENE (b) WHESEM{E (o) RREDEEHLK SEM &



|

/'“\\)J

3 10 20 30 40 50 60
20 (degree)

Intensity (a.u.)

b cHEANE (F) LEMRME () OmE
) Hamn.,

(b) 7/88A REERD SAED B —>,

(©) 7/38 4 MERDOESEREE TEN 18

QO ANL=F ANVEEAERT 202 DT XZ A MEROYA X3y ba—/b, @5, oA
RS DITIE, BEPRET 28ES (SEOGEIRY VBT T LEROMA) %5
MINCEZ DMENH D, LU ACP Ffk Z2FIH Uiz A VETERGE T, FENRARIERE O JEHE T
NEEZDHIETT TRALFHRDOWIE TH-> TH T NE A MmOV A REEEICa bo
—IVTEDL| ZEBRPHBMNTe o7, HAEIEIET) % 5MPa 225 60MPa (ZHIIN$ 2% &, A T=7
ANVERBHTOT REZA MEEOKRSIIFN /312725 (M3), ZomAIE, NLTx=F AVEOK
WRAFRE Z (B OBEEENAIIS U T) a hr—L L TR B ARWVERIZ D TEEICR D,

5MPa  EAREE AFM & I ALERBD SEME XRD /X% —>

(002)

(004)

Intensity (cps)

310 20 30 40 50 60
26 (degree)
(002)

(004)

Intensity (cps)

3 10 20 30 40 50 60
20 (degree)
K3 APEBEBEHDEIIZEAAIIFAINBERBOEL, EHH 12 {St8MT 5 &

ERASEH1/31215,

B ALBFEDOMHEIEK, ACP HathZ UV AL 7 ARIRICIETET 5 & TR A AN ST
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