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Histopathologic analysis of carbonate apatite under loading with orthodontic force

Nomura, Shunsuke

2,100,000

(CO3Ap)
CO3Ap CO3Ap

CO3Ap

For orthodontic treatment of teeth while bone defect exists in the jaw,
reconstruction of the defect for tooth movement is necessary. In this study, reconstruction of the bone
defect in animal model with carbonate apatite (CO3Ap) bone substitute was performed. Reaction of the
teeth and bone substitute when orthodontic force was loaded on the surrounding teeth was evaluated
histologically.

CO3Ap granules were implanted into the bone defect created on the palate side of the maxillary first
molar of rat. After the healing period, the teeth were loaded with orthodontic force. It was confirmed
that no excessive root resorption occurred on the teeth that had moved to the CO3Ap implant site. In
addition, the CO3Ap that was in contact with the periodontal ligament had been adsorbed. Based on the
result, it was suggested that tooth movement to the bone defect is possible by reconstruction with CO3Ap

bone substitute.




B X C—19, F—19., Z—19 (GtaH)

1. WFZERRMA L PO 5

WA IEBRICB W T, WICBIE &2z
b e TEMZ BT O AR B W IN %
ST EMEA A T, KRHElCIEE R 2
ST EFEMERAEL, a2 5wl E O
WY RN ZE 0K+ Z & THRITHMOS
Ar~E< (K1), T72bblDBIEIZITEN
WZHTH Y, BREHEE D HEICB W TH
EIBIET A DIITEHEENRSLE L 25,
BEH

- +
! +
R b
EBE - L (@3
WA A LS + BEMBIZED
BRI - + BHEE

M1 FIEAIC &5 oBEIERE

HREHREOE BRIL, BFEBETH
L, BEEBRBUTEE S /AL~ OREN
RABECH D, Fio, BIAIREREESEE
REICHITE2 N 5 Z L b, T/ il E o
JEMEERL Z L b NEETH Y, & BTG
DY A7 ERRCHREREE O RE  fEfE S
TW5, 500 A2 1 AOEIETAENDLARE
O 22T, MEICBWVTEE 2000 ALL
FAEFRATETEY, 7T—9mELE V-2
VI AFGEBEEZITV., B REEO -
EITHOMERNHD (K2), BHE~OAEHAE
EZDE KR, RO FIRNEE L,
HEBBHEICR DD AT EMEM S0 L
EhTnag,

. S

B 2 B AR 24T o T SR
(a) BAEAT  (b) BAELE

BAE, NLTEMEMOFTIEI AL Reks
ToREA N (LLF, KT N2 A K) BEksiE
DL RIS ENTWD, KT XZ A |
3B & MR AR E N S TICHAT D
BN EREEETRT OO, ERNTIZE
A EWINENTICEINCERGAT 5 0D ]
RN B 5, Tbb, mREHZKET S
2 A4 NTHEELESS, KT NZ A NI
HHIIZ X DRI EZ T 72Tz, B
KINIFRAEST D, Z D7, FBIEWEER

WCBWTKEET /XX A N CTHEELZERA A~
WEENTZ LIIARARETH B,

HEEE DILE O BEREHR AR 23 KR 7 /3 & A
FCIEARLSIRBT NAA N THDHZLITHE
H L. BIBEARZ D723 OGS & B R
fe7 A A NOFHBEE ML LT, T2, %
BT /NHZ A NIRRT RZA b EIFRRY
ARSI SN D Z &, i EIcEfh S
NHZEHLWELNICLTEE, Thbb, &
fe7 _E A NMIBZRE & RIS M
roTliish, BUVET U U ZICHAfIL,
FICEBRIND 72D, WHE ETRE BN
BRANLBEH#M THDHEEZLNDN, Zh
F TICHANBIERED L 5 AR &
AT 5B EHEEEIIRTF ST
WV, 2 CARBFERICRB W T, EREW
IR L2 B KRB EIREET S % A NEE#]
MCTHEL, BIEHZAW LG EDRET
RE A NEEBE OB ~OEBRYEE BRE
HZEELT,

2. WO B

INFETITHEER R EDOINTINAR S
IRNERL OB KA & IRBET /8% A N CH&
L. IREET RXE A NINBICEHRIND Z &%
I AR IS BT LT & 72,

ARG I EHIEIEIC L DI S R T
XA NERIEM AR SID T T, &K
fe7 REA NEEEEMOEEREE R E 5
BRI BT D 2B E L,
FT. REET NZ A UM HAKEET N F A
K. BEIY LR =L A (B-TCP) % FHu
THKRBI AL, HHiEM ORE O
B RIET B L b HRFT o2 L
775

3. WMo IiE
(D RERT 732 A kR K Ok B EED 1R L
KOV
OREET 735 A kL O
FPIREET /8% A NEERLOFTBRR & 72 %
[REE T VT DRI 2L LT, KEgE v
U LEREEZFR L ZEB(LRBROST ¥
AN— (FHXHZEE 100%) THER{L L., RIS
N hTay 7 B L, RV T
L7707 BRHEL, 550 THK L.
100-212 um DREEA L v NEERL 2 L
775

W, REEI VY T NERLZ Y b LR
Fe7 oA NERIZH LT, REET N2 A
b ERL X REE L 2 T A HTERR & DI
fit—Hr OGS CRBL 21T o 72, RER I L
LYERIZ 0.8mol/L DV UfR/KFEF MU v L
KEERHFIZIZE L, 4A0C O A —7 12T
U UL & To T2, £72 U VER L DEER] % 7R
L, RO T DN GIREET /N2 A F~
DAL & BOSH & OBIRZRE L=,

QKT /5 A hRERLDOFREY
SHARHE L U CRER T /32 A | BRI o G Y



AT o7 IREETINT T E D VR TIKFED
IV NEIKEET N2 A K Ca/P BT H
5 1.67 &705 KO WZIRA L, EMIAE 900°C
CTRBE LTz, B Efth, 1250°C CRERE L |
IKEET RAA N T vy 7IREER LT, KB

TN STy 7 i, SDWTHIRL,

100-212 um DKEET /X% A ~JER & 3R L
7=,

@ B ~TCP kLD L

STRRRE L U C B -TCP JHRI 2 i U 7=, (KR
AN TNV UBTIKEINT T N B
-TCP @ Ca/P ENETHD 1.5 /D L H1C
BE L. EBEEZ 900°C TREE LT-, WE
¥ytt. 1100°CTHERE L, B-TCP 7' 12 v 7 & A{E
L7, B-TCP 7' v v 7 &k, 525\ Th
B L .100-212um @ B-TCP fEki# T L 7=,

@OFHEL L 7= B4l o 438

TR L 7= B A A DR S3 HT % B R Xk
mIPTEEE I L ORI e i &2 WV TIT -
Too BRAMAEE IR L Tl EAAE FEmMEE
(SEM) CHBIZZZ 1T - 72,

Q) B HEM AT~ OBENCIIT D in
vivo FFM

TESL U 7B A Ot BHES VR I B8 1T
HAMES in vivo IO CEME L7-. AHFZET
X, 7 v b EBHE—-HEOBENICCTHALL
EM OWIRE, im0V ET U7,
B~ D BB 2 KRR IR L 72,
OB K DOVERL K OVE fEAM O A
WS DT v h&E 3%HWAKI T T — )1
KRN TR R 21TV, 1 ESREE & OV
faFBEL, n&EEELHBEH IS, BXREEXT
v M EHE—HE O HMICER AU
BT 7y RAR—ZHWWT, B 1 X 1,
S 0. 8mm D H-ERIR DB KRB AR L 72 (X 3),
BRI IREE T N2 A NJERL, kRGO
& U CKEET & A NERL, B-TCP BRI % %
NENHAL, AIZFA T, % 1 BRI,
BiE A YU THBL, Fyd~vA D
#ehH (dmg/kg) & 1 H 18] 3 HEB 1T 1
BEREE L,

QB HHEM A EBAL~ Dt O E)
—EDIREHEREEZ, FOBEI 2B L
7o BB —HWFICER0.012 4 »F an
Ve LABT A4 v —F )i L CEE LT
(X 3), BEHIFHGHIZREENNIND S X 51T,
BN T R VEOUAY—%2ky bL, ZD
BB EI20.5 2 VT OU A ¥ —iF %
HDTW ZETLEEFE —HEEZ DHEAICR
B XH7m, WOBBORT-, MEHM ORED
FESRIZ u CT Z Wi,

QREREAEA D VR K OFEAT
RIS T 1%, MEMERZER L, F
v N RRSEEE T, WL T
DX KEINR, A0FE KD KERIRICHE E

B R RER

M 3 7 v b EHARTICET 28 KERK
M OVl O R8Tk

AL T, EEE (10% P HfEE R~ U
VIR ERAWTCERBEEEZITV, S
B K OGRBHE L ORI A LD L, RRRAEA
ZVERL U7, BEARIE ARt (H&E%
) ZATV, WEM OWIEE, HAEEoY
BTV T RV O B A M L 7=,

4. WFFERRE
(1) REET /35 A b R O Gk BHEE D 43 AT A
P
IREE T V> DRI D 40°C-14 H O A
T 0.8mol/L V »UEE/KFEET bV U LKIFIK
\ZIRET 5 2 & T 100% A2 L L= R e T
INE A NEERINFHBL SN D Z B o T,
Fio, UV UBRIEOREIZ X B IREED VT A
MO REET 782 A S ~DRLZEEAL DEN %
AELI-EZ A, KIGKHE 45 43T 10%., 3
RER 40 43 C 30% KRR V3 T DD [REET
INHA B AFERECT D 2 E R o T (K
4),
100
90
80 i
F 70 i
260y
g 50
gml
2 30
20
10 }
0

Conversion to carbonate

0 50 100 150 200
Reaction time (h)
4 JREEII IV T DISBIREET 784 A R~
DAL & SOSKH] & DBIfR

F7o, Vo7 VFEHAE SEM TR LZE D
AL 10%, 30%, 100%& VU v ER{bAHETe iz o
RAPIEIIT 72 0 IREET NZ A N BEKR S
NTWLBPMR T (X5), Fmbrm
TIX, REET XA A ST L b5 &
el U, REEAI N T AREFELTEY . H
ER K/ NERCR ORI A2 5 LT o, RUSK:
MNEL 25122 T, REOWIRRREET
PWREA NEREL 720 NERIC b HLE 72 R s
TN T LADREICREET /X2 A N BHTH



LTV R T & T2,

10% Carbonate apatite 30% Carbonate apatite

100% Carbonate apatite .

W5 B RERT S A R DEE D
SEM {4

SHRGUEHEE T D KEE T /XX A N R K
N B-TCP YERI % IREEI N T LEY VR
KFEINT T N FANTHE L2, BHRX
BRI PTEE 8 38 K ORI 0Hr e K 2 Ak
SN K o THERL L 72302 H I o3BT
HDHZENERTET,

co# coZ Po¥

HAp

BTCP

Carbonate
apatite

Transmittance (A.U.)

2000 1800 1600 1400 1200 1000 800 600 400

Wave Number (cm™)

B 6 RIS T DOt R

(2) "B LA HE AT OHL A L OV O RS E D
oHT
BENENMA THEEZEIDTT-OITIE, BXR
BEICHAEFTD RIS NDLE RS, £7-
FBIENZ XD HEM OB LR T 545
MHdoTo2d, WEM 5
MOFAER DR S 2 IR ok &
ﬁoko@K%0~4ﬁﬁ@if2ﬁﬁKu
WCTHEAE 2 fER L 7= F7, A 4 @R
Gm*@B@@ﬁﬁMﬂl VBT E SR
. DORERST ORER N F 2RI ST
Wpmo T2 (X 7),

Blank 100%CO,Ap

<
S
=1
]
@
@
«»
2
e}
4
o

X 7 HA 4 BER%OF KB R OREET /S
S A MBEAFO 1 CT

LIZERIN ST,

Ko T2 4 HEICEREL, OB
B2 BAth Lz, OBEIBALATE 0~4 JHE
FT1IHBICuCT R 2 1To72(K8), #D
BEIE— Ew@ﬂf@“@@ﬂ%ﬁ%A
TDT v }‘Tn:u&) 4 H'f‘x ?"ﬁ jﬁ 4:4‘*4'
HEAERAL £ C RS — ok OUD.O 1 #EHAR 2
P L CW O HELMER Lo, BB &I
LT7/ }‘Fﬁfﬁsfj:imubbiﬁﬁ)of;o

2 week after

Before tooth movement  (wire size=7mm)

3 week after
wire size=6mm)

4 week after
(wire size=5mm)

8 HEIEJ) Bt

ROEDOBE DT

(3) F&IEJ1 AR OREM K OV O
AIFEAT

6 1E i fer EEBR 46 4 R EFRE E 21T\,
B M OVGRUBHERL O 2 B U7, AR
AROVERLL OVHE Yot 24TV, S AER D
BALDEEBEL LT-, COAp & B-TCP i34}
@w”ﬂ%mu &)f;ﬁﬁ HAD &i%&m%um &)7’@%3}‘0
72o F72 HAp MEAFEIIMAE & b U2 B%, &
JEEN ﬁf@wﬁ%ﬂ%m@tQHMp@A
FEIZIIam B O B AR IUTRE O HALT ., £ -t
R HE MR LT D AEM SR S 4T
5@#%ﬁéhto

of tooth

9 MM AR O

PLEX Y COAp B fiEM ZHA U728 KIE
WIZIBE O BB RN &2 = S 32 H OB )
MDARETH Y . LB IESIZAN LIRS
COAp ‘B HfER O JE BHIZ BT A B DN IER S D
ZENTRBENT,

5. ERRERLE
(WFgefRzs . Wroe
X TR

Gy K OSEEERTIEH 1



GEEams) (B 11R)

Shunsuke NOMURA, Kanji TSURU, Michito
MARUTA, Shigeki MATSUYA, Ichiro
TAKAHASHI , Kunio ISHIKAWA, Fabrication
of carbonate apatite blocks from set
gypsum based on dissolution—precipitation
reaction 1in phosphate—carbonate mixed
solution, Dent Mater J. 2014;33(2) :166-72.
i

(FaFE] GHoff)
(XF) Gtofh)

(PESEIA PEHE]
OiRdL G o)

AR

S G
MR
TEH
FSNE
HFEEA A -
ENADF

OBAHRIL (G0 )

A PR
FEEAE
MR
TS -
FiSNE
HFEEA B -
BAEFH B
ENADF

(Z Dfth)
R bt U

6. WFIERE

(1) WFgefiss

BpAF 2 (NOMURA, Shunsuke)
FUMREE - KBt - ER
s TR 60710994

(2) WFFEST 184
( )

WHIEE &
(3) L HENTIEA



