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(Chief : Prof. Kohei Kimura)

Abstract : Calcium phosphates are suitable as biomaterials because of their high
biocompatibility. Calcium phosphate cements (CPC) have self-setting properties and
form a hydroxyapatite cement when exposed to aqueous conditions and a temperature of
37°C. A cement with these properties can potentially be used in a wide range of dental
applications.

In this study of CPC, for dental luting applications, the effects of additives on the
setting behavior and diametral tensile strength (DTS) of polymeric CPC derived from a
high molecular weight polyacrylic acid (PAA) and CPC powder was examined. The pH
of the liquid was also measured.

The PAA powder consisted of 72.6% tetracalcium phosphate and 27.4% dicalcium
phosphate anhydrous on a weight basis. One part of the polyacid was mixed with two
parts of the CPC powder for a powder/liquid ratio of 2 (wt/wt). The cement compo-
nents were mixed at 23°C and 509% relative humidity for 45 sec. The additives used to
control setting were Mg (OH),, iminodiacetic acid (IDAA), methyliminodiacetic acid
(MIDAA), and hydroxyethyliminodiacetic acid (HEIDAA). With the additives the
workability of the cement paste was similar to that of conventional luting cements.
Mean DTS (n=6) in MPa of this PAA-CPC after 24 hours in 37°C H,O was 5.77 (S.D.=
0.47). Cements with small amounts (4-69%) of additives had excellent handling prop-
erties and clinically acceptable setting times (2-8 min). Their mean DTS (n=6) values
were : 4.62 (0.55), Mg(OH),; 6.27 (0.44), IDAA; 5.18 (0.85), MIDAA and 6.41 (0.58)
MPa, HEIDAA, respectively. There were no significant differences (p <0.05) among the
DTS values of the unmodified and modified PAA-CPCs except for the Mg(OH),
cements ; however, the additives did improve the workability and handling properties of
the fast-setting PAA-CPC. The results suggest that these additives to PAA-CPCs can
improve workability and handling, without significant loss of strength.

The pH value of PAA liquid is higher than those of conventional dental luting
cements.
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Calcium phosphate ZEWAKRBEMEEFF OO,
EFHEBRIC B0 A ERME L L TR E T
2%, fE¥kiF £ A XD calcium phosphate X, 50U
HERP Ty 7R R LU TRV LEND-
77, 1985 41 Brown & Chow? i & » THE I N
7KFFE b4 calcium phosphate cement (CPC) 1%, &5
Bhy, EHREEEETHILE, FOLIRERETY
OB 2700, £HE0 OB THEREE
HHICMNET2ZEBTELL0WIFERH Y, KV
#iFC B U BIEAO RS I Y L L, &
D A >~ b OBLIFEE 30 5 E & HERTR <, Bt
b e < SR CHIRREY B - 729,

72T, B OFARCEBMEE R T 572
W, BERY 77V NVEKEEREFANSTEA Y &K
T 2H5EMTh IS, Z DR EEE WIFELEE
YEEOREEEY 727 ) CPC (BT polymeric
CPC) BBohnb I LB olc, LBPLIEEAED
polymeric CPC iz Zh £ TOHEFIH L £ > Mictbx
BEEIEL, BRTR IO SEROSTICHT %
ZERERETH -7,

At A MCHEYIRTEE & BRIEE S S o EERTE
25z 23z encErhid, BEOKREBEERCIGHT S
ZrepulgErEronb, L, CPC OEEMEICE
TAWRIINETIEEAETOR TR,

&El, At x> s ORWEREE BT 5 I6HDORENE
D -0, SBEEMNY %N Z 7235& O polymeric
CPC O LB L HELEDOBE I ODWTHET 28
ENH oD THRET %0

MBI URE

EERMH

4[| v 72 CPC @ $ K B 43 i3 NIST Ck E:
National Institute of Standard and Technology) T
galx iz TTCP (tetracalcium phosphate: Ca,
(PO,),0) & DCPA (dicalcium phosphate : CaHPO,
[-2H,0)) ##hFhEET726%, 274% TR&EL
22b0ThHhs (M), Ihke, Ke@ERT5E, LT
WRTRIBICE>T, EROFy 788 4 FBEHKS
nhs,

1. CPC#k (TTCP 72.6 wt% +DCPA 27.4 wt%)

Ca, (PO,),0+CaHPO,[ « 2H,0]— Ca;(PO,);OH+

W 2 g TORFZES® 5, CPC DL % &
T 2RV 77U NVEE (LT poly (acrylic acid) :
Aldrich Chemical Company, Inc., Milwaukee WI
53233 USA : 4F& 240,000) KiBEHE % iz, TiEE
EROFER, KEWEBEI 25 wt% & LTz,

# 112 & A > MERORIEE BLRE, FES)

#1. HIYIO—&

Acronym Name Mass%
IDAA iminodiacetic acid 4.0 wt%
MIDAA methyliminodiacetic acid 4.0 wt%

HEIDAA |hydroxyethyliminodiacetic acid| 4.0 wt%
Mg(OH), 5.6 wt%
MgO 2.9 wt%

magnesium hydroxide

magnesium oxide

% 2. Iminodiacetic acid REINF OLEH#EE

IDAA HOOC—CH2—1\|I-CH2—COOH
H
MIDAA HOOC—CHZ—I\‘I—CHZ—COOH
CH;
HEIDAA

HOOC—CHZ-ITI—CHZ*COOH
CH,-CH,-OH
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£3. EERIEE
Name Composition P/L
Powder Liquid
CPC Cement TTCP/DCPA H.O 4.00
PAA-CPC Cement TTCP/DCPA PAA 2.00
Commercial Dental Luting Cements
Acronym Name Batch # P/L
EL Elite Cement 100 240251 1.45
KE Ketac-Cem 50419 3.80
F1 Fuji-1 130141 1.80
AR Airex-C 207203 1.80

WEDD, KV 77V NVEBAKBEANDOGINK %,
BEr iR T, B, £ IDAA, MIDAA,
HEIDAA iI2DW T DIb¥ & %2 & 2 1IR3,
LI CHBERHBE LBz AY P ERT, 1 &
CPCHFEKRDAZFWT P/L=4 THMLz b D,
2. 13 PAA-CPC 1% #& % 0 @ 25 wt%poly (acrylic
acid) KBED H V- b D, 3. ZREHK THO
SENTWAEERAY) VBEKE AV I BLIUVITIAT
A /)= XY NThHD,

EBRAE

1. SRR FHE & R EUE

Polymeric CPC ®EHILLTD L 512 U THEIEL
72o CPCH¥yK LRy %= & A 72 25 wt%poly (acrylic
acid) KEWK ZP/L=2 %3 k> cHEL, BE
23°C, HXHEE 509 OEBRBIZBWT, 77 AF v 7

Diametral Tensile Strength

WETTAF Y7 ANF 2T %2 BT 45 HREBEMAL
Tz BRIV ORIENE EBE XTI L 28R X -
THHM U 7z BRI EZEABR AR (BE 6 mm, E&
Smm) #EWET 2720, AT VAR 2IEE
THEA LTz, BABRKZ 2DF 7 AW THRA, 37°C
HE 100% ORET 2 BHERFL, & X L&A
a2 2T v ARp 54U 37°C OZEE AT T 22 K
REL72,

2. HHEE (DTS) #IE

HANBAtEE: 24 P CHEREER (B2) 21T7-o72, &
E#1%, INSTRON 5500R Testing Machine (Load cell
Max. 5 kN, sampling rate 10 points/sec.) %>, F
MERE 1T 10 mm/min. & L, B ORI k> CTHERE
E (DTS) 2B U7z, BTV ThOSRGD 61F
E L7,

HHEEEOREHI DV T b, FERORHTHAREESE

DTSMPa)=

d:6mm
t:3mm

7 dt

cross head speed: 10mm/min.
2. EHFBROEAX L DTS 0BH G
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1Tvy, DTS %HIE L7z,

3. WO pH HIE

HERBEEFER 2 XY N OB &, 25 wt%poly
(acrylic acid) K&K D pH %, HEfkpH X —% (#Fr
G, pH BOY-P2#)) ZFWTHEL 72,

& xR
1. #FFRBROTFEE DTS

AW LREORMHB L VEHFABROFREE, K3
K& A POEHBE (DTS) 25 L %,

Iminodiacetic acid % ¥ 0% (IDAA, MIDAA,
HEIDAA) %2hNz 72356, SAOMOBRIESEE, ko
SFEHE A N EELYUL TWwiz, £72, Mg(OH),,
MgO D b D3, FAKIZA L — X Th > 73, B
LRI RE» o 72, BB, EHO Setting Prop-
erties I 1%, AT OB LEE O EEHM LM 2R L
ok 72, HIROEGEHE AL A >+ OBLERIE A —H —
FERERLI,

DTS &, #mHF % h0z 7 v 25 wt%poly (acrylic
acid) Tix 5.77 MPa &, K% H T P/L=4 THAL
72 CPC @ DTS (9.04 MPa) D#]60% DIETH -7z,

4. KR (DTSHE, WRAMERRNE, BELRRR)

Acronym mean DTS (S.D.) MPa Setting Properties (setting time)
CPC 9.04 (1.87) slow (>30 min.)
EL 8.94 (1.33) (7.0 min.)
KE 10.71 (1.84) (7.0 min.) *
F1 10.36 (1.73) (5.5 min.) *
AR 8.89 (1.18) (7.0 min.) *
PAA 5.77 (0.47) quick (<1.0 min.)

IDAA 6.27 (0.44) moderate (<5.0 min.)

MIDAA 5.18 (0.85) moderate (<2.0 min.)

HEIDAA 6.41 (0.58) moderate (<3.0 min.)

Mg (OH), 4.62 (0.55) moderate (<2.0 min.)
MgO 3.57 (0.34) moderate (<2.0 min.)

* . manufacture indicated

WP mean DTS values

1A

12+

10+

CPC ZPC KE

F1

MIDAA  Mg(OH),

IDAA HEIDAA
DTS &

MgO
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#£5. DTS {EOSEGTER
Acronym CPC | EL | KE | F1 | AR | PAA IDAA | MIDAA |HEIDAA | Mg(OH), | MgO

CPC — n * * n * % * % * % * k * %k * %

EL — * * n * % * % * % % % * % * %

KE — n * % * % * % * % * k * %k * %

F1 — * * % * %k * % * % * % * %

AR — * % * % * % * % % %k * %k
PAA — n n n * %
IDAA — n * %k

MIDAA — n n *
HEIDAA — * %k * %
Mg (OH)2 — n
MgO _
n: not significant
* : p<0.05 significant
* % : p<0.01 significant
#6. [BEEEKSDpH HE ~0.6) LD bEWEETRL,
name/Acronym pH
Poly (acrylic acid) 2.2 % =
EL <0.05 1. H{%o):ﬁb%
KE 0.6 » R i
Fl 0.6 SH, HEHERIZBWT, £ X2 MIFEIIREH], 5B
AR 0.2 HBHBYOSEMZ L L TERAShTYS, BcEE

Iminodiacetic acid ZEZ &ML 723%54&, DTS i 5.18
~6.41 MPa &, fEHIMO PAA L RIBEOME%/RL
720 —H, Mg(OH),, MgO &himxZ £ 4.62, 3.57
MPa & RRBEWETH - 72,

BB, ERBEOEEHE A O DTS (%4, M3)
&, 9~10 MPa TH > 7z,

%513, DTS OFERIZ OV TOESHIT & 5535
WRTHD, ZOFERMLSYH, 25 wt%poly (acrylic
acid) KBW =AW THML 285G, KTHEAOL 72
CPC ®MKBDEFEH L X > Mickk~x, DTS BWEE
WINE S IzoTz l bbb oz,

2. BRSO pH AIE

# 6 B D pH DHIERR R T, SEMA
7z 25 wt%poly (acrylic acid) KiBEHK D pH 138 2.2 T
by, EROBGEALAV I THZ ) VEHEHE X
FNDWRTHBY B (pH<0.05) T T AT A A/
Y= X NDETHERY T VINE (pH=02

AL THVwRHEEIIE, BEMBEYETCEx2200R
WEARS, DN TEREX ¥ 270, BB IR E L, B
HAMIOPEN T OB {, BEENEOL R EOHE
72U TR, GERICHEMBEYIOEFEE L3057k <
BB ICEET 50, BELBEEHO LN
gERaNB, Bick x>y s OBER, %0O®EE, %
RS2 & EEENEL, BRNCOEELERTD
5.8, TOREIZLA > FOKERHENYT X, &K
EERYE, WSOPORFEFARKRHTHY, *
D AL RE IR0,

KRFE T, TR TRMEDOBEATERATE
WEMERY 2B L EEMNELT, IhET, &
At x> 33, BiEE, BE, GERCET2
BEERY, HRBOBEL*RITDOLLT, MKED
FL L HEE X OBBRE EC oW THEL2IT-oTE
oo FORR, HEBK T CECHOVONL TR, Y
BENE AL N, TIRTALT /~v—k AV NEBIT,
ADAR JISBUI2HERELXTHTICHEEL T3 Z
EhSb o f o,

Lrl, CRNETOEBEREAY ML, OB
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ELTY VBRRY 77 UNVEEAVTHw S, B
ME#CBT2pHIZ, YV BHEHL A NTR
pH=005FE, YSA7A4 4/ ~—k A>T
pH=0.2~06 L& TEL, ZORREHHEETR L
L75E, SHORRERERLZEbH o, T0D
FOREE»S, AERL L TEEREOS W, W
DIFERCRPE LWEERE X Y OHBBR N T
Wiz,

CPCiFYvBAINVY Y A RABEETHEMLET
Bon 3BT, ZORSVEFERBEEELLT
Wwa7ed, EEEMMICEALZ A P ELTER
NTWwa, LHLINET, ZOkAVMEFERERS
BHEBOREME & L COMELFEITbI, FFoHE
BT sMESTEICEENTER, 2, boh LU
DB INLETHE SN TR0, [RWEHICS
J3ERIIEETH >,

Brown & Chow #1985 o FE L 72 CPC iZ, &
B G7C) rtBELLBETHIAE, DL LERE
THHEEL, U» B TRITHhILEBER RS
Ezohnbk EOBERH D, TN E CIRETEM, A
BREEL LA e ¥ OIGAMRE s hTwiz, La L,
— A BRER IC BT 5, REHMPEEMELTD
BEZIhETIREAER SIS T2,

SEDOWFEIF, ZCPCOEERE L TOHRER %
Bri-0, F0BEEL2A LSRRI OOHMA L,
NEMZ 72 & & OBAREB & U {LEBROEEIZ DN T
HEL T,

2. Polymeric CPC IZDWT

1) ®whi#ico»T

TTCP+DCPA ¥yRK &2 /KD & THM L 7235E, #A
MIE o0&, Ly LRI 30 2 L2 LEEL
720 D1, Miyazaki 55 BZEERV 77 VLR
Whns 3 2 & T, CPC OB LRICH»EMET 2 C & 2k
L, L LEAMEDOFRERDOEM T, 25wt
poly (acrylic acid) 7K&EE%2HVTHML 72354, &
(LR IE 2 DR S E <, U SR OREE 13 g
HELIRERAE L THERTE 2HEEELH 2 L D0,
EERICRELBEI RV EHB L, £ 2T, poly
(acrylic acid) & CPC $3K & O 28Uz Kt %= #IH 3
HE T, RtN&I# & L ¢ Iminodiacetic acid % 3 &,
B XU Mg(OH),, MgO 28R L:, Thix, H+E
I B L BRISHEFNC DWW T, FREOERE DR
FE LRI D W THRNER, 20 5 o KIGHH

%1 Iminodiacetic acid % 3 & ¥ Mg(OH),, MgO
TRZORIGERCIZECDH 2 OO, AN
SEEBERLLTHAVA LT 2252520
Sz, BB 25 wt%poly (acrylic acid) KIEHD
pH X 22 ThHO, RODEERL A > s DWESTITH
NTELERCRT 2H5ERIDBEVEEZOND,

3. BAMORELRFR] & RRNRFE
SEOBEIEC BT, BERFRICEL T, &
BHEIHKST203, SHEBEEX Y MZOWT, EROH
EHETH S EH—%HoERHOEIES, [E
ERERE S & B WL 7 SRR O RREFR R L O BIE %
T, ZTNEFThho TWAHERBMEERE AV D
EEREME Y L EENICHKL, AEREX M E
LTHVS O CLBELRTRHEBECT 2 LERH
%,

4. BLFOEZEEE (DTS) IZRALT

B4R UIz& Dz, P/L=4 TAEEML CPC D
DTS iZ#¥19 MPa &, ERDEEZER ¥ A > b D DTS
(#7310 MPa) witiid 28E AR L7z, 2D LI,
CPCHAZREERE L THWA I+ LEESHE
LTWwasZEeERLTWAS,

25 wt%poly (acrylic acid) KB ® * H v 7z,
polymeric-CPC B {b4&k D 58 & 1347 6 MPa & JZiEZ D
CPC ©#7160% DB IR T L7z, ZOKRKEE LT, B
{tEDO= Y Z7ZABRIV 7 7V NVEBRER TH S Z
LR, W bEFOE FuFe 788 4 b &g 0%
TrEEZON, SHBINSDOAZEL TIE, X&RE
otz ExRWRFHLZRAESLETDH 2,

Bekb s iclEs, KMRLETT2ICHIZD, ¥
¥ ZHgE 727272, American Dental Association
Health Foundation, Paffenbarger Research Center
@ Dr. Laurence C. Chow, Dr. Shozo Takagi, %o Uf
1Z National Institute of Standard and Technology
(NIST) @ Dr. Joe M. Antonucci W< BH w7z L E
S

7B, KO, Rk 7 FEECERE TS
8 (7-Ht-81) & L TiTbh, % 30 BEIKERFES
(1996 £ 12 B) B L ' TADR (1997 4£ 3 H, Orlando)
WTHERLIIEE2MET %,



1)

2)

60 %K HE 2

ARBES : CPC (calcium phosphate cement) 13, E£HEEICBWTEEL-RET CHCSHEILT 2
ERBEECENZE A N Th S, 2D, BEEABRAEM, REFTEM, MRBEEN LA, 5
BEML EAOIGRASMBRE SN TWS, §H, CPC 2 EEEYMOSER L UTISHT % WREt 2 5
%1-8%, CPCIcE&RBRMF 2N, MEOEEHAE A+ LRAKOBEEL2B LN DDIZOVT, F
ZUegpE R flIE Uz,

iz CPC ¥ ix, TTCP 72.6 wt%, DCPA 27.4 wt% DEESY, HHNWEIISFE 24 TTORY 727
VOVEE 25 wt9 KB (BLIEER], LATF 25 wt%poly (acrylic acid)) Z w7z, @i L L T IDAA,
MIDAA, HEIDAA, Mg (OH),, MgO (\Wih bEIEF) %AV, Bth2:1 & L35S, ko
EBEHE A MEB U B L R 252 Z L 3T E 2, TEGEEREE, EX6mm, F& 3
mm O MHERFEE A, EFEEE 10 mm/min. TfT o 7o, BIE I RE % 37°C B KT 24 FFERER
Tolze B, KOBERWTEHML 723 0O (P/L=4), B{LIISIFMERIND 25 wt%poly (acrylic acid)
BIUHROSER Y AV P b E LTHIE L, 72, FRERDOWKSD pH dHEIEL 12,

ERHER DGR, 25 wt%poly (acrylic acid) % Fw THEFI L 7o 58D 2R X, w0 EEI
BboTwihy 5~6MPa Thh, HIROGER IS IAT A4 /v — x> b (#10 MPa) X D/h&
BETH>T, —H, CPC ZMATHML: D (P/L=4) 3 9MPa TH D, CPC BEDMEE I
KOEERL AT NCEHT 28EEREOZ E8bh o,

72, 25 wt%poly (acrylic acid) @ pH i3, BHAE—RIEAIN T IHEERA L A ¥ MR, K
XRETH-o 1,

&%, KA NE2EERELTCHRET -0, BERZETIEY, Lod L hERLEREEE

5225, BYILEMAICOWTRE ZMZ, ERLSBEPLETH S,

x  w e .
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