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CALCIUM PHOSPHATE BONE CEMENT, PRECURSOR THEREOF AND FABRICATION METHOD
THEREOF

CWEE

A B AR — 48 4555 B% B8 48 F 7K JR.(calcium phosphate bone cement,CPC) ~ K ATEedy & R & 7k -
I OIEAT B (QF — RSB BN —BEER Y P REESSEBE 2 Ca/P BT b 7
1.33 5 (b))l N — R BL45{L A BRI SR F A ik — RIE MR R 5 () R ERFF BT R &
RE B K455 R B 2 % @k B — 2k & ¢ (nanocrystalline) 5 (d)3#§ 5 BR () Z AR BRI 2% - /53]
—RBEE SR BRZAASHBEBDH R AR(F R BT SR BB ARSSEEEBH R — %45
BB b KA -

The invention provides a calcium phosphate bone cement, a precursor and a fabrication method thereof.
The fabrication method comprises: (a) dissolving a calcium phosphate with a low Ca/P atomic ratio in an
acid solution, wherein the Ca/P atomic ratio is less than 1.33; (b) adding a calcium phosphate compound
into the acid solution to obtain a reaction solution; (¢) allowing the reaction solution to stand to grow
nanocrystallizes on surfaces of the calcium phosphate with low Ca/P atomic ratio; (d) filtering and drying
the solution of step (c) to obtain a calcium phosphate powder with low Ca/P atomic ratio having
nanocrystallize on the surface; and (e) mixing the powder of step (d) and a calcium phosphate powder with
a high Ca/P atomic ratio.
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Calcium phosphate bone cement, precursor thereof and .

fabrication method thereof

> PXEABE

AN AR — 58 EL B 48 B KR (calcium phosphate
bone cement, CPC)~ HAT M R EHZE - B EHEUTH
Bo(a) B-REHKBBEEN—BEERTY 0 H ¥ KRS
BB Ca/P B F3 % 1.33;(b) mmA—#ES5LEY
HEMEBERTULR-—REWER (¢) BREM B RS
BT RSGRE  HEASHBBEZEZOEHE—FTHKEH

(nanocrystalline) ; (d) B ¥ B(c)Z A RBIRERE > 158 —

FEEBEE LS BRIBRSHBEELR R UA(e) B EB@KE
BRI IBAREGHBEERRE—SEBEBEBE R RAS -

= BRXEAB/E

The invention provides a calcium phosphate bone cement, a
precursor and a fabrication method thereof. The fabrication method
comprises: (a) dissolving a calcium phosphate with a low Ca/P atomic
ratio in an acid solution, wherein the Ca/P atomic ratio is less than
1.33; (b) adding a calcium phosphate compound into the acid solution

to obtain a reaction solution; (c) allowing the reaction solution to
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stand to grow nanocrystallizes on surfaces of the calcium phosphate
with low Ca/P atomic ratio; (d) filtering and drying the solution of
step (c) to obtain a calcium phosphate powder with low Ca/P atomic
ratio having nanocrystallize on the surface; and (e) mixing the powder

of step (d) and a calcium phosphate powder with a high Ca/P atomic

ratio.
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HARE
[ 58 R B 2 H AT AR 3k )
ABRPALEHMAETAR  BEHNRAAMH—EHEE
B $5 5 sk & (calcium phosphate bone cement, CPC) -

CHIE TP |

45 z% & B #8 F K R (calcium phosphate bone cement,
CPC)E N B A B 44 4 48 %5 M (biocompatibility) £ F 4m
Bt 3] & M (osteo conductivity) * FFIA B AT K & & A 7 F 7%
3 % #1 #} (bone filling material) e

# 1983 £ » CPC & ¥ & Brown #2 Chow R & & - &
F& B A w9 45 &% B BB (tetracalcium phosphate, TTCP)#L = 45

% & 8 (dicalcium phosphate anhydrous, DCPA)&y 4 R » #

HEBEBEBRERTTRE L R EAS X% (hydroxyapatite,
HA) o B 4o 54 ¥ % CPC &9 2 #4774 & US 7,204,876 »
US 7,186,294 ~ US 6,960,249 2 US 6,379,453 % -

CPC R AHSWHES  AMERERBGTEBUT
P g8 : (1) 1L 6% B (setting time)i® A @ BE AR B A X IR 5 (2) ®
# 4% 3% 7 (mechanical strength) R 2 5 (3)F % #& A #2 & &
WEEe KA -

b ZHEHKP —HFE R CPC e A LU B A
BAAPERLEGRER -

[#ARE]
A ESBA 3R — #E 45 55 B B8 48 F /K /R (calcium phosphate
bone cement, CPC)z # % » &3 X F H 8 : (a) & — K55

BB —BEEsrRY HPHASHEKE X Ca/P R T2

4
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EL/h 7t 1335 (b) po A — BB 45 b KI5 458 F >
&%%&%%%ﬁ%%z%%%%%%ﬁ%ﬁ*u%ﬁ—
&E%%ﬁ:@)%%&E%%ﬁ%ﬁ@ﬁ%%&%’&
ZBETHEB B X A B E — 2k & 2 (nanocrystalline) ; (d)
HTBOZBRBERKE B2 — KRB ES KDL H 2
SHBENK LA BTADREL ¥ S M 2 A5
BREDRE-—Z55BEBEHDRRLL -
AE YRR R — M5B BHEF KR (calcium
phosphate bone cement, CPC)Z 37 5647 * €42 : — & @& &
@ FALBIBSHUBBHF LT RSEHB2 Ca/P &
FEEADN 133 AR —ZBEBHEHK 0 L3545
BB REFHLR N 133
AR ATRE — S5 8 828 F KR (calcium
phosphate bone cement, CPC) » ¢, 3£ : — K45 7 B BB sy K
HEZBSHHEZ Ca/P BF H b 7 1.33 B3 /%455
BREBDRLABHRE -2 KGR UR— 54588 55
ROETEBEHABE N KRB L S5 BEH LD 4aE s
P MR — BB B E KRR AU SimBEFARA
HEABRS BB E -

BERFHZ Lot BBy~ 422 - Fuo 4% Bk 45 ¥ B8R
Bh > TXHBRLEEETHS - FEFHE X
93 B 4o T

[ 35 K]

AR AR — 4585 B B 58 F KR (calcium phosphate
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bone cement, CPC)z # a3 LT EG()~(e): BRE
7% 8 (a) 0 AF "’f&%@éﬁﬁ?ﬁi@ﬁ‘" BaERTY 0 E TR
%ﬁ’i?ﬁi Ca/P B F # b/ h#® 1.33 » {5 40 $& 7K B BE 545
(dicalcium phosphate anhydrous, DCPA ,CaHPO,) ~ — K= B
& 45 (dicalcium - phosphate dihydrate, DCPD,
CalHPO, 2H,0 ) ~ & 8 — & 45 (monocalcium phosphate,
MCPM, Ca(HPO,), H,0) & 7k & Bt — £.45 (monocalcium
phosphate anhydrate, MCPA, Ca(HPO,),) ~ #i B 41 55
(calcium sodium phosphates, CaNaPO,) 3 4 B 47 45 (calcium
potassium phosphate, CaKPOy,) ° o

Pz E®mAEERTT EEH B (HNO;) ~ B ﬁé’i(HCl) ~ B
& (H;PO,) ~ % 8 (H,COs) » i # — 8 49 (NaH,POy) » 5 —
5 47 (KH,PO,) -~ # B8 = £ 4¢ (NHH,PO,) ~ & B
(CH;COOH) ~ 33 & # (malic acid) - %L 8 (lactic acid) ~ # e
% (citric acid)~ & = B (oxalic acid) ~ A = & (malonic acid) ~
T = & (succinic acid)~ & = B (glutaric acid)~ /B % % (tartaric
acid)s Ltz @4 - A Bt M xR At R sA sk B TR 0 A % pH
G T ZKBERETHEAARRAZIREER # 4 % pH ®
1B NI S e

LRSS EB 2 EEZEE A4 001 ~10g/ml
—Epl T REBBRBEIBRAEREAH 0.125 g/ml °

z 1% w47 5 B (b) ha AL BE 4546 At N B M B R T A
%ﬁf&ﬁ%w&’ﬁ¢mAﬁﬁ%zwA%%a%%ﬁ
{45 B T 9 Bh BE AR BE T A% B E SR E o M L
B 45 1L A 4 635 B BE N\ 55 (octacalcium phosphate, OCP,
Cag(HPO4)2(PO4)s- SH,0) ~ B Bk = 45 (tricalciurri phosphate,

6

(S)
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TCP, Ca3(P04),) ~ 3 & % # 8 45 (amorphous calcium
phosphate, ACP, Ca,(PO,), nH,0) -~ 42 45 84 & A 5 &k =%
(calcium-deficient hydroxyapatite, CDHA,
Ca;o(HPO4)x(PO4)s.x(OH)2x, 0 < X < 1) ~ #& % 2 K &
(hydroxyapatite, HA, Ca;o(PO,)s(OH),) ~ & £ # kK =&
(fluorapatite, FA, Cas(PO,);F) - & 8 w 45 (tetracalcium
phosphate, TTCP, Cas(P0O,),0) ~ & & 47 45 (calcium potassium
phosphate, CaKPO,) ~ #} B 4% 45 (calcium sodium phosphates,
CaNaPO,)s Ll = 48 4 -

i BT RB SR TFARLSGBRETFELETH
B BEFSE58F2ILe Y e A 145 (calcium oxide,
Ca0) ~ & £ 1t 45 (calcium hydroxide, Ca(OH),) &, % & 45
(calcium carbonate, CaCO;) - 2 ¥ 4 a5 B AR 8 F 2 L &4 &,
35 & B B B (phosphorus pentoxide, P,0s)~ & # 4% 45 (calcium
potassium phosphate, CaKPOy) ~ & & 4% (sodium phosphate,
Nas;PO,) -~ # ® & = 4% (sodium phosphate dibasic,
Na,HPO,) - — & 4% (sodium dihydrogen phosphate,
NaH,PO,) -~ # & (phosphorlc acid, H;PO,) ~ &% 8 47 (potassium

phosphate, K3PO,)~ &% # & — 47 (potassium phosphate dibasic,

K,HPO,) ~ # # = & 4% (sodium dihydrogen phosphate,
KH,PO,) ~ #% B é% (ammonium phosphate, (NH,);P0,) - &% &
&, = 4% (ammonium phosphate dibasic, (NH,4),HPO,) 5, & &
= &, 4% (ammonium dihydrogen phosphate, NH4H,PO,) -
BERBITTHC) BRENWERBBEETELRE -
AR BL B 2 & @4k B &k & £ (nanocrystalline) » & &
e RENERTET MRBZEHME ALY 5~60 548 8544
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B4 10~50 48 » B4 A H 20-30 54 - b4 RZIE
a2y EEAY 1~100nm > KEAH 10~1000 nm -

LEALEH R aNRSHBRB(C/PIIINENE
M #8 A& (acid-stable)r £ & % 4% FTHEARARSAR T (RR
Mo pH# A 7.4) RHFHFRREEEEBEWEF LR
5 (cytotoxicity) » Bt R BE AR K &8 7T 48 A b R
JE ik E g B T EM ook AR 45 EE B BB O M A T R
(simulate body fluid) ¥ & #2 (dispersive) °

> %A FEW) B BC)ZIBR A FETATIR
BAH R BHREERATRBEY S0~100CHE > BT
A iABHES LSRRI EKSHBENK

BERATHE BERBREZTA & Bz RE5H BB
DA EEHBRBEYRRS 0 REFHAEHEZBBRS T K
R EvuSSHBBH Rz C/P BRFEER DR
1.33(Ca/P=1.33) > 4| 4o B} BE /\ 55 (octacalcium phosphate,
OCP,  Cag(HPO,),(PO)s SH,0) ~ & 8 = 45 (tricalcium
phosphate, TCP, Ca3(POs4)2) ° 3k 8 At &% B% 45 (amorphous
calcium phosphate, ACP, Cay(POy4), - nH,0)~ £ 45 &7 52 & B R
= (calcium-deficient hydroxyapatite, CDHA,
Cajo(HPO)x(PO)sx(OH)ox, 0 < X < 1)~ # & BF K 5
(hydroxyapatite, HA, Ca ;o(PO4)s(OH)) ~ # X # K &
(fluorapatite, FA, Cas(PO,):F) & # B 4% (tetracalcium
phosphate, TTCP, Cay(P04),0)° L i & & B LKk &EBEZIK
FHBEHDARSSBBRBNRIRS E Z Ltk B B 4
1/1~3/1 » #&4& & 1.5/1~2.5/1 -

iz R A5 EEEE B 2 R AE 4 R 200 4 m e B4R A5 B B

ha)

i\

(

A

)
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B B RN G5B EEE 2 IR - —F WP > K455
B EE 2 Wi B4 8 um: M %45 5L BEL %z%ﬁ#“%é@ 3 ume gt
RELIESHZL “%ﬂa‘iﬁﬁﬂl’tb"’z’%% B KR P &9 1845

REL B R B4R By @ tbs 4 A 1 um: 10 pm s @A
BOREBFZEAKRBETRER IO SHTHEIE  ReH
M7 8 4o Fr 3R A 69 bR 5] o

WAEEEGRE  —RASHBBEATIRARS
BPFRI > EAEANEHE 0 BE CHEAREE
(mechanic strength)é) T > B €2 R R EEBE/LDHE R a5
# M (cytotoxicity)3g o s B b B o R F A T 4T — T 8
BMRBEE > BEYASAWBRDEHBRGSHEELE - M AF A
BEBEFARAANUEN L  EFRBREBESE 2 H
ME o BT HIT - BB EES 0 Bk T RIBRFA
FAKRZENE - oo B xahELr ka8 T41K
FHBBNREBETRBEAELANDHZ T B E T - A%
B FRRERF EROHEBBEZ A EL SZHEHE 2 13
1% 8% » H 3 & 3% & (compressive sfrength)ﬂ'ﬁ A H 30 MPa (/&
# ASTM F451-99a = 48 #) -

BAEKREE R LERE - B8R pH 1216 ik M 64
BT Rt TRl d  RAEMKSHEEDE NS48
B O RAHEVHBESCHFARBIHNE —HBE  HloRb
DCPA #2 TTCP B2 & # & ¥ 48 & B & X 8 & % (apatite,

A) - B AEHLRSHEB R DRSS KSR IZE
Hobitth A s tia & RSB BBEFTRKRECPCOZIRLEY
48 (product phase)/,‘% — % 48 (biphasic) s, % 48 (multlphasw)é%
BERB EMAREHE AR SAEFHRMEBERGMMEE -
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PR R zEMEEOEE KSR RS (dicalcium
phosphate anhydrous, DCPA ,CaHPO,) - = K % 8 & é%
(dicalcium phosphate dihydrate, DCPD, CaHPO,4:2H,0 ) ~
# - & 45 (monocalcium phosphate, MCPM,
Ca(HPO4), H,0) &, & K &% 8% — 5,45 (monocalcium phosphate
anhydrate, MCPA, Ca(HPO,),) ° & P& 48 & 6,35 5 B N\ 45
(octacalcium phosphate, OCP, Cag(HPO,)2(PO4)s-5H,0) ~
#: & = 4% (tricalcium phosphate, TCP, Caz(PO4),) ~ I & fE 54
B 45 (amorphous calcium phosphate, ACP,
Cay(PO4)y nH,0) ~ # 65 &) & £ @ & & (calcium-deficient
hydroxyapatite, CDHA, Ca;o(HPO4)x(PO4)6.x(OH)2.x, 0< X<
1)~ #& % =% & % (hydroxyapatite, HA, Ca;o(PO4)s(OH),) ~ #
% % & % (fluorapatite, FA, Cas(PO,);F) & # B8 w 55
(tetracalcium phosphate, TTCP, Caq(P04)20) ° 7 w— F 3 B
¢’$%%zﬂm%z%ﬁﬁ%§§§%ﬁ&%% K

& 5,45 (DCPD)#2 58 % & & & (HA) - — R T KB
Bz FRRZSABEHEBEDEE DS 9*7%7% XK i B & 45
(DCPD) ~ & K & 8 .45 (DCPA)# #& £ 5k K & (HA) -

AR PRBEZEGBEBEFARAEAERREBEDY
ja o B OR{E MR B — sk e R E 4 (B4 58 A B K % (apatite,
HA))F %%&/\%ﬁﬂ%&'&%zﬁﬁnﬁ ’ 4&%122@1 MoAE RE A5 HL BE B
A ABRBIK > Mk EESBBREBRIEARRNK
Wy RER ﬁLTuﬁﬁﬁAmﬁﬁ K RAERMAZ
MR R AT 0 AR B F a ke & E(osteo regeneration) &
# ¥ &y & Y % (biosorption rate) e

AEAG OB RE-—AHBHEFARIAES 0 &

10
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HEABHBEE L AR AEHEBEED AR TSR B H

X AV RGSHBEBRGESHEBEBE 2 R M E LA > A&k
FEEE ATEGITEARRZSH@Q~DEHE L 2 BH
B REBIROESHEBRENR HF 2 RERZIEEALY
1~100 nm » & B & #4 10~1000 nm - $b 2 ¢ & 82 3 B 7 1645
BEBRABL  EAERSHBEERE BLELNEBATHE
RPHRAE Bk ARSI EEE 2 B AR AR o

AERAZFOREL RSB IRESERE R XA LS
SHEB BN R AASEELRM ALY /131 8 4 4
1.5/1~2.5/1 «

b g 7Ta‘:»:4?i— BB E T KR GRS HKB

M AASHEBEBHRZAES Y AESBE L @K
BLAEEH RGZIEVHBERFERRASLHESEBEZ
mABEE > LEBRRLASSEEBEE E MG OB M
RE kM 4B RE o

RH—Fwp Y AERHILFTAERZIERGEHBEED
A8 &4 AR B 5,45 (DCPD & DCPA)f s A 55 & & (HA) - &
BHZFRKREREAEMRRSBEBBEDEMBEET 2R
BB — A48 () 4o 78 BB K % (apatite, HA) R AR 2 & &
M2z P mMETTRBEERLBEAAMESE R AL HH
ZHEBERWEE > URSBRWE > Bih KEHZ F KR
RRAMBERANATHEEREZ THRBLEEZXRTHELMHH

PP K BHXIBHEBBEEKE BF T HEL:

(1) B R BHRELFLFLBRAUARERSHBDE T3
BALRBERES R BB LESSEBEBENERAIER
(simulate body fluid) ¥ B ## (dispersive) ;
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(2) %48 % % 48 454 88 B & 49 48 (biphasic product)#g &
B 4o B — Fa (4] 4o & K 85 K % (apatite, HA) R A RE &
R R

() #AaR S4B BBEE MM TREFEEKR LHEANA
EWE R AEmAZan A URSF AR E
7 (osteo regeneration) & #1 #} 49 & 4k % (biosorption rate) °

[ & 4]

THpll
(1) BHE 58S TTCP

TTCP z # % # X 14 4k B8 1965 % Brown #2 Epstein A7 3%
2% 2 F k0 4% £ 2% 8 45 (dicalcium pyrophosphate, CayP,07)
%o 5% & 45 (calcium carbonate, CaCO3)R &4 BT RE > A R JE
A4 TF -

2CaCO; + Ca,P,0; —— Ca,P,04 + 2CO,

Q) 2 raHEr kR KH#HEE DCPA

W5 % —45ais B(DCPAM RZF AN 40 B HEE B
#(25mM,pH=1.96) B FH Ao nmsSHEBERR > &F
REBPHERE 15 58(ESHRBER) > BHE B EHZ MU
FBFARBLESRBEFLERE  BEBERENEMRL
B D EETFATA BABKK BERBE T HE
S I R A R

(3) FARZHH
R 207 i Lik® 4 migx DCPA &4 4 8 pm) >

12

2N

G2
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bo E 5.54 % TTCP (478 % 4 3 um) » 35 & & # A 100 & #
5 7 #% (polyethylene, PE)#R ¥ * B v A 4 &8 R E &9 A 1L 48
3} BRAR 24 514453 CPC X -

X 2~11
T 2~11 EHR TR 1 25 BT RESR®EL
mD@A%gxﬂﬁoilﬂmﬁamw1§Ez$ﬁo

% 1
E 5645 E & R J& 85 1 | DCPA/TTCP #Hhe &
® (5 48) (5u/30)
£ 5t 2 20 2.07/5.54
5 3 20 3.11/5.54
et 4 20 4.14/5.54
BHA] S 20 5.18/5.54
T4 6 20 6.21/5.54
£ 7 20 2.07/5.54
£ 5] 8 35 3.11/5.54
£ ) 9 35 4.14/5.54
£ x4 10 35 5.18/5.54
2= 3,45 11 35 6.21/5.54

K 12 CPCz i@maHEE

REMWMH 1 2 CPC#47T TEM A @ua4 > &8 TEM B X
BF 2, ¥7 48 B (bright field image) #2 85 4% 2F 48 B (dark field
image)if 4 » P A BHEETAFLAEHRAEE -

By 1 BEFTERS S~ E B (selected area
diffraction, SAD) > & TEM 44 B th » 4745 40 %k @ &) & K
BB A K45 HE LL 89 B K B B £ 45 (DCPA) v — /K Bh BE 5,45
(DCPD) g2 FS 4% 5 bb 64 7@ 2 8k & & (hydroxyapatite, HA)Fo &

VACON Y 13
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£,/645(Ca(OH),) - M X SR MW EE A4 1~100nm > k& E
% # 10~1000 nm- % 2A~2B B &~ § & #] 2-4~7-9 2 CPC
z XRD (4 % ® 3% & Rigaku D-max IIIV x-ray
diffractometer, Tokyo, Japan)

Z2ABFPEFAEHRG 2479 2 CPCABEBEALR
#%& (Hanks’ solutoin) ¥ 42 & 24 /B 4% 2 & #h 48> & 448 €L45
— X &8 £545(DCPD)~ & Kk &k 8t £§.45(DCPA)SL R A BE KR &
(hydroxyapatite, HA) % % 48 45 &% 8% B Z 4 (multiphasic
product)

% 2B BYBETAE®RE 4 2 CPC AEEAITHER
(Hanks’ solutoin) ¥ #4&i#& 32 R 2 # 448 » &8 32 X 1% >
AR a bt B iy - L5 18 E M K B A R
BEARBERABAEEAMENRNUE -

F#h4 13 CPCZHEBE
242 8% 38 > ki ASTMF451-99a 2 . & m;m

) 2~11 i 47 L JE 3% & (compressive strength):B] =X it /% /8 &
A8 A T 8% (Hanks’ solutoin) ¥ 24 BB ¥ B2~ k &a R
R A 20~35 42 CPCr EILEBBRE T AP 30
MPa > 3 st T 40 A B 2 CPCH R SMKSHLz 4 5
bR e CPCx M E -

BAAFPAOLUHRBERETHRGBHE L - AHE LI
AR E ARSI EMAE RGBT EF BT oHE
ERAMBATAZIEAPEEN  TITEEEZIEHEH
o R ABFRAZIRELBEALARITFESFHMNEEAMR
X BHE

14
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25 98119682 S EHFIEREAZEER fEIEHHA - 10247 B 29 H
[(BXEERA]
¥ 1B A - TEMEBLH TEE > ARAALREALH
HBEBEFTARKEADLBBRERKE -
£ 2A2BE A — 429 X A& S E - AR ARNERALS
BEBEET KRG E@: DCPA, ¥V : DCPD, V : HA)-
¥ 3B A—HEBER  BURARABTALSHE DB H
FRRZILERE -

[ &AM RNA]
& o

15
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55 98119682 FE H SR EAMNEEE R EEHHA - 102F 78 29 H
£ e EARE ilb->2

1. — % 45 55 8% B %8 7 K /R (calcium phosphate bone
cement, CPC)z # % » AU F FH

() B—F —HHBBEN —BHEERF EFHE -
4555 B B 2 Ca/P RT3k /b7 1.335

(b) e N — B4 HIRE—SHETZILEY
B L HBRETZIAAAYNEZEREERTAB AR —RE
MR

(c) BBREMAERBEETRLRE EAF —H5
Bt B8 2 % @ik B — & Kk & 82 (nanocrystalline) ;

d) BFBEOzEZRBERL B -—XBDHE R K
LBz E-SHBEBEHRR AR

() Bu A BB EL L LB E S BH R —
FoSHBBELRAS RV E S BN R Ca/P
BFELAR AN 133 B A aHEL R LB E — 545
BENRAUE _SHBEHDRIRSEETLS A Y
1/1~3/1

QW EAKE S | A EISHMBEBHETRKEZ
ok BV E 4558 B R 045 5 82 \ 45 (octacalcium
phosphate, OCP, Cag(HPO4)2(PO4)4-5H,0) ~ BB = 45
(tricalcium phosphate, TCP, Ca3(P04);) ~ JE & & 5} B 45
(amorphous calcium phosphate, ACP, Cay(PO4), nH,0) ~ #=
4% ¢4 5@ & 5 & & (calcium-deficient hydroxyapatite, CDHA,
Cajo(HPO)x(POy)sx(OH)2y, 0 < X< 1) ~ 2 X H K &
(hydroxyapatite, HA, Ca;o(PO4)s(OH)) - #, K B &k B
(fluorapatite, FA, Cas(PO4)sF) 2 # # w 45 (tetracalcium
phosphate, TTCP, Cay(P0,4),0) *

16
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’ 55 98119682 5% FiHE EAEEE IEAR fZIERR - 1257529 H
3P FEHMNREERE | AL XHSEBRBBETKRZ
Wik BV HF —SHEBRE 012 & /K58 & 45 (dicalcium
phosphate anhydrous, DCPA ,CaHPO,) - — /K # B £, 45
(dicalcium phosphate dihydrate, DCPD, CaHPO,:2H,0 ) ~ %k
B — & 45 (monocalcium phosphate, MCPM,
Ca(HPO,), H,0) ~ & kK #; 8 — &, 45 (monocalcium phosphate
anhydrate, MCPA, Ca(HPO4)2) ~ 4 B% 41 45 (calcium sodium
phosphates, CaNaPO,) =% #i &8 4F 45 (calcium potassium
phosphate, CaKPOQOy,) -
O Ll vSEAEEE | AAEISHBREMT AR
Bk Ay uMMER T @45 KHEHNO;) - &8 HCI) -
B (HsPO,) ~ ¢ 8 (H,CO3) ~ B8 — R 49 (NaH,PO,) ~ 8 8% —
& 47 (KH,PO,) ~ # #% =— & 4% (NH,H,PO,) -~ & &
(CH;COOH) ~ 48 % 8 (malic acid) ~ 3L & (lactic acid) ~ = #%
&% (citric acid) ~ & — & (oxalic caid) ~ & — & (malonic acid) ~
T — 8% (succinic acid)~ sk = 8% (glutaric acid)~ /& & B (tartaric
acid)sx, Lz a4 -
® Sk P HEEMEEE | B AL SHBBE T AREZ
Bk > AP P BOI BB S Y R HBRANG
(octacalcium phosphate, OCP, Cag(HPO4),(POy4)4- 5H2O) .

7 B = 45 (tricalcium phosphate, TCP, Ca3(POy),) ~ Ik & & &

Gor

g 45 (amorphous calcium phosphate ACP,
Cay(POy),-nH,0) ~ # 45 &9 #& K 8 &K & (calcium-deficient
hydroxyapatite CDHA, Ca;o(HPO4)x(PO4)s.x(OH),., 0 <X <
1) ~ #L & 8 & & (fluorapatite, FA, Cas(PO,);F) ~ &2 X i K &
(hydraxyapatlte, HA, CalO(PO4)6(OH)2) - EBE B w45
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25 98119682 S HFHEEFFHEEIER EEHHEI: 102567 H29H
(tetracalcium phosphate, TTCP, Cas(POy4),0) - BBk AP 45
(calcium potassium phosphate, CaKPOy) ~ #% B 44 £5(calcium
sodium phosphates, CaNaPO,) & kil 2 48 & °

6w BHEEHMREE | BAAEISHABRBBATKEZ
Wi Ay H$BOD)2AHEETFLebHass A
(calcium oxide, CaO) - # £ 4t 45 (calcium hydroxide,
Ca(OH),) &, % B 4% (calcium carbonate, CaCOj3) °

TP HEANEEE | BAAEISGHBREBRTKEZ
Bk AVRESHOZIALHEBERETFZILEDATE BB
B E (phosphorus pentoxide, P,0s5) ~ #f B 48 (sodium
phosphate, Na;PO,) ~ &} B¢ & — 4% (sodium phosphate dibasic,
Na,HPO,) - # # = &, 4% (sodium dihydrogen phosphate,
NaH,PO,) -~ & # (phosphoric acid, H;PO,) ~ 8 & 47 (potassium
phosphate, K;PO,)~ &% 8 £ — 47 (potassium phosphate dibasic,
K,HPO,) - # # = & 47 (sodium dihydrogen phosphate,
KH,PO,) ~ & & 4% (ammonium phosphate, (NH4);PO,) ~ #% 8
£ — 4% (ammonium phosphate dibasic, (NH4),HPO,) & #; &

)

— £ 4% (ammonium dihydrogen phosphate, NH,H,POy,) -

B HEEAMKEE | AL ISHBRBETRKEZ
B AP ud— S BzE EEE A 001 ~10 g/ml-

OB HEEHEESE | BAAlIFSFHEBEEETKEZ
k> R F BRI E —HHBBE 2L RN 200
pm e

10w EHEEE | BPMEXFSHBEEETKREZ
Bk BV S BQQIUP —SHBEBIRERNZLE =5
BB R g o
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’ % 98119682 Bieh SEELFIREEHETE 4 RN 102478298

N FEANGREE | AMmEISHRBERT KR
ik B %Ak &8 (nanocrystalline)Z R E A4 1 ~ 100
nm o

RiwdFEABEE | AMEISHBEBERTRKRZ
HEk o P @Ak S # (nanocrystalline)Z EE &2 4 10 ~
1000 nm -

BovFEHNEBE 1 BRI SABEHRTAREZ
Wiz BPSSHEOFTLRBERERE ALY 5~60 p4 -

Mo P FEHNEEE 1 BAE2SBBEHT KRS

Q@ 1 HtUSHBBEIARAA SRR S AEG%D

AR -

1500 P A S B R 14 AL S5HBEHRFT KR
ZHE AV ZERR S ESSBREEM MM OIEEN
A8 AR B AR AR -

160 ¥ F EAEEF 15 Bk 2458558 B4 F KR
Z®k o Ry et A e K 845 (dicalcium
phosphate anhydrous, DCPA ,CaHPO,) - = Kk &} & & 45

@ (dicalcium phosphate dihydrate, DCPD, CaHPO,-2H,0 ) - &

B — & 45 (monocalcium  phosphate, MCPM,
Ca(HPOy4), H,0) 3k £ /K 5 8 — & 45 (monocalcium phosphate
anhydrate, MCPA, Ca(HPO,),;) ~#}; & 4545 (calcium sodium
phosphates, CaNaPO,) #% # & 47 45 (calcium potassium
phosphate, CaKPOQy,) -

170 ¥ FEFGEEE 15 AR L 24558 848 F KR
zZ®HAk o HyZektiE e g A\ 45 (octacalcium
phosphate, OCP, Cag(HPO4)2(POy4)4- SH,0) ~ % B2 = 45
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5 98119682 i HAHEFEEZIER EIEHEA 10257 H 29 H
(tricalcium phosphate, TCP, Ca3(PO4),) ~ JF & RE A BR 45
(amorphous calcium phosphate, ACP, Cax(PO4)y-nH20) ~ ER
4% o4 58 A & & % (calcium-deficient hydroxyapatite, CDHA,
Cayo(HPO,)(PO)sx(OH)2y, 0 < X< 1)~ R A H K &
(fluorapatite, FA, Cas(PO4);F) ~ B X B K & (hydroxyapatite,
HA, Ca;o(PO4)s(OH),) 3 & B w 45 (tetracalcium phosphate,
TTCP, Cay(P04),0) - |

18k ¥ HEAHKEEE 14 BAREZISHBBETKE
8 AR L ASHEBRBEYMEHBLRE KGR
45(DCPD) ~ f& K # 8 8 45(DCPA)fL 5 A4 K & (HA) -

19. — #& 45 &% B B %5 § /K /& (calcium phosphate bone
cement, CPC)z AT B& 4 » &.4F

— (2 BRBALLABRZE —SHBEBEHR  ETZF
— S By Rz Ca/P B FE /7 1335 RR

g omHmEhE AVRAE - SHRENKRT
WA DHN 133 RZAGRAEL KGRI E —SHRERE
BDERZUE -_SHEBBERRIRSETLA AL 1/1-3/1-

W 4o b EHHEEE 19 AL 2588 BHE T KR
ZAEEY o R PME 5B B N KO R KR A
(dicalcium phosphate anhydrous, DCPA ,CaHPO,4) ~ =K B B
£, 45 (dicalcium phosphate dihydrate, DCPD,
CaHPO, 2H,0 ) - #; # — & 45 (monocalcium phosphate,
MCPM, Ca(HPO,), H,0) ~ & K & 8k = & 45 (monocalcium
phosphate anhydrate, MCPA,  Ca(HPO,),) - %} 8 $4 4%
(calcium sodium phosphates, CaNaPOQ,) 2, # 8 4F 45 (calcium
potassium phosphate, CaKPO,) -
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’ 25 98119682 5 AR B EHE IE A fZIEEH 1257 429 H
1w PFEABEE 19 AL H55BEBHEFT KR
ZATERRY > ETZF_SHHEBE N K OKE B NS
P (octacalcium phosphate, OCP, Cag(HPO,4),(POy),-5H,0) ~
. %k B2 = 45 (tricalcium phosphate, TCP, Ca3(POy),) ~ JF & #E &
B 45 (amorphous calcium phosphate, ACP,
Cay(PO,4)y-nH,0) ~ #2 45 &4 & K B & & (calcium-deficient
hydroxyapatite, CDHA, Ca;o(HPO4)x(PO4)s.x(OH),.4, 0 < X<
1) ~ # & # & % (fluorapatite, FA, Cas(PO,);F) ~ #& A 5 & &
(hydroxyapatite, HA, Ca;o(PO,4)s(OH),) =% # & w 45
® (tetracalcium phosphate, TTCP, Cays(P0O4),0) -
o9 FRANGEF 19 A 2558 E 5 F KR
ZATEEY > E ¥4k &8 (nanocrystalline)Z B E A4 1 ~
100 nm -
imFFFHNEEE 19 A EIH5HBRBERT AR
Z AT e 0 B P L&k & B (nanocrystalline) = EE A 4 10
~ 1000 nm -
24. — #2 45 %% B2 B 48 F K & (calcium phosphate bone
@ ccment, CPC): a4
~F-BRERBHR AT AL - SHRBBH K2
Ca/P RF /W 133 BUE —FHHmBEh Rz i Gk
BE—®F&8 SR
— R _SEBEBBER R SR _S5BE K2 Ca/P R
FTEMLERANH 133 BP 3 E S5 8BH KRBT =45
BEBEBRRKRUAESHA AL 1/1~3/1 BABR LUK KR — 45
MEBBETRRE RV SOSSBERFTARLAERARS
AR S5 B A e B A - |
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Wk e EAKEE 24 BAEZISHBEBRBE R K
R HEbPutRA St RSEREEAYRERCIERMEAR
kAR R o

26w B EHEEE 25 AAEISHBBEFT K
B0 E b B M e A4 E K B & 45 (dicalcium
phosphate anhydrous, DCPA ,CaHPO,) ~ = K % B =, 45
(dicalcium phosphate dihydrate, DCPD, CaHPO,-2H,0 ) ~
B — & 45 (monocalcium phosphate, MCPM,
Ca(HPO,), H,0) = & 7k 8 8 — £ 45 (monocalcium phosphate
anhydrate, MCPA, Ca(HPO,),) ~#% & 44 45 (calcium sodium
phosphates, CaNaPO,) & # 8 47 45 (calcium potassium
phosphate, CaKPOy) °

Vb HEAERE 25 BAMEXISHHERR T K
B B ik M 48 B8 6, 3% 8 8 A\ 45 (octacalcium phosphate,
OCP, Cag(HPO,),(POy)4-5H,0) h B = 4% (tricalcium
phosphate, TCP, Ca3;(PO4),) - 3k & f& &} &% 45 (amorphous
calcium phosphate, ACP, Cay(PO,), - nH,0)~ #2465 & 5% pogp s
= (calcium-deficient hydroxyapatite, CDHA,
Ca o(HPO.)(POs)sx(OH)2y, 0 < X < 1) ~ f &K 8 K &
(fluorapatite, FA, Cas(PO4)3F) ~ #& & # #5 & & (hydroxyapatite,
HA, Ca;o(PO4)s(OH),) 2 #k & w 45 (tetracalcium phosphate,
TTCP, Cas(P0O4),0) °

wm$?$ﬂa@%24ﬁm¢z%m&mﬁ%m
R HPYZSAEHBBEENABEH LT KB A5
(DCPD) ~ 4 7k & 8 8,45(DCPA)fL #& %Lﬁ = (HA)

0
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HA/DCPA ~——
HA/DCPD

HA/Ca(OH),
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HA ~——
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