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Summary

This studies examine release-of Ca and P from S-TCP, bovine bone and hydrox-
yapatite for malic acid and malonic acid which used dissolving chitosan. The other
examine release from hardened specimen of bone filling materiales and analyzed X-ray
diffraction pattern about residues. The main results obtained are as follows.

1. B-TCP was decomposed by malonic acid.

2. BB and HAP not decomposed by organic acid.

3. Mixture of 8-TCP with malic acid showed the maximum amount of release for
calcium and phosphate.

4. Mixture of BB with malic acid showed the minimum amount of release for calcium and
phosphate.

5. Calcium and zinc appears to be selectively released from the hardened specimen.

6. Each apatite of bone filling materials were not decomposed.
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Bovine Bone

Boiled and removed the soft tissue.

Compact bone was heated at 1000°C for 6 hours in furnace.

Hydroxyapatite was remained (36%).

Block of hydroxyapatite was ground into particles under 45xm.

Figure 1: Preparation of ashed bovine bone powder

Table 1 : Powder compositions of tested samples
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Table 2: Analysis of variance for pH values

Source SS DF MS F b
A  Apatite 54.469 3 18.156 253.00 <0.01
B : Period 0.122 1 0.122 1.70 —
AXB 3.765 3 1.255 17.49 <0.01
e 1.148 16 0.072 — —
Total 59.504 23
A "Kinds of apatite-bovine bone, A-tricalcium phosphate and
hydroxyapatite

B ! Measurement time-5 minutes and after 7 days.
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Figure 2: pH values of various powders mixed with physiologic saline.
PS: physologic saline, ST : g-tricalcium phosphate,
BB : bovine bone, HA : hydroxyapatite

Table 3: Analysis of variance for pH values

Source SS DF MS F b
A  Acid 0.203 1 0.203 54.35 <0.01
B : Apatite 25.748 3 8.583 2300.19 <0.01
C ! Period 0.090 1 0.090 24.16 <0.01
AXB 0.278 3 0.093 24.81 <0.01
AXC 0.001 1 0.001 0.27 —
BXxC 0.407 3 0.136 36.34 <0.01
AXBXC 0.009 3 0.003 0.81
e 0.119 32 0.004 — —
Total 26.855 47

A  Kinds of organic acid-Malic acid and Malonic acid

B ! Kinds of apatite-bovine bone, G-tricalcium phosphate and
hydroxyapatite

C ! Measurement time-5 minutes and after 7 days.
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Figure 3 : pH values of various powders mixed with malic acid solution and malonic acid solution
BT : pg-tricalcium phosphate,

PS : physologic saline,
HA : hydroxyapatite
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Table 4 : Analysis of variance for pH values

BB : bovine bone,

Source SS DF MS F 4
A  Apatite 0.515 2 0.258 70.62 | <0.01
B : Period 8.265 2 4,132 1133.04 | <0.01
C : Acid 2.784 1 2.784 763.19 | <0.01

AXB 0.350 4 0.087 23.96 | <0.01

AXC 0.090 2 0.045 12.36 <0.01

BXC 1.006 2 0.503 137.94 <0.01
AXBXC 0.083 4 0.021 5.71 | <0.01

e 0.131 36 0.004 — —

Total 13.224 53

A ! Kinds of apatite-bovine bone,

hydroxyapatite
B : Measurement time-5 minutes, after 1 day and after 7 days.
C : Kinds of organic acid-Malic acid and Malonic acid
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Figure 4 : Relationship between the measured pH value of hardened samples and the time elapsed
HA : hydroxyapatite

8-T

minutes later
day later
days later

B'B
Malic

BT : B-tricalcium phosphate,

BB : bovine bone,

BB
Malonic

B-tricalcium phosphate and

305



306 b AAEHECET AT 2010 F Y VEBRETLIABRRICHTIEET 21 ORE

RiLrnE, VITBTERLLF IV I A Y
iz pH ER 1 BB TRC6 P ETho 1.
ERKEHAZYBEVWIEESE0 7 Ao pHETT
6.19THot. —FH, <e VBB TEMBLIF by
vy rkBEWipHEOR AR 7 A D5.97C
Bt

2. XEREdT

F5i, VvaBE~rw VBOL 4 OKERF
w7 HREIBE L% 8T, BB & HA o XEEHT#E
Behs. AT, Bl - CELBTEDOIATE
D, e = v vERhCi Brushite & LCRIE& h
o, TOXBEFREREZES & 6 Rt K5 i,
EBA/EAKPE 7T BEREL BT THY, K6
13, ~w vBREETre 8T 27 BEBB L X
BTk ECH 5. BB & HA B L Cit, L3R
bdDbohifshoic.
FIHVIALRIL IR TERROER LT
Vv, BL LB e B AR AR 7 HEBE
%, WEoXBEFRET 7. TOFBREES
R, CoFRRLBE, T, BB, HA L%
E@Bobhich oo,

3. BHEOHE

F£7, 813, VVIBBKE~r vEBBREHT
D Ca L POBRHELZIE LIEX5HIH LI

BRThDH, ZORLLBE, BOEE 7%
1 +2LTC, ThooRFEERC 1 %ofmRET

FEENZD bR, ZOEEMERE I RS
Ca b PHRLLELBH LD, T %Y v =
OB BE LT, 5590 ppm ThH v, POBHE
13, 6327 ppm Tho7-. Fi, CaoB/IBHE
i, BBV VT BBERCBEL BE D417
ppmTH b, P b R SM C1204 ppmTH - Fo.
—J, BELbOBRBEYAEL, TolliE
6% H8SH L IERYELIE 1lrd. XL
Ca DBEHEBIOWTRT. Z0ERIK L 5 LB
B, 7240, ZLTCIhbLOZEIEA
B 1 BOBBRECERERR L., ¥, EILX
In DBRHEZSWTOGHMSTRRELRT. o0
Kl s rBOBEE 7214 0BELLT,
ChbOFZTHERAN 1 BOBMECERLERL
2. ThHOWUEEEFI2RT. Ca DBEHEM
BhELADOLNI-ON, BBRREH, Vv
BRCHIBL1=F b9V VA & BB R {LED
LA TE55 ppm TH oz —F, PEoWTi,

BBHERZH, ~e VvBCTHEMBLLF v Y
N R CICHELEDBAETI ppm THoTz. P
3, oLt TRBERARD bR ol Zn D
BARBHER, HABKREZH, Vv B CBML
od b v YA BRI B kD B D230 ppm
ThHb, /NG, BBEREAV, Vv B CHE
Lick by v VAR L BRS04l
ppm TH - fz.

4. TAZA PR ORI

X6 %, BT #°K, BB ¥k & HA HRoXmR
BErElE LRy RT. oMt 5L, T H
ik, PELRERYEL, BBWROFERIEL, Z1
WERPBE IR TV, —F, HAMKRORER
13, BOWAD LS gtRiEMPEE I he.

% %=

BB AN, SEPICEA UK, B
SHRBEHTH i b, AEFERAERETZ &
RhoTikiEbisw. el A, BEERSVELT
HLiCoT, BUREEFICETEE, HA
Lichik & B & RRHICERT 5 - L 2 BANC
H5H. TOHVoEOBRYENELT, F b
VY ERENE LeEHEM O R YT T
Jo. B CHM L7 BT, BB, HA &% + v v
BRBETHDORMERTHY VI~ VvBEED
e Ca, POBHET S CEHMIKERAL Tk
QZENEHETHBEE2BN S, T, BB, HA
EF Y VERBRTLY) VIR r VERE
DRI D WTERE TR, TRy v
Br~r VBOBRKCRETSHZ L TEEED
T, fric~ e VRIS © 8T 1, Brushite
TELL T, UL, o755 1 FizDous
T, BeR@Ebbhish otz T, Av37
224+ OEBREKFCO pH fEio-THlE
L7-# %R BB 2% k¢ pH 10.9, B/MEi: HA ©
6.9CTHoT. Vv IBE = rn VEBBO K < DT
724 BE L pH HOBRKAMHEE, Vv
TROBRPICEBE LT D7 AE&BL -
4.1TCHote. —F, o pH{EiX, BBhk<w
VBOBKRP T HMBE L5 5#ED02.9T
B» 7z, BT 3, Brushite @Z{bL U= %¥ o pH
b, BT ETHoTe.

VVIBTEBELIF Yy yAE, FRLE:
MR &AL 2B bEo pH fHi3, <= vERT



AN

21(3) 1995

307

Table 5 : X-ray diffraction analysis of residue at 7 days.

Malic acid Malonic acid Physologic Saline
Cas (PO,
B-Tri Calcium C/H;0, « H,PO, Ca; (PO,
phosphate CasHuiOs CatPO,  2H0 | ) (p0,), (O
C12H1804
Bovine Bone Ca;(PO.);(OH) Cas(PO,);(OH) Ca;(PO,;(OH)
Hydroxyapatite | Cas;(PO,);(OH) Cas(PO,); (01D Cas(PO,),(OH)
2.0
2
g 15
o
.E 1.0
= 0.5
0 10 20 30 40 S50 60 70
20 deg

Figure 5: X-ray diffraction pattern of g-tricalcium phosphate in physiologic saline
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Figure 6 : X-ray diffraction pattern of g-tricalcium phosphate in malonic acid solution

Table 6 : X-ray diffraction analysis of residue at 7 days

Chitosan-Malic acid Chitosan-Malonic acid

B-Tri Calcium

phosphate Cas(PO,), Cas(PO,),

CaO, ZnO

Bovine B

C;J(\;l’ngnoone Cas (PO, (OH) Ca;(PO,);(OH)

Hyd tit

C;’Of"z’;‘gpa e Cas(PO,)s (OH) Cas(PO);(OH)

Table 7: Analysis of variance of calcium volume

Source SS DF MS F p
A Acid 58824 .500 1 58824.500 12.51 <0.01
B : Apatite 21079200.000 2 10539600, 000 2240.66 <0.01

AXB 7693950.000 2 3846930.000 817.85 <0.01

e 56445.500 12 4703.790 — —
Total 28888400.000 17

A : Kinds of organic acid-Malic acid and Malonic acid
B : Kinds of apatite-bovine bone, g-tricalcium phosphate and hydroxyapatite



Table 8 : Analysis of variance of phosphate volume
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Source SS DF MS F P
A : Acid 4386720.000 1 4386720.000 | 814.34 | <0.01
B : Apatite | 25087900.000 12544000.000 | 2328.64 | <0.01
AXB 22073000.000 | 2 | 11036500.000 | 2048.79 | <0.01
e 64642.000 | 12 5386.830 - -
Total 51612300.000 | 17

. Kinds of organic acid-Malic acid and Malonic acid
: Kinds of apatite-bovine bone, S-tricalcium phosphate and hydroxyapatite

Table 9 : Quantity of calcium and phosphate released from each apatites

Malic acid Malonic acid
Ca P Ca P
B-Tri Caletum | po00 77 5 | 6327458.7 | 3668100.4 | 2208+117.4
phosphate
Bovine Bone 1417+32.4 1204777 2544+42.3 1829+76.4
Hydroxyapatite 3173+73.9 1854453.7 3625+62.0 2386+-18.7
(ppm)
Table 10 : Analysis of variance of calcium volume
Source SS DF MS F 4
A T Acid 3872.000 1 3872.000 10.55 <0.01
B : Apatite 43204.000 2 21602.000 58.86 <0.01
AXB 13504.000 2 6752.000 18.40 <0.01
e 4404.000 12 367.000 — —
Total 64984.000 17

A : Kinds of organic acid-Malic acid and Malonic acid
B : Kinds of apatite-bovine bone, g-tricalcium phosphate and hydrox-

yapatite

Table 11 : Analysis of variance of zinc volume

Source SS DF MS F 4
A Acid 11400.500 1 11400.500 130.54 <0.01
B : Apatite 57369.000 2 28684 .500 328.45 <0.01
AXB 12961.000 2 6480.500 74.20 <0.01
e 1048.000 12 87.333 — —
Total 82778.500 17

A ' Kinds of organic acid-Malic acid and Malonic acid
B : Kinds of apatite-bovine bone, g-tricalcium phosphate and hydrox-

yapatite
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Table 12 : Quantity of calcium and zinc released from each hardened samples
Chitosan-Malic acid Chitosan-Malonic acid
Ca P Zn Ca P Zn
B-Tri Calcium
phosphate 540+8.2 — 202+6.9 604+22.7 — 122+10.8
Ca0O, ZnO
Hiriia Bane 655:29.1 — 41+2.7 | 607+15.4 9+1.0 66+3.6
Ca0, ZnO - - - - -
Hydsoxyapalite: | e 15,0 — 230+17.3 | 547+14.4 — 134+6.2
CaO, ZnO - 0 - o
(ppm)

10pum

a:pT
b: BB
c: HA

Figure 7 : Morphology of B-tricalcium phosphate (left), bovine bone (middle),

and hydroxyapatite (right).
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