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Study on self-hardening bone filling materials with chitosan as a binding agent

Mirsuraru NAKAJIMA

Department of Bio materials, Institute for Dental Science,
Matsumoto Dental University School of Dentistry

Summary

A self-curing type of bone filling material has been developed by mixing chitosan solution
and admixed powder. The chitosan solution was prepared by dissolving 85% de—acetyl chi-
tosan and 99% deacetyl chitosan with organic acids, and the powder was a mixture of hy-
droxyapatite particles, CaO powder, and ZnO powder.

The bone filling materials were compressed to form samples for compression tests. The
Caions, P ions, Zn ions and pH value were measured.

The main findings were as follows ;

1. The compression strength of bone filling materials using 85% de—acetyl chitosan
showed a maximum value of about 13 MPa at 1 day after immersion in physiological
saline solution, followed by a continuous decrease down to 2 MPa. On the other hand,
the bone filling material prepared with 99% de—acetyl chitosan did not show a remark-
able decrease in compressive strength, however, it exhibited a continuous but smaller
decrease by immersion time than the filling material prepored with 85% de—acetyl chi-
tosan, because 85% de—acetyl chitosan gel could be more easily dissolved by 99% de—
acetyl chitosan.

2. The changes in pH value of both 85% and 99% de—acetyl chitosan bone filling materials
showed minimum values at 1 day after immersion, followed by a continuous increase
with time, and the pH value of bone filling material containing 99% de—acetyl chitosan
was higher than that with 85% de-acetyl chitosan material.

3. The dissolved Ca ions from the bone filling material with 85% de-acetyl chitosan
reached its maximum at 28 days and minimum at 56 days after the immersion into
physiological solution. The dissolved Ca ions from the bone filling material containing
99% de-acetyl chitosan exhibited its maximum at 1 day and its minimum at 28 days af-
ter the immersion, but there was no difference between these two types of materials.
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4. The dissolved P ions from bone filling materials containing 85% and 99% de-acetyl chi-

tosan had similar trends of continuous increase with time, and there was no difference

between the two materials.

5. With regard to the dissolved Zn ions, the bone filling material made using 99% de—ace-

tyl chitosan showed smaller values than that made with 85% de-acetyl chitosan, ex-

cept at 56 days after the immersion.
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Table 1 : Chitosan powders used

‘ Deacetylation (%)

Molecular weight (x10°) W

( 85 |
\ 99 |

1.93+0.35
1.08+0.7

Manufacture : YAIZU SUISAN KAGAKU

100 um
| I |

Figure 1 | Hydroxyapatite Powder.




A

NENUIZH G,

1. VIVOLER

i 7 & F VAL EES5% £ 99% D ZFNZFND ¥ +
Y0.1lgZ 7 AINVYE YER0.02g, V) ~ THEO.08
g2 mOEBREE KT CTHARLZEREH
vy, e L.

2. RO
MEROEBIE, RN FrFT 72854 b
0.4g, BRiLA V¥ 7 20.02g, ML $R0.04g
#RELITo 72

3. WEALEFRT oWz

%% MYV EREZIODREBEAL, AR
NIRF VBIREROBIMAE L 2L oM %
ALERR & U7z, IR DR L 3 |7 - 72,

4. JEAEER S Ol

JEAR R S OWEHRE X, ZhZhoFx by
YUV ERK RO L, HMREZ10ml O
Y Y YVICKHE L, Figure 21278 ¥ H F4
mm, & 310mm OFEEZFTLEMITTEAL
THEHELZ. AR IE&EFSEIERL . L
T, F M U8%D I VTHERLZZABA%ZC
85, F bH299%D VI THEE L - REBH % C
99 & FR T 5. E ST A RERRE (SL-5001,
SHBERR) #Hv, 202y FAE—F0.1
mm/min 2 TiTo 7. F72, MEHORER X
WAL L2tk EHAERPICE S MEREL, 1
H, 7H, 28HZ L Co6HEBBZICENENDE
MR S A PE L7,

5. pH Ol
VTR L 7= bk C85& C99% 22
N12g #80ml DAEFEIEKPICREL, BER
»1H, 7H, 280 % LC56H#%® pH % pH il
ey (HM50S, HHEEWR) T THEEME3 MO

Figure 2 . Mold and Test Piece.

29(2) 2003 159

WTHIEZRAT - 72,
6. EHITREDHIE
pH DBEH T > 7B DEW%0.45um D ¥ V)
VI T74NvE— (IWAKD #HWCHERL, #
NENOPERIZOWVWT1IH, THZLT6HEZED
Caf*y, PAF tInAFryoiaiess
FIRFERE T 7 A ARSI EE (HP 4500,
B 7F )4 T74 ANV AT LX) [ZTEEMN3
Iz THIEZ T - 72,
7. WEALROFE B L OB IR O Bl
HESDpH ZHWET 5 DIZH W 72k C
85& COIDTEALE A DR B & RIE6H %D
ZNZNOWALRO I & LM ARERIE ORI EH O
BIZITo 72, B3 EAEONHE LA BRI
SWTX#IAL 707+ 54 F— (JCXAT33
AARET) ZHVTiTorz.
8. s
ZEBOWEMEE — B E S BRI EH
W, 9% DEERFIC BV THRGET L 7.

& g

1. Figure 3 1Z/R7 & 912 C 8D MALIKEH X4y
457 THY, CIIDWILKERIZH 55 Th - 72.
€ fE % 50 8 AT L 72 f & Table 2 127”7,
¥ M ofEITERERICAEE (P<0.01) (2
HE T HMERVE LN

H

Setting time (min)

C85 C9s
kind
Figure 3 : Setting time.

Error bars indicate one standard de-
viation.



160 B . HEELR BN

Table 2 : Analysis of variance for setting time

Source Sum of square  Degree of freedom Mean square Fvalue Rate of contribution
A : kind of chitosan 5400.000 1 5400.000 68.79+* 93.13
Error 314.000 4 78.500 - 6.87
Total 5714.000 5 100.00
#*P<0.01
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Figure 4 | Relationship between immersion time
and compressive strength of C85.
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Table 3 : Analysis of variance for compressive strength of C85
Source Sum of square  Degree of freedom  Mean square Fvalue Rate of contribution
A : immersion time 60251.300 3 20083.8000  489.54%* 98.19
Error 984.613 24 41.026 - 1.81
Total 61235.913 27 100.00

**P<0.01
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Table 4 : Analysis of variance for compressive strength of C99

Source Sum of square  Degree of freedom  Mean square F value Rate of contribution
A :immersion time 2687.300 3 895.765  288.68** 96.97
Error 74472 24 3.103 - 3.03
Total 2761.772 27 100.00
*P<0.01
Table 5 : Analysis of variance for pH of C85
Source Sum of square  Degree of freedom  Mean square Fvalue Rate of contribution
A : immersion time 2.342 3 0.781  221.51%* 98.36
Error 0.028 8 0.004 - 1.64
Total 2.370 11 100.00
*#P<(.01
Table 6 : Analysis of variance for pH of C99
Source Sum of square  Degree of freedom  Mean square F value Rate of contribution
A : immersion time 2.318 3 0.773  330.61** 98.90
Error 0.019 8 0.002 - 1.10
Total 2.337 11 100.00
*P<0.01
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Figure 6 . Relationship between immersion time Figure 7 | Relationship between immersion time
and pH of C85. and pH of C99.
Error bars indicate one standard de- Error bars indicate one standard de-
viation. viation.
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Table 7: Analysis of variance for calcium release from C85
Source Sum of square  Degree of freedom  Mean square Fvalue Rate of contribution
A : immersion time 3346.890 2 1673.440 0.39 0.00
Error 25675.330 6 4279.220 - 100.00
Total 29022.200 8 100.00
**P<0.01
Table 8 : Analysis of variance for calcium release from C99
Source Sum of square  Degree of freedom  Mean square F value Rate of contribution
A : immersion time 32384.200 2 16192.100 12.15%* 73.60
Error 7996.670 6 1332.780 - 26.40
Total 40380.870 8 100.00

*P<0.01
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Figure 10 : Relationship between immersion time Figure 11 : Relationship between immersion time
and released phosphorus from C85. and released phosphorus from C99.
Error bars indicate one standard de- Error bars indicate one standard de-
viation. viation.
Table 9 : Analysis of variance for phosphorus release from C85
Source Sum of square  Degree of freedom  Mean square Fvalue Rate of contribution
A :immersion time 0.058 2 0.029 15.16%* 77.98
Error 0.011 6 0.002 - 22.02
Total 0.069 8 100.00
*¥P<0.01
Table 10 : Analysis of variance for phosphorus release from C99
Source Sum of square  Degree of freedom  Mean square Fvalue Rate of contribution
A : immersion time 0.056 2 0.028  504.60%* 99.21
Error 0.000 6 0.000 - 0.79
Total 0.056 8 100.00
**P<0.01
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Table 11 : Analysis of variance for zinc release from C85
Source Sum of square  Degree of freedom  Mean square Fvalue Rate of contribution
A :immersion time | 19300.300 2 9650.150 45.01%* 91.67
Error 1286.450 6 214.408 - 8.33
Total 20586.750 8 100.00
**P<0.01
Table 12 : Analysis of variance for zinc release from C99
Source Sum of square  Degree of freedom  Mean square Fvalue Rate of contribution
A :immersion time 6406.050 2 3203.020 42.79%* 91.26
Error 449.152 6 74.859 - 8.74
Total 6855.202 8 100.00
**P<0.01
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Figure 14 . SEM images showing the surface of C 85 and C 99.
a:C 85 and b : C 99 show surfaces before immersion.
c:C 85 and d:C 99 show surfaces after 56 days immersion.
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Figure 15 | SEM images showing the fracture of C 85 and C 99.
a:C 85 and b : C 99 show fractures before immersion.
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