View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

10384
24020051302541 uC

cx-
Research of Restoration of Tooth Enamel Caries by Hydrolysis of

a-TCP

2008 9
2008
2008

2008 9


https://core.ac.uk/display/41397069?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.




Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.




Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.




Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.




Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.




Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

................................................................................................... I
ADSTFACT ..o I
......................................................................................... 1

i s U UTUUUSUSURVVEVRUTTSTURRVII & 4 'of . S 1
12 e enreereess e g G e rererreenaeneas 2
1.2.1 oo g O i, 2
1.2.2 s i e 3
1.2.3 B D 5
L 9
L.3.1 9
1,32 11
1.3.3 12
1.3.4 14
L et 17
LD e ——————————————————— 18
............................................................................................................. 19
...................................................................... 23

2. et e e 23
2.1.1 O-TCP s e 23
2.0, 2 L 23
2. 0.3 23
214 24

D15 24



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

2.2 et 24
221X MR cveveeeeereatererttet ettt ettt bbbttt 24
2272 RAIMAN  cerererreremieieseee ettt 25
223X (XPS) ceeesssssssssssssssssssssssssssssssossisssssssssasse sassssssssssessssoss 26
224 (SEM) tevesesssssussssssssmssssussssssssusssssssssssssessssssssssssssssssassesassess 26
225 (TEM) wevesssrmsisssissnsmsissmnsssssssssssssssinssns S Mo, 27
D D B e ——————————————————————— 29

............................................................................................................. 35
............................................................................. 37

B L 37
D11 e s 37
312 38
313 s 39
<3 V. R 4 W N R 39
3.15 XPS e 41

B2 s 43
32,1 s 43
3.2.2 SEM . coeererereetae ettt 45
3.2.3 SEM . ceeeerereererei et 46
324 47
325 s 48
308 49
30,7 s 49

3.3 HA 50
D301 e 50
33,2 et 54

B33 e 57



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

3.3.4 ] o IR T P R T PR RO 59
B e 60
D41 s 61
34.20-TCP 62
343 e —————————————————————— 63
7 T TP TSP TP PR OTR PP PR 64
36 68
............................................................................................................. 71
.............................................................. 75

A1 e e e e T e et 75
P T SO PTR 75
................................................ 76



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.




Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Contents

ADSTFACT 1IN CRINESE ... e |
ADStract IN ENGHISN ..o I
Chapter 1 Preface.... ..ot 1
1.1 INEEOAUCTION ..ot e e et e e e e 1
1.2 TOOth INTrOTUCTION ... e et ettt 2
1.2.1 Structure Of Tooth ............................................................................................. 2
1.2.2 Physica| and Chemica| Properties Of Ename| ................................................. 3
1.2.3 Microstucture and Surface Morphology of Enamel -« 5

1.3 Pathogenesis and Prevention of Dental Caries .............cccccoeviiiiiiiininn, 9
131 Pathogenesis Of Denta| Caries .......................................................................... 9
132 Types Of Denta| Caries ................................................................................... 11
133 Therapy Of Denta| Caries ................................................................................ 12
134 Prevention Of Denta| Caries ........................................................................... 14

1.4 In Situ Restoration of Dental CariS ........oooveeeee e 17
1.5 Significance and Content of ThiS WOrK ..........ccccoooiiiiiiniiiiiniie e, 18

R O BINICES .. oottt ettt 19
Chaper 2 Experimental Methods and Instruments..............cccccovveee. 24
2.1 Experimental Methods ..........cooiiiiiiiiiie e 24
211 Synthesis Of a-TCP ......................................................................................... 23
2.1.2 Preparation Of Samp|es ................................................................................... 23
213 Pretreatment Of Ename| Surface .................................................................... 23
2.1.4 Preparation Of HA Coatings on Denta| Ename| ............................................ 24
2.1.5 Preparation of HA Coatings under Different Condition::« ..o 24

2.2 TeStING METNOUS .......eiiiiiie et 24

221 X_ray Diffraction Method (XRD) .................................................................. 24



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

2.2.2 Raman Spectroscopy (RAMAN) -+« w i 25
2.2.3 X-ray Photoelectron SpectroScopy (XPS) -« w i 26
2.2.4 Scanning Electron MicroScopy (SEM)- -« e 26
2.2.5 Transmission Electron Microscopy (TEM): e 27
2.2.6 Biological Evaluation of Biomedical Materials: -« 30
RETEIEBINCES ...t 35
Chaper 3 Results and DISCUSSION ........c.uuveiieieeiiiieeeiee e sieie s ibiie e 38
3.1 Acid Pretreatment on Dental Enamel Surface.............cccccoiiiiiiininnnn, 38
3.1.1 Surface Composition of Etched Enamel -« e 38
3.1.2 Surface Morphology of Etched Enamel -t 39
3.1.3 Hardness of Etched Enamel SUMace: i 40
3.1.4 Contact Angle of Etched Enamel- o 40
3.1.5 XPS Test of Etched Enamel <« oo, 41
3.2 Characterization of Hydroxyapatite Coating on Enamel...............ccccooeee.. 43
3.2.1 Characterization of Coating COMPOSIEION - +++++xre i 43
3.2.2 Obervation of Coating Surface by SEM: - 45
3.2.3 Obervation of Cross Section of Coating by SEM -, 46
3.2.4 Research on Microstructure of Cross Section of Coating - wweesvvense 48
3.2.5 Test 0f Coating Hardness « -« 49
3.2.6 Test on Contact Angle on Coating SUrface « e 49
3.2.7 Test on Wear-resistance 0f COAtINgG e 49
3.3 Effects of Different Process Parameters on Hydroxyapatite Coating......... 50
3.3.1 Ratios of Materials tO WWALEr:« -«  rerrrriiraiiiii i 50
3.3.2 Different TEMPErAtUIES -« v trersersrieieinsisis i 55
3.3.3 REACHION TGS +++++verreerersrrerirstie it sttt s sttt 58
3.3.4 INPtial PH VAIUES:-+++++-vvsresreiseieniesii 60

3.4 Biocapability EValUation ............ccocueiiiiiiiiii e 60



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

3.4.1 Cell GroWEN CUIVES - rrerrrrrrrrrmmmriiiiii i 61
3.4.2 Evalued Cytotoxicity of a-TCP and Hydrolysis SOIUtions «--xveeeeiins 62
3.4.3 Evalued Cytotoxicity of Electrolyte Containing Calcium:: o 63

3.5 DISCUSSION ...ttt ettt ettt ettt ea e et be e nnbe e e e e snn e e enbeeeanee s 64
3.6 A Tooth Brace for Medicating on Enamel Surface and Gingival Edge....... 68
RETEIEINCES ...ttt e 71
Chapter 4 Main Conclusions and OutlooK .............ccccccooiivinieein. 76
4.1 MaiN CONCIUSIONS......oiiiiiiiiiiii ettt e a e 76
4.2 OULIOOK. ..o e e et 76
Papers Published during the Study for Master Degree............c........ 77

ACKNOWIEAGEMENTS ..ottt 77



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.




Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

a- o-TCP
CDHA
o-TCP
CDHA 37 o-TCP 6h
20 ym  CDHA
20 nm
CDHA
0.5 g/50 mL~0.5 g/100 mL 37 2~4 h
pH 8~10 L929
o-TCP 0 1



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Abstract

Abstract

Dental caries is a common and frequent disease in department of stomatology,
with gradually damage of oral hard tissue. The crown is affected first, if dosn’t treat
timely, the whole teeth will lost at last. At the early stage of dental caries, the enamel
surface damage is began with by demineralizing and dissolving, active and positive
treatment can prevent it from developing further.

A novel method involved the hydrolysis of a-TCP was developed to repair the
early enamel lesions in this work. The properties of calcium deficient hydroxyapatite
coating  CDHA was charactered and studied on different experimental conditions.
Cytotoxicity of a-TCP and its hydrolysis solution was evalued. A tooth brace was
designed to medicate on enamel surface and gingival edge. So the convenient method
of repairing caries lesions has application prospect.

The results showed that the acid treatment improved the surface energy and
hydrophilicity, and enhance the surface polarity, which are beneficial to generating
and growing crystal. It was observed that after the hydrolysis of a-TCP for 6 h at 37

, & hydroxyapatite coating with the thickness of about 20 ym was obtained on the
enamel surface. The coating shows a tight contact to the substrate with a nearly
perpendicular growth to the enamel surface. The microhardness and wear-resistance
of the coating were determined by the Vickers microhardness tester and toothbrushing
machine, respectively. The results indicated that the coating exhibites good
wear-resistance and the Vickers microhardeness similar to the natural enamel. The
best conditions of preparing CDHA coatings at 37 was: the ratio of materials to
water were 0.5 g/50 mL~0.5 g/100 mL; reaction time was 2~4 h; the initial pH walue
was 8~10. The cytotoxicity of a-TCP and its hydrolysis solution was all under grade |
by cell relative growth rate method using L929 cell, in accordance with criterion on
biomaterials.

The hydrolysis of a-TCP has been suggested to be a gental, effective and
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