CHAPTER 4

THE SURFACE MICROHARDNESS OF HUMAN ENAMEL AND DENTIN ADJACENT
TO THE TOOTH-COLORED RESTORATIVE MATERIALS

4.1. Introduction & Literature review

permanent indentation and ca ~easil Pz The process of pressing an
indenter into the surface under a specific ,bad

size or depth of the mde(

geometry and length 0

ite time interval and measuring
“used. The known indenter

lculated from the depth or

penetrated contact are pe and force.

The hardness test igfdli " ' categ hacrohardness (over 1 kg) and

microhardness (less th indentation tests, a conical or

pyramidal indenter is ad ith ﬁf& opt ie Ioad .nd a relationship of load area or

J'.re'

the depth of the indentation en € u ] roindentation hardness test or in the

other word microhardness tests S play tant role in the measurement of the

r

near surface prope v__:z—w-.....,...;;;;;:;.:a;.- fion-destructive in relation to
: : e

fi A
other mechanical testing proc *- ess is force per unit area

of indentation such as kgmm or GPa The general proce re for hardness testing is to
apply standar ter. The symmetrical
shaped reS|duaq.|ndent§:n nmpressnon is rg mn pe for its depth, area
or wma ? standardized
load, thqu:lr@ Mm a‘ﬁg ﬂﬂ’l dithe hardness is

calculated directly from the machine. The indenters commonly used are Brinell, Knoop,
Rockwell and Vickers which have different shapes and size. However, the comparison
of different materials should be carried by the same hardness system under similar

conditions of indenter, time interval and applied force.
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The commonly used microindentation hardness tests for teeth are Knoop and
Vickers hardness tests. Knoop is a diamond pyramidal indenter which produces a
rhomboid shape residual impression and the indentation dimension of the major axis is
measured. Length of the diagonal is measured and reported as Knoop hardness
number (KHN). The unit for KHN is kg/mm2 (Boyer 1987). Vickers hardness test uses a

136°diamond pyramid which produce uare residual indentation impression. The

Vickers indenter appears to pe the Knoop at the same load. The
resultant diagonals are mea @

—

unit for VHN is kg/mm’ 7

Vickers hardness ' | Wi 3. SN ea and a hard material are

hardness number (VHN). The

human enamel and denti seri?i;gf; 9 .-’r: jacent to the restorative materials.
e e, | L

cervical cavities adjacent to_the-festorations AKiieop hardness test was used in their
studies. The result indicated that g!

of artificial caries-like L
|

Hitabb et al. (1989) dl$o observed the significance of 'ﬂion on enamel adjacent to

restoration by ‘:ﬁd t mi CWO d_Seppa (1990) reported that
the outer enaﬂ‘ruﬂ h ﬁnﬁlﬂe io ﬁ:ifjli tion adjacent to glass
ioNnOMeF., C They Iso f trfat different cemmercial produets provided various
degreafﬁflain.ﬂi i Illl m&acmpﬂﬂa\ﬂemineralization
effectiveness of a fluoride rinse, fluoridated dentrifice and fluoride releasing restorative
materials.  They found that glass ionomer cement and fluoridated dentifrice had
significantly greater remineralization effect on adjacent caries than control. Moreover
the fluoridated rinse had significantly greater remineralization effect on adjacent caries

than the others. The hardness test is a simple index to indicate the effectiveness of

prevention to demineralize on enamel and dentin. Pereira et al (1998) also studied the
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microhardness of in vitro caries inhibited and demineralization adjacent to two kinds of
glass ionomer cements. They used Fuiji Il and Fuji Il LC to represent the conventional
and resin modified glass ionomer cement respectively. They found that the two
materials were effective in producing an acid-resistant layer, but the results were still

material dependent.

The main objective in this_chapterswes IC evaluate the hardness change of
enamel and dentin adjacentylo e , ng restorative materials. The
to collect enamel and dentin
specimens that possesse estigate hardness changes
in the second part. The 0 artwas to \  hardness differences of human

NS,

enamel and dentin adjace

I
i¥ |

AUEINENINeINg
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4.2. The comparison of surface microhardness of human enamel and dentin between

two positions.

The Vickers surface hardness of two positions next to each other were
compared at each level of 0.1 mm. The objective of the differences between two

positions was to give that possessed similar range of VHN comparing the surface

solution in order to investigate the
hardness changes in the se -\::\ WATAES, cimens were compared VHN in

series of 100, 200 and 300.micion.for several M obtain the next interpretation

of the second part. 7

4.2.1. Material and me
Population and sampl

Twenty specimens of etand-del ere prepared from non carious human

premolars. The freshly extracted. : ted from the patients aged between

12-20 years. The water at 4 °C and the

experiments were cagrjed out on {eeth wi dge.

) 9
' mmwww B o0

q T TN &

Orbital shaker SO3 (Stuart Scientific,Great Britain)
4. Low speed saw cutting machine (Isomet 2000, Buchler, Lalubluff, IL,USA)
5. Universal polisher (Struers, Copenhagen, Denmark)

6. Airotor and cylindical diamond bur diameter 1x1 mm
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7. Abrasive paper,silicone-carbide paper grit #600,# 1000 and #2000

Material

Resin composite (Clearfil APX, with Clearfil liner bond 2, Kuraray, Osaka, Japan)

Methods

1.Separation of crown

4/:_.

The teeth were horizon sotlt-at the amel junction to obtain separate

portions of crown and rog for enamel experiment and

the root was prepared fo

Figure 4.1. The hu an premolar wasqf’eparated at horizontal outline to obtain

AU HEHTHEN T
{ R TSRS &

T e crown was longitudinally cut to separate buccal and lingual portions. Another
longitudinal cut was done on the two cut tooth specimens to obtain two identical halves.

One tooth therefore provided 4 test specimens for enamel test. The root was also cut in

the same manner and provided 4 dentin specimens (Figure 4.2).

The enamel and dentin specimens were then separately embedded in clear resin

facing the enamel and root dentin surface up. Then the enamel and dentin surface were
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polished with the abrasive paper grit #600, #1000 and #2000 respectively. A final polish

was carried out with alumina oxide powder (0.05 micron) with automatic polishing

machine until enamel and dentin surfaces were smooth and shinny (Figure 4.3).

Figure 4.2 A,B,C.and P. The tooth was-ongitudinally and horizontal cut to obtain

flenamel.and defitini'specimens;

A

Figure 4.3 A and B. The separately embedded specimens in clear resin
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3. Specimens selection

Al enamel specimens were selected under stereomicroscope (40x) to discard
enamel sample which showed dentin exposure and also dentin specimen which was

covered by cementum.

Surface hardness 0 ire amel and dentin specimens
were carried out by VickefS micioRe i.‘.r N0 é\; o compare the differences

between the two points.

For enamel, 100 g forg atior; f 15 seconds. The first series of

6 indentations was performed a ation as shown in Figure 4.4. Another
second series was ma s#The third series was made

0.2 mm from the firs ‘ser S made (Figure 4.4).

J ]
AuLINgNIneng
RIAINTUNRINEIAY
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Clear resin

Polished enamel or dentin surface on the

'% Vickers indentations on the

4 e ——

- mel@uﬁace around the three

surface

For dentin, 50 g force uraﬁon of 15 seconds. Eighteen

= "":‘5‘::."-"—_" ; S

indentations were mf‘ge onréach specimen foltoWing, the same pattern created on
i

enamel specimens. | =

, 1. pr
Selection of spe;lnens after measurement

The ena%l uﬂjtm ﬂemriﬂ&é} ﬂiﬁthe range of 230 - 350

VHN were selected. 1

qeqﬂn:i-r] SINF) 36 y%sls}nﬁbw \&’uﬂhéj%la 0f 30 - 70

VHN were selected.

Statistical Analysis

The enamel and dentin hardness of two points on the same side and at the same
distance from the restoration were compared using Paired-samples T test. The

significant difference was set at p<0.05. The enamel and dentin hardness of the three
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distances from the restoration were also compared using one way ANOVA. The

significant difference was set at p<0.05.

4.2.2. Results

Figure 4.5. S?ITT ﬁﬁ;ﬂzj’ﬂiﬁlﬂgg ﬁe %Vickers indentations
< ATABINTIUNNIINYIAE

There was no significant difference of enamel hardness between the positions
located on the same side and at the same distance from the restoration (p<0.05). There
was also no significant difference of enamel hardness of the three series of indentations
made at three different distance from the restoration (p<0.05). Details of statistical

analysis were shown in appendix 4.1.
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Figure 4.6. Pairs of bar grap ¢.g.:,fx tec HN of two positions next to each
other on the cervical _side and 0.2.mmi-fro 5 the _d ation (20 specimens). The pairs of

enamel hardness of slldacations were similarto thiS graphras :;-u' e data in appendix 4.1.
AONS e

4.2.2.2 Dentin results m m

There was no ﬂ uﬂﬁg m &Lm ‘iam%l)qvaﬁe positions located on

the same side and at the same distafice from the restoration (p<0.06): There was also

o s.gﬂcima I M La ok A b Rifibtons mace a

three dnfferent distances from the restoration (p<0.05). Details of statistical analysis

were shown in appendix 4.2.
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Discussion

The hardness measurement which is non destructive, cheap and easy to carry
out can be appropriate method to determine the mechanical properties of materials
where there is limited area for the experiment ( Waters, 1980; Boyer, 1987 ). This is

because multiple measurements are possible in very limited area such as the enamel

and dentin surfaces. The procedu ‘\“‘ SIS e pressing of the indenter into the

surface under the specific load for.a definite UG Arval and the measurement of the
s-the apliewwn. Then the hardness is

size or depth of indentations

calculated from the size O

This preliminary test ‘ 3 £ ption that the indentation

hardness of the two peSitiogs pext to™e \ \ |. The results showed no

“:\ \\ ohardness between the two

experiment, the hardness mgasuisment beK nd after artificial caries formation can

statistically significant difiére

ce. Therefore, in the next

be done next to each other at the Saffie distaficdrom the material since both positions

The hardness 'h hr 00, 360 microns from the material

were shown to be similar é/\NOVA) In the next experiment, if there was any change in

the hardness ﬁ um st]?] ﬁ Tﬂ? from tooth structure
property differefige. Then the microhardness difference b d after acid challenge
could tmﬁm mlﬁ ﬁ )Taev‘rtj\g.i ﬁﬁm three series

could beycompare



38

4.3. The microhardness test of enamel and dentin surface adjacent to different

restorative materials
4.3.1.Materials & Methods

Population and samples

The enamel and dentin specim prepared from non-carious permanent
premolar teeth. The freshly ex :‘ teet e collected from the patient aged
between 12-20 years. The St was kepigin éionized water (4 °C) and the
experiments were carrie month oFstorage.

Equipment
As described i
Materials

droxyapatite 50% (Biorad, kaboratory grade, USA)

2. Resrﬁmposute ’gllllﬂ)ylleaﬁm ﬂ ’lin:jaray. Osaka, Japan)
QAIBIRTAHUING G B R

4. Polyacid modified composite resin or compomer (F2000, 3M company,
Minnesota, USA)
5. Sterile deionized water

6. Standard fluoride 10 ppm
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Methods

1. Preparation of enamel and dentin specimens

Following the procedure described in4.2.1.

2. Selection of enamel and dentin specimens

All the one hundred " specimens were divided

into four groups as desefibegd

Group | Resin composite (Glea with Clearfil liner bond 2,

Kuraray, Osaka, Japan)@

Group Il Resin composite ( . Japan with Clearfil liner bond 2,

Kuraray, Osaka, Japan) as positi

Group Ill Resin modifieg-glassionomer Cemenl LELLEC { Tokyo, Japan)
. J. l
Group IV Polyacid moﬂed compos 2000, 3M company, Minnesota, USA)
A cavity was rﬁﬁﬂﬂ?mﬂ T WEIGT ﬂ ?ch enamel and dentin
specimens.

W ARSATRHHNAINH ) w0 o

control groups were filled with resin composite and polished following the
manufacturer's instruction. For experimental groups, 30 restorations were made on the
enamel specimens using resin modified glass ionomer cement and another 30
restorations using polyacid modified resin composite. The procedures were carried out

following the manufacturer’s instructions.
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For dentin specimens, 120 restorations were made and polished following the

manufacturer’s instructions using the same materials as done on enamel.
4. Surface hardness measurement before

Surface hardness measurements of all the restored enamel and dentin

specimens were measured by Vickers K rr,//dness test.

For enamel, the hardn suren rformed using 100 g force with

duration of 15 seconds. w were performed around 0.1

mm. From the edge of the

on three sides (distal, oc 1 (Figure 4.8). Another second

series was made 0.1 mm and in the same manner. The third

c;;%t\h‘g‘first series. The total of 27
<

series was also made

indentations were made in thure 4.8.

ey -«‘,f_f q

- VA
A xrepre ﬁted Vickers indentations

el

|
on the'enamel or dentin surface

Ejoﬂﬂeﬁree sides
f] "j(qmal g]%isﬁgjcal) of the

restoration.

Figure 4.8. Schematic Vickers microhardness measurements before soaking in

the demineralization solution
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For dentin, the hardness measurement was performed using 50 g force with
duration of 15 seconds. Twenty seven indentations were made on each specimen

following the same pattern created on enamel specimens.

Selection of specimens for acid challenge experiment

The enamel specimens that gave

ness numbers out of the range of 230 - 350
VHN were excluded. T

The denin specimens: e ans out of the range of 30 - 70

\H\ entin specimens were within the

"\ ; re divided into 4 groups.

VHN were also excluded.

With the propos

range given. After the s

Group | Composite resin ( : ‘Kurafay; Osal @ apan with Clearfil liner bond

Nineteen enamel and seventee ntin 7 ens were separately stored in 10 ml

demineralization solutio t o4 hours and another ten

-

ofe stored for 72 hours. Y]

specimens of each

Group |l Composite resin ‘stored with fluoride (Clearﬁl AP@ Kuraray, Osaka, Japan with

o4 K19 YT TTESTTTS

Nineteen enamel and seventeen dentin spemmeg were separat&ly stored in 10 ml

deminéibiighgon|sgiop pih s ddonde 0o Bibsit potiefat a7° C for 2¢

hours and another ten samples of each were stored for 72 hours.
Group Il Resin modified glass ionomer cement ( Fuji Il LC, GC, Tokyo, Japan)

Nineteen enamel and seventeen dentin were separately stored in 10 ml demineralization
solution in plastic bottles at 37° C for 24 hours and another ten samples of each were

stored for 72 hours.
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Group IV Polyacid modified composite resin or Compomer (F2000, 3M company,
Minnesota, USA)

Nineteen enamel and seventeen dentin specimens were separately stored in 10 ml
demineralization solution in plastic bottles at 37° C for 24 hours and another ten samples

of each were stored for 72 hours.

All the specimens were shaken onithe orbital £ kér while stored in the demineralization
solution.

5 Surface hardness m specimens after artificial caries

induction on enamel and d

After 24 and 72 hours, the dness, meast Sme its were performed by Vickers
microhardness tester ( Mid : npany, Japan) on the enamel and

dentin specimens.

For enamel, the hardness ed using force of 100 g with

duration of 15 seconds. For f" {;' 'S e specimens, 27 indentations were

alternatively made @miong group of indentation: - carried -out following the previous
e e 7
measurement as ShowLif ! ‘- for the specimens which

'l
stored for 72 hours b nly 9 indentations were made a o g the previous indentations

a“"““'"‘"‘ﬁ‘if&l’maﬂ‘mlewni
AMIANTAUNNIINYAY
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X and Y represented Vickers

Indentations on the enamel or dentin
surface around the three sides
(distal,occlusal,cervical) of the

restoration before and after

' soaking in the demineralization

y -’f‘.'é*m‘gespectively.

-

Figure 4.9. SchematigiVicke
soakinggih thé demingfalization solu nfor 24 hours.

- f‘f' Y represented Vickers indentations

| ’ . K
Me mel or dentin surface

- oﬂwd the three sides

(distal,occlusal, cervical) of the

restoratlﬂjbre and after soaking
: ’T% mrﬂlﬁ lution for 72
' “ hoursTes Ei)

Figure 4.10. Schematic Vickers hardness measurements before and after soaking

in the demineralization solution for 72 hours.



For dentin, the hardness measurements were carried out using force of 50 g with
duration of 15 seconds. For 24 hours storage specimens, 27 indentations were
alternatively made among group of indentations carried out following the previous
measurement as shown in figure 4.9. The same force was used for the specimens which
stored for 72 hours but only 9 indentations were made among the previous indentations

in the same pattern as done on enamel spacimens (Figure 4.10).

Then the surface hardr a ; ¢ were carried out to find hardness

Statistical analysis®as€amed outiby \\ 3y ANOVA at p<0.05 followed by

Bonferroni for Post Ho

AULININTNEINS
MR TN TN
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4.3.2. Results

The results were exhibited in two categories of enamel and dentin.

4.3.2.1 Changes of enamel microhardness after soaking in the demineralization solution

for 24 hours

The results of the enamel ha soaking in the demineralization

. exhibited in Table 4.1. The
———

changes of the surface esent - ns of delta and comparison of

‘ -\\m

tests. The result show '.n mong the an delta of the four groups

solution for 24 hours for th ups ‘sf

the mean delta was d nd Bonferroni for Post Hoc

as shown in figure 4.11 5, group was 182.03 £ 54.37

VHN which showed the asitive group showed the least
changes of 33.58 £ 30.04 ~an delta of the surface microhardness of resin
modified glass ionomer ce and-polyaci ified resin composite were 69.37 o

40.03 and 111.74 £ 56.81 respec Wv ) > in between the negative and positive

groups.

')

Table 4.1. The mean deéta and standard devnatlon of the enamel hardness changes

after soaking ﬂ tﬂﬂﬁéﬁﬂ m w ﬂ ﬁTﬂ siong the four groups

studied.
AL e
q N ean of delta t viati
Group | 459 182.03 54.37
Group Il 459 33.58 30.04
Group IlI 459 69.37 40.03
roup 1V 458 111.74 56.81

Note: There was statistically significant difference among the four groups studied.
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250 0 negative
4
s
&
@ 200
=
5 M positive
2
9 150
S
£
:
(]
S M [ Resin modified
G
s GIC
2 50
c
©
(3]
2 " O Polyacid

modified resin
composite 41
Figure 4.11. Bar graph indicea & mean delta of all the surface hardness changes of
the four groups studied after soa -m-the-dl alization solution for 24 hours.
Zo by .«Lu
The hardnes V_ nges of er runc W"-IE‘ ance from the restoration

(100 , 200 and 300 mﬂm)
were demonstrated in TaPIe 4.2-4.5 and F|gure 4.12. The results of delta hardness of

negative and ;ﬁtu E’ G}%Wﬁ ﬁw ﬂqnﬂfﬁence among the three

distances studleg (ANOVA,p<0. 05)

C AN PR 1Y
micron dfoups showed higher significantly different than t n group (Table

4.4 , Figure 4.12).

nera zation solution for 24 hours

For the polyacid modified resin composite, the mean delta of 300 micron groups
exhibited higher significantly different than that of 100 micron group (Table 4.4, Figure
4.12):
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Table 4.2. The mean delta and standard deviation of hardness measured before and

after soaking enamel specimens group | in the demineralization solution for 24 hours.

Distance from N Mean delta Standard Deviation

the restoration

100 microns 153 1 | 53.96
200 microns 153 53.46

00 microns 153 : 18 W ~55.87
Note : The same affix showe = among group ( p<0.05).

N

Table 4.3. The mean del rd. i s measured before and
after soaking enamel speci lﬁ i iner tion solution for 24 hours.
Distance from the N \ ard Deviation
restoration i PG :"E |
100 microns 153 S 29.22
h00 microns - “3578% 28.45

00 microns 26
Note : The same affix showed n ant ¢ am% group ( p<0.05).

Table 4.4. Theﬂ Hﬂ‘ % yl\ﬂ u§IMf Hlﬂﬂisured before and

afters iIng-ene h. simens, group Il in the demtineralization solution for 24 hours.

S i
restoration
100 microns 153 58.94 40.95
200 microns 153 72.45* 39.44
300 microns 153 76.73* 37.72

Note : The same affix showed no significant difference among group (p<0.05).
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Table 4.5. The mean delta and standard deviation of hardness measured before and

after soaking enamel specimens group IV in the demineralization solution for 24 hours.

Distance from the N Mean Standard. Deviation
restoration
100 microns 153 10 05" 56.76
. | T
00 microns 153 s 13, \‘“!/ / 56.01
300 microns 152 '--.. -""' . 56.86

Note : The same affix showeano Signtican difference-among group ( p<0.05).

.

NN
Z/AaSs

250

200

B 100

microns

150

Mean delta of enamel hardness (VHN)

100 M 200
microns
50
300

microns

ﬂ ) ‘VI%W] TN

d resin

compagite

ARINNTAIIMAINETRY

Figure 4.12. Bar graphs showed changes of mean delta of enamel hardness as a

function of distance after soaking in the demineralization solution for 24 hours for each

group of material.
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4.3.2.2. Changes of enamel microhardness after soaking in the demineralization

solution for 72 hours

The mean difference of the surface microhardness before and after soaking in the
demineralization solution for 72 hours showed similar results to those soaking for 24
hours. The mean delta was also determined using one way ANOVA and Bonferroni for

Post Hoc tests p<0.05). The res

/iﬂcant difference among the mean

delta of the four groups studie

For the negative control ] " he highest value of 200.87 +
47.49 VHN, while the posiiive ¢ silet ean delta of 35.20 + 27.35
i
VHN. The mean delta of - groups was in between the
negative and positive con ; -'ﬂ: ' i ss ionomer showed less
change than polyacid modifig@ 1 ggb AP 4.6).
LA
Table 4.6. The mean delta and s “dex the enamel hardness changes after
soaking in the demineralizati r ong the four groups studied.
eviation
Group | 1357, 200.87 as 47.49
Pl INAS
Groupll Q| 134 . b7lad
+
: =
B PRt dRqy
Grotp IV 134 : 5

Note: There was statistically significant difference among the four groups studied.
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Figure 4.13. Bar graph ‘.g;__g__.__;,: d | Il the surface hardness changes of

the four groups studiectafter soaking in the demint sralization £olution for 72 hours.

V_ﬂ \ ‘

The hardness cmnges of enamel as a function o@stance from the restoration
(100 , 200 an ? alization solution for 72 hours
were demonst dﬁwﬂ ﬁmiﬁﬂ ﬁi of delta hardness of
negati iti s Exhibited no ificant differenge among the three
distana ﬁij agflﬁm 53 w El r] a H

For the resin modified glass ionomer cement, the mean delta of 200 and 300
microns groups showed higher significantly different than that of 100 micron group
(Table 4.9, Figure 4.14).

For the polyacid modified resin composite, the mean delta of 300 microns
groups exhibited higher significantly different than that of 100 microns group (Table
4.10, Figure 4.14).
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Table 4.7. The mean delta and standard deviation of hardness measured before and

after soaking enamel specimens group linthe

demineralization solution for 72 hours.

Distance from the N Mean Standard Deviation
restoration
100 microns 45 200.09 * 49.54
200 microns 45 y 48.19
00 microns 45 , 45.65
Note : The same affix show icanidiff g group ( p<0.05).

Table 4.8. The mean delta

after soaking enamel speci Alin

Distance from the 3 >
% U

. A

restoration B

100 microns 9
200 microns AF Jiss4

00 microns 45 == _..\; 38

Note : The same affi

Table 4.9. The mean

ss measured before and

solution for 72 hours.

&d Deviation

28.28

25.69

28.59

oup ( p<0.05).

oaa and standard deviation of haaess measured before and

after soaking e g (o]F] ineralization solution for 72 hours.
Distance from tandar viation
restorafiQn ¢ = o/
100 micron 4 | 8.
200 microns 45 77.99* 44.81
200 microns 45 77.99* 44.81
300 microns 45 78.06 * 45.38
00 microns 45 78.06 * 45.38

Note : The same affix showed no significant difference among group ( p<0.05).
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Table 4.10. The mean delta and standard deviation of hardness measured before and

after soaking enamel specimens group IV in the demineralization solution for 72 hours.

Distance from th N Mean Standard Deviation

restoration

100 microns 45 80.7%6y" 49.44

00 microns 44 : 50.82

00 microns 45 106.84 ** 51.80
Note : The same affix sho ant di 4 group ( p<0.05).
- _{: » =

Z 300
s N N
@ 250 [ 100 microns
z
e 200
=
E 150 B 200 microns
e
(]
s 100
g .
s 50 1300 microns
& ]
£ 0

Negatlvf Positive 'n Polyacid

ﬂ‘UEJ’J’ﬂEJWWEJ"G‘Iﬂ‘i

resin

Wﬂﬁaﬂ A

Figure 4.14. Bar graphs demonstrated enamel hardness changes as a function of
distance after soaking in the demineralization solution for 72 hours for the four groups

studied.
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Figure 4.15. Scanning € ect

indentation impressions efhangesi up (333 e right impressions were made

Figure 4.16. Scanning electron micrograph showed the difference in size of Vickers

indentation impressions changes in group IV (100x), the larger impressions were made

after soaking in the demineralization solution for 72 hours.
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4.3.2.3. Changes of dentin microhardness after soaking in the demineralization solution
for 24 hours

The results of dentin hardness changes after soaking in the demineralization
solution for 24 hours were demonstrated for the four groups in Table 4.11 and Figure

4.17. The mean difference of the microhardness change in group | showed the largest

group Il (18.08 £ 8.55 VHN). The

(25.63 T 8.07 VHN) while the least was

' ‘ _ at p<0.05. The results shown
that there was statistic ' i @een the four test groups.
Bonferroni as Post Hoc calc ' rol group was statistically
significant difference fro s ofhers . group. There were no

significant difference DEwEen g Al Al s ionomer cement) and

Table 4.11. The mean deita 2 andar |d i tin hardness changes after

soaking in the demineralization's idnfor rs al the four groups studied.

N = Mean tandard Deviation
Group | .07
Group Il 1 18.08 8.55
Group Il G . Nqﬁ1£@
|
roup IV " I \l)d

ﬂema TR Mok RLE
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O polyacid

Mean delta of dentin microhardn

modified resin

composite

\

Figure 4.17. Bar graph indicatéd the'mezn delfaof surface dentin microhardness of the
T

four groups studied after soaing 1 ation solution for 24 hours.

f—— A
The hardne _v: Aanmec of dentir Hon Of « .'::i ance from the restoration

(100 , 200 and 300 mi,ﬁns 2 azation solution for 24 hours

were demonstrated in tagle 4.12 - 4.15. The results of delta hardness of negative and

positive contrﬁ uﬁﬁgatﬂﬁquaﬂﬁg the three distances

studied (ANOVAIp<0.05).

a wri M ﬁ( microns
groups $howed higher sngnlﬁmerent th qqnﬂﬁ .EI (Figure
4.18).

For the polyacid modified resin composite, the mean delta of 300 microns
groups exhibited higher significantly different than that of 100 microns group (Figure
4.18).



Table 4.12. The mean delta and standard deviation of hardness measured before and

after soaking dentin specimens group | in the demineralization solution for 24 hours

Distance from N Mean delta Standard Deviation

the restoration

100 microns 144 71.75

200 microns 144 8.51

300 microns 144 25.64 * 4 7.98

Note : The same affix s 7 gnificant , ng groups.

Table 4.13. The mea It A P e ness measured before and
after soaking dentin s oup HHinta demi tion solution for 24 hours
Distance from the N Ly ! ‘ A\ andard Deviation
restoration ,.&,‘;:..—%*

100 microns 144 -fﬁf,u 9.11

200 microns "18.31

300 microns , : 8.26

Note : The same affix shiowed no si erence among groups.

Table 4.14. Tﬂnean elta an
e %SPACIMERS

Distan the' |

restoration

100 microns 144 19.98 * 11.15
200 microns 144 29" 11.88
300 microns 144 2410 * 11.13

Note : The same affix showed no significant difference among groups.
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Table 4.15. The mean delta and standard deviation of hardness measured before and

after soaking dentin specimens group IV in the demineralization solution for 24 hours.

Note : The same affix s

Mean delta of dentin hardness (VHN)

Distance from the N Mean delta Standard Deviation
restoration
100 microns 144
200 microns 144
00 microns 144

AV Ingan
RN IU IR INY TRY

B 100 microns

B 200 microns

[ 300 microns

Figure 4.18. Bar graph showed changes of mean delta of dentin hardness as a function

of distance after soaking in the demineralization solution for 24 hours.




4.3.2.4. Changes of dentin microhardness after soaking in the demineralization solution
for 72 hours

The mean difference of the surface microhardness before and after soaking in the
demineralization solution for 72 hours was showed in Table 4.16. There was statistically

significant difference of the mean data among the groups studied (ANOVA, p<0.05).

For the negative control group, t howed the highest value of 32.11 .

5.70 VHN, while the positive east mean delta of 25.96 % 6.51

VHN. The mean delta of ide r€lea Is groups were in between the

negative and positive co modi glass ionomer showed less
change than polyacid mogi i ’ le 4.16 and Figure 4.19).
i
Tabie 4.16 The mean delt ard devi tin hardness changes after
soaking in the demineralizati lution for #2 ho ong the four groups studied.
Lj ard Deviation

Group | 135 11 570

Group Il 135 155 ¢ 6.51

Group il > 4486

Group IV ) .64

Note : The same afﬁx S o‘gved no significant dlfference among groups.

ﬂ‘IJEl’J‘VIEWIﬁWEI’lﬂ‘i
ammn‘im NN Y
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= modified resin
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F .
Figure 4.19. Bar graph indi€ate 4 the me clta of all the surface microhardness
- A
changes of the four groups stu z soaking in the demineralization solution for 72

hours. v
29
The hardness _Bange . on o istance after soaking in the
demineralization solutionfog.72 hours were Wonstrated in Table 4.17-4.20 and Figure

0 o BB EY prore arcr v

distance in gro& | and Il (Table 4. 1}4 .18). The mean delta of dentln hardness at 100

e GO AR PTRIE rovce

both resih modified glass ionomer cement and polyacid modified resin composite (Table

4.19-4.20).
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Table 4.17. The mean delta and standard deviation of hardness measured before and

after soaking dentin specimens group | in the demineralization solution for 72 hours.

the restoration

Distance from the N Mean delta Standard Deviation
restoration
100 microns 45 32 6.04
200 microns | 45 5,53
00 microns 45 64 ? 5.61
Note : The same affix s icant g groups.
Table 4.18. The mea t ‘ 20 | iness measured before and
after soaking dentin sp up ' in jion solution for 72 hours.
e
Distance from N N e dard. Deviation
LA

100 microns 45
200 microns 4
300 microns

Note : The same affix showed n

7.26

1.36
.98

ce among groups.

Table 4.19. Tlﬂn% Elt‘a’iaqaﬂaws:w (Hé;}ﬁsﬁeasured before and

after soaking dgfltin specimens group Il in the dem'&eralization soluaign for 72 hours.

YRIANNIUUNTIIN VD E

Distancg from the N Mean delta Standard. Deviation
restoration

100 microns 45 26.88 4.45

200 microns 45 2914 * 4.84

300 microns 45 20.37* 4.99

Note : The same affix showed no significant difference among groups.
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Table 4.20. The mean delta and standard deviation of hardness measured before and

after soaking dentin specimens group IV in the demineralization solution for 72 hours.

Distance from N Mean Standard Deviation

the restoration

100 microns 45 28. 71 5.5180
200 microns 45 31.58¢ ' 5.4478
300 microns 45 =27 5.5749

Note : The same affix showed™ o Sighificant di

45
> e 8 :
o 35 : : : :
@ B 100 microns
5 30
8
£ 25
[ =]
2
§ 0 B 200 microns
© 15
8
3 10
-
g [J 300 microns

Negative Posntlve Resin modified Polyamd

ama\ﬂmm NS neTay

Figure 4.20. Bar graph indicated changes of mean delta of dentin hardness as a
function of distance after soaking dentin specimens in the demineralization solution for

72 hours.
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4.3.3. Discussion

Non carious human premolars were used in the experiments in order to
investigate the surface hardness changes of human teeth after acid challenges. Most
investigators tried to avoid human teeth because the size of human teeth was difficult to

manipulate. The most popular enamel and dentin specimens used in the experiment

The cutting design >-Inade in .orde .. compare surface hardness
measurement before and8fcp€oaking in the de ineralization solution using the same
tooth. This comparisonaas accemplished ir give the real information of human

surface hardness chang

were proved to hav o significant difference hardnesm the indentation made after

soaking in theﬁewﬁﬁw gﬁ%determmed to have measured on the
same spot.
AR I AT AN T E

due to 1@ss of mineral content under acidic conditio onsiderate investigators have
been carried out the demineralization, remineralization and fluoride uptake by enamel
and dentin. Fluoride was proved to be able to reduce the rate of demineralization and
enhance crystallite growth (Arends and Christofferson,1986; ten Cate, Damen and Buijs,
1998). When demineralization occurs hydroxyapatite losts its hydroxy ion and fluoride

ion in the surrounding environment replaces and forms to be fluoroapatite which is
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harder (ten Cate and Loveren,1999). |If fluoride had effect on the tooth surface, the
microhardness which is an simple index should be detected (Waters,1980; Boyer,1987).
However, the surface microhardness changes as a function of distance in human

enamel and dentin affected from fluoride releasing material have not been reported.

Many investigators determined the effect of fluoride in reducing secondary
caries (Arends, Schuthof and Jo | :1980b; Forsten, 1995; Tam, Chan and
Yim,1997). They all agreed terials had caries inhibition effect
in vitro under polarized s of caries inhibition was the
effect from fluoride releasing r, the hardness of tooth surface which
can represent the index off ' fluoride releasing materials
has not been clarified i estoration. Some previous
reports suggested that glass' ion ‘ t the y promote hypermineralization of
carious lesions by pos: ‘ B , } als @ ~‘- de, therefore acid resistance

increased (ten Cate and yan Bui :.:-F lesto et al.,1997).

#
In this study there were

with resin modified 3ass iancmar‘ stor ithin-the distance of 100 pum to
300 pum from the -'-f;'e_e of the materiais. At { e there were no enamel
hardness changes d@gt rol groups. Due to this result the

inhibition zone affected ,pyl&asin modified glaip ionomer cement and polyacid modified

resin compoﬂ %&] @nfﬁ;&]e%ﬁnw ﬁwﬁ]oﬂ;ﬁa' Pereira et al. (1998)

studied in wtrﬁ-I caries formation agd measured the width of lnhlbmon zones under
AR TRIR TN ﬁ‘ﬂ‘?’lmﬁ gpeer fo Bl
converttional and resin-modified glass ionomer cements. And width of inhibition

zone was also in the area of 100 pm which agreed with the result of this study.

The potential to increase tooth resistance to secondary caries is due to the type
of glass ionomer cement , initial fluoride content , mixing procedure , setting time and
also pH change in environment (Thornton et al., 1986b; Sidhu and Watson, 1995; Forss

and Seppa, 1990). The surface microhardness of human enamel and dentin in this
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study can be implied that the fluoride had effects on the surface hardness changes
and also agreed that type of materials had effects in prevention of secondary caries
since there were statistically significant difference among groups of materials.
Featherstone et al. (1990) suggested that 1 ppm of fluoride in acid solution reduced the
dissolution rate of carbonate apatite in vitro. This report was confirmed by the present

study that the positive group whic luoride 10 ppm showed a little surface

tbihad 1
% soaking in the demineralization

.-J

H

\~ caries inhibitor by  inhibiting

hardness change compare

solution.

Fluoride was

demineralization, enha ng bacteria activity. The caries

[
process begins when the '}"\ enamel or exposed dentin,

dissociating to produce : & ‘,}. 9 ns readily dissolve the mineral,

freeing calcium and phos

ture surface into solution. The major
\ J

L
5

effects of fluoride throu 4y, 0gturs ir neralization tissues. Biological

hydroxyapatite may diss ment and free (OH). If (OH) in

APT————

hydroxyapatite is replaced.b y flacride -,-.-;:.'. tu 0 be fluorapatite which is more acid

resistance. Both “Tr:'-ﬁf“mm-sﬁ' polyacid modified resin
i
composite released f

$n e cg of hardness change among
distances studied while ‘the negative and positive control groups showed none. This
'II..J'

=
also supporﬂ T?E'rﬁgetwaﬂm ‘fﬂ ﬁjatn he fluoride releasing
00 microns was le: two di

materials withif1 ss than the other tances studied. This can
[

be irﬁiWn\ ﬁwlﬁ?msﬁwml%w gﬁsﬁ!ﬂ tended to be

harderq ' )

The causes can be explained in terms of fluoride which can speed up the
remineralization process by adsorbing to the surface and attracting calcium ion. The
newly fluorapatite formed so that the crystal would behave like low solubility when

soaked in acid solution.
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In previous study, it was found that there was some amounts of fluoride released
from the restorative materials. Further study is required to correlate the amount of
fluoride and hardness in different areas. This would confirm the influence of fluoride on
tooth surface hardness. This chapter studied only at the surface of the enamel and
dentin adjacent to the restoration. The influence of fluoride releasing material on tooth

structure as a function in depth is alse grgauired. This would be investigated in the

following chapter.

AULINENINeINg
ARIANTALNIINGIAY
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