CHAPTER 5

SUBSURFACE NANOHARDNESS OF HUMAN ENAMEL AND DENTIN ADJACENT
TO THE TOOTH-COLORED RESTORATIVE MATERIALS

generation of ultra micr EZd Joindentation instrument was introduced (Bell

et al., 1991/1992). This as-da '; measurement of a near surface

i, ¢

: :-Z.II';’ 3

et al., 1991/1992).

The hardness fgcalculated from force and projedmj area. The operation of the
instrument is roll - | f j r isdriven into the surface
of a testing mﬂmﬁtgﬂgﬂa ﬂﬂrjﬁihe data are obtained
from t ion, on, loadi a e recovery of théndentation on the
unloaﬁﬂﬁﬁﬁ ﬁﬂimnﬂﬁ ﬁﬁnﬂﬂaﬁfﬁ is the most
common in the determination of hardness because of its great stiffness and hardness of
diameter tip. The Berkovich indenter with face angles of 65.3° has projected area
equivalent to Vickers indenter at the same depth and thus give the degree of
equivalence in results (Bell et al.,1991/1992). The nanohardness test can provide the

measurement of near surface of a small area adjacent to the restorative material since

the depth is in nanometer scale thus give very small size of indentation impression
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where microhardness tester cannot perform. This instrument is also completely
automatic and high precision.

Nanohardness test is the new method to determine the tooth structure
properties. It provides the measurement of near surface which can be a small area

adjacent to the restorative material. The hardness of the test material is calculated from

the depth of the indentation as well as the. . Consequently, the ability to reproduce
the small indentation area using ' s the measurement of very small
area.

Willems et al. (199 sarted the hardness and Young's
modulus of dental resto dentation technology. Van
Meerbeek et al. (1993 terface (hybrid layer) with
nanoindentation technig ation tester made slightly
oversized indentations rel sult could be the properties of
mixture of hybrid layer, re brid layer alone. Pereira et al
(1998) correlated Knoop ml ianaular hardness by measuring the
microhardness in vitro caries mineralized dentin adjacent to the
conventional and res&mom Knoop and triangular hardness
indentations were performea pe rpendicutar to ’ parallel to the cavity wall

in the demineralized |eﬂ> A SV ermperformed 100 pm from the

top and 50 pm intervals '&arallel to the cawty margin. The triangular hardness

indentations wﬁ} %Hd’}éﬂﬂ%ﬁ w rﬁﬁrlﬁﬁose as the information

provided from fhe manufacturer. Tr;Qy found that trlangular hardness correlated with
Knoopaarw{] Mlmmywv‘)tzrﬂeﬂwi a rgj for measuring
the narréw surfaces.

The UMIS nanoindentation test apparatus was developed by CSIRO Inc.
(Australia) in 1995. This nanoindentation device has a computer controlled X-Y table
and triangular pyramidal diamond indentation point with capacity to develop loads of 0.1
mN = 500 mN. The indentation points are subjected for identification by computer. The

capacity to reproduce small nano points with the diamond pyramid enables the small
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areas of dentin and other tooth structures where the microhardness test method cannot.
However, there was not any report of the subsurface hardness of human enamel and
dentin adjacent to the restoration. The surface microhardness changes as the function
of distance were investigated in the previous chapter. The objective of this chapter was
to achieve the subsurface hardness changes as the function of distance of the tooth

structure adjacent to the restoration.

UMIS 2000, CSIRO, Sydney,
Australia) P 4'.--';'

~-F /4778

2. Low speed saw cutl )..Buehler, Lake Bluff, USA)

3. Polishing machine ,'."“ diamond particle (1 pm)
i}

| . r"
and alumina po Wder (0.05 pm u

¢ e A P P
KGNS NEREE
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Method

The four groups of enamel and dentin specimens were cut cross-sectionally

through the restoration shown in figure 5.1.

Figure 5. ross=sectional-cuting-trea-ine)-taraugh the restoration

The internal surfagps of the cut specumens were polished by abrasive paper and

polishing maoﬂe‘u ﬂﬂf%ﬂtw?w|ﬂ@]ﬂ3 The specimens were

mounted on thélimetal base with wax (Figure 5.2) and using t paralleling machine to

po LU RG] e e 1)
interfacé) between the restored material and 100 d using UMIS

(Figures 5.4-5.5). The indenter used in this study was a diamond tip with an equilateral
triangular base of 65.3 ° face angle to the axis. The hardness measurement was carried
out by indenting the Berkovich indenter (Synton BA, Switzerland) on the given positions
generated by computer. The results were generated by the software program and the

maximum depths of the penetration were reported for every indenting positions
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generated on the specimen surface. From the maximum depth the hardness can be

calculated from the following equation.

H =P/A

Where P is a pressure or force and A is the contact area which given by

where h_ is the depth of pe ‘dl//&metric constant (for a Berkovich
indenter is 24.5) (K= \]Wre ) - GQ'resuIts in this chapter were

oz B
A=Kh,

reported in maximum d

UL NENANENDE.
RIAINTNUNINYINY
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Figure 5.3. Paﬁl all‘lj ehine was used togparallel the specimen surface to the stub.

JATENINGINT

The measurements of penetration depth in series omenetratlons mcEgtatlons were
came@ w Qt@vﬁﬂ ‘5%3&)% %t@hﬂu&}r’e—] t@nﬁisurements
were performed using two different indentation distances. The first measurement was
carried out for the distance of 20 um and 15 pm for enamel and dentin respectively.
The second measurement was carried out for the distance of 50 pum for both enamel

and dentin specimens.
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x_‘%

Figure 5.4 Ultra micioindéntation, e A(UMIS 2000, €SIRO,Sydney,Australia)

Figure 5.5 The sample was positioned on the stage of the UMIS and subjected to the

nanohardness measurement
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521 Measurement of maximum penetration depth on enamel.

5.2.1.1. Indentation spacing distance of 20 pm

Eight indentations were made using a force of 80 mN (8 g) at the area 20

microns (um) distance from the enamel,

terial interface. Another eight indentations

— e S == row

Figure 5.6. Five series of eight indentations were made at every 20 um from the tooth

material interface with the separated spacing of 20 pm (20x).
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5.2.1.2. Indentation spacing distance of 50 pm

Four indentations were made using a force of 80 mN (8 g) at a distance of 25
microns (um) next to the tooth material interface. Another four indentations were made
parallel to the interface and with a separate spacing of 50 microns. Another four

indentations were made in the same ma

Altogether 6 series of 4 indentations were
made as shown in figure 5.7. T,

& O
Figure 5.7. Q Ueﬂfarnﬂ:‘l{rw& ;]eﬂy‘i) pm from the tooth

q m’Terlal interface with the separated spacing of 50 pmg(#0x).

ANTIIERANTINIE TR E
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5.2.2. Measurement of maximum penetration depth on dentin.

5.2.2.1. Indentation spacing distance of 15 um

Eight indentations were made using a force of 20 mN (2 g) at the area 15

aterial interface. Another eight indentations

arate spacing of 15 microns. Another

ether 5 series of 8 indentations

SARIAINIAUUNA I St

material interface with the separated spacing of 15 um (20x)
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5.2.2.2. Indentation spacing distance of 50 pm

Four indentations were made using a force of 20 mN (2 g) at a distance of 25
pm microns next to the dentin material interface. Another four indentations were made
parallel to the interface and with a separate spacing of 50 microns. Another four

indentations were made in the same Altogether 6 series of 4 indentations were

>

§

made as shown in figure 5.9.

¢« 44— Row

Figure 5.9. . Six series ©ffeur indentations were made at every 50 pm from the tooth

P Bl T o
RIAINTINUNINYIAY
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5.3. Results

5.3.1. Measurement of maximum penetration depth on enamel.

5.3.1.1. Maximum depth of the series made on enamel by indentation spacing distance

of 20 pm

The maximum depths he column and row of each group

were indicated as a sam : : A4S ve group showed the deepest

indentation depth, while the g d the least. The indentation depth of

-

the resin modified glass iQ d \-: ified resin composite groups

were almost the same and egative and positive groups

as in shown Figure 5.10. T§ average maximum depth for

each material in terms offCo an TOWS OV igures 5.10-5.11.

The statistical comparison ‘and row of each group. The

results showed that there was ’5' ignificant between column or row in

each group. Howeye# there » were statisticall efween the four groups of

enamel in the wholearez ":‘ : ‘. Bonferroni as the Post

[ [l!
Hoc tests (Table 5.5 aF H Figure 5.1 !

ﬂ'lJEJ’J‘VIEJVl’ﬁWEJ"Iﬂ‘ﬁ
QW']%Nﬂ‘mJ UAIINYAY
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Table 5.1. The maximum indentation depth in nanometer (nm) of the enamel specimens

for the 5 columns and 8 rows of negative group

Negative Column
group 1 2 3 4 5
1 1013.63 983.44 990.92 967.05
2 969.2 61.18 943.05 972.91
o 9 93 6 960.24 962.95
Row 4 £954.6 928.01 950.74
5 943.70 976.49
6 ﬁ-* 961.11 932.05
7 4 ~ 960. 958.81 949.51
N
8 930+ 932.22 965.10
el
2
Table 5.2. The maximum indéntat >ptF ométer (nm) of the enamel specimens
'] 3 ‘I:J" L
for the 5 colur of positive group
MY
o
Positive
group 1 3 4 5
1 886,69 903.4% 4 893.26 898.94 891.77
ARV G N Jorer | sars
“3 870.82 | 088217 861.22 871.23 857.81
=Y e/
FRIONATULARTIIVENGD | o
9 5 882.3 861.97 870.80 881.44 896.98
6 870.10 879.27 872.29 893.78 886.11
¢ 872.94 883.88 885.92 885.72 876.31
8 886.1 881.69 878.35 881.17 883.38
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Table 5.3. The maximum indentation depth in nanometer (nm) of the enamel specimens

for the 5 columns and 8 rows of resin modified glass ionomer cement group

Resin modified Column
glass ionomer 1 2 3 4 5
cement
1 955.87 7, 960.26 919.88 905.07
2 | 9493 A 4910.98 93929 | 919.45
3 935921 924.1 0= .57 906.81 903.04
Row 4 56 915.64 910.86
5 49. 2 928.43 | 913.07
6 Z égl 4 937.28 912.92
7 : A 966.80 932.69
8 0 5 92020 | 929.76
A |
Table 5.4. The maximum in t i ,_‘, i3 ometer (nm) of the enamel specimens
for the 5 columns and 8 r e odified resin composite group
_F A,
& )
Polyacid -
modified 1 3 4 5
resin ‘a o/
camooste || 121 VP Y1 2 EJ’]ﬂg
1 990.30 | ¢991.29 980 17 961,13 983.28
AR R ER ) NS | oo
q 3 1047.58 931.87 1011.96 937.22 962.59
Row 4 978.38 909.59 873.44 937.60 930.54
5 926.67 886.73 924.26 929.30 894.48
6 935.84 971.10 904.17 919.96 897.39
7 930.92 889.55 876.18 920.91 879.86
8 916.18 918.82 896.46 895.23 902.39
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1000
980
- 20 microns
960
S - 40 microns
E 940
S [1 60 microns
§ 920
D 80 microns
900
. 100 microns
880
860
Figure 5.10. Bar graph ind ated-the : su nean penetration depth as a function

of distance fromthe €na interface in 5 columns

4

.., ]
AU INENTNYINS
RINNIUNRINYIAY
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Table 5.5. The mean maximum penetration depth of the whole investigation area of all

the groups
N | Mean (nm) | Standard |Standard.| Minimum | Maximum
Group Deviation |  Error
l';
Negative 277 940. 45 T73.72 1093.95
Positive 278 : ‘ 3562 | 836.66 1011.78
Resin mofied | 277 : 33,79+ | 208w 831.83 | 1007.64

glass ionomer
cement LW

Polyacid 280 . : . 831.83 | 1108.41

modified resin

composite &

Note: The same affix showedho si at n mong groups.
o

1000 gt \

980 Negative

960
M Positive

92’ | ik Lisin modified GIC
3'] ’] hqoé:&l)diﬂed resin

880 ;
composite

- _ﬂ Depth (nm)

860

Group

Figure 5.12. Bar graph indicated that there were statistically significant between groups

except resin modified glass ionomer cement and polyacid modified resin composite
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5.3.1.2. Maximum depth of the series made on enamel by indentation spacing distance

of 50 pm

The second attempt to evaluate the surface hardness changes in series next to
the restoration in the 6 columns and 4 rows in the area of 300 x 100 microns. The

indentation depth of the column and ro
|

of each group was showed as a sample in

1005.27), while the positive w s-the 16,92 4.96). Even though these two

dified glass ionomer cement and the

polyacid modified resi D ‘}* o exhibited the depth in between the

The statistical co determined b oL mn and row of each group.
The results showed that th ¢ any sta tice 'y significant between column or row
in each group. Howe statis 1y« s between the four groups of

enamel in the whole are inyestigati 5ing OVA and Bonferroni as the Post

Hoc tests (Table 5.10 and Figuré5:33)

-

Table 5.6. The ma -"»"_-_-Tr—--- oth in nanorr ;:;;;,P of the enamel specimens

forthe 6 galiue group.

P —

AN SO SIS -

3 917.58 920.41 943.67 997.98 975.59 965.87

4 915.26 911.19 945.68 974.40 957.95 928.53
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Table 5.7. The maximum indentation depth in nanometer (nm) of the enamel specimens

for the 6 columns and 4 rows of positive group

Positive Column
group 1 2 3 4 5) 6
1 844.62 851.31 826.21 869.94 857.83
Row 2 824.25 860.32 874.96 834.29
3 834.34 57 50.45 | 842.42 | 844.82
4 845. 3 1861 852.97 843.51
Table 5.8. The maxim depth i ) of the enamel specimens
for the 6 columns and r d cement group
1& -
-/
Resin E -
J -
modified ——
glass 1 = 4 5 6
21
jonomer
cement
1 83¢ 46. 953.38 942.05
Row 2 852.64 4. 897.02 &94 902.12 924.73 899.36
£| 58 Y 0 Vo R Foooo | omr
864.01 901. 3?‘ 865.39 867.59 883 5b 937.41

NI PV MRV EREE



Table 5.9. The maximum indentation depth in nanometer (nm) of the enamel specimens

for the 6 columns and 4 rows of polyacid modified resin composite

Polyacid Column
modified
resin 1 2 3 4 5 6
composite : '
1 882.7 6 4 9 7.80 | 979.31 | 954.96
Row 2 | 8 4 | )1.88 | 966.71 | 943.98
3 | 8 | 934.73 | 921.88
4 1 81 901.75 | 910.77
v
-
Table 5.10. The mean maxi r} i ;T-, th of the whole investigation area of all
oA >
Group N imum | Maximum
Negative 119 §ﬂ24 62.03 827.02 1098.79
positve 11120l - o100/ || 766 Tdibs2 | o850
Resin modified| 143 | 922.68* | 30.23 4%1- | 8_06.92 1184.08
N AAN TP NPV 1A B
cemeént
Polyacid 144 | 932.62* | 55.29 4.61 813.97 1096.54
modified resin
composite

Note: The same affix showed no significant difference among groups.
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1050 (] Negative
1000
M Positive
T 90
c
z
3 [J Resin modified
o 900
GIC
850 O Polyacid
modified resin
800 composite
Figure 5.13. Bar gra ah.ifdicated that there were statistiGallySignificant between groups

d modified resin composite.

For the dlstancf ffam the enameldtestoration interface, the results showed

statistically dvlﬂeu ﬂlmm @ w &Jf]:ﬂeﬁand polyacid modifiea

resin composite by means of columng’ The column next to the restor@n (distance of 50

o AR S SN P 1 -5

Figure 5 14). But the negative and positive groups exhibited no statistically difference

among all columns (appendix 5.1 and Figure 5.14).
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1050 ]
B 50 microns
1000
B 100 microns
E 950 ] 150 microns
<
Q. 5
8 900 [ 200 microns
B 250 microns
850
[ 300 microns
800
Polyacid
modified resin
composite
Figure 5.14 Bar graph indicatedtIne sub; e maximum penetration depth as a
function of distance from: enarn erial interface in 6 columns.

Table 5.11. The sidt I#‘ at the distance of the
restoration from 50 to ! um in enamel-resin modified ﬂs ionomer cement interface
group ‘o ot -
N Méan r d ﬂirﬂ\um Maximum
v Deviation E,Er_ .

0 w bb| Nepd o) o/ |ess V|7 jeos2| #J 981.56

1(;;}; 24 920.63 *** | 53.44 10.91 830.24 1039.2

150 pm 24 931.42 ** 62.64 13.06 865.13 1184.08

200 pm 24 935.31 ** 50.31 10.27 845.29 1053.07

250 pm 24 934.74 ** 37.58 7.67 868.59 992.41

300 pm 24 930.33 ** 35.48 7.24 870.02 985.39

Note: The same affix showed no significant difference among groups.
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Table 5.12. The statistical comparison between columns at the distance of the

restoration from 50 to 300 um in enamel-polyacid modified resin composite interface

group
N Mean _ d| Standard | Minimum Maximum
or

50 pm 24 8 35.75 818.40 979.98

100 pum | 24 #5000 o 10@d| 833.97 1002.74

150 pm 24 : : 1 839.26 1026.99

200 pm 24 : "63.¢ Nk 813.97 1004.85

250 um 24 3 : 814.56 1096.54

300pum | 24 . 455 836.76 999.29
Note: The same affix show: Sig f/'; ong groups.

A

All the three groups except th X exhibited the difference between the
penetration depth Figure 5.15). The penetration
depth of the row n : t more penetration depth

than the others. m
AUEINENINeINg
RINNIUUNIN Y
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Table 5.13. The statistical comparison between rows at the distance of the surface 25 to

100 pm in negative group

N Mean |Standard |Standard| Minimum Maximum
iond Error
25 um 30 | 985. 5 850.39 1098.79
50 pm 30 |9558 66.60 827.02 1093.01
75 pm 30 0.89 51.70 1026.04
100 pm 29 8. 3.55 1024.55
Note: the same affix e 1 groups
Table 5.14. The statistical’co, k? a“ distance of the surface 25 to
100 pm in resin modified gl@ssfioroid ;ﬂ
N Mean and andard| Minimum Maximum
) )

25 pm 35 306.92 1184.08
50 pum 36 6.64 %, .62 810.10 1001.80
75 um 36 | 909,81 ** 34.83 g4 581 843.88 975.36
100 pm 6 6. W 45129 969.43

Note: The sarrEfﬂx showed no significant dlfferengz among group

AWIANNIEM NW]’W]EI']?R d
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Table 5.15. The statistical comparison between rows at the distance of the surface 25 to

100 pum in polyacid modified resin composite group

N Mean Standard Standard Minimum Maximum

Deviation Error

7.23 879.57 10565.87

25 um 36 | 965.34*

855.06 1096.54

50 pm 36
75 pm 36 821.71 999.03
100 um 36 813.97 988.68

Note: The same affix

1100
1050
B 25 microns
A 1000
£ B 50 microns
£ 950
Q. =
8 [ 75 microns
900
850 [ 100 microns
800

AUEIMEN TN
RN IUNRINGIAY

Figure 5.15. Bar graph indicated the subsurface hardness as a function of distance

from enamel surface in 4 rows
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The first investigation on subsurface enamel (spacing 20 microns), the results of

maximum penetration depth were summarized below:

1. For each material, there were no significant difference among the columns (up to

100 microns from the interface) and rows (up to 160 microns from the tooth surface).

material, there was significant difference
& pth between resin modified glass
jonomer cement and polyac odified r

7 * i\
The second investigati el \Q\i\ 50 microns), the results of

«» polya id modified resin composite,

there were significant .‘ up to 300 microns and rows

2. Determining all the indentations

among the group studied

2. The first column (resin modi ed-glass-i cement and polyacid modified resin
composite) which, were interface showed less maximum
depth -g

_l: rthe interface)
3. The first row (all mﬁria S

W i%were within 25 microns from
the tooth surface s“°¥’e,é’., more signiﬁcaw different depth than other groups (75 -

oA NN TNE NS

4. Determinindﬂail the indentations on each materiai there was significant difference

RYRNTTIER m’f"'l T’]’Ei“’i e oo
|onoqier cement and polyacid modified resin composn
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5.3.2. Measurement of maximum penetration depth on dentin

5.3.2.1. Maximum depth of the series made on dentin by indentation spacing distance

of 15 pm

The maximum depths of each indentations in the column and row of each group

were indicated as a sample in Iz /9 The negative group showed the
ositiv

ibited the least. The indentation

deepest indentation depth

depth of the resin modifie , ionomer-cement and polyacid modified resin

3 ‘\ eir depths were between the negative
ever -\\ atistically differences among

e \\ St

groups of dentin in the the-nvestigat g ANOVA and Bonferroni as

terms of columns and ro o/ Figure 5.16- 5.17. The statistical comparison

composite groups were

and positive groups (Fi

the Post Hoc tests (Table

The compariso depth for each material in
were determined by column‘and fou ' e results showed that there was
not any statistically significant between col ows in each group..

LT ———————— -

L\ Y |
Table 5.16 The maxifuir {nm) of the dentin specimens
forthe 5 columns and 8 rows of negatiVe group
: =
Negative ﬂ [+ IS
group q 1 ISJ d4 5
A RSN N TR e
R ¥ 1180.87 . f]11. &1 63 117052
1208.39 1197.99 . 1227.77 1223.89 1239.25
Row 1176.56 1222.89 1171.61 1193.08 1215.35

1295.38 1262.27 1221.90 1229.96 1188.72
1239.49 1199.46 1193.05 1242.72 1192.18
1286.52 1197.34 1212.75 1140.93 1218.77

o ~N o O A~ W

11568.54 1156.76 1161.80 1184.16 1169.82
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Table 5.17. The maximum indentation depth in nanometer (nm) of the dentin specimens

for the 5 columns and 8 rows of positive group

Positive Column
group 1 2 3 4 5
1 1037.90 1Q ’ 1026.27 1015.45 1047.82
2 1009.23 “Q"‘*‘ B / 927.32 1033.52 1013.16
3 05303 [-09s®1 | 101218 | 978.94
Row 4 944,75 97 1011.33 1043.77
5 7/ . \\\;\*.\N 101941 | 994.51
6 / 985.52 . | N 975.31 973.30
NN
7 996.34s | \\\ 982.05 | 1051.89
8 01228 ‘k\\i\ 94953 | 941.49
Table 5.18. The maximum inde t i pthinhanometer (nm) of the dentin specimens
for the 5 columns and 8 rows ; ed glass ionomer cement group

Resin modified

glass 4 5
jonomer [y,
™
NENTNEINS

[ - 1054.87 103&.55 1047.55 1057.44 1066.41

5! Mﬂ ‘ngﬂ ﬁw ma? lH1057.78

1035.11 1068.70 1070.71 1045.91 1057.25

Row 1076.27 1070.53 1083.21 1073.74 1054.84
1016.39 1094.72 1087.79 1074.78 1098.61
1080.54 1100.21 1099.90 1057.31 1067.50

1150.63 1060.24 1059.50 1058.45 1076.01

o N o O »~ W

1084.40 1039.85 1002.66 1061.13 1054.99




Table 5.19. The maximum indentation depth in nanometer (nm) of the dentin specimens

for the 5 columns and 8 rows of polyacid modified resin composite group

Polyacid Column
modified resin 1 2 3 4 5
composite
1| 100198 | 1116 37.55 | 1079.42 | 1101.08
™ ‘
2 196€ 1056.8 94 | 1065.27 1075.45
3 1024.25%1 1083.52 | 1016.30
Row 4 086. | M6 1070.60 | 1036.74
5 1 113 1085.76 | 1116.12
-k
6 140.38 I 129480 : 1066.19 | 1098.83
7 of 1 412 \ 1058.61 | 1132.37
il k
8 Qs i 104036 | 109510 | 1103.62
Priare \
# xod e
AT T
1200 e
1150 M 15 microns
= 1100 ‘ B 30 microns
c
£ 1050 r [ 45 microns
o 4
£ i :
100 1 ‘ ' 0 60 microns
95
: B 75 microns
0 AN INE
0 Negative ositive ~ Resin olyacid
modified GIC  modified
resin
composite

Figure 5.16. Bar graph indicated the subsurface mean penetration depth as a function

of distance from the dentin material interface in 5 columns
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1250
1200 B 15 microns
e L M 30 microns
E 1100
5 [J 45 microns
& 1050
o [ 60 microns
1000
950 M 75 microns
900 & 90 microns
Polyacid M 115 microns
modified resin [ 130 microns
composite
Figure 5.17. Bar graph indig f?'rf an penetration depth as a function

' surface in 8 rows

There were no signi gy famong the 5 columns and 8
rows of all groups (apgndm o , were s lstlcally differences among

the four groups of denti e investigation grea using ANOVA and Bonferroni as
ngn d'y

s a0 B BF EWI INEINT
AW ANNIURIINYA Y
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Table 5.20 The statistical comparison of the indentation depth among the test groups.

Group N Mean Standard Standard | Minimum | Maximum
Deviation Error
Negative 279 | 1096.96 82.38 4.93 991.02 1301.18
Positive 280 | 1029.57 { 2.68 933.32 1186.37
Resin 277 |1057.9 , : 3.06 924.23 1289.97
modified
glass ionomer

cement

Polyacid 280 5 934.48 1294.80

modified resin

. %
composite ﬁf‘ |
Note: The same affix showg J; : ong groups.
W icre
a e
7Y
1200
‘Negative
1150
£
£ N7
g 1050 T
R [ Resin‘mbdified
& Wood NIV Bk 2
q ; :
950 O Polyacid
modified resin
Group composite

Figure 5.18. Bar graph indicated that there was significant among groups except resin

modified glass ionomer cement and polyacid modified resin composite groups
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5.3.2.2. Maximum depth of the series made on dentin by indentation spacing distance

of 50 pm.

The second attempt to evaluate of the surface hardness changes of dentin
specimens in series next to the restoration in the 6 columns and 4 rows in the area of

300 x 100 microns. As the expansio investigation, the indentation depth of the

column and row of the dentin spec S . as the samples (Table 5.21 -5.24).

atest, while the positive was the

o ——
least (Figure 5.19). Eve IS W e same materials. The resin
modified glass ionom ‘esin composite groups also
exhibited the depth in betive ey ive group.
Table 5.21. The maximu ion He (nm) for the 6 columns and 4
i
Pz
Negative ' = ‘-d
T TR
group : 5 6

1| 1 1166.42 | 1205.88
Row | 2 102@3 020 | 114029 | 1186.84

3 1017.0} 1207.70 115&.}0 1141.52 | 1135.40 | 1143.88

4&;1] 1913, . . jos.oa 1118.07
AMIANTUUMINYIAE
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Table 5.22. The maximum indentation depth in nanometer (nm) for the 6 columns and 4

rows of dentin positive specimens.

Positive Column
group 1 2 3 4 5 6
1 879.70 872.97 , 889.37 811.79 822.29
Row 2 854.22 ' 907.07 879.05 | 857.21
3 | 85843 72. w877.96 | 856.82 | 897.05
4 896. 76:1%. 0 879.23 838.34
Table 5.23. The maximum i ( N« o in met m) for the 6 columns and 4
rows of dentifi resin (%l _. SS | ment specimens
Resin G
modified 1 —= 4 5 6
el
glass
ionomer
cement ﬂ
959.91
Row 908.15
873.21
Al 879.78
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Table 5.24. The maximum indentation depth in nanometer (nm) for the 6 columns and 4

rows of dentin polyacid mofied resin composite specimens.

Polyacid Column
mofied
resin
composite
1 4 5 6
1 83 (S 2 | 963.86 930.30
Row 2 922.63 934.76
3 1 *':E 902.69 966.46
4 | 88 .42 | 01¢ 0:80 | 894.30 | 930.20
| o |
Table 5.25. The mean 8 of the whole area of dentin
specimens groups. ‘j":r
i)
3 u Maximum
Negative 1 3 7 1245.64
Positive 1 207 883. 61. 1001.91
Resin modified | 168 |¢920.60 * 59.81, 820.61 1086.20

gessioromd®] W INENINETD

Il ﬂﬂ%ﬂf FTERE

Note : The same affix showed no significant difference.
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1400
B Negative
1200
1000
M Positive
E 800
5
§ 600 [ Resin modified
GIC
400
O polyacid
200 modified resin
composite
0
Figure 5.19. Bar graph mducate ; Statistically significant between groups
except resin modified g ionomer cem acidmodified resin composite
v, Y )
For the dista& O : ation aﬂ erface, the results showed
Al

statistically difference in Qae resin modified g@}S ionomer cement and polyacid modified

resin composﬂa%eﬁs’g W\ fﬁ Eg' WrBfBItﬂﬁoranon (distance of 50

pum) showed s@hf cant less penetra‘;lon depth than the others (Table 5.26 - 5.27 and

LN A 1

among 4ll columns (appendix 5.4 and Figure 5.20).
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Table 5.26. The statistical comparison between column at the distance of the restoration

from 50 to 300 um in dentin-resin modified glass ionomer cement interface group

N Mean Standard | Standard Minimum Maximum

Deviation Error

50 microns 28 886.84 * 8.32 826.30 979.27

. 2 ‘~. u I
100 microns | 28 | 906.94 Q\\v.ﬁ.- 820.69 1024.45

150 microns | 28 922 0g™> 6 a 851.06 1072.81

200 microns | 28 868.17 1086.20

250 microns | 28 / ’7‘!‘\\{&'\‘ 822.74 1059.82
300 microns | 28 | #8839 l/ /bﬁ'\\\\\\‘% 321,69 1041.90

Note : The same affix showe gnifica \

- *:.‘
&-{:‘,

Table 5.27. The statistical g& ﬁéé%ﬂ :
HA L A

= 15 <

from 50 to 300 um in dentin-Polyz 55‘" odifi

t the distance of the restoration

'n posite interface group

N Maximum
50 microns 28 997.45
100 microns | 28 1096.86

1027.02

200 microns ‘{8 937.80 * 49.44 9.1& 855.26 1032.88
o A | T (PR 2 B Fow

300 midE'ls 28 947.16 46.13 8.72 862.35 1044.49

150 microns 8

300 microns | 28 947.16 46.13 8.72 862.35 1044.49

Note : The same affix showed no significant difference.

All the three groups except positive group also showed the difference between the

depth of the effect of demineralization solution in 50 microns to 200 microns (Table 5.28-
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5.30 and Figure 5.21). The row indentation depth of positive group was found that there

was not any statistically significant different as in appendix 5.4.

Table 5.28. The statistical comparison between rows at the distance of the surface 25 to

100 microns in negative group

N M 7 ndard| Minimum Maximum
Devia
25 microns 29 1 1001.15 1245.64
50 microns 30 993.65 1242.73
75 microns 30 4#04 . ,.E 981.78 1207.70
100 microns | 30 #6665 986.25 1214.00
Note: The same affix showed wert nostal ificant difference.
s
3
Table 5.29. The statistical co gr' -beh 0 the distance of the surface 25 to
Lr K flai s, 1 -
100 micron in resin modified glass- A group
I
3
N nimum Maximum
25 microns 42 935&5 * 65.65 10.13 821.69 1072.81
50 microns Tﬁ?‘ Eigﬂ 8k T3d7s 1086.20
75 microns Yo 905.40 ** 54.72 8.44 820.69 1032.42
= —
100 b 1025.78
100 micfons | 42 906.23 ** 51.52 795 838.10 1025.78

Note: The same affix showed there were no statistically significant difference.
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Table 5.30. The statistical comparison between rows at the distance of the surface 25 to

100 micron in polyacid modified resin composite group

N Mean
25 microns 42 951.5
50 microns 42 938.
75 microns 42
100 microns | 42
Note: The same affix e
1400
1200
1000
E 800
£
2 600
0
400
200 ¢

q Wﬂ R T DHHA T 5

GIC

Standard | Standard Minimum Maximum
Error
.00 804.54 1096.86
55.99 r 831.82 1089.07
50.38 . 808.38 1024.09
o
802.26 996.64
re r ; ignificant difference.
L A
- '{'
P
B 25 microns
B 50 microns
D 75 microns
] 100 microns

modified resin

composite

Figure 5.21. Bar graph indicated the subsurface maximum penetration depth as a

function of distance from the restoration of 4 rows
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The first investigation on subsurface dentin, the results of maximum penetration depth

were summarized below:

1. For each material, there were no significant difference among the columns (up to 75

microns from the interface) and r 130 microns from the tooth surface).

2. Determining all the indent ial, there was significant difference
among the group studiee oth between resin modified glass
ionomer cement an

The second investigali esults of maximum penetration

depth were summarize

1. For resin modified gl acid modified resin composite,

there were significant di (up to 300 microns and rows

(up to 100 microns from the e 'foot

2. The first column.{resin-modified giass ic ment and polyacid modified resin
composite) 'tV_Q*' ere Within :‘* e showed less maximum
depth compared tﬁth 0 . f%] the interface)

3. The first row (all makerlals except posmve group) within 25 microns from the tooth

o BTN IR 3o

microns frofi the tooth surface).

O I
amang the group studie except the mean between modified glass

ionomer cement and polyacid modified resin composite.
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5.4. Discussion

In the previous chapter, enamel and dentin next to the fluoride releasing
materials were significantly harder within the distance of 100 um after soaking in the
demineralization solution. Therefore the e may be some effect on enamel and dentin
underneath. In this chapter, the '\ ) : esigned to investigate the hardness
changes of subsurface ename } tin. le was cross sectional cut through

the restoration in order to obtain.the subs! ﬁawmre underneath. One side of

the o -.k shapter. Therefore the subsurface

tooth structure was no e wx‘\u“ on. hardness test and thus the

A

\\.\ S of impression on the surface.

subsurface hardness cande idvgstigatedwitho
Since there significar ng \ \\ at the surface, there was also
e area

expectation to see son : inthe sugfa Unlike the surface hardness

changes of tooth structur K _ n erﬁ \eralization solution, the subsurface
of tooth structure was expe e%" C e due to the difficulty in transportation

of fluoride ion. As a result, namof i@s.applied to investigate the small area
next to the interfacs ' - nanohar dness_test_can. perform smaller size of

- &

indentation. The smé Hinden , » as small as 20 um while the

microhardness cannof:” With this technology, the effect offluoride releasing materials on

three dimensi ‘]g ‘ g i i :
Consiﬂ:ﬂﬂ:jmﬁrﬁA nﬂ Ejﬂﬁdongeblwd (1980b);

Forsten, ( wten.C d ﬂ ( investigated emineralization

and rgn T |Q\ia§ﬁi rﬂﬁ)ﬁ:ﬁiﬂﬁ)ﬁﬁbﬂf the inhibition

zones influenced by the fluoride releasing materials in the three dimensions of the

human enamel and dentin has not been reported. Arends, Schuthof and Jongebloed,
(1980b) reported that there was relationship between the lesion depth of artificial enamel
caries and Knoop microhardness. The difference was the Knoop impression size was
still larger than the Berkovich impression. Measuring the small impression using eye

measurement in microhardness technique may give more bias to the result. Therefore,
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measuring the small size of indentation impression, nanohardness test has an
advantage over microhardness test because it uses depth sensing method by linear
variable differential transformer (LVDT) which will provide the depth of penetration with
precise measurement and less bias. The depth created on the surface can tell the
hardness. The more depth created on the surface, the less resistance belongs to the

material. The outcome of the material i ter. In this chapter, the depth was therefore

considered to be the importa
reason was nanohardness - ' &( hardness value.
T——
In the first inv X
differences of the subs dividual group of 100 pm next
to the restoration in b npression was coming to the
conclusion that there : ir € face within 100 pm from the
material tooth interface. § - atte ig estigation followed the same
method but the area was € ) in; -'h_ see the difference. The results
exhibited that resin modiiie _ ' SJale] r p showed some effect on the
penetration depth at the colum == ; ed to those of 150, 200, 250 and 300

pum. However, there were no

restoration which -*.- T ,:-::T -------- irsti igation. The results of resin

modified glass ionoﬁer Hition zone with a greater

microhardness with thoslf formed adjacent to the polyacnd modified resin composite.

The result waﬁ Fuagc" q%ﬂm Wtﬂ ﬁTﬂaihey studied in bovine

dentin with thefi¢onventional glass lonomer cement and resin modlfled glass ionomer

N ﬁ“m;g "méﬂ”] ﬁ?_! A
inhibition zone was in the area o 300 um and the e ive O esistance was

material independent. Many investigators reported of caries resistance in vitro of
fluoride releasing material by polarized light microscope (Hicks, 1986a; Marinelli et al.,
1997; Millar, Abiden and Nicholson, 1998; Pereira et al., 1998; Tam, Chan and Yim,
1997). Their results concluded that the fluoride releasing materials imparted resistance

against the development of carious lesion in vitro.
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Previous reports have suggested that glass ionomer cement may promote
remineralization by possibly depositing minerals and fluoride, therefore increasing the
acid resistance (ten Cate and van Duinen, 1995, Modesto et al, 1997). Diaz-Arnold et
al., (1995a) observed that a conventional glass ionomer cement released greater
amount of fluoride than resin modified glass ionomer cement. However, Forsten (1995)

found that the fluoride levels release in modified glass ionomer cement were

ionomer cement. Therefore, the
the different fluoride content of the
materials and the differ joride release. In this study, the
surface hardness w fluoride releasing materials
instead of direct met | " ( .' and uptake e results also showed that
the subsurface hardne o the fluoride releasing materials

were harder as well as hei ines . : ve also found that the affected

surface was in the limited @red. The'increase dness of the surface enamel and
w3l
dentin next to restoration is ecied to the It from the fluoride. Fluoride bound to

A

minerals could promote less sol and dentin. Fluoroapatite as a result of

remineralization process is esistance. The effect of fluoride

on hardness is therdf & needed furt Y |

) g
AUEINENINGINg
RINNINANINEIAY
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