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THE EFFECT OF INTERNAL BLEACHING ON CHEMICAL COMPOSITION
AND MECHANICAL PROPERTY OF HUMAN DENTIN.
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The purpose of this in vitro study was to chemically characterize the
molecular features and to determine the microhardness of human dentin after bleaching
with sodium perborate for different time durations. Seventy human sound premolars
were collected. The pulp chamber was prepared and the root canal sealed with cement.
They were divided into 6 experimental groups and one control group, each contain ten
teeth. A thick mixture of sodium perborate and distilled water was placed in the pulp
chamber and sealed with cavit for 3, 6, 9, 15, 21 and 27 days in 37 °C. There was no
bleaching agent in the control group. The crown was sectioned into 2 bar shaped
specimens. The first specimen was prepared in order to observe the two functional
groups of dentin by Fourier Transform Infrared Spectroscopy. The enamel was removed
and the dentin was crushed using pestle and motar to produce a fine powder. The dentin
pellet was made before analysis by the spectrometer. The wavenumber was verified in
the spectral range of 400 to 4000 cm. Infrared spectra of the samples were then
recorded and analysed by the omnic and origin program. The change in the quantitative
analysis of C=O stretching in 1° amide and N-H bending in 2° amide were measured.
Another specimen was prepared to evaluate dentin microhardness using the Knoop
hardness test. The specimen was prepared by smoothing and polishing before a 15
second Knoop hardness test was administered under a 100 g load, for each of the 3
indentations. The results revealed a significant decrease of C=0 and N-H in 6 days, and
of microhardness in 21 days of bleaching (p< 0.05). This results suggest that bleaching
materials may adversely affect the dental hard tissue and should be used with caution.
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CHAPTER I
INTRODUCTION

Bleaching of teeth, vital and nonvital, is a primary indicated for
cosmetic purposes. Intracoronal bleaching is commonly carried out on discolored
anterior teeth that have been endodontically treated. The nonvital bleaching techniques
include the thermocatalytic technique and the “walking” bleach technique. The
thermocatalytic involves the use of 30-35 % hydrogen peroxide (Superoxol, Union
Broach, York, PA). This agent is placed in the pulp chamber, and the bleaching action
is activated by heat. In the walking bleached technique, sodium perborate (NaBOs.
nH,0) in combination with water or superoxol in a thick paste is placed into the pulp
chamber, which is then sealed with cotton and temporary filling, after which the
patient is dismissed. The bleaching effect occurs out of the office, and the bleaching
paste is changed weekly. Nowadays the eliminating that technique is recommended
and considering the use of sodium perborate alone (1).

Although nonvital bleaching technique is effective in lightening tooth
color, it also has potential hazards (undesirable complications) such as cause cervical
resorption (2), increase dentin permeability (3), change in surface texture, remove
enamel matrix, decrease the microhardness of dental hard tissues (4), increase
brittleness of the coronal tooth structure (5) and alter the chemical structure of dentin
(6, 7).

However, there is a demand for a natural smile and some patients are
very eager to have whiter and brighter teeth. No documented studies have assessed the
relationship of the chemical composition change and the mechanical property of tooth
due to overuse of sodium perborate, although it has been hypothesized to be a material

of choice of nonvital bleaching.
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CHAPTERII
OBJECTIVES

The purpose of this in vitro study was to determine the effect of
sodium perborate on the organic chemical characterized composition of human dentin
and microhardness of inner, middle and outer human dentin in different bleaching time

at3, 6,9, 15,21 and 27 days.

HYPOTHESIS

H, : There is no statistically significant difference of the Knoop
Hardness Number and the organic chemical composition between normal dentin and
bleached dentin at inner, middle and outer locations in different bleaching time at 3, 6,
9, 15,21 and 27 days.

H,; : There is at least a statistically significant difference of the Knoop
Hardness Number and the chemical composition between normal dentin and bleached
dentin at inner, middle and outer locations in different bleaching time at 3, 6, 9, 15, 21
and 27 days.

Significance of the study:

With this reliable Knoop Hardness Number and organic chemical
characterized composition of unbleached and bleached teeth by Fourier Transform
Infrared Spectroscopy (FTIR), the results of this study should be an evidence in being
consider to use sodium perborate in the proper duration time of bleaching without risk

of damage tooth structure.
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CHAPTER III
LITERATURE REVIEW

There are five related topics to be reviewed as follows.

o Discoloration of nonvital teeth

2 Tooth bleaching

3 Tooth structure

4 Fourier Transform Infrared Spectroscopy
5 Microhardness test

1. DISCOLORATION OF NON-VITAL TEETH
Discoloration of nonvital teeth occurs for a variety of reasons:

1.1 Discoloration due to trauma

Severe trauma can cause hemorrhage as blood vessel rupture in the
pulp chamber. This blood is driven hydraulically into the dentinal tubules where the
extravasated red blood cells undergo hemolysis, emitting hemoglobin. This released
hemoglobin is then further degraded, releasing iron that forms a black compound by
combining with hydrogen sulfide produced by bacteria to form iron sulfide, a very
dark pigment and consequent discoloration. In the period immediately after injury, the
crown remains pink but if the blood progressively breaks down, the tooth becomes
orange, then brown, blue, or black (8). This tooth responds well to nonvital bleaching
technique.

Pulp extirpation during endodontic treatment can cause breakdowns of
the hemoglobin. The failure to remove all pulp remnants or residual tissue in the pulp
horns during root canal treatment is also a frequent cause of discoloration of the tooth.

1.2 Pulp degeneration
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Pulp degeneration without hemorrhage also results in necrotic tissue
that contains various protein degradation products. These products create a grayish
brown discoloration of the crown, even through the discoloration is not as pronounced
as that seen with hemorrhage. The degree of discoloration in these teeth is directly
related to the length of time between pulp death and treatment whether or not
hemorrhage is involved. This tooth responds well to nonvital bleaching techniques. If
the discoloring compounds are in the pulp chamber in the longer periods, the deeper
the penetration into the dentinal tubules and the greater the discoloration.
Consequently, it is more difficult in breaking task.

1.3 Discoloration due to materials

latrogenic discoloration is a negative side effect of some other dental
procedure. There are numerous materials, treatment procedure, or both that can
produce this result. Medications and materials used in dental restorations can
themselves induce staining if they leak or otherwise reach and saturate in the dentinal
tubules. Breakdown of restorations, such as acrylics or composite resins can cause the
tooth to look grayer and discolored. These teeth responds well to the bleaching
following the replacement of the degraded restorations.

Amalgams can cause gray to black stain.

Ledermix paste is a glucocorticosteroid-antibiotic compound. The
active components are the combination of triamcinolone (glucocorticosteroid) and
demethylchortetracycline (demeclocycline) at concentration of 1% and 3.21% (9, 10).
Leadermix paste was used as an endodontic medicament or as a short term direct or
indirect pulp capping agent (11). The placement of Leadermix paste in the root canal
space has been reported to add to the efficacy of the treatment (12) and reduce the
incidence of pain (13). However, it was shown to be capable of diffusing through the
dentinal tubules and cause discoloration (14).

Other material used inside the canal and make the crown discoloration
such as clove oil can cause yellowish brown stain, root canal sealer containing silver
causes black stains and gutta percha filling.

Pins

Pins can cause blue-grayish stains.
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In all of these conditions, the length of time the substances have been
allowed to penetrate the dentinal tubules will determined the amount of residual

discoloration and will, consequently, affect the success of the bleaching.

2 TOOTH BLEACHING

Tooth bleaching has a long history of use and would appear to be safe
to use to change the appearance of discolored teeth. It is conservative of tooth tissue
and may delay the need for more invasive veneers and crowns. Intracoronal bleaching
can be a simple, economic and effective method for improving the appearance of
discolored non-vital anterior teeth that have been endodontically treated. The
bleaching agents employed in the walking bleached technique are sodium perborate
(NaBO; .4H,0) and hydrogen peroxide (H»O,) which may be used alone or in
combination. Waterhouse and Nunn (15) investigated the outcomes in 20 children and
adolescents who had undergone an intracoronal nonvital bleaching technique. Twenty-
one discolored central incisor teeth were treated by the walking bleached method and
reviewed at intervals for 18 months following completion of bleaching. When a
porcelain shade guide was used as a reference before bleaching, the percentage of
teeth deemed off the shade guide, gray or reddish gray, was 97%. Immediately
postbleaching, the percentage had been reduced to 57%, and relatively more teeth
were at the lighter end of the scale for each color band and 62% of patients expressed
satisfaction with the result. At 18 months, three teeth (17%) had been veneered, and
33% of the remainder were found to be off the shade guide, gray or red-gray.

Radiographically, 81% of teeth were classified as healthy at 18 months, with no

evidence of cervical or progressive apical resorption.

2.1 Agents in nonvital bleaching
It is well recognized that hydrogen peroxide is acidic and sodium
perborate is alkaline. Sodium perborate and hydrogen peroxide can be used alone or in
combination and this affects the resultant pH. The pH of sodium perborate mixed with
bidistilled water without dilution was approximately 9.87, increasing to 10.70 after 14
days. The initial pH of sodium perborate mixed with superoxol was 7.40 and it

reached a value of 10.58 after 14 days.
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There is no significant in the whitening effect of sodium perborate with
30% hydrogen peroxide, sodium perborate with 3% hydrogen peroxide and sodium
perborate with water. Hydrogen peroxide is acidic, it may affect the inorganic part of
dentin through acid demineralization.

2.1.1 Hydrogen peroxide (H>O,)

Hydrogen peroxide can make tooth whiten by gradually oxidative
reaction. The pH of H,O, is 4.6-6.6 and molecular weight is 30 g/mol. Various
concentrations of hydrogen peroxide are available but 30 % to 35% w/v solutions are
the most commonly employed concentrations. Hydrogen peroxide is caustic by its
strong oxidizing action and burns tissues on contact. Therefore, it must be handled
with care. The oxidation-reduction of hydrogen peroxide are as follows.

1.  Harber- Weiss reaction

H202+02_ _>H20+02 s 02+OH.+OH_

Hydroxyl radical (OH ") react which large pigmented molecules,
decomposed the molecular structure and its complete oxidation.

H,0, release O which is the oxidant agent, so McEvory (16, 17)

assumed that this oxidant agent will reacted with the pigmented molecules, broke the
pigmented molecular structure and finally made the tooth whitening.

Hydrogen peroxide is unstable and is converted to free radicals HO, *
and O " . The proportion of each type of radical produced depends on the pH of the
solution. An increase in percentage of perhydroxyl (HO, "), the stronger free radical of
the two, is produced at higher pH (pH 9.5 to 10.8), and lower percentage of stronger
free radical at acidic pH (18).

Frysh et al., (19) showed that bleaching teeth with hydrogen peroxide at
pH 9.0 is more effective than at the usual acidic pH found in peroxide based bleaching
agents. They also pointed out that many commercial processes for bleaching natural
fibers using hydrogen peroxide are carried out at an alkaline pH, which shortens the
time required for the process.

The free radicals produced from the peroxide have unpaired electrons
and are extremely unstable. They attack other organic molecules to achieve stability,

generating other radicals. These radicals can react with most unsaturated bonds,
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disrupting them and producing simpler molecules that are lighter colored. A highly
pigmented carbon ring compound may be opened and converted into chains that are
lighter in color. Organic compounds with carbon double bonds, usually yellow, are
oxidized to hydroxyl groups, which are usually colorless. As these processes continue,
the material being bleached continues to lighten (18).

2.1.2 Sodium perborate

Sodium perborate (NaBO;3; . 4H,O ) is a white powder that is stable
when dry . It contains about 95 % perborate, corresponding to 9.9% of the available
oxygen. Sodium perborate is an oxidizing agent available in powdered form or as
various commercial preperations.

Rotstein et al., (20) compared the bleaching prognosis of sodium
perborate mixed with water or 30% and 3 % hydrogen peroxide over a lyear period.
After 14 days, the coronal access cavities were sealed with composite resin and the
teeth photographed with a color slide film under standardized conditions. And after 1
year all of the teeth still maintained their shades.

It is slowly released the oxidizing effect. In the presence of acid, warm
air or water, it decomposes to form sodium hydrogenborate, hydrogen peroxide and
nascent oxygen (21) as figure belowed.

Fig. 3.1 The reaction of sodium perborate agent.

2Na'((HO) ,B(-0-0-), B(OH) ;) *+ 2H,0 ____, 2Na" +2(H,BOs) + 2H,0,

l

H°,0",0H" ,HO," ,OH", OOH"

It is more easily controlled and safer than the concentrated hydrogen
peroxide solutions. Weiger et al., (22) compared the various form of sodium perborate
(monohydrate, trihydrate and tetrahydrate) and found no significant differences in the
final bleaching results among any of the three sodium perborate forms. Ari and Ungor
(23) found that there was no statistically significant difference between the whitening
effect of sodium perborate monohydrate and water, group 2: sodium perborate

trihydrate and water, group 3: sodium perborate tetrahydrate and water, group 4:
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sodium perborate monohydrate and H,O,, group 5: sodium perborate trihydrate and
H,0,, group 6: sodium perborate tetrahydrate and H,O, at 7, 14, 21 days. But
Kinomoto et al., (24) found that sodium perborate in H,O, was the most toxic more
than H,0O; and sodium perborate solution (least toxic) in sequence.

Weiger et al., (22) determined radicular penetration of hydrogen peroxide
following intracoronal bleaching with various forms of sodium perborate for a 6-day
period, with replacement of the bleaching paste after one and three days. The radicular
penetration of hydrogen peroxide was highly significantly higher in the teeth bleached
with sodium perborate monohydrate with 30% H,O, and sodium perborate
tetrahydrate with 30% HO, than in the teeth bleached with sodium perborate
tetrahydrate with H,O.

Rotstein et al., (25) studied intracoronal application of the resorption.
Extracted human teeth with intact crowns were discolored in vitro and bleached with
three preparations of sodium perborate. These preparations included: sodium perborate
with 30% hydrogen peroxide, sodium perborate with 3% hydrogen peroxide and
sodium perborate with water. The bleaching materials were placed in the pulp
chamber of the discolored teeth and sealed with IRM for 14 days. They were replaced
with fresh preparations after 3 and 7 days. It was found that after 14 days, there was no
significant difference in success between the groups. It is therefore recommended that
sodium perborate be used in combination with water rather than with hydrogen
peroxide to reduce the risk of post-bleaching external root resorption (21, 25).

Heling et al., (3) showed that the dentin permeability of Streptococcus
faecalis was significantly higher after application of 30 % H,O, than after using the
mixture of sodium perborate and water. The latter suspension did not change the
dentin permeability for microorganisms in comparison to the control group treated
with water. The authors concluded that the low pH value of the 30 % H,0, solution led
to an acid-induced enlargement of the dentinal tubules and increased in dentin
permeability.

The shade stability of teeth treated by a mixture of perborate and water
is as high as the shade stability of teeth in which a mixture of sodium perborate with 3

% or 30 % H,0, was used (20, 23).
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2.2 Techniques in nonvital bleaching

Non-vital bleaching is a conservative technique to renew an esthetic
smile in anterior endodontically treated teeth. The methods employed to bleach teeth
with existing root canal treatment are the thermocatalytic and walking bleached
techniques. These two techniques are quite different. To date, the walking bleached
technique has become the most widely used because it requires less chair-time, non-
expensiveness, reliable bleaching efficacy, simplicity, no tooth structure is reduced
and more comfortable for the patient (5, 26).

The walking bleached technique was first introduced by Spasser (27),
that mixing the sodium perborate with water to form a thick bleaching paste and sealed
in the pulp chamber with a temporary filling. The patient is then advised to return 3 to
7 days later. If insufficient whitening has taken place, the procedure is repeated. The
material of choice to use as a temporary filling is cavit (R) (28).

2.3 Chemistry of bleaching

The bleaching process is an oxidation-reduction (redox) reaction. Both
hydrogen peroxide and sodium perborate are strong oxidizing agents and they work by
oxidizing organic substances into lighter colored products. The whitening mechanism
of bleaching is believed to be linked to the degradation of high molecular weight and
complex organic molecules that reflect a specific wavelength of light that is
responsible for the color (29). Some of these organic substances are eventually
converted into carbon dioxide and water as shown in diagram below (30). However,

this alteration may caused by 30% H,0O, alone or 2 % sodium perborate in 30 % H,0O,

(6).
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Fig. 3.2 The reaction of bleaching agent.
R
R - R-CH=CH-CH=CH-R
H2O2
O OH O OH CH CH
[ N H,0, | |
R-CH CH,-C CH-R — R-CH-CH-CH-CH-R
| | | |
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l Hzoz
H,O0+ CO,

In another study, Rotstein et al., (7) performed histochemical analysis
on dental hard tissues following bleaching and revealed that a significant reduction in
the calcium - phosphorus ratio was found following treatment with hydrogen peroxide
or carbamide peroxide while a significant reduction in sulfur levels was found
following treatment with sodium perborate.

The exact mechanism by which bleaching agents affect dentin has yet
to be fully explained. The variation of the effect of the bleaching agents with respect to
the dentin location is likely to be related to several factors such as the pH of the
bleaching agents, the buffering capacity of dentin, the increasing diameter and density
of dentinal tubules as the pulp is approached.

2.4 Effects of bleaching agent on the dental hard tissues

Many studies have looked the effects of bleaching agents on tooth
structure. One of the complications associated with intra-coronal bleaching is external

cervical root resorption. Many studies stated that using heat with 30 % w/v hydrogen
peroxide and/ or a history of traumatic injury were associated with cervical root

resorption (31, 32, 33, 34, 35). However, the basic safety guideline for non-vital
bleaching is properly positioned cervical barrier. The leakage of H,O, through cervical
dentin is possible etiological factor that initiates an inflammatory process around the

teeth that may be followed by cervical resorption (24, 35). Inflammatory osteolytic
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lesions have a low pH value that is optimal for hard tissue resorption (36). Therefore,
sodium perborate is a preferable bleaching agent in this decade.

The other undesirable complications associated with bleaching such as
increase dentin permeability, change in surface texture, removal of enamel matrix,
change in microhardness, increase brittleness and alter in the chemical structure of
dentin.

Heling et al., (3) revealed that teeth treated with either 30% hydrogen
peroxide alone or in combination with sodium perborate were significantly more
permeable to S. faecalis than those treated with sodium perborate mixed with water.
Sodium perborate mixed with water did not cause an increasing in dentin permeability
to S. faecalis and was similar to the water control.

Chng et al., (37) compared the ultimate tensile strength, micropunch
shear strength, and microhardness of bleached and unbleached human dentin. Group 1
(control) was treated with water, group 2 with 30% hydrogen peroxide, group 3 with
sodium perborate mixed with water, and group 4 with sodium perborate mixed with
30% hydrogen peroxide. The teeth were stored in saline at 37 ° C for 7 days. Hydrogen
peroxide alone tended to be more damaged than sodium perborate used alone or
sodium perborate mixed with hydrogen peroxide.

Zalkind et al., (38) found that morphological changes in tooth surface
occurred following treatment with following bleaching materials: 30% hydrogen
peroxide, 10% carbamide peroxide, sodium perborate, Nu-Smile, Opalescence and
DentlBright. In dentin, bleaching agents caused roughening and etching — like
appearance of the surface. The most severe change caused by 30 % w/v hydrogen
peroxide. Similarly, Titley et al., (39) found that a dense amorphous precipitate was
formed on the surface of the smear layer after exposure of dentin to 35 % w/v
hydrogen peroxide.

Lewinstein et al., (4) found that the 30 % w/v hydrogen peroxide
decreased the microhardness of both enamel and dentin but no effect when mixed with
the sodium perborate.

Lee et al., (40) found that the use of 35 % or 50 % w/v hydrogen

peroxide did not change the Vickers microhardness test value of enamel surfaces.
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However, they found that specimens treated with 50 % w/v hydrogen peroxide showed

a higher density and more even distribution of enamel pitting under SEM examination.

3 TOOTH STRUCTURE

There are 3 compartments in tooth structure: enamel, dentin and
cementum. Dentin constitutes a major part of the tooth structure, any change in the
biomechanical properties or chemical properties of dentin after bleaching is likely to
have an impact on the overall strength of the tooth. Dentin, the substrate which used in
this study will be reviewed.

Dentin is a composite hard tissue with have three major components, 50
vol % mineral, 30 vol % organic matter and 20 vol % fluid (41). During the formation
of dentin by odontoblasts, the organic matrix of collagen is initially deposited as a
predentin complex. Subsequently it is replaced by a crystalline lattice of calcium,
phosphorus and magnesium (42). The bulk of dentin is then comprised of two
mineralized structures, the intertubular matrix between dentin and peritubular dentin
(43). Most of the inorganic part is the form of hydroxyapatite (Ca;o(PO4)s(OH), ) and
the organic part is mainly type I collagen (44) with a minor component of type V
collgen (46). Other components include phosphoproteins, proteoglycans, acidic
glycoproteins, growth factors and lipid. Dentin is a porous biological composite made
up of apatite crystal filler particles in a collagen matrix. It is softer just beneath the
amelo-dentinal junction relative to deeper crown dentin. This was attributed to the

presence of interglobular dentin which is richer in organic material than regular dentin.

4 FOURIER TRANSFORM INFRARED SPECTROSCOPY ( FTIR)

There are several methods for evaluation of tooth structure after
bleaching such as Scanning Electron Microscope (SEM), Transmission Electron
Microscope, Raman spectroscopy, Fourier Transform Infrared (FTIR) Spectroscopy,
X-ray Florescence(XRF), and X- ray diffraction (XRD), Energy Dispersive
Spectroscopy (EDS), Wave-Length Dispersive Spectroscopy (WDS), Auger Electron
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Spectroscopy (AES) and X- ray Photoeletron Spectroscopy (XPS) to establish a
change.

FTIR characterize and identified the structural make-up of molecules
particular functional groups (molecular units) absorbed light with high sensitivity,
speed and accuracy. There are many techniques to test the chemical composition of the
tooth such as Attenuated Total Reflectance Spectroscopy (ATR), Reflection
Absorption Infrared Spectroscopy (RAIRS), Atomic absorption spectroscopy (AAS),
Photoacoustic FTIR, Inferior microscope and Transmission infrared spectroscopy.

Infrared is the range from 0.75 micrometer (one micron is 10 ¢cm and
is expressed by um) to 200 microns, namely, from just outside the visible region and
extending up to the microwave region. However the infrared region usually covers
only the range between 2.5 and 40 to 50 pm.

The wavelength of infrared light is most frequently expressed in terms
of wavenumber, which are the reciprocal of wavelengths expressed in centimeter
units. The unit of the wavenumber is thus cm™. The wavenumber unit is more widely
used today.

All molecules are made up of atoms linked by chemical bonds. The
movement of atoms and chemical bonds can be linked to that of a system comprised of
springs and balls in constant motion. Their motion can be regarded as being composed
of two components, the stretching and bending vibrations. The frequencies of these
vibrations are not only dependent on the nature of the particular bonds themselves,
such as the C-H or C-O bonds, but also affected by the entire molecule and its
environment.

The infrared motion of this system will become greater if energy is
transferred to it. Similarly, the vibrations of bonds, which accompany electric
vibrations, will increase their amplitude if an electromagnetic wave (infrared beam)
strikes them. The differences between the molecule and the spring-ball system is that
the vibration energy levels of the forms are quantized; therefore, only the infrared
beam with a frequency exactly corresponding to that required to raise the energy level
of a bond will be absorbed, the amplitude of the particular vibration is increased

suddenly by a certain amount and not gradually.
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When the sample is irradiated by an infrared beam whose frequency is
changed continuously, the molecule will absorb certain frequencies as the energy is
consumed in stretching or bending different bonds. The transmitted beam
corresponding to the region of absorption will naturally be weakened, and thus a
recording of the intensity of the transmitted infrared beam versus wave numbers will
give a curve showing absorption bands. This is the infrared spectrum.

Source of infrared radiation.

All IR spectrometer have a source of infrared radiation which is usually
some solid material heated to incandescence by an electric current. The Nernst Glower
is a source composed mainly of oxides rare earths such as zirconium, ytrium and
thorium and the Globar is a silicon carbide rod. All these sources are fairly efficient
emitters of infrared radiation and approach the energy distribution of a theoretical
black body.

Infrared detector

The infrared detector is a device which measures the infrared energy of
the source which has passed through the spectrometer. One way or another these
devices change radiation energy into electrical energy which can be processed to
generate a spectrum.

Infrared Transmitting Materials.

Cells for holding samples or windows within the spectrometer must be
made of infrared transmitting material. The transmission limits are not sharply defined
and depend somewhat on the thickness of the material used. Some of the most useful
window materials for the IR are quite soluble in water, which include NaCl, KCl, KBr,
CsBr and Csl. KBr-S which was used in this study is a synthetic optical crystal,
slightly soluble in water, consisting of about 42% thallium bromide and 58% thallium
iodide.

Measurement of solids

The solid method reflects the molecular shape and crystal lattice. For
identification purpose the solid method is most reliable. Slight differences in
preparation, such as the method of crystallization, time of mixing or time of pressing
KBr disks, will generally give identical spectra. The KBr spectra are affected, in

addition, by the size of grains, time of pulverization and pressure. The optimum
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particle size gives a KBr disk in mauve color when it is viewed against the light. The
KBr pellets usually contain bands due to adsorbed water in the regions 3300 cm™
(medium intensity, O-H stretching) and 1640 cm™ (weak, H-OH bending). A difficulty
frequently encountered with KBr spectra is adsorption of moisture during pellet
preparation. This is almost unavoidable, but can be remedied, if the sample is stable,
by heating the pellet at 40-50 ° C at | mmHg for several hours.

Quantitative analysis

a. The absorption law

If I, is the intensity, or radiant power, of monochromatic radiation
entering a sample, and I is the intensity transmitted by the sample, then the ratio I / I,
is called the transmittance (% T) is equal 100T. If the sample cell has a thickness b,
and the absorbing component has a concentration ¢, then the fundamental equation
governing the absorption of radiation as a function of transmittance is

il & =T

The constant a is characteristic for a specific wavelength. This equation
using transmittance is usually transformed by taking the logarithm to the base 10 of
both sides of the equation and replacing I/I, with to I, /I eliminate the negative sign.

logio Io /1 = abc

The term log;o Io /I is given the symbol A and is called the absorbance.
The absorption law is commonly called Beer’s law and is usually written as function
of absorbance as A = abc.

The product of the concentration c, and the thickness b, is a measure of
the relative number of the absorbing molecules in the infrared beam. The absorptivity
a is a constant specific for the substance at a particular wavelength and also varies
with the units used for b and c. The absorbance A is alternately given by

A =logjo 1/T or A =1log;o 100/%T

Beer’s law is considered to additive. In a mixture, the absorbance at a

given wavelength is equal to the sum of the abc values for each component.

A= Ziaibici
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where the summation is over all the i components present. This implies that the
radiation absorption by one component will not be affected by the presence of other
components.
b. Integrated band intensities
Peak height measurements (A = log 10 [o/I) used in most quantitative
analysis are sensitive to changes in instrumental resolution and can vary considerably
from instrument to instrument. The integrated intensity is a measure of the total
intensity of the band and shows much less sensitivity to instrumental resolution.
c. Multicomponent analysis
The analysis of complex mixtures with overlapping spectral bands is
based on the fact that absorbances in Beer’s law are additive. The absorbtion at a given
wavenumber is equal to the sum of the abc values for each component. Since the
sample thickness b is held constant for the whole analysis, the constant ab in Beer’s
law are combined into a new constant k, so that Beer’s law for the absorbance at a
single wavenumber in a mixture with n components is written.
A =kicitkocot.... ... kacn
Since these are n combinations to be determined, absorbance values
must be measured for at least n different analytical wavenumbers for the analysis. For
three components example, at least three equations are required (47, 48).
Ay =kuertkipeatkises
Ay =karertkarcatkases
A; =ksiertksacatksses
Cimilli and Pameijer (49) used the FTIR and XRD to evaluate the
tooth structure from hydroxyapatite to primary calcium orthophosphate [Ca(H,PO4),].
The study of the effect of two commercial primers on the morphology,
molecular composition and collagen conformation of acid-demineralized dentin in situ
(50).

The investigation of the interaction of two chelating agents used in
endodontic treatment with dentin from different root locations by reflected light
optical microscopy and micro-MIR FTIR spectroscopy. FTIR measurements showed
higher decalcification of dentin surfaces after neutral EDTA treatment although its

effect was reduced at apical regions (51).
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Fourier transform infrared spectroscopy (FTIR) was used to investigate
the organic and mineral phases of a calcified tissue (dentin) as a function of its
location from predentin toward enamel in 1991. And the results showed that dentin
apatite became increasingly mature (stoichiometric) from the mineralization front
toward the enamel, especially through loss of HPO4(2-) groups and vacancies.
Moreover, collagen fibrils became less and less hydrated, suggesting that intrafibrillar
mineralization partially dehydrated the collagen (52). Di Renzo et al., (53, 54) study
on the chemical alterations occurring on the dentin surface on treatment with sodium
hypochlorite (NaOCl), a known deproteinating agent. Spectra of NaOCl-treated dentin
samples were evaluated using photoacoustic FTIR (PA-FTIRS), a surface-sensitive
spectroscopy. And the results show that a combined sequential 2-min treatment of
dentin with both maleic acid and NaOCI indicates that this treatment can produce a
surface region which is neither significantly demineralized nor deproteinated. Spectra
of NaOCl-treated dentin samples show a slow and heterogeneous removal of its
organic phase, leaving calcium hydroxyapatite and carbonate apatite unchanged.

Mixson et al., (55) described the dentin surface morphology of
abrasion/erosion lesions and to chemically characterize in vivo samples of sclerotic
dentin by FTIR photoacoustic spectroscopic analysis. The mineral/protein ratio in the
FTIR/PAS spectra of in vivo unetched sclerotic dentin samples suggested an increased

mineral content.

5. MICROHARDNESS TESTING

The knowledge of mechanical properties are important to understand
and predict the dentin’ s behavior under load. The quantities of force, stress, strain,
strength, hardness, friction and wear can help to identify the property of the tooth. But
a fundamental difficulty in attempting to test the physical properties of dental
structures is the irregular shape and the non-homogenous nature of teeth. Certain
studies on the mechanical properties of dentine have concluded that the fracture of
dentine depends not upon the orientation of the tubules, but upon the distribution of
the applied stress. In general, the stability of a solid under applied load is determined
by the nature and strength of atomic binding forces. But, for the dentine, Lehman (56)

suggested that dentine should actually behave anisotropically and Rasmussen et al.,
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(57) stated that while dentine was less anisotropic than enamel, fracture preferentially
occurred perpendiclar rather than parallel to dentinal tubules.

Indentation hardness

Hardness may be broadly defined as the resistance to permanent surface
indentation or penetration by placing a precise indenting head under a predetermined
load for a certain period of time (58). The most common concept of
hard and soft substances is their relative resistance to indentation. Hardness is
therefore a measure of the resistance to plastic deformation and is measured as a force
per unit area of indentation. Microhardness measurements have been described as an
index of yield stress (59). Among the properties that are related to the hardness of a
material are strength, proportional limit and ductility (60). Some of the most common
methods to test the hardness of materials are the Brinell, Knoop, Vickers, Rockwell,
and Shore A hardness tests (61). Each of these tests differs slightly from the others,
and each presents certain advantages and disadvantages. They have a common quality,
in that each depends on the penetration of some small, symmetrically shaped indenter
into the surface of the sample being tested. The various hardness tests differ
in the indenter material, geometry, and load. The indenter may be made of steel,
tungsten carbide, or diamond and be shaped as a sphere, cone or pyramid. Loads
typically ranged from 1 to 3000 kg. For testing hardness, a standardized force or
weight is applied to the penetrating point. Such a force application to the indenter
produces a symmetrically shaped indentation, which can be measured under a
microscope for depth, area or width of the indentation produced. The indentation
diameter are related to tubulated hardness values. With a fixed load applied to a
standardized indenter, the dimension of the indentation vary inversely with the
resistance to penetration of the material tested. Thus ligther loads are needed for softer
materials. Renson and Braden (59) mentioned that, because microhardness tests
showed that dentine readily underwent plastic deformation beyond the yield point, it
should not be viewed as a brittle solid. Additionally, Tyldesley (61) indicated that
dentine of older teeth was not more brittle.

The Knoop and Vickers tests are classified as microhardness tests in
comparison with Brinell and Rockwell macrohardness tests. Both Knoop and Vickers

tests employ loads less than 9.8 N. The resulting indentations are small and limited to
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a depth of less than 19 um. Hence, they are capable of measuring the hardness in small
regions of very thin objects. Generally, Knoop and Vickers hardness numbers
correlate quite well (62).

The Knoop hardness test was developed to fulfill the needs of a
microindentation test method. A load is applied carefully prepared diamond indenting
tool with a pyramid shape, and the lengths of the diagonals of the resulting indentation
in the material are measured. The Knoop hardness number (KHN), is the ratio of the
load applied to the area of the indentation calculated from the following formula:

KHN = L/I’G,

In this equation L is the load applied, 1 is the length of the long diagonal
of the indentation and C, is a constant relating 1 to the projected area of the
indentation. Thus the units for KHN are kg/mm?, higher values for KHN represent
harder materials. The Knoop method is designed so that varying loads may be applied
to the indenting instrument. The resulting indentation area therefore varies according
to the load applied as well as to the nature of the material tested. The advantage of this
method is that material can be tested with a great range of hardness simply by varying
the test load. Because very light load applicators produce extremely delicate
microindentations. This method of testing can be employed to examine materials that
vary in area hardness. The Knoop hardness method has been used extensively in
testing the hardness of both enamel and dentin in extracted teeth and in determining
the hardness of metals or alloys that have isolated hard and soft phases throughout the
material. The chief disadvantages of the method are the need for a highly polished and
flat test sample and the time required to complete the test operation, which is
considerably greater than that required for some other, less precisely controlled
methods. The thickness of the section to be tested microhardness must be at least 1.5
times as great as the length of the diagonal of the indentation.

Craig and Peyton and O’ Brien WJ (63, 64) reported the KHN of
human dentin is 65-71 kgimm?®, Craig et al (65) found that the average hardness of

dentin ranged from 65 to 75 KHN and Gladwin and Bagby (66) found that the KHN

of dentin is 70 kgyrmm”. The high KHN value shows the small indentation and it means

the hard material.
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Microhardness tests on dentine have generally shown that there is little
difference in microhardness associated with age, sex, type of tooth or presence of
periodontal disease. However, it has been established that microharsness needs to be
described in terms of the location in dentine (62, 63, 67). The microhardness of dentin
adjacent to the pulp chamber was approximately 30 KHN lower than the surrounding
dentin while dentin near the amelo-dentinal junction was about 15 KHN lower than
the surrounding dentin. Dentin in the center of the crown sections had the same
hardness as the dentin away from the pulp chamber in the root sections. Pashley et al.,
(67) showed that there was a highly statistically significant inverse correlation
between detin microhardness and tubular density, with an associated decrease in
microhardness as the pulp chamber was approached. Because tubular density
increased as the pulp chamber was approached and presumably due to a decrease in
the amount of intertubular dentibn and an increase in individual tubular diameter.

Wemes and Arends (68) using the Knoop hardness to evaluate bovine
dentine specimens which treated with glutaraldehyde 2% for periods of 10, 20 min.
and 48 h and found that treatment of bovine dentine with glutaraldehyde gives
first a remarkable softening (_+15% ); afterward the treated dentine is_+ 15% harder
than untreated dentine.

Seghi and Denry (69) evaluated the effects of a 10% carbamide
peroxide gel on the apparent fracture toughness, hardness, and abrasion characteristics
of human enamel. The apparent fracture toughness of enamel was reduced by about
30% after bleaching for a period of 12 hours with no significant change in surface
hardness.

Tatsumi et al., (70) compared of the Knoop hardness, the calcium
concentration, and the scanning electron microscope observation of the dentin at the
axial wall revealed that the dentin, demineralized by etching, was completely
remineralized after 4 months.

Lewinstein et al., (4) examining the effects of bleaching agents applied
directly to the cut dentin surface, this study was designed to simulate the clinical
procedures for intra-coronal bleaching as closely as possible. Bleaching agents were
placed in the pulp chamber and the access cavities were sealed. Consequently, the

bleaching agents could reach the outer dentin only by diffusion via the dentinal
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tubules. Dentin was subjected to biomechanical testing after one week of exposure to
intra-coronal bleaching agents. They sectioned 12 intact extracted human teeth
longitudinally, polished them and divided them equally into 4 test groups. Group I was
treated with 30 % wv hydrogen peroxide (pH 3) at 37 ° C, Group II with 30 % wv

hydrogen peroxide (pH 3) at 50 ° C, Group III with a paste of sodium perborate mixed
with 30 % w/v hydrogen peroxide (pH 8) at 37 ° C and group IV was treated with a

paste of sodium perborate mixed with 30 % w/v hydrogen peroxide (pH 8) at 50 ° C.

Six additional teeth treated with distilled water served as controls. There was no
significant differences in the microhardness in the tested bleaching materials either at
37 °C or 50 ° C. Vickers hardness of the dentin of each sample was assessed before
treatment and at various time intervals (5,15 and 30 minutes) after the bleaching

agents were applied. Treatment with 30 % wv hydrogen peroxide reduced the

microhardness of dentin. This reduction was time-related and statistically significant
after 5 minutes. But no significant alteration in the microhardness of dentin

wasdetected after treatment with sodium perborate mixed with 30 % w/v hydrogen

peroxide.

Kielbassa et al.,, (71) evaluated the effects of irradiation on
microhardness of dentin by Knoop hardness indenter.

Saleh and Ettman (72) examined the effect of several endodontic
irrigantion solutions on the microhardness of root canal dentin. Using 18 incisors, it

was found that irrigation with 3% w/v hydrogen peroxide and 5% sodium hypochlorite

used alternatively statistically significant reduced the microhardnessvalue of dentin at
both 500 pm and 1 mm from the pulpo-dentinal interface. Hosoya et al., (73) used a
Knoop indenter to measure the microhardness values of deciduous dentin and found
that the hardness decreased from the dentinoenamel junction to the pulp chamber wall.

Chng HK et al., (37) compared the ultimate tensile strength, micro-
punch shear strength and microhardness of bleached and unbleached human dentin
specimens in walking bleached technique. Forty-four intact premolars were root canal
treated and randomly divided into 4 groups. Bleaching agents were sealed in pulp
chambers as in clinical usage. Group I (control) was treated with water, Group I with

30% w/v hydrogen peroxide, Group III with sodium perborate mixed with water and
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group IV with sodium perborate mixed with 30% w/v hydrogen peroxide. The teeth

were stored in saline at 37 °C for 7 days. The teeth were then sectioned and
biomechanical tests were carried out on dentin specimens obtained from all teeth.
They found that intracoronal bleaching with 30% hydrogen peroxide and sodium
perborate used either alone or in combination weakened dentin. Hydrogen peroxide
alone tended to be more damaging than sodium perborate used alone or sodium
perborate mixed with hydrogen peroxide.

de Freitas et al., (74) evaluated the microhardness of human dentin
exposed to two 10% carbamide peroxide agents at different bleaching times, at
baseline, after 8 hours, 7, 14, 21, 28, 35, and 42 days of treatment, and 7 and 14 days
post-treatment. Ten percent carbamide peroxide bleaching agents decreased dentinal
microhardness over time, but after 14 days in artificial saliva storage at the completion

of treatment, the baseline microhardness values were recovered.
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CHAPTER 1V
METERIALS AND METHODS

Seventy human extracted, non-restored, non-carious human premolar
teeth were collected. They were extracted for orthodontic purpose and immediately
rinsed under running tap water and stored in distilled water at 4 ° C until required
within 1 month. Teeth were cleaned with an ultrasonic scaler to remove all organic
material adherent to their surface, then polished with a prophylaxis paste and rinsed
under tap water. A coronal access opening to the pulp cavity was performed by using
taper diamond No. FGD 8, M0141 (Intensiv", Viganello-Lugano, Switzerland). The
pulp tissue was extirpated by endodontic file. The root canal was based with zinc
phosphate cement (Elite cement 100; GC Corp., Tokyo, Japan) for 2 mm thick below
the cementoenamel junction level (Fig.1). The teeth were randomly distributed into
seven groups, each containing ten teeth. Six experimental groups were bleached for
3,6,9,15,21 and 27 days. One group was not subjected to bleach to serve as a control.
Freshly prepared paste of sodium perborate monohydrate powder (Amosan®; Oral-B
Laboratories, Belmont, CA, Ireland) mixed with distilled water was placed in the pulp
chamber and sealed with cavit (Espe Dental-Medizin GmbH Co., Seafeld, Germany)
in 4 mm thickness. The control group, was placed with cotton pellet saturated with
distilled water in the pulp chamber and sealed with cavit in the same thickness.
Thereafter the teeth were immersed in distilled water in 37 °C incubator (Memmert,
Gmbtt Co. KGD-91126, Schwabach FKG, Germany). Every 3 days, the old bleaching
paste was cleaned and placed a new bleaching agent. A new wet cotton pellet in the
control group also was replaced every three days. At the end of the incubation period,
the contents of the pulp chamber were removed. The pulp chamber was rinsed with

distilled water.
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Figure 4.1 Diagram showing the prepared tooth with cement base as a cervical barrier

for non-vital bleaching.

e Protective base
e m ] Bleaching agent
-~ — Cavit

The root was removed and then the crown was cross sectioned for 3 mm thickness by

using the Accutom-50 (Struers, Copenhagen, Denmark). Each specimen was placed in

a jig, glued to cyanoacrylate adhesive and sectioned in the perpendicular to the long
axis of the tooth with a slow speed diamond saw under copious water spray to obtain
two bar-shaped specimens. One piece was subsequently employed for FTIR testing

and the other piece in the same tooth was prepared for knoop hardness testing.
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Figure 4.2 Pictures illustrating specimens preparation.

a b C d

a Root sectioning at cervical line.

b Crown sectioning for 3 mm thickness.

¢ The section was prepared in a jig for separating into 2 parts.
d Two bars of specimens.

FTIR test

The enamel surface of the specimen was removed by using high speed
diamond under air-water spray and running tap water. The infrared grade potassium
bromide (KBr) was dried in an oven for 6 hours before used. The dentin specimen was
dried, crushed and pulverized with a mortar and pestle for approximately 40 minutes
to produce a fine dentin powder and mixed with potassium bromide. Disperse
homogeneously of specimen powder was pressed into a pellet-maker kit. The pellet-
maker, which also served as specimen-holder (Fig.4.3), was placed into the
spectrometer for analysis (Bruker Optics Inc, Ettlingen, Germany). The wavenumber
was verified in the spectral range of 400 to 4000 cm '. Every time the experimental
conditions were altered, a new background spectrum was taken and subtracted from
each sample. Infrared spectra of the samples were then recorded (Fig. 4.4) and
analyzed by using omnic and origin program. All spectrums were subtracted, base line
corrected and normalized before analyzed. The changes in the quantitative analysis of
C=O0 stretching in 1° amide and N-H bending band in 2° amide were measured using

the absorbance peak of an orthophosphate band as an internal standard.
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Figure 4.3 Photographs of the pellet maker kit.

a. Parts of kit. b. Specimen pellet in the kit.

Figure 4.4 The Fourier Transform Infrared Spectroscopy machine.
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Microhardness test

For the knoop hardness test, a dentin specimen, approximately 3.0 mm
thick per tooth was placed to a glass slide and fixed with epoxy resin in 1.5 inch
diameter of PVC tube. The specimen was smoothed and polished on 400, 600, 800,
1000 and 1200 grit silicon carbide paper respectively and then followed by microcloth
with 0.1 and 0.05 alumina oxide abrasive paste and finally by diamond polishing paste

in sequence with a plano-parallel lapping device (Metasev 2000 grinder / polisher;

Buehler UK Ltd, Coventry, England) (Fig.4.5). All specimens were vibrated in
ultrasonic (Ultrasonic cleaner; Crest Ultrasonics Corp, Scotch Rd. Trenton NJ, Etl
testing Laboratories Inc, Cortland, New York, USA) for 30 minutes to remove the
debris. Knoop hardness test was performed on the dentin bar by using a microhardness
tester under a 100 g load, 15 sec (Fig.4.6). For each specimen, three indentations were
made in a straight line along the inner dentin (close to the root canal) to the outer
dentin (close to the enamel). The first indentation on the inner dentin was made
approximately 0.5 mm apart from the pulp surface and above the CEJ approximately
1.5 mm. The second indentation on the outer dentin was made approximately 0.8 mm
far from the dentino-enamel juction. The third indentation on the middle dentin was
made in the mid-distance between the first and the second indentation. The Knoop

Hardness Number (KHN) was recorded.

Figure 4.5 The polishing device in preparing the specimen for the hardness test.

a. A plano-parallel lapping device.
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b. A prepared specimen.

Figure 4.6 Photographs illustrates the knoop hardness test machine.
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DATA ANALYSIS AND STATISTIC ANALYSIS

In measurement data analysis, statistical analysis was performed:
1. Data from FTIR test

The data were analyzed by the omnic and the origin program. The
normal distribution in unbleached and bleached teeth groups in the differences of
duration time, one way ANOVA was used. The homogeneous of variance was equal,
the Sheffe test was used for multiple comparison to compare the absorbance between
groups in C=0 group. In the other hand, the homogeneous of variance was significant,
the Dunnett test was used for multiple comparison to compare between groups in N-H
group.

2. Data from Knoop hardness test

In normal distribution of unbleached and bleached teeth, to test
differences of duration time and difference location in KHN, the two way ANOVA
(Randomized block design) was used. The homogeneous of variance was significant,
the Dunnett test was used for multiple comparison to compare between groups and

compare between distance.
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CHAPTER V
RESULTS

1. FTIR

The wavenumber (cm™') of the functional groups of dentin were
presented in the appendix. There are two interesting functional groups in this study,
C=0 in 1° amide (wavenumber 1650) and N-H in 2° amide (wavenumber 1550). The
absorbance of both functional groups in the control group (normal dentin) was highest
and then reduced continuously in all testing groups. The lowest absorbance value was
observed in 27 days of testing teeth (Fig. 5.1). The relative values of the absorbance of
both functional groups were obtained in the same pattern and shown as the scatter
graphs (Fig. 5.2.1, 5.2.2). The data were analyzed by the omnic and the origin
program. The normal distribution in unbleached and bleached teeth groups in the
differences of duration time, one way ANOVA was used. The result of a one way
ANOVA of absorbance measurement between groups are presented in table 5.1. There
were statistical significant difference of both functional groups in 6, 9, 15, 21 and 27
days (p < 0.05) as showed in the table 5.1.

Figure 5.1 The example of distribution of the absorbance of normal dentin and

bleached dentin for 27 days, the wavenumber of 1550 and 1650

represent the functional group of C=0O and N-H respectively.
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Figure 5.2.1 The scatter pattern of the absorbance of the C=0 group in

different time.
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Figure 5.2.2  The scatter pattern of the absorbance of N-H group in

different bleaching time.
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Table 5.1 Statistically significant difference in the absorbance (cm™) between the 6

testing groups and 1 control group.

Functional | Control B3d B6d B9d [B15d |B21d B27d
group

C=0 * * % * *

N-H * * * % £
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2. Knoop hardness test

All testing groups demonstrated a reduction of Knoop hardness of
dentin surface when the bleaching was planned longer and the lowest value was
observed in 27 days (Fig. 5.3). The mean of the knoop hardness measurement of
dentin surface and standard deviations are presented in Table 5.2. Control group has
highest value and lowest at bleaching teeth in 27 days. The data was normal
distributed and analyzed by multiple comparisons. All of the testing groups including
control group, the mean Knoop hardness was significant highest in the outer dentin,
followed by the middle and the inner dentin respectively. The results of Two-way
ANOVA of the dentin hardness measurement between group, are presented in Table
5.4. All locations of dentin revealed significant difference of hardness in 21 and 27
days of testing. Univariate analysis of variance showed that there was no significant
interaction between dentin location and duration time of bleaching. It is indicated that

there 1s no effect from the combined variables.

Table 5.2 Mean and standard deviation of the surface dentin knoop hardness and
showed the significant decreasing of knoop hardness from the outer,

middle and inner dentin in sequence between groups.

Knoop hardness (Mean £S.D.)

Specimen Outer dentin Middle dentin Inner dentin
Control 67.84 £3.76 61.05+3.37 52.96 +2.49
Bleaching 3 days 65.69+1.33 59.11 + Q.71 52.94 +0.55
Bleaching 6 days 65.10 £0.59 58.73 + 0.63 52.08 +0.69
Bleaching 9 days 64.10 +£2.71 57.93 +0.59 51.18 +0.39
Bleaching 15 days 62.09 +1.67 56.7 +1.82 50.38 +1.92
Bleaching 21 days 59.32 +£2.05 54.20 +1.44 46.65 +2.34
Bleaching 27 days 55.94 £2.74 50.84 +3.83 39.32+4.90
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Table 5.3 Statistically significant difference in the surface dentin Knoop hardness

between 6 testing groups and 1 control group.

KHN
group
B3d B6d | B9d [B15d |B21d B27d

control % %
B3d * %
B6d * %
B9d %
B15d %
B21d * %

Figure 5.3 Profile plots of dentin hardness in different location relating to bleaching

time.
group
70 o control
] d 6Zvddays
| BP9 dhys
15 days
601 = 21 day:
KHN 27 days
50
407
30 .
inner middle outer

Location of dentin
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CHAPTER VI
DISCUSSION

This study has shown that the two functional groups (C=0O in 1 amide
and N-H in 2 amide; organic phase) of dentin significantly changed after bleaching for
6 days. The backbone of every protein molecules consists of a series of secondary
amide linkage. So, these reduction of organic components resulted from the
deproteinising aspects of the bleaching agents. These findings are agreement with
Rotstein et al., (6) which reported 30 % H,O, can cause a reduction of the organic
components of dentin in 72 hours. The increasing in pH is desirable because the
whitening effectiveness of buffered alkaline H,O, is significantly higher than the
effect of unbuffered H,O,. Sodium perborate is highly alkaline (pH 9.87-10.7) (18).
Some studies have indicated that H,O, caused dissolution of inorganic material, a
reduction in calcium - phosphorus ratio and a reduction in the organic components of
dentin by protein oxidation (6, 7). The organic components in dentin is composed of
amino acid. The sequence of amino acids in a protein is called its primary structure.
Secondary amide bonds link the repeat units in a protein.

The complete mechanism of tooth whitening and the effects of the
bleaching process on tooth structure are still not known. Winter in the ADEPT Report
(30) believed that the bleaching agents or peroxide agents will break the aromatic
bond that have the dark color to a simple bond that have the light color and this
process make the tooth whitening.

The hardness of sound dentin decreases from the dentino-enamel
junction (DEJ) to the pulp chamber due to the difference of mineralization (72, 74,
75). The thickness of mineral crystals increase towards the dentino-enamel junction
(DEJ). The dentinal tubules are surrounded by highly mineralized peritubular dentin
embedded within a mineralized collagen matrix. Whereas, peritubular density

increase from the inner to outer dentin because of inner dentin is composed of more
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tubular density due to a decrease in the amount of intertubular dentin (76) and an
increase in individual tubular diameter. The highly mineralized was found in
peritubular dentin and intertubular dentin in sequence. It contains little callagen, while
the intertubular dentin has a dense collagen matrix (77). Hardness and elastic modulus
both increased from the pulpal site towards the DEJ (78). All of these factors probably
contribute to the decreasing KHN as the pulp is approached. The dentin hardness in
this study also revealed high value in outer and low value in inner dentin similar to
other studies. Moreover the thickness of enamel and dentin, the number and diameter
of the dentinal tubules are effected to the penetration of H,O». The bleaching agent can
penetrate through the thinner enamel and dentin more than the thicker one. It can pass
through the larger diameter and much more number dentinal tubules in the high
volume. The diameter and density of dentinal tubules are greatest close to the pulp and
decrease as the dentino-enamel or dentino-cemental junction is approached. So, the
effect of the bleaching agent is likely to be most pronounced in the inner dentin and
decreasing as the dentino-enamel or dentino-cemental junction is approached. In
addition, outer dentin contains more peritubular dentin which may be more resistant to
effects of acidic bleaching agents than intertubular dentin. Another factor that may
influence the effect of bleaching agents on dentin is a change in pressure within the
pulp chamber. Hydrogen peroxide and sodium perborate decompose to oxygen, this
may lead to an increase in pressure within the pulp chamber, forcing the bleaching
agents through the dentinal tubules. In this study, the dentin hardness decreased after
bleaching with time progression. It might be the accumulation effect of bleaching
agent in dentin. However, dentin is also unknown to be highly effective as an acid
buffer, and this was attributed to buffering both by hydroxyapatite and other
components (79). It is unknown how and to what extent the effect of hydrogen
peroxide on dentin is influenced by this buffering capacity of dentin.

Dentin is a porous biological composite made up of apatite crystal filler
particles in a collagen matrix as a continuous fiber reinforced composite with the
intertubular dentin forming the matrix and the tubule lumens with their associated
cuffs of peritubular dentin forming the cylindrical fiber reinforcement. Subsequently
it is replaced by a crystalline lattice of calcium, phosphorus and magnesium. At the

smallest length scales are the constituent materials: carbonated nanocrystalline apatite



Supavadee Treesolrat Discussion /36

mineral phase (approximately 50 % by volume) that also found in this study and felt-
work of type I collagen fibrils (80). The composition of tubular dentin is mainly
collagen-poor, hypermineralized tissue (43, 81). Intertubular dentin forms the bulk of
the dentin matrix. Its composition is a matrix of type I collagen approximately 30% by
volume, reinforced by apatite crystal. The diameter of collagen fibers is 50-100 nm
and they are predominantly parallel to the interior surface of predentin or arrranged
perpendicular to tubules (82). The mineral occupies two sites within this collagen
scaffold: intrafibrillar (inside the periodically spaced gap zones in the collagen fibrils)
and extrafibrillar (in the interstices between the fibrils). The partitioning between these
two sites 1s uncertain, although it is believed that between 70 and 75 % of the mineral
may be extrafibrillar (83, 84). The mineral crystallites are needle-like near the pulp;
the shape continuously progresses to plate-like with proximity to the enamel (85). The
crystallite thickness, approximately 5 nm, is invariant with location. So, it may support
that intertubular dentin is strengthening the tooth (46). The mineralized tissue of
intertubular dentin is a collagen-mineral composite with considerable local variations
of mechanical properties. Area scans of human coronal dentin were made by
complementary methods to investigate correlations between local mechanical
properties and the density, size, and crystallinity of the mineral particles. The mineral
content of dentin was found to decrease and the thickness of mineral crystals to
increase towards the dentin-enamel junction (DEJ). Hardness and elastic modulus both
decreased towards the DEJ (86). KHN in normal dentin in this study was between 53-
68 kgmm® which similar to the other studies before (63, 64, 66) and there is the

decreasing in KHN to 39-55 kgyrmm” in bleached dentin in sequence with bleaching

time progress. This may result from the collapse of organic component as shown in
decreasing in C=0 in amide I and N-H in amide II which the demineralization may
occurred (7) and changing from the hydroxyapatite to primary calcium orthophosphate
[Ca(H2PO4)2] (49). The whitening effect may result from the decreasing of C=O in
amide I and N-H in amide II ,organic component that follow the diagram that
Winter1991 assume that H,O, may broken the aromatic bond of the pigmented
molecule to the simple bond and that will made the tooth whitening (30). Finally, the

microhardness was decresed.
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Some modifications were necessary in order to ensure that all prepared
dentin specimens had been exposed to the bleaching agents. One of these
modifications was that the use of cement to fill the empty root canal to a level 2 mm
apical to the CEJ. The root canals were not obturated with gutta percha and sealer
cement to ensure that no residual gutta percha or sealer cement was left on the dentinal
walls. In addition, my study also has shown that the effect of sodium perborate on
microhardness was effected in all dentin levels but most pronounced in the inner
dentin. This effect decreased when outer dentin was approached.

Variation among individual extracted tooth is large, based on
morphology, age and clinical history. This problem can be overcome by using more
samples and that extracted for orthodontic purpose. These are likely to be the same age
and sound tooth.

Storage media to keeping extracted teeth should be considered. A
storage solution containing 0.01 % thymol is recommmended to prevent fungal growth
and have no effect to mechanism testing of dentin in 3 month of storage (86, 87).
Storage in formalin which is acidic will cause dehydration and cross-linking of
proteinaceous material, but can also result in dissolution of the mineral component
(45). The temperature and duration of keeping in the storage media may influence
mechanical behavior during subsequent testing. Wet dentin produced higher Young’s
modulus, proportional limit, and both ultimate tensile and compressive strength but
stiffer in dry dentin (87). Regarding to the changes on the optical properties of dentin
due to the storage media compared to the baseline, there are no significant differences
in collagen or mineral peak positions among distilled water with 0.02 % thymol,
purified water, phosphate buffer saline with 0.02 % thymol, 70% ethanol or 10 %
buffered formalin in a period of one month study at any wavelength (88). In this study,
the extracted teeth were stored in distilled water in 4 °C for a few days before starting
the procedure.

Phosphate band (wavenumber 1030 cm™) was used as a reference peak
to normalize all spectrum as the experiment by Tsuda et al., (89) because it is broad,
strong spectrum (90) and no change of the peak (88, 89). There were no differences
in peak shape and position for FTIR and UV/ VIS/ NIR spectra obtained from dentin

sections made from the occlusal, middle and cervical thirds of any teeth (88).
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The testing teeth were prepared and placing bleaching agents in the
pulp chamber for every 3 days in order to keep the steady concentration. In clinical, it
is quite commonly to replace the bleaching agent every week until a whitening
satisfactory is achieved. However, sodium perborate only was revealed decrease
dentin hardness in lower limit than of 30 % H,O, or in combination with sodium
perborate (37, 91). The disadvantages of internal bleaching is cervical root resorption
(31). So, the position, the thickness and the heat have to concerned when the walking
bleaching technique is used. The residual hydrogen peroxide including sodium
perborate can be eliminated by human regulatory mechanisms that provide protection
from oxidative agents, e.g. peroxidases in saliva and plasma, glutathione peroxidase,
enzyme catalases or the glutathione redox system (92, 93, 94, 95). Moreover, Tipton
(95) and Rotstein (96) have suggested to use catalase following intracoronal bleaching
for antioxidative purpose. The bleaching agent effect to the bond strength of the
bonding in case which received the immediate filling because there is residual oxygen
at the enamel surface which inhibit composite polymerization. But it will return to
normal after 7 days (97, 98), 14 days (99), 21 days (100). de Freitas PM et al., 2002
found that 10 % carbamide peroxide bleaching agents decreased dentinal
microhardness over time for 8 hours, 7, 14, 21, 28, 35, and 42 days of treatment, but
after 14 days in artificial saliva storage at the completion of treatment, the baseline
microhardness values were recovered (74) and it may the same reverse effect in
sodium perborate.

This study suggested that repeated bleaching procedure at least 6 days
would change organic component of dentin and 21 days in dentin hardness. Further
studies need to be conducted to examine the affect by other physical property to
bleached dentin such as punch shear test, compressive test or fracture load testing and

the clinical significance.
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CHAPTER VII

CONCLUSION

The results of this investigation supported the null hypothesis that
sodium perborate does alter the chemical structures and the microhardness properties
of dentin. The microhardness testing and the spectrums in FTIR testing in every group
were measured and analyzed. There was significantly decreased microhardness in 21
days. The amide groups of dentin were changed in 6 days. This results suggest that
bleaching materials may adversely affect the dental hard tissues and should be used

with caution.
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Figure 8.1 Distribution of the absorbance of normal dentin and bleaching dentin
for 27 days showed the decreasing in fuctional group C=0O
(Wavenumber 1650) and N-H (Wavenumber 1650) after bleaching.
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Table 8.1 FTIR results.

Table 8.1.1 The absorbance (cm™) of the functional group C=0 and N-H

specimens.
Functional group (Absorbance (cm™))
Specimens C=0 N-H
1 7940 0.490
2 7.820 0.856
Control 3 7.073 0.853
4 7.326 0.823
5 10.697 1.054
Mean 8.167 0.815
1 6.948 0.502
2 5.844 0.801
Bleaching 3 6.992 0.983
3d 4 5.736 0.577
5 4.092 0.374
Mean 5.922 0.646
1 3.394 0.171
2 4.531 0.399
Bleaching 3 7.432 0.523
6d 4 2.908 0.151
5 4.799 0.216
Mean 4.612 0.292
1 2.150 0.147
2 3.254 0.355
Bleaching 3 2.727 0.126
9d 4 7.719 0.521
5 3.346 0.363
Mean 3.839 0.302
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Functional group (Absorbance(cm ™))

Specimens C=0 N-H

1 3.293 0.230

Bleaching 2 3.056 0.233
15d 3 1.971 0.238

4 2.742 0.184

5 1.678 0.191

Mean 2.548 0.215

1 1.491 0150

2 1.751 0.197

Bleaching 3 1.727 0.149
21d 4 3.161 0.174

5 1.052 0.151

Mean 1.836 0.160

1 1.526 0.129

p. 1.293 0.191

Bleaching 3 1.656 0.079
27d 4 2.966 0.224

5 1.602 0.168

Mean 1.808 0.156
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Table 8.1.2 The mean absorbance of the treating teeth in 2 functional groups.

Specimens (mean) C=0 1° amide N-H in 2° amide

(WN 1650 cm™) (WN 1550 cm™)
Control 8.167 0.815
Bleaching 3 days S92 0.646
Bleaching 6 days 4.612 0.292
Bleaching 9 days 3.839 0.302
Bleaching 15 days 2.548 0.215
Bleaching 21 days 1.836 0.160
Bleaching 27 days 1.808 0.156

Table 8.1.3 The functional groups of normal & bleached dentin.

Wavenumber (cm™)

Peak assignment

1650
1550
1460
1416
1088
1030
960
870
600
560

C=0 stretch in 1° amide
N-H bend in 2° amide
carbonate band
carbonate band
phosphate band
orthophosphate bands
phosphate band
carbonate band
orthophosphate band
orthophosphate band
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Table 8.2 Knoop hardness results.
Table 8.2.1 The KHN of control specimens.

Appendix /58

Indentation

Specimens inner middle outer
1 51.5 60.0 70.6
2 55.0 63.3 66.5
3 51.1 57.9 64.8
4 553 66.0 68.1
5 52.2 58.6 76.1
6 50.1 66.0 68.1
7 50.5 57.9 62.2
8 66.4 72.7 86.4
9 IS 59.5 65.0
10 55.0 57.6 68.5

Mean + SD 53.86+2.49 61.95+3.37 69.63+3.76

Table 8.2.2 The KHN of bleached specimens in 3 days.

Indentation

Specimens inner middle outer
1 824 57.8 65.0
2 53.0 58.9 65.6
3 52.4 58.8 64.7
4 53.6 60.6 64.5
5 53.6 59.5 65.1
6 52.1 58.7 66.7
7 535 59.3 68.4
8 52.7 58.8 67.3
9 53.4 59.3 65.1
10 52.6 59.4 64.5

Mean+ SD 52.944+0.55 59.11£0.71 65.69 +1.33
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Indentation

Specimens inner middle outer
1 53.0 59.2 65.6
2 52.8 58.5 65.7
3 52.1 58.1 65.0
4 51.3 58.5 64.2
5 52.9 58.0 64.8
6 51.2 58.5 65.1
7 52.5 59.8 65.4
8 52.0 59.7 64.1
9 LY/ 58.8 65.8
10 3 58.2 65.3

Mean_ + SD 52.08 £0.69 58.73 £0.63 65.10£0.59

Table 8.2.4 The KHN of bleached specimens in 9 days

Indentation

Specimens inner middle outer
1 51.1 58.4 62.8
2 50.8 57.0 64.9
3 51.8 57.7 62.2
4 50.5 58.6 62.1
5 51.1 56.9 69.0
6 51.3 57.7 62.2
7 51.6 58.4 62.2
8 51.0 58.2 64.0
9 51.6 58.3 62.7
10 51.0 58.1 68.9

Mean_+ SD 51.18+£0.39 57.93 £0.59 64.10 £2.71
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Table 8.2.5 The KHN of bleached specimens in 15 days.
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Indentation

Specimens inner middle outer
1 45.0 59.7 64.9
2 52.9 58.1 60.2
3 52.0 58.1 63.7
4 50.5 54.8 59.8
5 51.6 54.8 62.9
6 49.9 55.9 62.4
7 48.5 55.9 61.5
8 47.5 56.8 60.1
9 51.6 58.5 62.7
10 47.6 54.4 62.7

Mean + SD B QAN 0. 56.7+£1.82 62.09 £ 1.67

Table 8.2.6 The KHN of bleached specimens in 21 days.

Indentation

Specimens inner middle outer
1 48.0 54.7 59.5
2 47.7 55.8 60.8
3 41.8 51.3 60.7
4 45.2 55.5 59.5
5 45.9 52.9 57.2
6 48.8 55.1 61.2
7 45.9 54.9 59.8
8 50.1 53.6 55.4
9 45.3 53.0 57.3
10 47.8 55.2 61.8

Mean + SD 46.65 +2.34 5420+ 1.44 59.32£2.05
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Table 8.2.7 The KHN of bleached specimens in 27 days.

Indentation

Specimens inner middle outer
B.9.1 45.5 55.1 59.1
B.9.2 42.5 57.4 60.6
B.9.3 39.9 49.5 55.2
B.9.4 45.6 54.6 58.1
B.9.5 40.5 46.4 53.6
B.9.6 34.0 51.5 553
B.9.7 35.8 49.8 54.9
B.9.8 35.9 50.3 56.1
B 99 42.3 48.0 51.1
B.9.10 31.2 45.8 55.4

Mean+ SD 39.32+£4.90 50.84 £3.83 55.94+£2.74
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Table 8.3.1 Normal distribution test in the absorbance of the C=0 group

Statistical analysis

FTIR test : C=0 group (Wavenumber 1650 cm’l)

of the control group.

Descriptive Statistics
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Table 8.3 Normal distribution test in the absorbance of the C=0 group

Std.
N Mean Deviation Minimum | Maximum
absorbance 5 8.1670 1.4566 7.07 10.70
One-Sample Kolmogorov-Smirnov
absorbance:
N 5
Normal Parameters ab  Mean 8.167
Std. Deviation 1.456
Most Extreme Absolute .368
Differences Positive .368
Negative -.226
Kolmogorov-Smirnov Z 822
Asymp. Sig. (2-tailed) .509

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.3.2 Normal distribution test in the absorbance of the C=0 group
of the bleaching 3 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
absorbance 5 5.9224 1.1819 4.09 6.99

One-Sample Kolmogorov-Smirnov Test

absorbance
N 5
Normal Parameters  ab Mean 5.9224
Std. Deviation 1.1819
Most Extreme Absolute 237
Differences Positive 183
Negative -.237
Kolmogorov-Smirnov Z .531
Asymp. Sig. (2-tailed) .941

a. Test distribution is Normal.

b. Calculated from data.

Table 8.3.3 Normal distribution test in the absorbance of the C=0 group
of the bleaching 6 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
absorbance 5 4.6128 1.7593 2.91 7.43

One-Sample Kolmogorov-Smirnov

absorbance
N 5
Normal Parameters &b  Mean 4612
Std. Deviation 1.759
Most Extreme Absolute .258
Positive 258
Differences Negative -.166
Kolmogorov-Smirnov Z 577
Asymp. Sig. (2-tailed) .894

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.3.4 Normal distribution test in the absorbance of the C=0 group
of the bleaching 9 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
absorbance 5 3.8392 2.2209 2.15 7.72

One-Sample Kolmogorov-Smirnov

absorbance

N 5
Normal Parameters ab  Mean 3.839
Std. Deviation 2.220

Most Extreme Absolute .388
Differences Positive .388
Kolmogorov-Smirnov Z haid \
.867

Asymp. Sig. (2-tailed) 439

a. Test distribution is Normal.

b. Calculated from data.

Table 8.3.5 Normal distribution test in the absorbance of the C=0O group
of the bleaching 15 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
absorbance 5 2.5480 .6965 1.68 3.29

One-Sample Kolmogorov-Smirnov

absorbance
N 5
Normal Parameters &> Mean 2.548
~ Std. Deviation .6965
Most Extreme Absolute 210
Differences Positive 196
Negative -.210
Kolmogorov-Smirnov Z 469
Asymp. Sig. (2-tailed) 980

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.3.6 Normal distribution test in the absorbance of the C=0 group
of the bleaching 21 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
absorbance 5 1.836 .7919 1.05 3.16

One-Sample Kolmogorov-Smirnov

absorbance:

N 5
Normal Parameters 2b  Mean 1.836

Std. Deviation 7919
Most Extreme Absolute .343
Differences Positive .343

Negative -.161
Kolmogorov-Smirnov Z .767
Asymp. Sig. (2-tailed) 599

a. Test distribution is Normal.
b. Calculated from data.

Table 8.3.7 Normal distribution test in the absorbance of the C=0 group
of the bleaching 27 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
absorbance 5 1.8086 6617 1.29 2.97

One-Sample Kolmogorov-Smirnov

absorbance
N 5
Normal Parameters &b Mean 1.808
Std. Deviation .6617
Most Extreme Absolute .391
Differences Positive .391
Negative -.218
Kolmogorov-Smirnov Z 875
Asymp. Sig. (2-tailed) 429

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.3.8 The One Way Anova statistic in the C=0O functional group

(absorbance (cm™)).

Descriptives

absorbance
95% Confidence
Interval for Mean
Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum Maximurn
control 5 8.1670 1.4566 .6514 6.3584 9.9756 7.07 10.70
3 days ) 5.9224 1.1819 .5285 4.4549 7.3899 4.09 6.99
6 days 5 4.6128 1.7593 .7868 2.4283 6.7973 2.91 7.43
9 days 5 3.8392 2.2209 .9932 1.0816 6.5968 2.15 7.72
15 days 5 2.5480 .6965 .3115 1.6832 3.4128 1.68 3.29
21 days 5 1.8364 7919 .3541 .8531 2.8197 1.05 3.16
27 days 5 1.8086 6617 .2959 .9870 2.6302 1.29 2.97
Total 35 4.1049 2.5279 4273 3.2366 4.9733 1.05 10.70
Test of Homogeneity of Variances
absorbance
Levene
Statistic df1 df2 Sig.
1.104 6 28 .385
ANOVA
absorbance
Sum of Mean
Squares df Square F Sig.
Between Groups 164.878 6 27.480 14.688 .000
Within Groups 52.384 28 1.871
Total 217.262 34
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Table 8.3.9 Post Hoc tests in the C=0 functional group (absorbance (cm'1 ))

Multiple Comparisons

Dependent Variable: absorbance

Scheffe
95% Confidence
Mean Interval
Difference Lower Upper
() GROUP (J) GROUP (I-J) Std. Error Sig. Bound Bound
control 3 days 2.2446 .8651 375 -1.0689 5.5581
6 days 3.5542* .8651 .029 .2407 6.8677
9 days 4.3278* .8651 .004 1.0143 7.6413
15 days 5.6190* .8651 .000 2.3055 8.9325
21 days 6.3306* .8651 .000 3.0171 9.6441
27 days 6.3584* .8651 .000 3.0449 9.6719
3 days control -2.2446 .8651 375 -5.5581 1.0689
6 days 1.3096 .8651 .884 -2.0039 4.6231
9 days 2.0832 .8651 466 -1.2303 5.3967
15 days 3.3744* .8651 .044 | 6.088E-02 6.6879
21 days 4.0860* .8651 .008 7725 7.3995
27 days 4.1138* .8651 .007 .8003 7.4273
6 days control -3.5542* .8651 .029 -6.8677 -.2407
3 days -1.3096 .8651 .884 -4.6231 2.0039
9 days 7736 .8651 .991 -2.5399 4.0871
15 days 2.0648 .8651 476 -1.2487 5.3783
21 days 2.7764 .8651 154 -.5371 6.0899
27 days 2.8042 .8651 146 -.5093 6.1177
9 days control -4.3278* .8651 .004 -7.6413 -1.0143
3 days -2.0832 .8651 466 -5.3967 1.2303
6 days -.7736 .8651 .991 -4.0871 2.5399
15 days 1.2912 .8651 .891 -2.0223 4.6047
21 days 2.0028 .8651 513 -1.3107 5.3163
27 days 2.0306 .8651 497 -1.2829 5.3441
15 days control -5.6190* .8651 .000 -8.9325 -2.3055%
3 days -3.3744* .8651 .044 -6.6879 | -6.09E-02
6 days -2.0648 .8651 476 -5.3783 1.2487
9 days -1.2912 .8651 .891 -4.6047 2.0223
21 days 7116 .8651 .994 -2.6019 4.0251
27 days 7394 .8651 .993 -2.5741 4.0529
21 days control -6.3306* .8651 .000 -9.6441 -3.0171
3 days -4.0860* .8651 .008 -7.3995 -7725
6 days -2.7764 .8651 154 -6.0899 5371
9 days -2.0028 .8651 513 -5.3163 1.3107
15 days -.7116 .8651 .994 -4.0251 2.6019
27 days 2.780E-02 .8651 1.000 -3.2857 3.3413
27 days control -6.3584* .8651 .000 -9.6719 -3.0449
3 days -4.1138* .8651 .007 -7.4273 -.8003
6 days -2.8042 .8651 146 -6.1177 5093
9 days -2.0306 .8651 497 -5.3441 1.2829
15 days -.7394 .8651 .993 -4.0529 2.5741
21 days -2.780E-02 .8651 1.000 -3.3413 3.2857

*. The mean difference is significant at the .05 level.
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FTIR test in N-H group; (Wavenumber 1550 cm™)
Table 8.4 Normal distribution test in the absorbance of the N-H group
Table 8.4.1 Normal distribution test in the absorbance (cm™) of the N-H

group of the control group.

Descriptive
Std.
N Mean Deviation Minimum Maximum
ABSORBANCE ) .8152 .2037 .49 1.05

One-Sample Kolmogorov-Smirnov

Absorbance
N 5
Normal Parameters ab ~ Mean 8152
Std. Deviation .2037
Most Extreme Absolute .315
Differences Positive 221
Negative -.315
Kolmogorov-Smirnov Z .705
Asymp. Sig. (2-tailed) 703

a. Test distribution is Normal.

b. Calculated from data.

Table 8.4.2 Normal distribution test in the absorbance (cm™) of the N-H
group of the bleaching 3 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
ABSORBANCE 5 .6460 2435 37 .98

One-Sample Kolmogorov-Smirnov

IAbsorbance

N 5
Normal Parameters @b Mean .6460
Std. Deviation 2435

Most Extreme Absolute .207
Differences Positive .207
Negative -.136

Kolmogorov-Smirnov Z 462
Asymp. Sig. (2-tailed) 983

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.4.3 Normal distribution test in the absorbance (cm™) of the N-H
group of the bleaching 6 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
ABSORBANCE 5 .2920 .1621 .15 .52

One-Sample Kolmogorov-Smirnov Test

Absorbance

N 5
Normal Parameters ab ~ Mean 2920
Std. Deviation 1621

Most Extreme Absolute 280
Differences Positive .280
Negative -.192

Kolmogorov-Smirnov Z .627
Asymp. Sig. (2-tailed) 827

a. Test distribution is Normal.

b. Calculated from data.

Table 8.4.4 Normal distribution test in the absorbance (cm'l) of the N-H
group of the bleaching 9 days group.

I?escriptive
Std. = ]
N Mean Deviation Minimum Maximum
ABSORBANCE 5 .3024 .1654 13 .52
One-Sample Kolmogorov-Smirnov Test
ABSORBANCE
N 5
Normal Parameters ab ~ Mean 3024
Std. Deviation .1654
Most Extreme Absolute .226
Differences Positive 226
Negative -.225
Kolmogorov-Smirnov Z .506
Asymp. Sig. (2-tailed) 960

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.4.5 Normal distribution test in the absorbance (cm™) of the N-H
group of the bleaching 15 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
ABSORBANCE 5 .2152 2.557E- 18 .24

One-Sample Kolmogorov-Smirnov Test

Absorbance;|
N 5
Normal Parameters a,b Mean 2152
Std. Deviation 2.557E-02
Most Extreme Absolute 319
Differences Positive .228
Neaative -.319
Kolmogorov-Smirnov Z .713
Asymp. Sig. (2-tailed) 690

a. Test distribution is Normal.

b. Calculated from data.

Table 8.4.6 Normal distribution test in the absorbance (cm'l) of the N-H

group of the bleaching 21 days group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
ABSORBANCE 5 .1600 2.000E-02 14 19

One-Sample Kolmogorov-Smirnov Test

ABSORBANCE
N 5
Normal Parameters ab ~ Mean 1600
Std. Deviation 2.000E-02
Most Extreme Absolute 291
Differences Positive 291
Negative -
Kolmogorov-Smirnov Z g 159
.652
Asymp. Sig. (2-tailed) .789

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.4.7 Normal distribution test in the absorbance (cm'l) of the N-H

group of the bleaching 27 days group.

pescﬁpﬁve
Std. Mini Maxi
N Mean Deviation inimum aximum
ABSORBANCE 5 .1560 5.595E-02 .08 .22
One-Sample Kolmogorov-Smirnov
Absorbance
N 5
Normal Parameters ab ~ Mean 1560
Std. Deviation 5.595E-02
Most Extreme Absolute 199
Differences Positive 140
Negative -.199
Kolmogorov-Smirnov Z 445
Asymp. Sig. (2-tailed) 989

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.4.8 The One Way Anova statistic in the absorbance (cm™) of the

N-H group.
Descriptives
ABSORBANCE
9%
Interval for Mean
Mean Std. Lower Upper - ]
N Deviation | Std. Error Bound Bound Minimum |- Maximum
control 5 .8152 2037 | 9.109E-02 .5623 1.0681 49 1.05
3 days 5 .6460 2435 .1089 .3437 .9483 37 .98
6 days 5 .2920 1621 7.249E-02 | 9.072E-02 4933 .15 .52
9 days 5 .3024 1654 | 7.399E-02 | 9.697E-02 .5078 13 52
15 days 5 .2152 2.7557E- 1.143E-02 .1835 .2469 .18 .24
21 days 5 .1600 2.000E- 8.944E-03 .1352 .1848 14 19
27 days 5 .1560 5.595E- 2.502E-02 | 8.653E- . 2255 .08 22
Total 35 .3695 .2781 | 4.700E- .2740 .4651 .08 1.05
Test of Homogeneity of Variances
Absorbance
Levene
Statistic df1 df2 Sig.
3.985 6 28 .005
ANOVA
Absorbance
Sum Mea
Square df Squar F Sig.
E}etween 1.994 6 .332 14.67 .000
Within .634 28 2.266E-02
Total 2.629 34
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Table 8.4.9 Post Hoc tests in the absorbance (cm™) of the N-H group.

Multiple Comparisons

Dependent Variable: ABSORBAN

Dunnett T3
95% Confidence
Mean Interval
Difference Lower Upper
() GROUP  (J) GROUP (I-J) Std. Error Sig. Bound Bound
control 3 days 1692 | 9.520E-02 978 -.4098 7482
6 days .5232* | 9.520E-02 .030 | 4.837E-02 .9980
9 days .5128* | 9.520E-02 .035 | 3.414E-02 9915
15 days .6000* | 9.520E-02 .026 | 9.975E-02 1.1002
21 days .6552* | 9.520E-02 .019 .1565 1.1539
27 days .6592* | 9.520E-02 .011 .2007 1. 147
3 days control -.1692 | 9.520E-02 .978 -.7482 4098
6 days .3540 | 9.520E-02 .310 -.2022 .9102!
9 days .3436 | 9.520E-02 .346 -.2161 .9033
15 days 4308 | 9.520E-02 143 -.1658 1.0274
21 days 4860 | 9.520E-02 .098 -.1093 1.0813
27 days 4900 | 9.520E-02 .102 -.1188 1.0988
6 days control -.5232* | 9.520E-02 .030 -.9980 | -4.84E-02
3 days -.3540 | 9.520E-02 .310 -.9102 .2022!
9 days -1.040E-02 | 9.520E-02 1.000 -.4329 4121
15 days 7.680E-02 | 9.520E-02 .984 -.3231 AT67
21 days .1320 | 9.520E-02 .740 -.2660 .5300
27 days .1360 | 9.520E-02 .758 -.2362 .5082!
9 days control -.5128* | 9.520E-02 .035 -.9915 | -3.41E-02
3 days -.3436 | 9.520E-02 .346 -.9033 2161
6 days 1.040E-02 | 9.520E-02 1.000 -4121 4329
15 days 8.720E-02 | 9.520E-02 .966 -.3208 4952
21 days 1424 | 9.520E-02 .693 -.2637 5485
27 days .1464 | 9.520E-02 .709 -.2327 5255
15 days control -.6000* | 9.520E-02 .026 -1.1002 | -9.98E-02
3 days -4308 | 9.520E-02 143 -1.0274 .1658
6 days -7.680E-02 | 9.520E-02 .984 - 4767 .3231
9 days -8.720E-02 | 9.520E-02 .966 -.4952 .3208
21 days 5.520E-02 | 9.520E-02 .072 | -4.01E-03 1144
27 days 5.920E-02 | 9.520E-02 .566 | -6.44E-02 .1828
21 days control -.6552* | 9.520E-02 .019 -1.1539 -.156%
3 days -.4860 | 9.520E-02 .098 -1.0813 .1093
6 days -.1320 | 9.520E-02 .740 -.5300 .2660
9 days -.1424 | 9.520E-02 .693 -.5485 .2637
15 days -5.520E-02 | 9.520E-02 .072 -.1144 | 4.012E-03
27 days 4.000E-03 | 9.520E-02 1.000 -.1250 11330
27 days control -.6592* | 9.520E-02 .011 -1.1177 -.2007
3 days -4900 | 9.520E-02 1102 -1.0988 1188
6 days -.1360 | 9.520E-02 .758 -.5082 .2362!
9 days -.1464 | 9.520E-02 .709 -.5255 2327
15 days -5.920E-02 | 9.520E-02 .566 -.1828 | 6.440E-02
21 days -4.000E-03 | 9.520E-02 1.000 -.1330 1250

*. The mean difference is significant at the .05 level.
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Table 8.5 The statistics in the Knoop hardness test.
1. Control group
Table 8.5.1 The normal distribution statistics in the inner dentin of the

control group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 53.8600 4.8174 50.10 66.40

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters?  Mean 53.8600
Std. Deviation 4.8174
Most Extreme Absolute .283
Differences Positive .283
Negative -.218
Kolmogorov-Smirnov Z .893
Asymp. Sig. (2-tailed) 402

a. Test distribution is Normal.
b. Calculated from data.

Table 8.5.2 The normal distribution statistics in the middle dentin of the

control group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 61.9500 4.9771 57.60 72.70

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters?  Mean 61.9500
Std. Deviation 4.9771
Most Extreme Absolute .252
Differences Positive 252
Negative =191
Kolmogorov-Smirnov Z .798
Asymp. Sig. (2-tailed) .547

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.5.3 The normal distribution statistics in the outer dentin of the

control group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 69.6300 6.9902 62.20 86.40

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters&P  Mean 69.6300
Std. Deviation 6.9902
Most Extreme Absolute .264
Differences Positive 264
Negative -.145
Kolmogorov-Smirnov Z .836
Asymp. Sig. (2-tailed) 488

a. Test distribution is Normal.

b. Calculated from data.

2. Bleaching in 3 days group
Table 8.5.4 The normal distribution statistics in the inner dentin of the

3 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 52.9400 .5542 52.10 53.60

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersP  Mean 52.9400
Std. Deviation 5542
Most Extreme Absolute 197
Differences Positive .168
Negative -197
Kolmogorov-Smirnov Z .622
Asymp. Sig. (2-tailed) .834

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.5.5 The normal distribution statistics in the middle dentin of the

3 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 59.1100 7187 57.80 60.60

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters&P  Mean 59.1100
Std. Deviation 7187
Most Extreme Absolute .194
Differences Positive 194
Negative -.184
Kolmogorov-Smirnov Z .613
Asymp. Sig. (2-tailed) .847

a. Test distribution is Normal.

b. Calculated from data.

Table 8.5.6 The normal distribution statistics in the outer dentin of the

3 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 65.6900 1.3312 64.50 68.40

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersP  Mean 65.6900
Std. Deviation 1.3312
Most Extreme Absolute 271
Differences Positive 271
Negative -.186
Kolmogorov-Smirnov Z .858
Asymp. Sig. (2-tailed) 454

a. Test distribution is Normal.

b. Calculated from data.
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2 Bleaching in 6 days group
Table 8.5.7 The normal distribution statistics in the inner dentin of the

6 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 52.0800 .6957 51.20 53.00

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters?  Mean 52.0800
Std. Deviation .6957
Most Extreme Absolute .169
Differences Positive 169
Negative -.150
Kolmogorov-Smirnov Z .534
Asymp. Sig. (2-tailed) .938

a. Test distribution is Normal.

b. Calculated from data.

Table 8.5.8 The normal distribution statistics in the middle dentin of the

6 days bleaching group.
Descriptive Statistics
Std.
N Mean Deviation Minimum | Maximum
KHN 10 58.7300 .6395 58.00 59.80

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersP  Mean 58.7300
Std. Deviation .6395
Most Extreme Absolute .240
Differences Positive 240
Negative -.135
Kolmogorov-Smirnov Z .760
Asymp. Sig. (2-tailed) .610

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.5.9 The normal distribution statistics in the outer dentin of the

6 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 65.1000 .5907 64.10 65.80

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters&P  Mean 65.1000
Std. Deviation .5907
Most Extreme Absolute .136
Differences Positive 136
Negative -.133
Kolmogorov-Smirnov Z 431
Asymp. Sig. (2-tailed) .992

a. Test distribution is Normal.

b. Calculated from data.

3 Bleaching 3 visits (9 days ) group
Table 8.5.10 The normal distribution statistics in the inner dentin of the

9 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 51.1800 .3994 50.50 51.80

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersP  Mean 51.1800
Std. Deviation .3994
Most Extreme Absolute 179
Differences Positive 179
Negative -.153
Kolmogorov-Smirnov Z .567
Asymp. Sig. (2-tailed) .904

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.5.11 The normal distribution statistics in the middle dentin of the

9 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum Maximum
KHN 10 57.9300 .5926 56.90 58.60

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters2P  Mean 57.9300
Std. Deviation .5926
Most Extreme Absolute .213
Differences Positive 142
Negative -.213
Kolmogorov-Smirnov Z .673
Asymp. Sig. (2-tailed) .755

a. Test distribution is Normal.

b. Calculated from data.

Table 8.5.12 The normal distribution statistics in the outer dentin of the

9 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 64.1000 2.7 62.10 69.00

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersP  Mean 64.1000
Std. Deviation 2.7117
Most Extreme Absolute .284
Differences Positive 284
Negative -.230
Kolmogorov-Smirnov Z .899
Asymp. Sig. (2-tailed) .395

a. Test distribution is Normal.

b. Calculated from data.
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4 Bleaching 15 days group
Table 8.5.13 The normal distribution statistics in the inner dentin of the

15 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 49.7100 2.4991 45.00 52.90

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters2?  Mean 49.7100
Std. Deviation 2.4991
Most Extreme Absolute 175
Differences Positive 101
Negative -175
Kolmogorov-Smirnov Z .554
Asymp. Sig. (2-tailed) .919

a. Test distribution is Normal.
b. Calculated from data.

Table 8.5.14 The normal distribution statistics in the middle dentin of the

15 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 56.7000 1.8245 54.40 59.70

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters?  Mean 56.7000
Std. Deviation 1.8245
Most Extreme Absolute 179
Differences Positive .169
Negative -179
Kolmogorov-Smirnov Z .565
Asymp. Sig. (2-tailed) .907

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.5.15 The normal distribution statistics in the outer dentin of the

15 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 62.0900 1.6703 59.80 64.90

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters2P  Mean 62.0900
Std. Deviation 1.6703
Most Extreme Absolute 174
Differences Positive A71
Negative -174
Kolmogorov-Smirnov Z .549
Asymp. Sig. (2-tailed) .924

a. Test distribution is Normal.

b. Calculated from data.

5 Bleaching 7 visits ( 21 days ) group
Table 8.5.16 The normal distribution statistics in the inner dentin of the

21 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 46.6500 2.3415 41.80 50.10

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters?  Mean 46.6500
Std. Deviation 2.3415
Most Extreme Absolute 173
Differences Positive 126
Negative -173
Kolmogorov-Smirnov Z .547
Asymp. Sig. (2-tailed) .925

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.5.17 The normal distribution statistics in the middle dentin of the

21 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 54.2000 1.4414 51.30 55.80

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersaP  Mean 54.2000
Std. Deviation 1.4414
Most Extreme Absolute .236
Differences Positive 134
Negative -.236
Kolmogorov-Smirnov Z .745
Asymp. Sig. (2-tailed) .635

a. Test distribution is Normal.

b. Calculated from data.

Table 8.5.18 The normal distribution statistics in the outer dentin of the

21 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 59.3200 2.0552 55.40 61.80

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersP  Mean 59.3200
Std. Deviation 2.0552
Most Extreme Absolute .235
Differences Positive 137
Negative -.235
Kolmogorov-Smirnov Z .743
Asymp. Sig. (2-tailed) .639

a. Test distribution is Normal.

b. Calculated from data.
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6 Bleaching 9 visits (27 days ) group
Table 8.5.19 The normal distribution statistics in the inner dentin of the

27 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 39.3200 4.9066 31.20 45.60

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal Parameters2P  Mean 39.3200
Std. Deviation 4.9066
Most Extreme Absolute 157
Differences Positive 157
Negative -.147
Kolmogorov-Smirnov Z 497
Asymp. Sig. (2-tailed) .966

a. Test distribution is Normal.

b. Calculated from data.

Table 8.5.20 The normal distribution statistics in the middle dentin of the

27 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 50.8400 3.8312 45.80 57.40

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersP  Mean 50.8400
Std. Deviation 3.8312
Most Extreme Absolute .156
Differences Positive .156
Negative -137
Kolmogorov-Smirnov Z 493
Asymp. Sig. (2-tailed) .968

a. Test distribution is Normal.

b. Calculated from data.
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Table 8.5.21 The normal distribution statistics in the outer dentin of the

27 days bleaching group.

Descriptive Statistics

Std.
N Mean Deviation Minimum | Maximum
KHN 10 55.9400 2.7411 51.10 60.60

One-Sample Kolmogorov-Smirnov Test

KHN
N 10
Normal ParametersaP  Mean 55.9400
Std. Deviation 2.7411
Most Extreme Absolute 178
Differences Positive 178
Negative -.152
Kolmogorov-Smirnov Z .563
Asymp. Sig. (2-tailed) .909

a. Test distribution is Normal.

b. Calculated from data.

Table 8.5.22 Univariate Analysis of Variance between subjects factors in Two
way ANOVA.

Between-Subjects Factors

Value
Label N
group 1 control 30
2 3 days 30
3 6 days 30
4 9 days 30
5 15 days 30
6 21 days 30
7 27 days 30
DISTANCE 1 inner
dentin 70
2 middle
dentin 70
3 outer
dentin 70
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Table 8.5.23 Descriptive statistics in KHN.

Dependent Variable: KHN

Descriptive Statistics
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Std.
group DISTANCE Mean Deviation N
control inner dentin 53.8600 48174 10
middle dentin 61.9500 4.9771 10
outer dentin 69.6300 6.9902 10
Total 61.8133 8.5406 30
3 days inner dentin 52.9400 .5542 10
middle dentin 59.1100 .7187 10
outer dentin 65.6900 1.3312 10
Total 59.2467 5.3706 30
6 days inner dentin 52.0800 .6957 10
middle dentin 58.7300 .6395 10
outer dentin 65.1000 .5907 10
Total 58.6367 5.4422 30
9 days inner dentin 51.1800 .3994 10
middle dentin 57.9300 .5926 10
outer dentin 64.1000 2.7117 10
Total 57.7367 5.5893 30
15 days inner dentin 49.7100 2.4991 10
middle dentin 56.7000 1.8245 10
outer dentin 62.0900 1.6703 10
Total 56.1667 5.5145 30
21 days inner dentin 46.6500 2.3415 10
middle dentin 54.2000 1.4414 10
outer dentin 59.3200 2.0552 10
Total 53.3900 5.6280 30
27 days inner dentin 39.3200 4.9066 10
middle dentin 50.8400 3.8312 10
outer dentin 55.9400 2.7411 10
Total 48.7000 8.0220 30
Total inner dentin 49.3914 5.4640 70
middle dentin 57.0657 41734 70
outer dentin 63.1243 5.1989 70
Total 56.5271 7.5005 210
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Table 8.5.24 Test of variances in KHN.

Levene's Test of Equality of Error Variance8

Dependent Variable: KHN

F

df1

df2

Sig.

6.021

20

189

.000

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.

a. Design: Intercept+GROUP+DISTANCE+GROUP
* DISTANCE

Table 8.5.25 Test of KHN between subjects effects.

Tests of Between-Subjects Effects

Dependent Variable: KHN

Appendix /86

Type llI

Sum of Mean
Source Squares df Square F Sig.
Corrected Model 10147.3062 20 507.365 59.537 .000
Intercept 671016.8 1 | 671016.8 |78740.769 .000
GROUP 3374.653 6 562.442 66.000 .000
DISTANCE 6631.154 2 | 3315.577 389.068 .000
GROUP * DISTANCE 141.499 12 11.792 1.384 A77
Error 1610.629 189 8.522
Total 682774.7 210
Corrected Total 11757.935 209

a. R Squared = .863 (Adjusted R Squared = .849)

Table 8.5.26 Estimated Marginal Means of KHN between groups.

1. group
Dependent Variable: KHN
95% Confidence
Interval

Lower Upper
group Mean Std. Error Bound Bound
control 61.813 .533 60.762 62.865
3 days 59.247 .533 58.195 60.298
6 days 58.637 .533 57.585 59.688
9 days 57.737 .533 56.685 58.788
15 days 56.167 533 55.115 57.218
21 days 53.390 533 52.339 54.441
27 days 48.700 .533 47.649 49.751
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Table 8.5.27Estimated Marginal Means of KHN between distance.

2. DISTANCE
Dependent Variable: KHN
95% Confidence
Interval

Lower Upper
DISTANCE Mean Std. Error Bound Bound
inner dentin 49.391 .349 48.703 50.080
middle dentin 57.066 .349 56.377 57.754
outer dentin 63.124 .349 62.436 63.813

Table 8.5.28 Estimated Marginal Means of KHN between groups and

distance.

3. group * DISTANCE

Dependent Variable: KHN

95% Confidence
Interval
Lower Upper
group DISTANCE Mean Std. Error Bound Bound
control inner dentin 53.860 .923 52.039 55.681
middle dentin 61.950 .923 60.129 63.771
outer dentin 69.630 .923 67.809 71.451
3 days inner dentin 52.940 .923 51.119 54.761
middle dentin 59.110 .923 57.289 60.931
outer dentin 65.690 .923 63.869 67.511
6 days inner dentin 52.080 .923 50.259 53.901
middle dentin 58.730 .923 56.909 60.551
outer dentin 65.100 .923 63.279 66.921
9 days inner dentin 51.180 .923 49.359 53.001
middle dentin 57.930 .923 56.109 59.751
outer dentin 64.100 .923 62.279 65.921
15 days inner dentin 49.710 .923 47.889 51.531
middle dentin 56.700 .923 54.879 58.521
outer dentin 62.090 .923 60.269 63.911
21 days inner dentin 46.650 .923 44.829 48.471
middle dentin 54.200 .923 52.379 56.021
outer dentin 59.320 .923 57.499 61.141
27 days inner dentin 39.320 .923 37.499 41.141
middle dentin 50.840 .923 49.019 52.661
outer dentin 55.940 .923 54.119 57.761
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Table 8.5.29 Post Hoc tests between group.

Multiple Comparisons

Dependent Variable: KHN

Appendix /88

Dunnett T3
95% Confidence
Mean Interval
Difference Lower Upper
(1) group  (J) group (I-J) Std. Error Sig. Bound Bound
control 3 days 2.5667 7537 .968 -3.2989 8.4322
6 days 3.1767 .7537 .834 -2.7111 9.0645
9 days 4.0767 7537 477 -1.8516 10.0049
15 days 5.6467 7537 .073 -.2579 11.5512
21 days 8.4233* 7537 .001 2.4828 14.3639
27 days 13.1133* 7537 .000 6.3532 19.873%
3 days control -2.5667 7537 .968 -8.4322 3.298¢
6 days .6100 .7537 1.000 -3.8013 5.0213
9 days 1.5100 .7537 .998 -2.9621 5.9821
15 days 3.0800 7537 A72 -1.3610 7.5210
21 days 5.8567* 7537 .003 1.3685 10.3449
27 days 10.5467* 7537 .000 4.9451 16.1483
6 days control -3.1767 7537 .834 -9.0645 2.7111
3 days -.6100 .98 1 1.000 -5.0213 3.8013
9 days .9000 7537 1.000 -3.6008 5.4008&
15 days 2.4700 7537 .818 -2.0000 6.9400
21 days 5.2467* .7537 .011 7299 9.763%
27 days 9.9367* .7537 .000 4.3118 15.5615
9days  control -4.0767 7537 477 | -10.0049 1.851€
3 days -1.5100 7537 .998 -5.9821 2.9621
6 days -.9000 7537 1.000 -5.4008 3.6008&
15 days 1.5700 7537 .998 -2.9600 6.1000
21 days 4.3467 7537 .077 -.2295 8.922¢
27 days 9.0367* 7537 .000 3.3687 14.704€
15days  control -5.6467 .7537 .073 | -11.5512 2579
3 days -3.0800 7537 472 -7.5210 1.3610
6 days -2.4700 7537 .818 -6.9400 2.0000
9 days -1.5700 7537 .998 -6.1000 2.9600
21 days 2.7767 7537 .683 -1.7692 7.3226
27 days 7.4667* 7537 .002 1.8182 13.1151
21days  control -8.4233* 7537 .001 -14.3639 -2.482¢
3 days -5.8567* 7537 .003 | -10.3449 -1.368%
6 days -5.2467* 7537 .011 -9.7635 -.7299
9 days -4.3467 7537 .077 -8.9229 2295
15 days -2.7767 7537 .683 -7.3226 1.7692
27 days 4.6900 7537 .203 -.9908 10.3708
27 days  control -13.1133* 7537 .000 -19.8735 -6.3532
3 days -10.5467* 7537 .000 | -16.1483 -4.9451
6 days -9.9367* 7537 .000 | -15.5615 -4.3118&
9 days -9.0367* 7537 .000 | -14.7046 -3.3687
15 days -7.4667* 7537 .002 | -13.1151 -1.8182
21 days -4.6900 .7537 .203 | -10.3708 .9908&

Based on observed means.
*. The mean difference is significant at the .05 level.
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Table 8.5.30 Post Hoc tests between distance.

Multiple Comparisons

Dependent Variable: KHN

Dunnett T3
95% Confidence
Mean Interval
Difference Lower Upper
(1) DISTANCE (J) DISTANCE (I-J) Std. Error Sig. Bound Bound
inner dentin middle dentin -7.6743* .4934 .000 -9.6614 -5.687'1
outer dentin -13.7329* 14934 .000 -15.9109 -11.5549
middle dentin  inner dentin 7.6743* 14934 .000 5.6871 9.6614
outer dentin -6.0586* 4934 .000 -7.9848 -4.1323
outer dentin inner dentin 13.7329* 14934 .000 11.5549 15.9109
middle dentin 6.0586* 4934 .000 41323 7.9848

Based on observed means.

*. The mean difference is significant at the .05 level.
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