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Objective : To compare fluoride release from 3 orthodontic adhesives and their penetration into

enamel surface.

Material and method : A hundred and fifty-six human premolar teeth were randomly assigned
to 3 experimental groups and 1 control group (plain tooth without bonding), consisting of 39 teeth per
group.The 3 experimental groups were bonded with universal metal bicuspid brackets and adhesive Fuiji
Ortho LG, Illuminate and Light-Bond respectively. After bonding, all samples were stored in artificial saliva
(non-fluoride formula) at 37°C. The amount of fluoride released from individual adhesive was measured
by a fluoride ion-selective electrode connected to an expandable ion analyzer at 1, 3, 7 and 30 days. The
artificial saliva was renewed after every fluoride measurement. After 1, 2 and 3 months, 13 teeth of each
group were taken and embedded in resin blocks, then sectioned at the center of the brackets. The surfaces
of the cross-sections were studied under the scanning electron microscope and the fluoride compositions
under the middle of bracket base at 1, 2 and 3 pm below the outer enamel surface were determined by
energy-dispersive x-ray microanalysis. The fluoride release was not normally distributed and was analysed
with Kruskal-Wallis H test / Mann-Whitney U test. The fluoride penetration was normally distributed and
was analysed with One-way ANOVA / Post Hoc multiple comparisons. All statistics were tested at 95%

confidence intervals.

Result : At 1, 3, 7 and 30 days of the means cumulative fluoride release from the three
orthodontic adhesives were statistically significant differences (P< .05). The Illuminate released the most
fluoride, followed by the Fuji Ortho LC and Light-Bond. All orthodontic adhesives released the most
fluoride in the first day and decreased sharply to almost half in 3 days except Light-Bond that fluoride
release after 3 days was non-detectable. The Illuminate released fluoride almost double ofthe Fuji Ortho
LC at every observation period. At 1,2 and 3 months, the fluoride penetration was only found from Fuji
Ortho LC with no statistically significant differences (P> .05) with times at all levels and the fluoride

concentration decreased with depth.

Conclusion : All studied Fluoride-releasing orthodontic adhesives showed an initial “burst
effect” of fluoride-releasing pattern in the first day and then decreased to the low-level. Illuminate
released the most fluoride, followed by Fuji Ortho LC and Light bond. Fluoride penetration found only
from Fuji Ortho LC. This adhesive may act as a fluoride reservoir to prevent demineralization of enamel

surface during orthodontic treatment with fixed appliances.
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CHAPTER I: INTRODUCTION

Background and Rationale

The demineralization of enamel adjacent to fixed orthodontic appliances is
associated with accumulation of plaque and a poor natural self- cleaning mechanism
due to the surface irregularity of the appliances (1, 2). Protective measures such as
oral hygiene instruction, mechanical removal of the plaque and application of topical
fluoride agents are prescribed regarding patient co-operation. These measures have
been proven about limited clinical significance in the reduction of decalcification (3).
To solve this problem, fluoride- releasing adhesives for orthodontic bonding are

suggested.

There are evidences of fluoride release in some fluoride- releasing adhesives
especially glass ionomer. Anyhow, the evidence of fluoride penetration into human
enamel considering from fluoride-releasing adhesives are limited. Therefore, further
studies to determine both fluoride release and penetration from these materials

should be undertaken to clarify their protective property of demineralization.

The objectives of this in vitro study were to investigate the amount of
cumulative fluoride released from 3 fluoride-releasing adhesives within 1 month after
bonding and to examine the fluoride penetration into enamel tooth surface at 1, 2

and 3 months after bonding.

Research Question

1. Does fluoride released and its penetration from  orthodontic adhesive
depend on time?

2. Are there any differences in the amount of fluoride release and penetration
into human enamel from different orthodontic adhesives (Fuji Ortho LC,

Illuminate and Light Bond) at the same period of time?



Objective

1.

To evaluate fluoride releases from 3 orthodontic adhesives at 1, 3, 7 and 30

days
To compare fluoride releases from 3 orthodontic adhesives at the same time.

To evaluate fluoride penetrations into human enamel from 3 orthodontic

adhesives at 1, 2 and 3 months.

To compare fluoride penetrations into human enamel from 3 orthodontic

adhesive at the same time.

Research hypothesis

1.

2.

3.

4.

The fluoride releases from each orthodontic adhesive at 1, 3, 7 and 30 days

are different.

The fluoride releases from 3 orthodontic adhesives at the same time are

different.

The fluoride penetrations into human enamel from each orthodontic adhesive

at 1, 2 and 3 months are different.

The fluoride penetrations into human enamel from 3 orthodontic adhesives at

the same time are different.

Research design

Randomized Control Group Posttest-only



Conceptual framework
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CHAPTER II: LITERATURE REVIEW

Literature review

Enamel has the highest mineral content of all the mineralized tissues in the
body. (tablel) It comprises 96 weight% of a crystalline calcium phostphate mineral
close in composition to hydroxyapatite. Pure hydroxyapatite has a unit cell formula
of Ca;o(PO4)(OH), , however the crystal lattice can contain large amounts of foreign
ions as impurities. Enamel is also a porous solid consisting of crystals in a
protein/lipid/water matrix. On average, enamel is 85% by volume mineral, 3%
protein/lipid in equal quantities, and remainder water. The interprismatic spaces in the
enamel are large and filled with this organic/ water matrix. Even the intercrystalline
spaces are large enough for small molecules of acid, fluoride, calcium, phosphate, etc,
to diffuse through at a measurable rate. Again, these spaces are filled with
water/organic material. So enamel essentially is a porous solid and everything that
diffuses into and out of it must pass through this organic diffusion matrix. Recent
experiment has shown that the organic material plays a large part in controlling the

rate of diffusion of species into and out of enamel.(4)



Abbreviation Name Formula -log (Sol.prod.)
Enamel

HAP Hydroxyapatite Cayo (POy)g (OH), 104-144

FAP Fluorapatite Cayg (POys Fy 117.2

DCPD Brushite CaHPO,4.2H,0 121.2

CaF, Calcium fluoride CaF, 6.73

OCP Octacalcium Cag (HPQy), (POy) 4.5H,0 10.44
phostphate

FHAP Fluoridated Cayg (POgq )s(OH)xFy 46.9
hydroxyapatite (with x+y=2)

Table 1: Enamel, related minerals and their solubilities (4)

Enamel demineralization is undesirable but it is the common complication of
orthodontic fixed appliance therapy. Several studies (5-7) have reported a significant
increase in the prevalence and severity of demineralization after orthodontic therapy
when compared with the control, and the overall prevalence among orthodontic
patients ranges from 2 to 96 per cent. The teeth most commonly affected are molars,

maxillary lateral incisors, mandibular canines and premolars.(8)

Fluoride is important in the prevention of enamel demineralization (9). It is
obvious from the above understanding of the mechanism of fluoride action with the
enamel that the predominant caries inhibitory effects are fluoride from topical sources.
There are several methods of delivering fluoride to teeth in patients during orthodontic

treatment. These include:
1. Topical fluorides (e.g. mouth-rinse, gel, varnish, toothpaste)

2. Fluoride-releasing materials (e.¢. bonding materials, elastics)



The way of fluoride delivery is important. A fluoride mouthrinse will only work
if it is used regularly by the patient; therefore, its success relies on patient cooperation.
However, there is evidence suggesting that the patient compliance with mouth-rinsing
is poor. One study (10) found that only 42% of patients rinsing with a sodium fluoride
mouth-rinse at least every other day. Those who complied least with fluoride rinsing
regsimens tended to have more white spot lesions. Fluoride-releasing materials will
release fluoride without the patient cooperation; therefore, this might be more
successful. In addition, deliver of the fluoride from these materials to the area closed

to the bracket is the most needed.

Fluoride releasing property of orthodontic adhesives reported from previous

studies are as follows:

Fluoride release behavior is influenced by type of medium. The amount of
fluoride ion released in distilled and deionized water was greater than that in artificial

saliva (11, 12).

The two nonfluoride adhesives: Heliosit Orthodontic and Transbond released
small amounts of fluoride, the maximum release occurred within the first 24 hours at
0.2-0.25 pgF/cm?, despite the fact that they are not advertised as fluoride-containing
adhesives. The fluoride release of the non- fluoride adhesives could possibly be due
to small amounts of fluoride, such as barium-fluoride, presented in the inorganic phase

of the adhesives (13).

Transbond XT, non-fluoride adhesive, never release sufficient fluoride that can
be detected as the threshold of the fluoride ion-specific electrode was less than 0.1

ug F/cm?/day (14).

Fluoride-containing adhesives initially showed higher rates of fluoride ion
release but significantly declined to lower levels. They were characterized by an initial
burst of fluoride during the first day, followed by a gradual tapering down of fluoride

release (13, 15).



Regarding the overall cumulative fluoride release during the initial period,
RMGICs released the most cumulative fluoride followed by compomer, fluoride-

containing composite and non-fluoride-releasing composite respectively (16).

Fuji-Ortho LC demonstrated the typical fluoride release pattern of the GIC. It
released the most fluoride during the first 7 days followed by a more gradual decrease
to a low level plateau phase. The maximum fluoride release that occurred within the

first 24 hours was 0.19-0.36 mgF/g (15).

Light-Bond advertised as a fluoridated orthodontic adhesive had a short burst
effect of fluoride release during the first day, followed by a sharp decease and the
fluoride could be detected for 2 weeks longer than those of the non-fluoride
adhesives. The maximum release that occurred within the first 24 hours was 5pgF/cm?

(13).

FluorEver OBA advertised as a fluoridated orthodontic adhesive had a short
burst effect of fluoride release during the first day, followed by a sharp decrease. The

maximum release that occurred within the first 24 hours was 35 pgF/cm? (13).

Fluoride penetration property of orthodontic adhesives reported from previous

studies are as follow:
Fluoride penetration into enamel is depend on time (17).

Iluminate advertised as a fluoridated orthodontic adhesive had no fluoride
penetration into the rat enamel after 6 weeks of banding, but after 12 weeks, fluoride

penetration about 2 pym could be detected (17).

Resilience advertised as a fluoridated orthodontic adhesive had no evidence of
fluoride penetration into the rat enamel after banding for 6 and 12 week, respectively

(17).



At present, fluoride-releasing adhesives available in Thailand are Reliance
Orthodontic Product (PAD LOCK, Light-Bond, Rely-a-Bond), ORTHO Organizers
(Iluminate and Fuji Ortho LC) and ORTHO TECHNOLOGY (Resilience).

The number of fluoride-releasing orthodontic adhesives increase each year, and
the effectiveness of these adhesive on decreasing decalcification have been shown
(18-20). However, the ability to prevent the decalcification has not been concerned.
Conclusions on the most appropriate bonding agent for preventive measures are

required (21).

Nowaday, composite resin is the most commonly used direct bonding agent. It
is popular because it has clinically acceptable bond strength and technical ease of
application, but enamel decalcification surrounding the bracket is a significant problem.
Attempts have been made to incorporate fluoride into composite resin to solve that
problem but the studies have shown that the quantity and duration of fluoride release

are poor (22, 23).

Glass ionomer cements (GICs) have been shown to be effective both in vitro
and in vivo for fluoride release and reducing demineralization, but the bond strength

was less than those of composite resins (19, 24).

Resin-modified GICs (RMGICs) have the ability to overcome the problem of
bond strength of GICs. The bond strength of RMGICs, in response to shear and tensile
forces, was almost double than that of conventional GICs and 4 times of the minimum
bond strength (8.5 MPa) suggested for successful orthodontic treatment (25, 26). In
addition, RMGICs released fluoride that were comparable with conventional GICs in the

long term (27).



GICs and RMGICs can uptake fluoride from the nearby environment and
subsequently release it at the greater concentration that emphasized the capability of
the periodic fluoride applications to promote peri-bracket protection in the clinical

situation (14).

Scanning Electron Microscope (SEM) equipped with Energy Dispersive X-ray
Spectroscopy (EDS) is one of the most common and effective technique to analyze
fluoride penetration. The SEM is a useful technique for surface analysis. The EDS is a
standard method for identifying and quantifying elemental compositions of the
specimen’s surface in a very small sample. In the properly equipped SEM, the atoms
on the surface are excited by the electron beam, thus emitting specific wavelengths
of X-rays that are the characteristic of the atomic structure of the elements. An energy
dispersive detector analyzes the X-ray emissions that discriminate among X-ray

energies (28).

In conclusion, previous studies have reported the possibility of Fuji Ortho LC
and Light-Bond to release the fluoride after bonding but lack of informations for
Illuminate. In contrast there is evidence of fluoride penetration from Illuminate in the

animal study. Further study should be undertaken to fill in the gap of knowledge.
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CHAPTER Ill: RESEARCH METHODOLOGY

Population

Human permanent premolar teeth.

Sample size

Sample size was estimate from the formula for testing mean of two

independent populations is (29) :

n = (0°+0 (Za+27p)?

(b1 - o) ?

Mean and standard deviation of fluoride penetration reported by Chatzistavrou

et al (30) was used to calculate the sample size.

Where: O, = 0.22, O, = 0.09, Zq = 1.96, Zp = 0.842 (0 = 0.05, B = 0.20), p; =
0.33, Y, =0.14

— n = 12.8; the sample size per group (fluoride penetration) was 12.8

In this study, the overall 156 teeth were randomly assigned to 3 experimental

groups for bonding with the following adhesives:

Group | : Fuji Ortho LC
Group |l : lluminate
Group Il : Light-Bond

and 1 control group (tooth without bonding).
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The 39 teeth of each group were utilized for measured fluoride releases from
the artificial saliva medium at 1, 3, 7 and 30 days. After that these 39 teeth were
divided into 3 subgroups (13 teeth per subgroup) to measure fluoride penetrations at

1, 2 and 3 months.

1 month (13)

Fuji Ortho LC* (39)

2 months (13)

3 months (13)

1 month (13)

Muminate composite” (39) 2 months (13)

3 months (13)
Teeth (156)

1 month (13)

Light bond compuzusi‘rf:1r (39) 2 months (13)

3 months (13)

1 month (13)

Control group, no adhesive (39) 2 months (13)

3 months (13)

Diagram represented the random assignment of the overall sample to the
experimental groups and the control group for testing the fluoride penetrations at 1,

2 and 3 months.

Sample

156 extracted human permanent premolar teeth

Inclusion criteria

1. The teeth were free of caries, enamel defects (white spot lesions) and
restorations.
2. The dentists were informed about the research information and allowed

the researcher to obtain their patient’s teeth as samples.
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Variable
1. Independent variables  : Orthodontic adhesive, time
2. Dependent variables : Fluoride release (ppm) and fluoride penetration

measured from fluoride concentration at the determined levels (wt. %).

Research equipment
1. Sample preparation’s equipment
- 0.1% thymol
- Deionized water
- Pumice (non-fluoride paste)
- Universal metal bicuspid bracket (Ormco Corporation, Orange, CA, USA)
- Stress and tension gauge
- Bracket holder and carver
- LED light curing unit (Elipar S10, 3M ESPE, MN, USA)
- Artificial saliva (non-fluoride formula)
- Plastic vial
- Incubator (CONTHERM, New Zealand)
- Resin block and resin
- Low speed cutting machine (ISOMET 1000, Buehler, USA)
- Polishing machine (NANO 2000, Pace Technology, USA)
- Desiccator (SANPLATEC CORP, Japan)
- pH meter and Electrode (Model 420A, Thermo Scientific Orion, Switzerland)
2. Orthodontic adhesives
- Fuji Ortho LC (GC Corporation, Tokyo, Japan)

- Illuminate (Ortho Organizer Inc., Carlsbad, CA, USA)
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- Light-Bond (Reliance Orthodontic Products Inc., Itasca, IL, USA)
Measurement of fluoride release

- Fluoride ion-selective electrode (Model SL518, Select Bioscience, English)
- expandable ion analyzer (QI518C, Q-I-S, Netherlands)

- Total ionic strength adjustment buffer (TISAB)

4. Measurement of fluoride penetration

- Scanning electron microscope (JSM-5410LV, JEOL, Japan)

- Energy dispersive x-ray microanalysis (Model 6647, Oxford Instruments,

England)

Method

Sample preparation

1.

2.

All teeth were kept in 0.1% thymol before sample preparation.

The teeth were cleaned and cut at 5 mm below CEJ and polished with non-

fluoride paste.

The teeth were randomly assigned to 3 experimental groups and 1 control

group.

The 3 experimental groups were bonded with universal metal bicuspid
brackets (Ormco Corporation, Orange, CA, USA) at middle buccal enamel
surface with Fuji Ortho LC (GC Corporation, Tokyo, Japan), Illuminate (Ortho
Organizer Inc., Carlsbad, CA, USA) and Light-Bond (Reliance Orthodontic
Products Inc,, Itasca, IL, USA), respectively. The bonding process was
performed following the manufacturer instruction and cured the adhesive
with LED light curing unit (Elipar S10, 3M ESPE, MN, USA). The amount of
adhesive beneath the bracket base was controlled by the 300 gram force
applied at the center of the bracket and excess resin around the bracket base
was removed. The force was measured by the stress and tension gauge (31,

32).
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5. After bonding, the tooth with bracket was stored in 2 mL of artificial saliva
(non-fluoride formula) in the plastic vial at 37°C in the incubator (CONTHERM,
New Zealand). The pH of the artificial saliva was measured before experiment

(6.65 + 0.01) and 1 month after experiment (7.25 + 0.03).

Measurement of fluoride release

1. The fluoride release was measured from the artificial saliva medium of the
three experimental groups and the control group by the fluoride ion-selective
electrode (Model SL518 Select Bioscience, English) that was connected to an
expandable ion analyzer (Q1518C,Q-I-S, Netherlands)

2. Prior to measurement the instrument was calibrated with a series of standard
fluoride solutions (0.01, 0.1, 1, 10 ppm) and the total ionic strength adjustment
buffer (TISAB) was added to the artificial saliva sample before measurement
at 1, 3, 7 and 30 days. Therefore the saliva had to be changed after every

measurement.

Measurement of fluoride penetration

1. After 1, 2 and 3 months, 13 teeth with brackets were taken and thoroughly
rinsed with deionized water before embedded in resin blocks.

2. Each specimen was sectioned buccolingually and occlusocervically at the
center of the bracket with a low speed cutting machine (ISOMET 1000, Buehler,
USA) and polished with a polishing machine (NANO 2000, Pace Technology,
USA).

3. The specimen was left in desiccator (SANPLATEC CORP, Japan) at least 2 days
before coating with carbon in a vacuum evaporator.

4. The surface of the cross-section was studied under the scanning electron
microscope (JSM-5410LV, JEOL, Japan) and the elemental composition was

determined by energy-dispersive x-ray microanalysis with silicon (lithium)
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detector. For each specimen, 3 spectra were collected under the middle of
brackets at 1, 2 and 3 um below the outer enamel surface. The spectra was
collected with 15 kV accelerating voltage, 43 pA beam current and 100-second
acquisition time operation in line scanning analysis mode. The quantitative
analysis of element % (weight %) was performed by Link ISIS software (version

3.0) with a nonstandard analysis mode by using cobalt as a reference standard.

Figure 1: SEM image of the cross-section of a metal bracket bonded to enamel with

adhesive (magnification, 100 times).

15kU ;(2;888 18km BBBE3IT
;‘ .

Figure 2: SEM image of the cross-sectional area under the middle of bracket at the

junction between adhesive and enamel (magnification, 2000 times).
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Figure 3: The example of energy dispersive analysis spectra from a metal bracket

bonded to enamel with Fuji Ortho LC. The spectra were collected under the middle

of bracket at 1pm below the enamel surface. The red peak represented fluoride

found in that area of the specimen.

Statistical analysis

e N ( N
Sig. >0.05 Parametric Sig. <0.05 Post Hoc

(ANOVA) multiple comparisons
Test for Normal Distribution L y L )
(Kolmogorov-Smirnov test) [ h [ A

Non- Parametric
Mann-Whitney U test
(Kruskal-Wallis test)

Sig. <0.05 L ) Sig.<0.05 L )

The fluoride release and penetration were tested for normal distribution with

Kolmogorov-Smirnov test.
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The fluoride release from 3 orthodontic adhesives were not normally
distributed. The data was analyzed with Kruskal-Wallis H test and Mann-Whitney U

test.

The fluoride penetration from 3 orthodontic adhesives were normally
distributed. The data was analyzed with One-way ANOVA and Post Hoc multiple

comparisons.

All statistics were tested at 95% confidence intervals (0L < 0.05) with SPSS

statistics 17.0 (IBM Corporation, New York, United States).
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CHAPTER IV: RESULT

The protective property of orthodontic adhesive regarding fluoride release and
its penetration into human enamel was evaluated in-vitro to test the hypothesis that
fluoride release and its penetration depend on time therefore each orthodontic
adhesive could release different amount of fluoride at different observation times and
the fluoride from the adhesive could penetrate into the human enamel at different

levels when observed at consecutive times.

Fluoride Release

The fluoride release from the three experimental groups and one control group
were measured at 1, 3, 7 and 30 days. The result (Table 2) indicated that the fluoride
releases from all orthodontic adhesives were not normally distributed. The Kruskal-
Wallis H test / Mann-Whitney U test were utilized to investigate the significant
differences of the fluoride releases at different times. The pattern of fluoride release
from each adhesive was the same. The most fluoride was released in the first day and
then decreased sharply to almost half in 3 days except for the Light-Bond that was
non-detectable at that time (Figure 4-6). The Fuji Ortho LC and I[lluminate showed the
similar result that the fluoride release decreased remarkably from 3 days to 7 days
and slightly increased in 30 days. There were significant decreases of the mean
cumulative fluoride release between 1 day and 3 days, 1day and 7days, 1day and 30
days. Additionally there were significant increase of cumulative fluoride release
between 3 days and 30 days, 7 days and 30 days. The control group (sound tooth

without bracket) showed no fluoride at detectable level.

When compared the fluoride release from the three adhesives at the same
time (Table 2), the result indicated the Iluminate released the highest fluoride

followed by Fuji Ortho LC and Light-Bond (Figure 7). The amount of fluoride release
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from the Illuminate was almost double of the Fuji Ortho LC at every observation

period.

Table 2: In-vitro mean and standard deviations of cumulative fluoride release from

the 3 orthodontic adhesives and the control group at 1, 3, 7 and 30 days.

Fluoride released [ppm] [mean+SD]

Adhesives 1 Day 3 Days 7 Days 30 Days
Fuji Ortho LC 0.58+0.24 0.27+0.11 0.23+0.09 0.45+0.21
Aa Ab Ab Ac
Iluminate 1.04+0.31 0.46+0.16 0.45+0.13 0.70+0.31
Ba Bb Bb Bc
Light bond 0.22+0.10 0.06+0.06 ND ND
Ca Cb Cc Cc
Control group ND ND ND ND
Ca Da Ca Ca

Same large letters in column indicate no statistically significant difference in means.
Same small letters in row indicate no statistically significant difference in means.

ND is Non-detectable (<0.03 ppm)
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Fluoride Release (ppm) Fuji Ortho LC
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Figure 4: Mean cumulative fluoride release (in ppm) from Fuji Ortho LC at 1, 3, 7 and

30 days.
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Figure 5: Mean cumulative fluoride release (in ppm) from Illuminate at 1, 3, 7 and 30

days.
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Figure 6: Mean cumulative fluoride release (in ppm) from Light-Bond at 1, 3, 7 and

30 days.
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Figure 7: Comparisons of mean cumulative fluoride release (in ppm) from 3

orthodontic adhesives at the same observation period 1, 3, 7 and 30 days.
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Fluoride Penetration

The fluoride penetrations from 3 orthodontic adhesives were normally
distributed therefore the significant differences of fluoride penetration from each
adhesive at 1, 2 and 3 months were tested with One-way ANOVA and Post Hoc multiple

comparisons.

The result manifested that the fluoride penetration indicated from fluoride
concentration (wt. %) could be detected at 1, 2 and 3 um below the outer enamel
surface of the tooth bonded with the Fuji Ortho LC during 1-3 months (Table 3, Figure

8-10). The other adhesives and the control did not show any fluoride penetration.

At the same period of observation, the fluoride concentration from Fuji Ortho

LC decreased with depth.

When compared the fluoride concentration at the same level with time, the
result indicated that at 1um level, the fluoride concentrations increased with time
from 1 to 3 months. At 2um and 3um level, the fluoride concentrations increased only
from 1 to 2 months but decreased after 3 months. Anyhow there were no statistically
significant differences (p>.05) of fluoride concentrations during 1-3 months at all levels

(Figure 11).



Table 3: Means and standard deviations of fluoride concentration at 1, 2, 3 um of

Fuji Ortho LC with times.

Depth of fluoride Fluoride concentration [wt.%] [ mean + SD ]
penetration (um)
from adhesive 1 Month 2 Months 3 Months
1um
Fuji Ortho LC 1.91+1.28 Aa 2.13+1.48 Aa 2.52+0.88 Aa
Iluminate ND Bb ND Bb ND Bb
Light bond ND Bb ND Bb ND Bb
Control group ND Bb ND Bb ND Bb
2um
Fuji Ortho LC 1.36+0.94 Aa 1.64+1.63 Aa 1.23+0.54 Ca
Iluminate ND Bb ND Bb ND Bb
Light bond ND Bb ND Bb ND Bb
Control group ND Bb ND Bb ND Bb
3um
Fuji Ortho LC 0.41+0.34 Ca 0.88+1.14 Aa 0.39+0.60 Da
Iluminate ND Bb ND Bb ND Bb
Light bond ND Bb ND Bb ND Bb
Control group ND Bb ND Bb ND Bb

Same large letters in column indicate no statistically significant difference in means
Same small letters in row indicate no statistically significant difference in means.

ND is Non-detectable
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Figure 8: In-vitro mean fluoride concentrations (wt. %) from Fuji Ortho LC at 1 pym

level with times (months).
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Figure 9: In-vitro mean fluoride concentrations (wt. %) from Fuji Ortho LC at 2 um

level with times (months).
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Fluoride Concentration Fuji Ortho LC (3 “m)
(wt. %)
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Figure 10: In-vitro mean fluoride concentrations (wt. %) from Fuji Ortho LC at 3 um

level with times (months).
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Figure 11: Comparisons of fluoride penetrations from Fuji Ortho LC at 1, 2 and 3 um

level.
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CHAPTER V: DISCUSSION

The in vitro study aimed to compare fluoride released and penetration among

three fluoride-releasing orthodontic adhesives that are available in Thailand.

All orthodontic adhesives showed classic profile of fluoride-releasing pattern
with an initial “burst effect” in the first day and then decreased with time to the low-
level (14, 16, 30). However, fluoride release was increased significantly from day7 to
day30 because it was the cumulative fluoride release for a long observation period.
Fluoride released from the Fuji Ortho LC was significantly greater than that of the Light
bond at all observation periods. The result supported the previous studies (14-16)
that RMGIC (Fuji Ortho LC) released greater amount of fluoride than fluoride-releasing
composite resin (Light bond). Unfortunately, no previous data concerning fluoride
released from Illuminate for our comparison as form and this study Illuminate could
release the greatest amount of fluoride and the pattern of fluoride release was the

same for all adhesives.

It has been accepted that the release of fluoride ion from GICs and RMGICs
(Fuji Ortho LC) was resulted from the acid-base setting reaction between the fluoride-
containing aluminosilicate glass powder base and the polyacid liquid which resulted
in the liberation of fluoride ions (31, 32). The initial profound release is partly due to
surface wash-off as the material sets and the majority of the glass species react with
the polyacid (33). The plateau phase after the initial burst has been explained by
diffusion of fluoride ions through pores and cracks and the diffusion through the bulk
of the adhesives represents a long-term continuing reaction (34). The fluoride ion
release from the fluoride-containing composite was significantly lower than RMGICs
because fluoride ion release was mainly the result of the diffusion of water soluble
fluoride ion from the composite into the local environment (31). Fluoride ion released
from the compomer (Light-Bond and Illuminate) can be explained by its intermediate

composition compared to that of GICs/RMGICs and composites (16).
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The amount of fluoride released from orthodontic adhesives are varied in the
literatures because they were studied from different protocols, with wide variations in
the size and shape of the samples, type and amount of medium, frequency of medium
changes, timing of fluoride measurement, length of the observation period, and units

of measurement (35).

Deionized water, distilled water and artificial saliva showed different levels of
fluoride released. The fluoride released into deionized water and distilled water were
significantly greater than those into artificial saliva (36, 37). This in vitro study tried to
imitate the oral condition by using the artificial saliva as the medium. Although the
artificial saliva is similar to oral condition, its organic components of the artificial saliva
may interfere with the sensitivity of the lanthanum fluoride membrane of the fluoride

electrode (13) thus affect the analysis of fluoride content.

Recently it has been reported that fluoride-releasing adhesives could take up
fluoride ions from the oral environment as a means of replacing fluoride loss (14, 16).
The recharge of fluoride may contribute to the ability of these materials to provide a
long-term inhibitory effect on enamel demineralization because the recharged fluoride
is released again and presumably contributes to continuous prevention of enamel

demineralization.

Fluoride-releasing adhesives should be used especially in high-caries risk
patients who also require oral hygiene instruction, diet modification and natural
sodium fluoride mouth rinse solution (16) that is recommended using nightly to

maintain long-term fluoride release from orthodontic adhesives.

In this study, fluoride penetration into the enamel surface could be found only
from the Fuji Ortho LC (RMGICs). Although the Illuminate could release the highest
amount of fluoride but fluoride penetration was non-detectable, this might be due to
the effect of primer layer that prevents the penetration of fluoride into enamel surface.

Illuminate has light cure orthodontic bonding resin that contain BisGMA and may not
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contain fluoride (bonding resin doesn’t show fluoride composition in the product
instruction), as a primer layer. This might be the same situation for Light-Bond that has

conventional unfilled sealant resin, no fluoride, as a primer layer.

Chatzistavrou et al (30) found that in-vivo fluoride concentration from Fuji |
(GICs) in the enamel was the cement particles because the Spearman rank correlation
coefficient test in the specimens showed the positive correlation between the fluoride

and aluminum concentrations thus implied the presence of cement particles.

Our study showed statistically significant differences (p<.05) in fluoride
concentrations at 1, 2, 3 um below the outer enamel surface bonded with the Fuiji
Ortho LC at all observation periods (1, 2 and 3 months). The fluoride concentration
decreased with depth and increase with time from 1 to 2 months. This supported the
study of Wagner et al (17) who found that fluoride ion from the Fuji Ortho LC could
be incorporated into the surface layer of the enamel and the depth of fluoride
penetration reached 4.8-5.7 um. The fluoride concentration decreased as the depth
increased. Meanwhile the concentration as well as depth of the fluoride penetration

increased as the time increased from 6 to 12 weeks.

Fluoride is incorporated into apatite crystals during tooth formation and
fluoride absorption from the environment can occur lifelong. Enamel of recently
erupted teeth absorbs more fluoride than matured teeth (4). Our study showed the
possibility of fluoride released from orthodontic adhesives and fluoride penetration
into the enamel of matured teeth. Further study should be carried out to test whether
the amount of released fluoride obtained from this study is adequate for

remineralization of decalcified enamel.

Other factors that affect the amount of fluoride release are pH and quantity of
adhesive. It has been reported when the pH decreases, fluoride released from glass
ionomers increases due to chemical erosion and solubility of the cement in an acid

environment (38). Ogaard et al. (1992) found that orthodontic cement VP862 released
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less fluoride significantly in saliva than in distilled water at neutral pH. However, when
the salivary pH is lowered to a value of 4, to mimic a severe caries challenge, the
amount of fluoride increases up to the level measured in distilled water (37)
Furthermore, it has been suggested that calcium fluoride that deposits on tooth
enamel surface after the application of topical fluoride may serve as a source of ionic
fluoride whenever the pH falls to very low levels therefore it plays an important role
in the demineralization and remineralization processes of the enamel. During the
cariogenic challenge, the calcium fluoride releases fluoride ions that could incorporate
into enamel as fluoridated hydroxyapatite (FHAP) or fluorapatite (FAP) (39). Our pilot
study indicated that the pH of artificial saliva was changed significantly from 6.65 +
0.01 to 7.25 + 0.03 during 1 month of observation. Further study should be undertaken
to investigate the effect of pH on fluoride released from orthodontic adhesives (see

appendix E).

Regarding the quantity of adhesive evaluated by thickness of the adhesive
beneath the bracket base, our pilot study found that the amount of adhesive after
bonding procedure as used in clinical practice still varied. The average thickness of
each adhesive was presented by mean + SD and coefficient of variance.

Fuji Ortho LC = 123.60 + 76.48 um, CV = 61.88%

Iluminate =139.79 + 57.72 ym, CV = 41.29%

Lisht-Bond = 94.98 + 43.43 uym, CV = 45.72%

However, the average thickness among the 3 adhesives was nonsignificant
difference (p>.05). The coefficient of variation (CV) from the average thickness of Fuiji
Ortho LC was the highest (61.88%) this might be due to variation in powder-liquid
mixing; meanwhile the other two adhesives were a single paste light cured adhesive

(see appendix D).
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CHAPTER VI: CONCLUSION

Conclusion

1.

Fluoride-releasing orthodontic adhesives: Fuji Ortho LC, Illuminate and Light-
Bond showed an initial “burst effect” of fluoride-releasing pattern in the first
day and then decreased to the stable low-level. Illuminate released the most
fluoride followed by Fuji Ortho LC and Light bond.

Fluoride penetration could be detected only from Fuji Ortho LC. This adhesive
may act as a fluoride reservoir to prevent demineralization during orthodontic
treatment with fixed appliances. Primer layer of Illuminate and Light-Bond may

inhibit fluoride penetration into enamel surface.

Clinical implication

Orthodontic adhesive materials have plenty of variety; therefore it’s
important to choose the appropriate materials for the particular clinical

situation.

Good oral hygiene patients can use many orthodontic adhesive
materials but bond strength of adhesives are important. The tensile and shear
bond strength of resin composite > compomer > Resin-modified glass ionomer
cement > glass ionomer cement. Bond strength of glass ionomer cement is
lower than the minimum bond strength (8.5 MPa) suggested for successful
orthodontic treatment (26) , other adhesive materials are greater than the

minimum bond strength and resin composite has the most.

High-caries risk patients need the special selection of orthodontic
adhesives materials. Resin-modified glass ionomer cement and compomer are

recommend due to the fluoride release and fluoride recharge capabilities to
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prevent enamel demineralization and promote remineralization around

brackets.

Fluoride-releasing orthodontic adhesives should be use as one
component of overall treatment in high-caries risk patients. This
recommendation should combine with oral hygiene instruction, diet
modification, fluoride supplement such as neutral sodium fluoride for nightly
use, frequent oral hygiene check and reinforcement to provide maximum care

for orthodontic patients.

Suggestion

Our study showed the possibility of fluoride release from orthodontic

adhesives and its penetration into the matured teeth.

Further study should be carried out to test whether the amount of
released fluoride obtained from this study is adequate for remineralization of

decalcified enamel especially in clinical trial.
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Appendix A
Research equipment

1. Sample preparation’s equipment

— |

Figure 12: Stress and tension gauge

Figure 13: Incubator (CONTHERM, New Zealand)
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Figure 15: Polishing machine (NANO 2000, Pace Technology, USA)

38



Figure 17: pH meter and Electrode (Model 420A, Thermo Scientific Orion,

Switzerland)
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2. Orthodontic adhesives

GoRgOR LC

INTRODUCTORY
PACKAGE
GC ORTHO
CONDITIONER
25g
+GC: & SCoRTHEE '
ce “ONDITIONER
& O8I N )
Ikl 13 e ((
E: &

Figure 18: Fuji Ortho LC and Conditioner (GC Corporation, Tokyo, Japan)

MIN lluminggg- @) ORTHO
ght-Cure ki }
Mm«v"::%\
mo,.
822 Aston Amer
E T &Ry
€ 109530 —— :;‘:'

Figure 19: Illuminate (Ortho Organizer Inc., Carlsbad, CA, USA)
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Figure 20: Light-Bond (Reliance Orthodontic Products Inc., Itasca, IL, USA)

3. Measurement of fluoride release

Figure 21: Fluoride ion-selective electrode (Model SL518, Select Bioscience, English)

and expandable ion analyzer (QI518C, Q-I-S, Netherlands)



4. Measurement of fluoride penetration

Figure 22: Scanning electron microscope (JSM-5410LV, JEOL, Japan) and energy

dispersive x-ray microanalysis (Model 6647, Oxford Instruments, England)
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Appendix B
Product Instruction

1. Fuji Ortho LC (GC Corporation, Tokyo, Japan)

GC Fuji ORTHO™ Bracker ano Banp Bonping

Better for the Enamel aalily Examal rasiad wilh

Bafore Biching Fafi Orthe CosdRiaser
Using Fujli ORTHO Adhesives Is sort of ke "ORTHODONTIC
INSURANCE " Knowing that you won't damage the enamel
or find severe decalciication at case compledion should
defnitaly give you and your patient peace of mind.

Fujl ORTHO Salf-Cure, Fujl ORTHO LC Light-Cure and
NEW Fujl ORTHO BAND are better for ihe enamel, offer mm«mng‘\:{gﬂ lmjlmbllm
signiicant advantages over composite bonaing systems and
greatly reduce chair fime.

Ortho-Phasph s Rdease

Now you can work faster and easier; and gat all the strength

needed, with ittie chance of decaicication (whife spols) and

enamel damage af debonding. Fuy Ortho, Fuy Ortho LC and

NEW Rujt Ortho Band Paste Pak delver benafits composite Cass Shown immediately Afer Dabending
rasins cannot claim. A condinual flvaride refeass promotes Ecackets Bondod wih Rash Coment
ramineralization and heips maintain the soundness of the

anamel. There's no need to damineralize the enamel with
orthophospharic ackd efchant - use Ry Oriho adhesives with

miid Fuy Oriho Conaitioner or don't efch at ail

Better for the Patient

Most importantly, Fujl Ortho Bracket and Band adhesives CluSMnlnuflemrDcmd)q
are a jot batter for the patient because they minimize the Brackats Boeded wih Fefi ORTHO
need for cosmetic restoration due to decaicfication and

enamel damage

High Success Rate. Clinically Proven.

Fuji Ortho adhesives are easy 1o use and have been ciinically proven
to sigaificantly reduce chair time. Because E
these glass ionomers are resia reinforced, "
will flex umder stress to resist shea e

s e T Continual Fluoride Release
Tmm"?‘m:’ ' ARer over 3 years of clinical trisls, brackets and bands

mmlnn "I'Iumd""‘ ging the " were debonded without decalcification. Fuj Ortho
and without decalcification.” .
Advanced glass ionomer technology bonds
brackets and bands with enough strength for
even the most aggressive treatment, yet they are easy to remove a 2 .
case compietion. Final ciean-up s fast and troubie-free. o it




GC Fuji ORTHO Bracket and Band Bonding Techniques

‘ Light-Cured Bracket Bonding ‘
| No Etch Technique |

Clean tooth surface with
pumice and water using
prophy cup or brush.

| Light-Cured Bracket Bonding
‘ Etch Technique

Clean tooth surface with Apply GC Ortho
Conditioner to the moist
tooth surface to which
bracket will be bonded for
10-20 seconds

rinse thoroughly

Mix Fuji Ortho LC (or
triturate in capsule), coat
bracket and press firmly
against moist tooth.
Adjust position as
needed. Place all brackets
in quadrant or full arch.

To extend working time,
refrigerate material until 5
minutes before use; then
place mixed material on a
:lg (refrigerated) glass

<

Light-cure each bracket
for 20-40 seconds

with standard VLC
curing Light

Light tension leveling
wires can be

immediately after curing.

aq



2. Illuminate (Ortho Organizer Inc., Carlsbad, CA, USA)

o) ORTHO
s L ?) ORTHO

Organizers
Distributed by:

Ortho Organizers, Inc.

1822 Aston Avenue
Carisbad, CA 92008

USA

Tel: 800.547.2000, +(1) 760 448 8600
Fax: 800.888.7244, +(1) 760 448 8607

SASales@OrthoOrganizers.com 7 ™
ke o e Light-CureAdhesive
OrthoOrganizers.com (with Fluoride, contient du fluor, mit Fluorid,

con fluoro, con fidor)

mdi Europa GmbH [REF] 471-050, 471-053, 471-054
Langenhagener Str. 71

30855 Langenhagen, Germany INSTRUCTIONS FOR USE
495113908 9530

OMA v Made
O ™" 0470 [YEYN RevE

IluminateLight-Cure Adhesive
REF 471-050,471-053,471-054
INSTRUCTIONS FOR USE

TOOTHPREPARATION
- Preparetee h wih 2 non-fuotde /ol-fee pophy pase

- |latetesth wih cottan rols orrubber dam
- Ar dy completely wth an oll/molsue-freeat source

ETCHING SURFACES
- Apply Etchant © surf aces of eeth with coton peliet or bush Alowto emain for 15 ssconds On pemary teeth
and highly mine glized teeh, appoximately? minutesechis ecomme nded.

- Flsh aea complete k. Donot allow patient torinse entiemouth or parmit sihva to tauch etched e namel
surbces

- Ar dy ex hed surface susng oll/moisue-freeat source Theetched surbces stould havea dull whitshfos ed
apperance ifnot,repe atproces sallowng etchant b remainon tee b for an additbnd 15 secords.

PRIMNGSURRACES

- Apply a thinuntiormcoating d Ligh Cure Orthadontic Bonding Resin orto eac htooths urfaceto bebonded.

- Thintheres In cating on each toath with a gentles tes mof oll/moisture fee aitA pply hin coating of ptmer ©
e urdesideofeachb ecketba

ADHESVE BONDING

- Dspense adhesve paseonto he becket base Usesparhgly.

- Mterapplying the adhes ve lightlyp b cethe bracket onib toah surface immediatdy. Gertly ramove excess
adhesve apund be cket bas

- Exposeadhe sveto cutng lighta lowing 1015 scandsfortransparent bec lets@0 30 scadsformeta
badetgat adisence of approdmate ly Smm_When using metadl brackets, shinethelight an theadhe sveether
fran theme sal and digal edges ortheocdusal and gingival edges, 10-15 s econds for each edge.

- Nctwiesan be pi ced Immediatdly aferbonding d the last bracket.

WARNNG

- Adheswe paseand bonding esn contans BisGMa.a ningredient thetin some people canc asean dlagic
eaction or esultin sk or tssueirriation. Av ad contact wth he adhesive paseand bondingresin. if contact
ocours, wa sh Immediatdy with soap and warmwake t Impragperus ema yres ultin allergic eactbn or skin or
tssuelrriation,in which Gs e dis cortinueuse of the product.

- Bchantcontains 37% phos phaic ackd solutbn whith is Feerm ful © skinor eyesAvad contact of echant b sdt
tssueor dentin In case of conia ctwitheyes o sin, Immediatdy flush wih water and e k medical as ssance
forap popriae tes ment.

- Donot soe meterialsin pradm ly to eugenol-cont hing produds Stora troomtemperatueaway fom
Interselight o de vated temperatues.



3. Light-Bond (Reliance Orthodontic Products Inc., Itasca, IL, USA)

(¢om

Light Bond™
LIGHT CURE SEALANT AND BRACKET BONDING SYSTEM
'WITH OR WITHOUT FLUORIDE

PRODUCT Fi
mnﬂvm‘u

VISCOSITY: The of Light Bond™ =
e e S e S L T

q———--np—-g-—-
& COMPOSITE SURFACES: Light Bond™ wi bond 0 any ename,

p-._-_m_
m.n-.:: PRO SEAL® and LED. PRO SEAL* ?
-“ Jm“ -I..El.mﬂ. ~~
m
PROPHYLAXIS: 1O%ry INSYUMENt with a NUODer Cup of brush, enamel

] ...-.-..r—"--a:-;ﬁ:-.-,_:_gé

I!H

i
il .
il
i
i
:

I
5!
'
!
i
|
i

‘zé".:'i':- S tes—
metal Dracket. WEn a ng = © -

mac -—-quq

|
R A e s T
mn—‘i wea cutter ©© --n-mmnnn
b e
%’L"-—":&E&’F&? et
ﬁ:-:w. w---&-t

S e s L :._.:

Copious amourts of water and

u—_n.-—-
I Bona™. _-—.An-m -an-a-- ._
(2) 3cc Light Bona™
q--n
—s mu o ‘Universal Bonaing Resin can be
-.--u--—u.
--I- Wi Fluorce,

S D Bond™ Sesiant win e,

E‘:"—-:-m_qun—-
"'ﬁ-—-—m"*'-:-.-.fs:-::-.gma
-=Il-ﬁn .— of the product for IS Infended
Bx0my; US.

ENHANCE™  ASSURE® epp—" Rescue™
Ine.
V540 Weat Tharmants A + mnca, i SO US A
ol P 1 T340 - P
= 07704 < W
e S T
ey
gmer—
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SPSS Statistic

Appendix C
Fluoride Release

Descriptive Statistics

Mean Std. Deviation Minimum Maximum
Fujiiday 39 57928 .240545 .235 1.4704
Fuji3days 39| ‘27438| A 12522[ A1 5| 656
Fuji7days 39| 23251 | .092825' 121 | 503
Fuji30days 39| .45054| 2071 19| .135| 878
lllu1day 39| 1.o4205| .307335| .601| 1.770
llu3days 39| .45923| .159659| .220| 837
llu7days 39| ,44800| .129447| .233| 718
llu30days 39| .69785| .307733[ .321| 1.500
LB1day 39| 221 18| .103434| ooel 52
LB3days 39| .06287| .055664\ ooo| 158
LB7days 39| .02333| .045057| ooo| 216
LB30days 39| .oo772| .006613| ooo| 027

Descriptive Statistics

Mean Std. Deviation | Minimum | Maximum

C1day 39 .0278 {00631 02
C3day 39 .0251 .00291 .02
C7day 39 .0181 100245 02 .0
C30day 39 .0198 .00176 .02 .0

ar



One-Sample Kolmogorov-Smirnov Test

Fujilday | Fuji3days | Fuji7days | Fuji30days
N 39 39 39 3
JNormd Parameters®-® Mean 57928 .27438 23251 .450
Std. Deviation .240545 112522 .092825 20711
JMost Extreme Differences Absolute 174 140 .168 2
Positive 174 140 .168 2
Negative -103 -.078 -115 -1
Kolmogorov-Smimov Z 1.088 873 1.052 1.25
Asymp. Siq. (2-tailed) .188 430 219 .08
a. Test distribution is Normal.
b. Calculated from data.
One-Sample Kolmogorov-Smirnov Test
lllu1day llu3days | lllu7days | llu30days
N 39 39 39 3
iNormal Parameters?-® Mean 1.04205 45923 44800 .69783
Std. Deviation .307335| .159659 129447 .307733'
JMost Extreme Differences Absolute .076| 116 15 .227|
Positive .074| 116 113 227
Negative -.076| -.070 -.115 - 1104
Kolmogorov-Smimov Z .472| 725 21 1.417|
Asymp. Sig. (2-tailed) .979| 670 677 .036
a. Test distribution is Nommal.
b. Calculated from data.
One-Sample Kolmogorov-Smirnov Test
LBiday | LB3days | LB7days | LB30days
N 39 39 39 39]
JNonnaI Parameters®-® Mean 221 18| .06287 .02333 00772,
Std. Deviation .103434' 055664 045057 006613}
JMost Extreme Differences Absolute .109| 210 322 A4
Positive .081| .210 322 A41
Negative -.109| -.135 -.302 -.122]
Kolmogorov-Smimov Z ,679| 1.313 2.009 .880]
Asymp. Sig. (2-tailed) .747| 064 .001 421

a. Test distribution is Normal.

b. Calculated from data.



One-Sample Kolmogorov-Smirnov Test

Ciday | C3day | C7day | C30day

N 39 39 39 3
INormal Parametersa.» Mean 0278 0251 0181 .0193

Std. Deviation .00531| 00291 00245 00176
IMost Extreme Differences  Absolute ,143| 215 158 22

Positive .143| 215 158 22]

Negative -.oaa| -.156] -102 -.147]

Kolmogorov-Smimov Z .a94| 1.342 985 1.392

Asymp. Sig. (2-tailed) .402| 055 286 041

a. Test distribution is Normal.

b. Calculated from data.

Kruskal-Wallis Test

Ranks

1=1day,

2=

s,3=7Tda

ys.4=30

days N | Mean Rank
[FuiorthoLc 1 39 119.32

2 39| 56.17

3 39| 4221

4 39| 95A31|

Tota 156]
fuminate 1 3 12790

2 39| 50.04

3 3| 49.13

4 39| 86.94

Total 156]
bighBond 1 39| 13119

2 39| 8289

3 39| 55 64

4 39| 4424

Total 156)|
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Test Statistics®?
FujiOrthoLC | llluminate | LightBond
i-Square 72.606 79.954 85.
3 3
ymp. Sig. .000 .000

a. Kruskal Wallis Test
b. Grouping Vanable: 1=1day,2=3days,3=7days,4=30days

Mann-Whitney Test
Ranks
1=1day,
2=3day
s,3=7da
ys,4=30
days N Mean Rank | Sum of Ranks
JFujiOftnoLC 1 39 55.85 2178.00
2 39 23.15 903.00
Total 78
Jlluminate 1 39 57.90| 2258.00
2 39 21.10 823.00
‘Tota 78
JLigmBond 1 39 55.37| 2159.50
2 39 23.63| 921.50
Total 78
Test Statistics?
FujiOrthoLC llluminate | LightBond
Mann-Whitney U 123.000 43.000 141.500]
ilcoxon W 903.000 823.000 921.500
-6.371| 7171 -6.187
p. Sig. (2-tailed) ooo| .000 .000]

a. Grouping Variable: 1=1day,2=3days,3=7days,4=30days
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Ranks
1=1day,
2=3day
s,3=7da
ys.4=30
days N Mean Rank | Sum of Ranks
JFujiOrmoLC 1 39 57.06] 2225.50
3 39 21.94 855.50
Total 78
Jllluminate 1 39 58.44) 2279.00
3 39 20.56 802.00
Total 78
JLightBond 1 39 57.26| 2233.00
3 39 21.74 848.00
Total 78
Test Statistics?
FujiOrthoLC | llluminate | LightBond
Mann-Whitney U 75.500 22.000 68.000
ilcoxon W 855.500 802.000 848.000
-6.846 -7.381 -6.927
p. Sig. (2-tailed) .000 .000 .000}

a. Grouping Varnable: 1=1day,2=3days,3=7days,4=30days

Ranks
1=1day,
2=3day
s,3=7da
ys,4=30
days N Mean Rank | Sum of Ranks
JFujiorthoLC 1 39 46.41 1810.00
4 39 32.59| 1271.00
Total 78
IIIILm‘nale 1 39 51.56 2011.004
4 39 27.44 1070.00
Total 78
JLightBond 1 39 58.55 2283.50
4 39 20.45 797.50
Total 78
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Test Statistics®
FujiorthoLC | Iluminate | LightBond
lls:ann-wmtney U 491.000  290.000 17.500
ilcoxon W 1271.000[  1070.000 797.500
7 -2.693 -4.702 -7.428
p. Sig. (2-tailed) .007 .000 .000

a. Grouping Variable: 1=1day,2=3days,3=7days,4=30days

Ranks
1=1day,
2=3day
s,3=7da
ys,4=30
days N Mean Rank | Sum of Ranks
JFujiOﬂhoLC 2 39 44 .44 1733.00
3 39 34.56 1348.00
Total 78
Jllluminate 2 39 39.45 1538.50
3 39 39.55 1542.50
Total 78
jLightBond 2 39 48 .45 1889.50
3 39 30.55 1191.50
Total 78
FujiOrthoLC lluminate | LightBond
Mann-Whitney U 568.000 758.500 411.500
ilcoxon W 1348.000 1538.500 1191.500
-1.924 -.020 -3.495
p. Sig. (2-tailed) .054 984 .000}

a. Grouping Variable: 1=1day,2=3days,3=7days,4=30days
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Ranks
1=1day,
2=3day
s,3=7da
ys.4=30
days N Mean Rank | Sum of Ranks
JFujiOﬂhoLC 2 39 28.58 1114.50
4 39 50.42 1966.50
Total 78
Jllluminate 2 39 29.49 1150.00
4 39 49.51 1931.00
_Totd 78
JLightBond 2 39 50.81 1981.50
4 39 28.19] 1099.50
Total 78
Test Statistics?
FujiOrthoLC llluminate LightBond
Mann-Whitney U 334.500 370.000 319.500
ilcoxon W 1114.500 1150.000 1099.500
-4.257 -3.903 -4.412
p. Siq. (2-tailed) .000 .000 .000}

a. Grouping Variable: 1=1day,2=3days,3=7days,4=30days

1=1day,
2=3day
s,3=7da
ys,4=30
days N Mean Rank | Sum of Ranks
JFujiOrtnoLC 3 39 25.71 1002.2]
4 39 53.29 2078.
Total 78
Jllluninate 3 39 29.01 1131 z]
4 39 49.99 1949.
Total 78
JLigmBond 3 39 43.38 1692.2]
4 39 35.62 1389.
Total 78
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Test Statistics?
FujiorthoLC | Nluminate | LightBond
Mann-Whitney U 222500  351.500]  609.000
ilcoxon W 1002.500| 1131.500  1389.000
-5.377 -4.087 -1.520
p. Sig. (2-tailed) .000 .000 129

a. Grouping Variable: 1=1day,2=3days,3=7days,4=30days

Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum

Day1 156 46759 435982 .008| 1.770
Day3 156 .20540 .202020 .000 .837]
Day7 156 18049 195591 .000 718
Day30 156 .29397 347112 .000 1.500
1=Fuji,2=llluminate, 3=LightBo| 156 2.50 1.122 1

Ind,4=Control 1

Kruskal-Wallis Test

Ranks

1=Fuji.2
=lllumin
ate,3=Li
ghtBondll
4=Cont
rol N Mean Rank

Day1 1 3e 100.29
2 SDI 133.05
3 SDI 58.24
4 30| 224
Total 156'

Day3 1 3B| 103.44
2 SBI 130.49
3 SBI 47.06)
4 39| 32.12]
Total 15&|

Day7 1 30| 100.50)
2 SQI 133.53]
3 SBI 36.53)
4 3B| 43.45)
Total 156|

Day30 1 SBI 106.81
2 39| 128.
3 39| 221
4 30| 50.
Total 156'
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Test Statistics™®

Day1 Day3 Day7 Day30 I
JChi-Sq.lare 133.014 122.529 124.354 132.21
jdf 3 3 3
IAsymp. Sig. .000 .000 .000 .00

a. Kruskal Wallis Test

b. Grouping Variable: 1=Fuji.2=llluminate,3=LightBond.4=Control

Ranks

1=Fuji2

=lllumin

ate,3=Li

ghtBond

A=Cont

rol N Mean Rank | Sum of Ranks
JDay1 1 39 23.95 934.00

2 39| 55.05 2147.00

Total 78
JDayﬂ 1 39 26.51 1034.00

2 39| 52.49 2047.00

Total 78
JDay7 1 39 23.47 915.50

2 39| 55.53 2165.50

Total 78
JDay30 1 39 28.91 1127.50

2 39| 50.09 1953.50

Total 7a|

Test Statistics?
Day1 Day3 Day7 Day30
Mann-Whitney U 154.000 254.000 135.500 347.50
ilcoxon W 934.000 1034.000 915.500 1127.5(J
-6.062 -5.062 -6.246 -4.127|
p. Siq. (2-tailed) .000 .000 .000 .000§

a. Grouping Vanable: 1=Fuiji,2=llluminate,3=LightBond,4=Control
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Ranks

1=Fuji,2
=lllumin
ate,3=Li
ghtBond]
A4=Cont
rol N Mean Rank | Sum of Ranks
JDay1 1 39 57.35 2236.50
3 39| 21.65 844 .50
Total 7s|
JDayG 1 39| 57.92 2259.00
3 39| 21.08 822.00
Total 78|
i[)ay? 1 39| 58.03 2263.00
3 39| 2097 818.00
Total 78|
Day30 1 39| 59.00 2301.00
3 39| 20.00 780.00
Total 73|
Test Statistics®
Day1 Day3 Day7 Day30
Mann-Whitney U 64.500 42.000 38.000 .000
ilcoxon W 844.500| 822.000( 818.000| 780.000
-6.956 -7.181 -7.227 -7.603
ymp. Sig. (2-tailed) .000 .000 .000 .000)

a. Grouping Variable: 1=Fuji,2=llluminate,3=LightBond,4=Control

Ranks

1=Fuiji,2

=lllumin

ate, 3=Li

ghtBondj

,4=Cont

rol N Mean Rank Sum of Ranks
JDay1 1 39 59.00 2301.0]

4 39| 20.00 780.0

Total 78|




IDay.i 1 39| 59.00 2301.00
4 39| 20.00 780.00
Total TB|
jDay7 1 39| 59.00 2301.00
4 39| 20.00 780.00
Total 78|
JDaySO 1 39| 59.00 2301.00
4 39| 20.00 780.00
Total 78|
Test Statistics?
Day1 Day3 Day7 Day30
Mann-Whitney U .000 .000 .000
ilcoxon W 780.000 780.000 780.000 780.00
-7.602 -7.616 -7.612 -7.62
p. Sig. (2-tailed) .000 .000 .000

a. Grouping Variable: 1=Fuji,2=llluminate,3=LightBond,4=Control

Test Statistics?

Day1 Day3 Day7 Day30
iMann-wmney U .000 .000 .000 .000)
Wilcoxon W 780.000 780.000] 780.000| 780.000
4 -7.600 -7.601 -7.607, -7.603
p. Sig. (2-tailed) .000 .000 .000 .000)

a. Grouping Varable: 1=Fuji,2=llluminate,3=LightBond,4=Control
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1=Fuji,2
=lllumin
ate,3=Li
ghtBond|
.4=Cont
rol Mean Rank | Sum of Ranks
JDay1 2 39 59.00 2301.00)
3 39| 20.00 780.00
Total 78|
JDay?a 2 39| 59.00 2301.00)
3 39| 20.00 780.00
Total 78|
JDay? 2 39| 59.00 2301.00)
3 39| 20.00 780.00
Total 78|
JDayGD 2 39| 59.00 2301.00
3 39| 20.00 780.00¢
Total 78|
Ranks
1=Fuji,2
=lllumin
ate,3=Li
ghtBond|
A=Cont
rol Mean Rank | Sum of Ranks
JDay1 3 39 56.59 2207.00
4 39| 241 874.00
Total 78
JDay3 3 39 46.88 1828.50)
4 39| 32.12 1252.50)
lTOtﬂ 78|
JDayT 3 39| 35.55 1386.50)
4 39| 43.45 1694.50)
Total TB|
JDay30 3 39| 2212 862.50¢
4 39| 56.88 2218.50
Total 78|
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Test Statistics®

Day1 Day3 Day7 Day30
Mann-Whitney U 94000 472500 606500  82.500)
iicoxon W 874.000 1252.500| 1386.500| 862.500)
-6.663 Az,aa5| -1,544\ -6.80

p. Sig. (2-tailed) 000 .004| .123[ .

a. Grouping Variable: 1=Fuji,2=llluminate,3=LightBond,4=Control

2. Fluoride Penetration

Descriptive Statistics

N Mean Std. Deviation Minimum Maximum
FujitM1U 13 1.90769 1.277096 .000 3.95
FujiiM2U 13 1.35538 941587 .000 276
FujitM3U 13 40808 335575 .000 .97
Fuji2M1U 13 2.12885 1.478816 .000 5.01
Fuji2M2U 13 1.64462 1.627134 .000 5.060
Fuji2M3U 13 87885 1.139699 .000 3.42
Fuji3M1U 13 252154 875265 1.255 3.70
Fuji3M2U 13 1.23000 535712 450 2.250
Fuji3M3U 13 39077 597519 .000 1.850
One-Sample K g Smirnov Test
FujitM1U FujitM2U FujitM3U Fuji2M1U
N 13 13 13 13
Normal Parameters®-® Mean 1.90769 1.35538 40808 2.12885]
Std. Deviation 1.277096 1941587 335575 1.478816
IMost Extreme Differences Absolute 124 199 196 133
Positive 124 156! 196! 133
Negative -.090| -.199 -.153 -.100
Kolmogorov-Smimov Z 446 717 .706 480
Asymp. Sig. (2-tailed) .989| 682, 702 976
a. Test distribution is Normal.
b. Calculated from data.
One-Sample Kolmogorov-Smirnov Test
Fuji2M2U Fuji2M3U Fuji3M1U
N 13 13 1
Normal Parameters®-° Mean 1.64462 .87885 2.5215
Std. Deviation 1.627134 1.139699 .87526
Most Extreme Differences Absolute 73 241 15
Positive 4T3 241 10
Negative -.156 -.220 -.15
Kolmogorov-Smimov Z 624 .870 .54
Asymp. Sig. (2-tailed) 831 436 921

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




One-Sample Kolmogorov-Smirnov Test

60

FujiamM2uU Fuji3aM3U
N 13 13|
Normal Parameters?-® Mean 1.23000 .3907
Std. Deviation 535712 59751
IMost Extreme Differences Absolute .306 35
Positive .306 .35
Negative -.147 -.25
Kolmogorov-Smimov Z 1.104 1.29
Asymp. Sig. (2-tailed) A75 .07
a. Test distribution is Normal.
b. Calculated from data.
Oneway
Descriptives
N Mean Std. Deviation | Std. Error
FujiorthoLC at 1U 1 13 1.90769 1.277096 .354203]
2 13 2.12885 1.478816 .410150I
3 13| 252154 875265 .242755)
Total 39 2.18603 1.230324 197010}
JFujiOrthoLC at 2U 1 13 1.35538 941587 26114
2 13 1.64462 1.627134 451286
3 13 1.23000 535712 .148580
Total 39 1.41000 1.112479 17813
JFujiOrthoL.C at 3U 1 13 .40808| 335575 .093072
2 13 .87885| 1.139699 316096
3 13 .39077 597519 165722
Total 39 55923 781641 125163
Descriptives
95% Confidence Interval for Mean
Lower Bound Upper Bound Minimum Maximum
FujiOrthoLC at 1U 1 1.13595 2.67943 .000 3.955
2 1.23521 3.02249 .000 5.015
3 1.99262 3.05046 1.255 3.705
Total 1.78720 2.58485 .000 5.015)
FujiorthoLC at2U 1 78639 1.92438 .000 2.765
2 66135 262788 .000 5.060
3 .90627| 1.55373 450 2.250
Total 1.04938 1.77062 .000 5.060]
FujiorthoLC at3U 1 120529 61086 .000 975
2 19013 1.56756 .000 3.425
3 102969 75185 .000 1.850
Total .30585] 81261 .000 3.425




Test of Homogeneity of Variances

FujiOrthoLC at 1U
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Levene Statistic dfl df2 Sig.
1.378 2 36 .265
ANOVA
FujiOrthoLC at 1U
Sum of Squares df Mean Square F Sig.
Between Groups 2.513 2 1.257 .822 447
Within Groups 55.008 36 1.528
Total 57.521 38
Test of Homogeneity of Variances
Levene Statistic dfl df2 Sig.
FujiOrthoLC at 2U 8.259 2 36 .001
FujiOrthoLC at 3U 5.745 2 36 .007
ANOVA
Sum of
Squares df Mean Square F Sig.
FujiOrthoLC at 2U Between Groups 1.176 2 .588 461 .634
Within Groups 45.854 36 1.274
Total 47.029 38
FujiOrthoLC at 3U Between Groups 1.994 2 .997 1.691 .199)
Within Groups 21.223 36 .590
Total 23.217 38
Robust Tests of Equality of Means
Statistic? dfl df2 Sig.
FujiOrthoLC at 2U Welch .408 20.720 .670
FujiOrthoLC at 3U Welch 1.030 20.472 .375

a. Asymptotically F distributed.



Descriptives
95% Confidence |ntervalforMeanI
Mean Std. Deviation | Std. Emor | Lower Bound Upper Bound I
FAtimotu 1 13[  1.00780 1.277006)  .354203 1.13505 26704
2 13| .00000) .000000(  .00000O| .00000| .00
3 13| .00000 .000000|  .000000| .00000| .00
4 13| .00000 .000000|  .000000| .00000| .00
Total 52| 47802 1.038002|  .144082 .18767 7881
JFatimo2u 4 13| 1.35538 841587| 281140 78839 1.9243
2 13| .00000 .000000|  .000000| .00000 .00
3 13| .00000 .000000|  .000000| .00000| .00
4 13| .00000 .000000|  .000000| .00000| .00
Total 52|  .33885 748208| 103758 13054 5471
[FAatimo3u 1 13| 40808 335575 003072 20529 8108
2 13| .00000 .000000(  .000000| .00000| .00
3 13| .00000 .000000|  .000000| .00000| .00
4 13| .00000 .000000]  .000000] .00000| .00
Total 52|  .10202 241521| 033403 .03478| .1602
[Fat2mosiu 1 13|  2.12885 1478816 410150 1.23521| 3.0224
2 13| .00000 .000000|  .000000| .00000| .00
3 13| .00000 .000000|  .000000| .00000| .00
4 13| .00000) .000000(  .00000O| .00000| .00
Total 52| 53221 1.175148) 162084 20505 8503
JFAtzmos2u 1 13| 1.84462 1.627134| 451286 88135 26278
2 13| .00000 .000000|  .000000| .00000| .00
3 13| .00000 .000000]  .000000| .00000| .00
4 13| .00000 .000000(  .000000| .00000 .00
Total 52| 41115 1.067728|  .148067 11300 70841
JFazmosau 1 13| 87885 1.13060¢|  .316006 .10013 1.567
2 13| .00000 .000000|  .000000| .00000| .00
3 13| .00000 .000000( 000000 .00000| .00
4 13| .00000 .000000|  .000000] .00000 .00000
Total 52 21971 673265 093365 03227, 40715
|FAt3mos1U 1 13| 252154 B75265( 242755 1.99262 3.05048
2 13| .00000 .000000|  .000000 .00000 .00000
3 13| 00000 .000000| 000000 .00000 .00000
4 13| .00000 .000000|  .000000 .00000 .00000
Total 52 63038 1.181434| 163835 30147 .95930)
|FAt3mos2u 1 13| 1.23000 535712  .148580 90627, 1.55373
2 13| .00000 .000000|  .000000 .00000 .00000
3 13| 00000 .000000| 000000 .00000 .00000
4 13| .00000 .000000|  .000000 .00000 .00000
Total 52 30750 597292 082829 14121 47379
|FAt3mos3u 1 13| 39077 597519  .165722 .02969 75185
2 13| .00000 .000000|  .000000 .00000 .00000
3 13| .00000 .000000|  .000000 .00000 .00000
4 13| .00000 .000000|  .000000 .00000 .00000
Total 52 09769 336451| 046657 .00402 19136
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Descriptives

Minimum Maximum
FAtimotU 1 .000) 3.95
2 .000) .00
3 .000) .00
4 .000) .00
Total .000| 3.05
FAt1mo2U ' 1 000 2.76
2 .000) .00
3 .000) .00
4 .000| .00
Total 000 2.76
FAtimo3u 1 .000) o7
2 .000) .00
3 .000| .00
4 000 .00
Total .000) o7
FARmostU 1 .000) 5.01
2 .000| .00
3 000 .00
4 .000) .00
Total .000)| 5.01
FAt2mos2U 1 .000| 5.0808
2 .000) .00
3 .000) .000)
4 .000| .0o0y
Total 000 5.0808
FA2mosau 1 .000) 3.424
2 .000) 00!
3 .000| .00
4 .000| .00
Total .000) 3.42
FAt3mosiU 1 1.258 3.705
2 .000| .000
3 .000| .0og
4 .000 .000)
Total .000) 3.705
FAt3mos2U ll 450 2.250
2 .000) .00
3 .000| .00g
4 .000| .000
Total .000) 2.250
FAtmosau 1 .000 1.850
2 .000| .00g
3 .000| .oog
4 .000| .0og
Total .000) 1.850
Test of Homogeneity of Variances
Levene Statistic df1 df2 Sig.
I
FAtimo1U 30.021 3 48 .00
FAt1mo2U 38.567 3 48 .00
FAt1mo3U 25700 3 48 .00
FAtZmos1U 24734 3 48 00!
FAtZmos2U 33.740 3 48 00!
FAt2Zmos3U 20.097 3 48 .00
FAt3mos1U 40.864 3 48 .00
FAt3mos2U 27.405 3 48 .00
FAt3mos3U 28.250 3 48 .00




ANOVA
Sum of Squares Mean Square F Sig.
JFAtimotu Between Groups 35483 3 11.828 20.008 _ooof
Within Groups 10.572 48 408
Total 55.055 51
JFAtimo2u Between Groups 17.011 3 5.970 26.037 .ooo|
Within Groups 10.630 48 222
Total 28.550 51
JFAt1mo3u Between Groups 1.624 3 541 19.224 000y
Within Groups 1.351 48 028 |
Total 2075 51
JFAt2mosiU  Between Groups 44.187 3 14.720 26.040 _ooof
Within Groups 26.243 48 547 |
Total 70.430 51 |
IFAt2mos2u Between Groups 26.371 3 8.700 13.281| .000
Within Groups 37T 48 862 |
Total 58.142 51
JFAt2mos3U  Between Groups 7.531 3 2,510, 7.730 _ooof
Within Groups 15.587 48 .325
Total 23.118 51
JFAt3mos1U Between Groups 681.092 3 20.664 107.893 000
Within Groups 9.103 48 102 |
Total 71.185 51
JFAtamos2U  Between Groups 14.751 3 4017 88.532 _ooof
Within Groups 3.444 48 072 |
Total 18.105 51
JFAt3mos3U Between Groups 1.480 3 406 5.580 .0024
Within Groups 4284 48 080 |
Total 5773 51 |
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Post Hoc Tests

Multiple Comparisons
D) )
toFuj 1=Fuj 95% Confidence Interval
Orthol. Orthol
c.2= C.2=I
uminat uminat
e3=Li e3=Li
ghtBon ghtBonj
d.4=co d.4=co Mean
|Dependent Variable ntrol  ntrol Difference (I-J)| Std. Error Sig. Lower Bound | Upper Bound
JFAtimo1U  Tamhane 1 2 1.907602" 354203 .001 79508 3.0203
3 1.907602" .354203| .001 70508 3.0203
4 1.907692° .354203| .001 79508 3.0203
2 1 -1.007802" .354203| .001 -3.02032| -7@
3 .000000| .000000| .00000| .00
4 .000000| .000000| .00000| .00
3 1 -1.007802"| .354203| .001 -3.02032| -.7950
2 .000000( .000000| .00000| .0000
+ .000000( .000000| . .00000| .00
K 1 -1.907802" .354203| .001 -3.02032| -7
2 .000000( .000000| .00000| .0000
3 .000000| .000000| : .00000| .00
Dunnett T3 1 2 1.907602°| .354203| .001 81161| 3.003
3 1.907602°| 354203 .001 81181 3.003
4 1.0078027 354203 .001 81161 3.003
2 1 -1.907802" .354203| .001 -3.00377| -.81181
3 .000000| .000000| .00000| .00
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4 .000000| .000000| .00000|
1 -1.907892°| .354203| .001 -3.00377| -.81161
2 .000000( 000000 .00000| .00
4 .000000| .000000| . .00000|
1 -1.907602'| .354203| .001 -3.00377|
2 .000000| 000000 .00000|
3 .000000| .000000| . .00000|
Games-Howell 2 1.0076082°| 354203 .001 85810
3 1.007602"| 354203 .001 .85810|
4 1.807602°| 354203 .001 85610
1 -1.0076802° .354203| .001 -2.95028|
3 .000000( .000000| .00000|
4 .000000| 000000 .00000|
1 -1.007602'( .354203| .001 -2.05028|
2 .000000| .000000| .00000|
4 .000000| 000000 . .00000|
1 -1.907892°| .354203| .001 -2.95028|
2 .000000| .000000| .00000|
3 .000000| 000000 .00000|
Dunnett C 2 1.907602" .354203| .3501n|
3 1007602 354203 85610|
4 1.007002'| 354203 85810|
1 -1.907602"| 354203 -2.95028
3 .000000 .oooouo| .ooooo|
4 .000000 .oooooo| .ooooo|
1 -1.007602" .354203| -2.95925|
2 .000000 .oooooo| .ooooo|
4 .000000 .ooooml .oooool
1 -1.007602" .354203| -2.95923|
2 .000000 .oooooo| .ooooo|
3 .000000 .ooouoo| .ooooo|
|FAtimo2u  Tamhane 2 1355385 .281140| 001 53508 2.17571
3 13553857 .281140|  .001 5350 2.17571
4 1.355385° 261149 .001 53508 217571
1 -1.355385°[ .261140| .001 -2.17571| -53
3 .000000|  .000000| .00000| .00
4 .000000| .000000| : .00000| .00
1 -1.355385" .261148| 001 -2.17571| -53
2 .000000| .000000| .00000| .00
4 .000000| .000000| ; .00000| .00
1 -1.355385° .261140)| .001 -2.17571| -.53
2 .000000| .000000| .00000| .00
3 .000000| .000000| .00000| .00
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Dunnett T3 2 1.355385° .261149|  .001 547268]  2.16351
3 1.355385°| .261148)| .001 54728| 218351
4 1.3553857 .261140 001 54728 2.16351
1 -1.355385° 261140 .001 -2.16351 -.54726)
3 .000000| .000000| .00000| .00000)
4 .000000| 000000 ) .00000 .00000}
1 -1.355385° 261140 .001 -2.16351 -.54726)
2 .000000| .000000| .00000| .00000f
4 .000000| 000000 : .00000 .00000
1 -1.355385° 261140 .001 -2.16351 -.54726)
2 .000000| .000000| 100000 .00000}
3 .000000| 000000 . .00000| .00000}

Games-Howell 2 1.3553857 261140 .001 58008 2.13071
3 1.355385°| .261140| 001 58008]  2.13071
< 13553857 261140 .001 58008 2.13071
1 -1.3553857 261140 .001 -2.13071 -.58006}
3 .000000| .000000| .00000| .00000f
B .000000| 000000 { .00000 .00000
1 -1.355385° 261140 .001 -2.13071 -.58006}
2 .000000| .000000| .00000| .00000}
4 .000000| 000000 I .00000 .00000}
1 -1.355385° 261140 .001 -2.13071 -.58006}
2 .000000| .000000| .00000| .00000}
3 .000000| 000000 .00000 .00000}

Dunnett C 2 1.355385° 261140 58008 2.13071
3 1.355335'| .201149| .5eaos| 213071
4 1.355385° 261140 58008 2.13071
1 -1.355385° 261140 -2.13071 -.58006}
3 .000000| 000000 -00000)| .00000}
4 .000000| .000000 .00000 .00000}
1 -1.355385° 261140 -2.13071 -.58006}
2 .oooooo| oooooo| .ooooo| 00000)
4 .000000| .000000 .00000 00000}
1 -1.355385° 261140 -2.13071 -.58006}
2 000000| 000000 | 00000 00000)
3 000000/ .000000| 00000| 00000)

[FAtimo3u  Tamhane 2 408077 083072  .005 11572] 70
3 408077 083072  .005 11572 70
4 408077 083072 .005 11572 70
1 -408077 083072 .005 -.70044| -11572)
3 .000000| .000000| .00000| .00000)
B .000000| 000000 : .00000 .00000)
1 -408077| 083072 .005 -70044 -11572)
2 .000000| .000000| .00000| .00000
4 .000000| .000000| .00000)| .00000
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1 -408077| 093072 008 -.70044| - 11572
2 .oocooo|  .oooooo| ] .00000 .00000}
3 .000000|  .00000D 5 00000 .00000)
Dunnett T3 2 408077 .093072 .00s 12007 6
3 408077 .0e3072]  .oos| 12007 5
4 408077 093072 005 -12007 5
1 -408077| .093072 .00s - 69609 -.12007]
3 .oocooo|  .oooaoo| ] .00000 .00000)
4 .000000|  .00000D ; 00000 .00000)
1 -408077| .093072 .00s -.69603| -.12007]
2 .oocooo| 000000 ] 00000 .ooooof
4 .000000| .00000D ; 00000 .00000)
1 -408077| .093072 .00s -.69603| -.12007]
2 .000000|  .00000D| | .00000 .o000of
3 .0ooooo|  .oooooo| : 00000 .00000)
Games-Howell 2 408077| .093072] 004 13178 58440
3 408077 093072 .004| 13176 68440}
4 408077 093072 004 13175 58440
1 -408077| .093072 004 -.68440 -1317¢]
3 .oococo|  .000000| ] .00000 .00000)
4 .0o0opo|  .000OOD 5 00000 00000}
1 -408077| 093072 004 -.68440 -.1317¢]
2 .oococo|  .0ocooo| ] 00000 .00000)
4 .oocopo|  .000OOD : 00000 00000}
1 -408077| .093072 .004 -.68440 -1317¢]
2 .oocooa|  .oooooo| | 00000 .00000)
3 .000000|  .000OOD 00000 .00000)
Dunnett C 2 408077 .093072 13175 58440
3 408077 ,093072| | 13178 58440)
4 408077'| 093072 13178 68440
1 -.408077| .093072 - 68440 -.1317¢]
3 .000000) oooooo| | 00000 .0ooag
4 .00co00|  .00000D 00000 .00000)
1 -.408077 .093072 -.68440 -.1317¢]
2 .000000| oooooo| | 00000 .00000)
4 .oocopo|  .0oooOD 00000 .ooooof
-.408077| 093072 -.68440 -1317¢]
2 .000000) oooooo| | 00000 .0o000)
3 .000000) oooooo| | 00000 .0000o}
|JFA2mosiu  Tamhane 2 2.128845| 410150 .001| 84047 341
3 2128845 .410150|  .001| 84047 3.417,
4 2.128845° 410150 .001| 84047 3.41
1 -2.1288457 .410150| oo01]  -3.41722 -.B4047
3 .ooocooo|  .oooooo| ] 00000 .00000)
4 .000000| .000000| il 00000 .00000)
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1 -2.128845 410150  .001|  -3.41722 -.B4047
2 .000000|  .000000| ] .00000 .00000)
4 .000000|  .000000 : .00000 .00000)
1 -2.128845 410150 .001 -3.41722 - B4047]
2 .oooooo|  .oooaoo| ] 00000 .00000)
3 .000000|  .00000D : .00000 .00000)
Dunnett T3 2 2128845 410150 001 85 33
3 2128845 410150  .001| B5964 33
4 2.128845] 410150 .001 85964 3.3
1 -2.1288487 410150 001 -3.39805 - 85964
3 .oocooa|  .0oo0aoo| q| .00000 .00000)
4 .000000|  .000000 : 00000 .00000)
1 -2.128845 410150 .001 -3.33805 -.85564]
2 .oocooo|  .0oogoo| | .00000 .00000)
4 .000000|  .000000| : 00000 .00000)
1 -2.128845| .410150] 001 -3.39805 -.85%64]
2 .oooooa|  .0oo0oo0| q| .00000 .00000)
3 .000000|  .000000) : 00000 .00000)
Games-Howell 2 2128845 .410150|  .001 81115 3.
3 2128845 410150  .001| 81115 3.
4 2.128846° .410150| 001 31115 3.
1 21288457 .410150] 001 -3.34654| -g1115
3 .0oocooa|  .000000| x| .00000 .00000)
4 .0oooco]  .0o0oo0) : 00000 .00000)
1 -2.128845( .4101S0] 001 -3.34654] -s111g]
2 .000000|  .000000| | 00000 00000/
4 .000000|  .000000 : 00000 .00000)
1 -2.128845| 410150 .001 -3.34654| -s111g]
2 .oococo|  .0ooaoo| ] .00000 .00000)
3 .000000|  .000000 00000 .00000)
Dunnett C 2 2128845 410150 81115 3.
3 2.128845' .umso| | 81115 3
4 2.1288457 410150 S1115| 3.
1 -2.1288487 410150 -3.34654| -s111g]
4 .oocooo|  .0o0oo0 .00000 .00000)
1 -2.128845| 410150 -3.34654 NETERE: |
4 .oocooo|  .0o0000 00000 .00000)
1 -2.128845| 410150 -3.34654] -g1115]
|FA2mos2U Tamhane 2 1.644615| .451286| .020| 22702 3.06221
3 1644615| .4s128s]  .020| 22702 3.06221
4 1644615 451286  .020] 22702 3.06221
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1 -1.844815° 451286]  020]  -3.08221 -.22702)
3 .000000| .000000| .00000| .00000
B .000000| .000000 . .00000)| .00000
1 -1.844615° 451286 .020 -3.08221 -.22702)
2 .000000| .000000| .00000| .00000}
O .000000| 000000 . .00000 .00000
1 -1.8448157 451286 020 -3.08221 -.22702)
2 000000| - .000000| 00000| Awg
3 .000000| 000000 : .00000 .00
Dunnett T3 2 18448157 4512868 019 24811 3.04112
3 16448157 451286] 019 24811 3.04112
B 1.844815" 451286 019 24811 3.04112
1 -1.8448157 451286 019 -3.04112 -.24811
3 .000000| .000000| .00000)| 100000
B .000000| 000000 A .00000)| 00000}
1 -1.8448157 451286 .019) -3.04112 -.24311
2 .000000| .000000| .00000| 00000)
B .000000| 000000 ! .00000 .00000}
1 -1.844815° 4512868 019 -3.04112 -.24811
2 .000000| .000000| .00000| .00000
3 .000000| 000000 | .00000 .00000
Games-Howell 2 1.8446157 451286 015 30479 2
3 1.844615°| .4512886| 015 -30479| 2.
2 1.8448157 451288 015 .30479| 2
1 -1.844815° 451286 015 -2.08444| -.30479)
3 .000000| .000000| .00000| .00000}
4 .000000| 000000 | .00000| .00000}
1 -1.844815° 451286 015 -2.08444) -.30479)
2 .000000| .000000| 100000 .00000}
B .000000| .000000 ! .00000| .00000}
1 -1.844815° 451286 015 -2.08444) -.30479)
2 .000000| .000000| .00000| .00000}
3 .000000| .000000| .00000| .00000}
Dunnett C 2 16446157 451280] 3047¢| 2.
3 16446157 .451280| 30479 2.
2 1.844815°| 451286 .3o47o| 2.
1 -1.844815° 451286 -2.96444| -.3047!
3 .oooooo| oooooo| .ooooo| 3
4 .000000| 000000 .00000 V
1 -1.8446157| 451286 -2.08444 -.3047
2 000000| .000000| 00000 d
4 .000000| .000000 .00000 g
1 -1.844615° 451286 -2.08444 -.3047
2 000000| 000000 00000)| y
.oooooo| oooooo| .ooooo| ;
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[FA2mos3u  Tamhane 2 878848 .316008| 095| - 11408 1.87173
3 .878848| .316006| 008 -.11408| 1.8717
- .878846| 316006 008 -.11408| 1.8717
1 -878846| 316006 028 -1.87178) 1
3 .000000| .000000| .00000| .mﬂ
B .000000| .000000 d .00000 .00
1 -878846| 316006 008  -1.87178 11
2 .000000| .000000| .00000| .ooﬁ
- .000000| .000000 3 .00000| .00
1 -878848| 316006 008 -1.87178) .11§
2 .000000| .000000| 100000 .00
3 .000000| 000000 ] .00000 00

Dunnett T3 2 .878846| 316006 .087, -.00031 1.85700)
3 878846 .316008|  .087 -.00031| 1.85700)
4 .878846| 316006 087 -.00031 1.85700)
1 -878846| 316006 087[  -1.85700 100931
3 .000000| .000000| .00000| .00
: .000000| .000000 | .00000 .00
1 -878846| 316006 087  -1.85700 100931
2 .000000| .000000| .00000| .ooﬂ
B .000000| .000000 ! .00000 .00
1 -878846| 316006 087  -1.85700 .oooaq
2 .000000| .000000| .00000| .oooaof
3 .000000| .000000 | .00000 .00000}

Games-Howell 2 .878846| 316006 069 -.05081 1.81730
3 878846 .316008|  .089 -.05081| 1.81730
B .878846| 316006 069 -05081 1.81730)
1 -878846| 316006 08e|  -1.81730 05081
3 .000000| .000000| .00000)| .00
B .000000| .000000 d .00000 .00
1 -878848| 316006 o8e|  -1.81730 05081
2 .000000| .000000| .00000)| 00
= .000000| .000000 g .00000 .00
1 -878846| 316006 088  -1.81730 05961
2 .000000| .000000| 100000 .00
3 .000000| .000000| .00000| 00

Dunnett C 2 878848 316006| 05061 1.81730)
3 878846| .316006| -.05061| 1.81730)
B 878846| 216006 -.05081 1.81730
1 -878848| 318006 -1.81730 05081
3 000000| 000000 00000 .oom
4 .000000| .000000 .00000 .00
1 -878848) 318006 -1.81730 05081
2 000000| 000000 00000 mm
< .000000| 000000 .00000 00
1 -878848| .318006 -1.81730 05061
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.O(DOOOI

.OWG)I

2 .aooooo| ooooool .ooooo| .00000
3 .000000| 000000 .00000 .00000)
[FAt3mos1U Tamhane 2 25215387 242755 .000 1.75800 3.28409
3 2521538° 242755  .000 1.75809)| 3.28409
2 25215387 242755 .000 1.75890 3.28409)
1 -2.521538°| 242755 .000 -3.28400 -1.75899)
3 .000000| .000000| .00000| .00000f
4 .000000| .000000 i .00000 .00000
1 -2.521538° 242755 .000 -3.28409 -1.75899)
2 .000000| .000000| .00000| .00000)
4 .000000| 000000 : .00000 .00000
1 -2.521538°| 242755 .000 -3.28409) -1.75899)
2 .000000| .000000| .00000)| .00000)
3 .000000| 000000 ! .00000| .00000)
Dunnett T3 2 2521538 242755 .000 1.77033] 32727
3 25215387 .242755| .000 1.77033) 32727
4 2521538 242755 .000 1.77033) 32727
1 -2.521538°| 242755 .000 -327274]  -1.77033
3 .000000| .000000| .00000| .00000)
4 .000000| 000000 y .00000 .00000
1 2521538 242755 .000 -3.27274) -1.77033)
2 .000000| .000000| .00000)| .00000}
< .000000| 000000 ! .00000 .00000
1 -2.521538°| 242755 .000 -3.27274) -1.77033
2 .000000| .000000| .00000)| .00000)
3 .000000| 000000 ' .00000 .00000}
Games-Howell 2 2.521538° 242755 .000 1.80082 3.24225
3 2521538°| .242755| .000 1.80082] 3.24225
4 25215387 242755 .000 1.80082 3.24225
1 -2.521538°| 242755 .000 -3.24225 -1.80082
3 .000000| .000000| .00000)| .00000}
4 .000000| 000000 . .00000 .00000
1 -2.521538°| .242755 .000 -3.24225| -1.80082)
2 .000000| .000000| .00000)| .00000}
4 .000000| 000000 1 .00000 .00000
1 -2.521538° 242755 .000 -3.24225| -1.80082)
2 .000000| .000000| .00000| .00000|
3 .000000| .000000| .00000| .00000)
Dunnett C 2 2.521539’| 242755| 1.eooaz| 3.24225
3 2.521533'| 242755| 1.sooaa| 324225
2 2521538 242755 1.80082| 324225
1 -2.521538° 242755 -3.24m| -1.80082
3 .oooooo| oooooo| Aooooo| m
4 .000000| .000000 .00000 i
1 -2.5215387 242755 -3.24225 -1.80082)
2 oooooo|



4 .000000| 000000 .00000 .00000)
1 -2.521538°| 242755 -3.24225 -1.80082}
2 000000| 000000 00000| :00000}
3 .000000| 000000 00000| .00000
|FAt3mos2U Tamhane 2 1.230000° .148580 .000 78328 1.60672)
3 1.230000°| .148580  .000 76328 1.60672
4 1.230000° .148580 .000 78328 1.60672)
1 -1.230000°| .148580 .000 -1.89672 -.78328|
3 .000000| .000000| .00000| 100000
4 .000000| .000000 : .00000 .00000)
1 -1.230000°| .148580 .000 -1.80872 -.76328)
2 .000000| .000000| .00000| .00000)
2 .000000| 000000 : .00000 .00000)
1 -1.2300007 148580 .000 -1.89672 -.78328|
2 .000000| .000000| .00000| .00000)
3 .000000| 000000 1 .00000 .00000)
Dunnett T3 2 1.230000° .148580 .000 77022 1.6897
3 1.230000°| .148580|  .000 77022 1,63973
B 1.2300007 .148580 .000 77022| 1.8897
1 -1.2300007| .148580 .000 -1.88078| -77022)
3 .000000| .000000| .00000| .00000)
4 .000000| 000000 . .00009| .00000)
1 -1.2300007 .148580 .000 -1.88973| -.77022)
2 .000000| .000000| 100000 .00000)
4 .000000| .000000 . .00000| .00000)
1 -1.230000°| .148580 .000 -1.88078| -.77022)
2 .000000| .000000| .00009)| .00000}
3 .000000| 000000 : .00000| .00000)
Games-Howell 2 1.230000° .148580 .000 .78888| 1.67112)
3 1.230000°| .148580|  .000 .78888| 1.67112)
< 1.230000°] .148580 .000 78883 1.67112)
1 -1.230000°| .148580 .000 -1.87112] -.78888|
3 .000000| .000000| .00000| .00000)
4 .000000| .000000 : .00000 .00000)
1 -1.230000° .148580 .000 -1.87112 -.78888]
2 .000000| .000000| .00000| .00000)
4 .000000| .000000 : .00000 .00000)
1 -1.230000°| .148580 .000 -1.87112 -.78888]
2 .000000| .000000| .00000| .00000)
3 .000000| .000000| .00000| .00000)
Dunnett C 2 1.220000°)  .148580| Taass| 1.6711
3 1.zaoooo'| .148580' Jssss| 1.6711
B 1.230000° .14sseo| .7ssss| 1.6711
1 -1.230000° .148530| -1.o7nz| -.78888|
3 000000| 000000 00000| .00000
4 000000|  .000000| 00000 .00000
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1 1230000' .14aseo| -|.o7nz| -.78888]
2 .oooooo| oooooo| ooooo| .00000
4 000000| 000000 100000 .00000)
1 1zaoooo| .148580 -1.67112 -.78888]
2 Aoooooo| oooooo| ooooo| .00000)
3 oooooo| .000000 .00000 .00000)
|FAt3mos3U Tamhane 2 .300769| .185722 .18 -.12080 oan
3 .300760| .185722| .188 -.12080| .911§
4 300760 .1685722 188 -.12080) an
1 -300760| .185722 .1e8 -01134| -12980)
3 .000000| .000000| .00000| .00000)
< .000000| .000000 ! .00000 .00000)
1 -300760| 185722 188 -91134 -12980)
2 .000000| .000000| 100000 .00000)
4 .000000| .000000 . .00000 -00000)
1 -300760| .185722 188 -81134 -12080)
2 .000000| .000000| .00009)| .00000}
3 .000000| 000000 : .00000) .00000
Dunnett T3 2 300760 185722 179 -.12208 20350}
3 .300769| .185722| A79 -.12208) 20380}
2 .300769| .185722 A79 -.12208 80380
1 -300760| 185722 79 -00380 12208
3 .000000| .000000| .00000| .00000)
4 .000000| 000000 | .00000) .00000)
1 -300760| .165722 179 -.00380 -12208
2 .000000| .000000| .00000| .00000)
< .000000| .000000 2 .00000)| .00000)
1 -300760| .165722 A70 -.80380 -12208)
2 .000000| .000000| .00000| .00000)
3 .000000| .000000| .00000| .00000
Games-Howell 2 300760 .185722) 139 -.10124| 8827,
3 300760| .185722| .13 -10124| 8827
B .300769| .185722 130 -10124] 8827
1 -300760| 165722 130 -.88278| 10124]
3 .000000| .000000| .00000| :00000)
4 .000000| .000000 .00000| .00000)
1 -300760| .185722 139 -.88278| 10124]
2 .000000| .000000| .00000| .00000
4 .000000| .000000 .00000| .00000)
1 -300760| 185722 138 -.88278| 10124]
2 .000000| .000000| .00000)| .00000)
3 .000000| 000000 .00000 00000
Dunnett C 2 .300769| .1685722 -10124 8827
3 320768| 165722 -10124| 8827
O .300760| .185722 -10124| 8827
1 -300760| .165722 -.aaz7a| .10124]
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3 oooooo| oooooo| .ooooo| .00000|
4 .000000| .000000 .ooooo| .00000)
3 1 -300760| .185722 -.aazn] 10124]
2 000000| 000000 00000| .00000)
4 .000000| .000000 .oooool .00000)
2 1 -.300760| .185722 -.8827e| 10124]
2 oooooo' oooooo| .ooooo| .00000)
3 ooooool oooooo| .oooool .00000)

*. The mean difference is significant at the 0.05
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Appendix D

Average thickness of each adhesive

Average thickness of each adhesive from pilot study was presented by mean +

SD and coefficient of variance.

Fuji Ortho LC 123.60 £ 76.48 pm, CV = 61.88%

luminate

139.79 £ 57.72 ym, CV = 41.29%

Light-Bond 94.98 + 43.43 pm, CV = 45.72%

Anyhow there were no statistically significant differences (p>.05) of average

thickness among 3 adhesives.

Descriptive Statistics

N Mean Std. Deviation Minimum Maximum
Fuji 12| 123.6046 76.48440 16.00 298.00
llluminate 12| 139.7921 57.71980 64.60 281.50
LB 12 94.9792 43.43059 20.35 157.00

One-Sample Kolmogorov-Smirnov Test

Fuji llluminate LB
N 12 12 12
Normal Parameters?-° Mean 123.6046 139.7921 94.9792
Std. Deviation 76.48440 57.71980 43.43059]
Most Extreme Differences Absolute .162 .189 .225
Positive .162 .189 .108}
Negative -.096 -.116 -.225
Kolmogorov-Smirnov Z .562 .656 .781
Asymp. Sig. (2-tailed) 911 .783 .576

a. Test distribution is Normal.

b. Calculated from data.



Oneway

Test of Homogeneity of Variances

Thickness
Levene Statistic dfl df2 Sig.
1.034 33 .367
ANOVA
Thickness
Sum of Squares df Mean Square F Sig.
Between Groups 12358.589 2 1.675 .203
Within Groups 121744.216 33
Total 134102.805 35




pH of the artificial saliva

The pH of the artificial saliva from pilot study was presented by mean + SD

Before experiment

1 month after experiment

Appendix E

= 6.65 £ 0.01

=7.25+0.03
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There was statistically significant differences (p<.05) of the pH of the artificial

saliva between before experiment and 1 month after experiment.

Descriptive Statistics
N Mean Std. Deviation Minimum Maximum
saliva0 5 6.6480 .00837 6.64 6.66
salival 5 7.2500 .02739 7.22 7.29]
One-Sample Kolmogorov-Smirnov Test
saliva0 salival
N 5 5
Normal Parameters?-° Mean 6.6480 7.2500
Std. Deviation .00837 .02739
Most Extreme Differences Absolute 231 .167
Positive 231 .167
Negative -.194 -.137
Kolmogorov-Smirnov Z .515 .374
Asymp. Sig. (2-tailed) .953 .999

a. Test distribution is Normal.

b. Calculated from data.



T-Test
Paired Samples Statistics
Mean N Std. Deviation | Std. Error Mean

Pair1  saliva0 6.6480 5 .00837 .00374

salival 7.2500 5 .02739 .01225

Paired Samples Correlations
N Correlation Sig.

Pair1  saliva0 & salival 5 .982 .003

Paired Samples Test
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Sig. (2-
Paired Differences tailed)
95% Confidence
Interval of the
Std. Std. Error Difference
Mean | Deviation Mean Lower Upper t df
Pair saliva0 - - .01924 .00860( -.62588| -.57812 - .000]
1 salival .60200 69.981
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