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CHAPTER | INTRODUCTION

Background and rational

The development of acrylic resins has been used in dentistry since 1936 (1).
Heat-cured acrylic resins were used in making dentures while autopolymerizing acrylic
resins were used as relining, repair or temporary crown materials in prosthodontics.
The autopolymerizing acrylic resins are more convenient to patients than heat-cured
acrylic resins because there is no need for processing in a laboratory, resulting in a
reduced waiting time. The autopolymerizing system has many disadvantages.
Unpleasant monomer odor, potential for sensitization and irritation of oral soft tissue
by the monomers and heat generation during polymerization are areas of clinical
concern.

Some residual monomers leach out of the acrylic resin and sometimes cause
a soft tissue reaction (2, 3). Their leached concentrations are potentially high enough
to irritate and response to mucosal tissues. For example, residual methyl methacrylate
monomer can be present in acrylic resins used for dental appliances and can leach
from these resins into water (4, 5).

Nowadays, there are several methods of reducing the residual monomer (RM)
in acrylic resins such as immersion in hot water (5-7), microwave irradiation (7),
ultrasonic cleaner (8) and ethanol solutions (9).

Ultrasonic waves have been used in different fields such as SONAR in
underwater world, ultrasonic medical imaging, and industrial cleaning that was
reported to be a method to increase the extraction rate of organic substances by the
effect of sonication (10). The ultrasonic sensing can probe into objectives
nondestructively because it can spread through any kinds of media including solids,
liquids and gases except vacuum.

Ethanol is a versatile solvent, miscible with water and with many organic
solvents. Ethanol molecules can swell and penetrate into the space in polymers for
promoting reduce the RM content (9). Thus ethanol is considered as a practical solution

to remove RM content from acrylic resins.
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The aim of this study was to find the proper concentration of ethanol solution
under ultrasonic wave that can reduce the RM content effectively and remain the

flexural properties of autopolymerizing hard reline acrylic resins.

Research objective

To determine the optimal concentration of ethanol solution under ultrasonic
wave for reducing RM content in autopolymerizing hard relining acrylic resins and

maintaining their flexural properties.

Research hypothesis

Hypothesis 1

H1y: there is no significant difference in mean of RM content of each material between
all experimental groups of postpolymerization treatment and that of the control group.
(p=0.05)

H1:: there is a significant difference in mean of RM content of each material between
at least one experimental group of postpolymerization treatment and that of the

control group. (p<0.05)

Hypothesis 2

H2y: there is no significant difference in mean of RM content of each material between
all groups of postpolymerization treatment in various ethanol concentrations under
ultrasonic wave and that of the group of water immersion at 50°C 60 min. (p=0.05)
H2,: there is significant difference in mean of RM content of each material between at
least one group of postpolymerization treatment in various ethanol concentrations
under ultrasonic wave and that of the group of water immersion at 50°C 60 min.

(p<0.05)
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Hypothesis 3

H3,: there is no significant difference in mean of RM content of each material between
all groups of postpolymerization treatment in various ethanol concentrations under
ultrasonic wave and that of the group of water immersion at 55°C 10 min. (p>0.05)
H3: there is significant difference in mean of RM content of each material between at
least one group of postpolymerization treatment in various ethanol concentrations
under ultrasonic wave and that of the group of water immersion at 55°C 10 min.

(p<0.05)

Hypothesis 4

Hdo: there is no significant difference in mean of flexural strength of each material
between all experimental groups of autopolymerizing hard reline acrylic resins after
postpolymerization treatment and that of the control group. (p=0.05)

Hd,: there is a significant difference in mean of flexural strength of each material
between at least one of experimental groups of autopolymerizing hard reline acrylic

resins after postpolymerization treatment and that of the control group. (p<0.05)

Hypothesis 5

H5¢: there is no significant difference in mean of flexural strength of each material
between all experimental groups of autopolymerizing hard reline acrylic resins after
postpolymerization treatment in various ethanol concentrations under ultrasonic wave
and that of the group of water immersion at 50°C 60 min. (p=0.05)

H5:: there is a significant difference in mean of flexural strength of each material
between at least one of experimental groups of autopolymerizing hard reline acrylic
resins after postpolymerization treatment in various ethanol concentrations under

ultrasonic wave and that of the group of water immersion at 50°C 60 min. (p<0.05)

Hypothesis 6
H6,: there is no significant difference in mean of flexural strength of each material

between all experimental groups of autopolymerizing hard reline acrylic resins after
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postpolymerization treatment in various ethanol concentrations under ultrasonic wave
and that of the group of water immersion at 55°C 10 min. (p=0.05)

H6.: there is a significant difference in mean of flexural strength of each material
between at least one of experimental groups of autopolymerizing hard reline acrylic
resins after postpolymerization treatment in various ethanol concentrations under

ultrasonic wave and that of the group of water immersion at 55°C 10 min. (p<0.05)

Hypothesis 7

H7,: there is no significant difference in mean of flexural modulus of each material
between all experimental groups of autopolymerizing hard reline acrylic resins after
postpolymerization treatment and that of the control group. (p=0.05)

H7,: there is a significant difference in mean of flexural modulus of each material
between at least one of experimental groups of autopolymerizing hard reline acrylic

resins after postpolymerization treatment and that of the control group. (p<0.05)

Hypothesis 8

H8,: there is no significant difference in mean of flexural modulus of each material
between all experimental groups of autopolymerizing hard reline acrylic resins after
postpolymerization treatment in various ethanol concentrations under ultrasonic wave
and that of the group of water immersion at 50°C 60 min. (p=0.05)

H8:: there is a significant difference in mean of flexural modulus of each material
between at least one of experimental groups of autopolymerizing hard reline acrylic
resins after postpolymerization treatment in various ethanol concentrations under

ultrasonic wave and that of the group of water immersion at 50°C 60 min. (p<0.05)

Hypothesis 9

H9y: there is no significant difference in mean of flexural modulus of each material
between all experimental groups of autopolymerizing hard reline acrylic resins after
postpolymerization treatment in various ethanol concentrations under ultrasonic wave

and that of the group of water immersion at 55°C 10 min. (p=0.05)
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H9:: there is a significant difference in mean of flexural modulus of each material
between at least one of experimental groups of autopolymerizing hard reline acrylic
resins after postpolymerization treatment in various ethanol concentrations under

ultrasonic wave and that of the group of water immersion at 55°C 10 min. (p<0.05)

Scope of the research

1. This research is an in vitro study
2. Two commercial autopolymerizing hard reline acrylic resins used in this study
are Unifast Trad (UF) and Kooliner (KL)

3. Investigator in this study only is one person

Limitation

This research was studied in 2 materials of autopolymerizing hard reline acrylic
resins; UF and KL are determined in vitro. If the results appeared effectively, we will
apply this method including other autopolymerizing hard reline acrylic resins to

decrease RM content for patients in dental offices.

Keywords

Autopolymerizing acrylic resins
- Residual monomer

- Ethanol

- Ultrasonic wave

- HPLC

- Flexural properties
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Conceptual framework

Heat cured
Types . Selfcured
Curing condition
) - Hot water
l - Light cured
l . Microwawe

Autopalymerizing
acrylic resins _ Residual monomers
= Ultrasonic wawve

Ethanol 10%,20%,30%,40% and 50% gy l Elnn

in ultrasonic bath Ultrasonic wave
and Ethanol

&

Analyze Analyze
Residual monomers Flexural strength
and flexural modulus

HPLC GC 3 paint bending test

Expected benefits

The application of ethanol solutions under ultrasonic wave as
postpolymerization treatment in autopolymerizing hard reline acrylic resins will help

patients save time in clinic by reducing RM content rapidly.
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CHAPTER Il LITERATURE REVIEW

Denture Base Polymers

Denture base is a prosthetic device constructed to replace the missing teeth
that are supported by surrounding hard and soft tissues. There is evidence that
dentures are used as treatment in prosthodontics around 700 B.C. in Dentistry (11).
Therefore, there is development in the quality of dental materials to improve in
esthetics, function and comfort for patients (11).

In 1936, Walter Bauer found polymerization of acrylic resins. Then, the acrylic
resins have become popular as denture base material in clinical fabrication. Poly
(methyl methacrylate) is still use in denture base because of its esthetics, ease of
repair and saving cost (12). Denture base polymers are classified into five types as

shown in Table 1. (13)

Table 1: Classification of denture base polymers according to ISO 1567

Type Class Description
1 1 Heat-processing polymers, powder and liquid
1 2 Heat-processed (plastic cake)
2 1 Auto-polymerized polymers, powder and liquid
2 1 Auto-polymerized polymers (powder and liquid pour type resins)
3 - Thermoplastic blank or powder
a4 - Light-activated materials
5 - Microwave-cured materials

Polymer-monomer interaction

Acrylics are polyesters based on acrylic acid (propenoic acid, CH,=CHCO,H)
formed from the polymerization of an alkyl acrylate ester. As the polymerization
progresses, there is the conversion of MMA into poly-MMA during which the conversion

of monomer molecules into the polymers (14). There are 4 stages in the addition
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polymerization chain reaction: induction, propagation, chain transfer and termination

(15).

@Yoﬂom/@ - @WO .
o o O
Initiator (BPO) Free radical

Activation of benzoyl peroxide (BPO). During activation, the bond is broken

between the two oxygen atoms and the pair of electron is split between the two

fragments.
o
CH, —
' Initiation
©/lko. +  HC=Q —
c=0
/
(o)
N
A CH,
o
o
H\ /CH3 '—{ Ot
e g™ e O B
H - c=0
LC=0 .
o\
CH, CH:
B c

Initiation of a methyl methacrylate molecule. The unpaired electrc;n of the free
radical accesses the methyl methacrylate molecule (A and B), the electron in the
double bond (C=C) is attracted to the free radical to form an electron pair and covalent
bond between the free radical and the monomer molecule (C and D). Finally, the new

molecule a free radical is made from the remaining unpaired electron (D).
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(0]
CHs ,CH,
O/CHz—C\o + HZC=C\
S C=0
/CO /
o) (o)
\ \
CH, // CH,
Propagation ,CH,
HC=C
\
¥
o CH,  CH, %
/ / CH
@J(O/CHZ—C\“CHFC\' + —3» efc.
c=0 c=0 Chain growth
0} O
\ \
CH, CH,

Propagation and chain growth. The free electron interacts with the double

bond (C=C) of the methyl methacrylate molecule. A new, longer free radical is formed.

o CHy s CHs
/CHZ—C/CH—C + Hsc—C\o
9 - C=0 C=0
c=0 v /
o 9 2
\
CH Crly &

A free radical accesses a methyl methacrylate molecule and devotes a

hydrogen atom to the methyl methacrylate molecule then chain transfer occurs.



0 CH, CH, CH, CH, 0
CH
/cHré"‘CHz*‘o{- R e
e o ool o
”C—O / - O=C\ O_C\
o, 0, o e
CH, CH, H.C H,C
Chain transfer
CH CH o
o CH. 3 3 3
\oH=c + O /CHZKO
~CH;-C \ |
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Another type of the chain transfer can occur when a propagating chain interacts

with the passivated segment that was formed.

0o
CH CH
o} /CHa /CH3 \ 3/CH2\\ 3/CH2\O

O/CH;-C\—-CHZ—C\- + °/C /0
c=0 c=0 0=C 0=C

7 / \ \

o o) o o
\ \ / 7
CH, CH,4 H,C H,C
Termination
o CH, CH, CH, CH, o

N en N 1 en, \ ow
—~CH, A RNl
_CHyC ? c\ (l: .

[
€=0 C=0 c=0  C=0
0 o O 0

\ \ \ \

CH, CH, CH, CH,

Two free radicals interact and form a covalent bond then the termination

OCcCurs.
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/ . N % _Ch
S aava L s gty
L0 c:0 0=C_  0=C
O °N 0 o
CH, CH, H,C H,C

Termination after chain transfer

i

0 CH CH, CH

V3 cH=C [ en,_ T i
~CH~Cc™ '™ \ + HC— Hz\C/CHz\
o I = \ o
C=0 |
,C=O O/ /C=O c=0
(o) \ O O/
\CH CH, \ \
3 CH, CH,

When two free radicals access each other, a new double bond may be formed
on the molecule that devotes a hydrogen atom to the other free radical (15).
The unreacted (residual) monomer is considered undesirable. Because it effects

on mechanical properties and irritating soft tissue.

—>

Mj* + Ml M j+1*

From above equation, we have known that free-radical polymerization systems
are thermodynamic equilibrium. According to Lung CY and Darvell BW’s study (2007)
(16), they found that time-temperature response surface for the equilibration of PMMA
with MMA. So now we can expect the ‘residual monomer’ in denture base acrylic

resins.

Acrylic resins

Acrylic resins were first used in dentistry in the 1940s (11). Owing to their
advantages in the clinic, they are used for different applications including temporary
crowns, custom trays and baseplates for denture construction (17).

Physical properties of acrylic resins are hard, brittle and glassy polymers

composed of long chains of small repeating units (18).
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Dental acrylics resins are divided in 3 types, based on the factor that initiates
the reaction: chemical-, heat- and light-activated (19). Heat-activated materials were
use a hot water bath or microwave oven while light-activated materials were use with
wavelength 460-480 nm (peak 470 nm) as an energy source. In chemical activated
acrylic resins, action is set when the tertiary aromatic amine in liquid portion activates

the benzoyl peroxide in powder portion to produce free radicals (20).

Autopolymerizing hard reline acrylic resins

In Unifast Trad, it composed of pre-polymerized PMMA powder particles, which
are mixed with MMA monomer (21). Initiator is a peroxide such as a benzoyl peroxide
(13). A cross-linking agent have been added to hard reline materials to improve
mechanical properties in craze resistance and stiffness (22). Hydroquinone is added as
an inhibitor to prevent premature polymerization (17). Typically, a tertiary aromatic
amine is added to induce the reaction, producing free radicals. The inhibitor in the
liquid destroys the free radicals that are initially produced, and working time results.
In Kooliner, it composed of pre- polymerized poly ethyl methacrylate (PEMA) powder

particles, which are mixed with isobutyl methacrylate (IBMA) of monomer (9).

O

HCS"SocH
3

CHj

Figure 1. Methyl methacrylate structure

O

HQC\ O/\I/CHB

CH3 CHj

Figure 2. Isobutyl methacrylate structure
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Disadvantages of autopolymerizing hard reline acrylic resins

Although autopolymerizing hard reline acrylic resins not only have a lot of
advantages but also have disadvantages. As noted by Hickey and Zarb (23), these
materials cause lesions in the mouth (i.e. clinical burns on the mucosa) and another
problem regarding in this material includes color change (24).

During polymerization of acrylic resins, the conversion of monomer to polymer
is incomplete and some unreacted monomer, called residual monomer (RM),
remained in space between polymer chains (25, 26). The conversion of heat-
polymerizing materials is better than the conversion of autopolymerizing materials.
Thus, there is less RM in heat-cured PMMA than in chemical-cured PMMA (27).

An oxidation product of the residual MMA monomer can form formaldehyde,
which can leach from the resins (6, 28). Formaldehyde has proven to be cytotoxic as
much lower concentrations than MMA (6, 29). This compound is suspected to be a

strong irritant to the mucous membranes even at low concentrations.

Allergic reaction

Allergy is a hypersensitive reaction to an allergen. Allergic reactions are divided
in two groups: immediate and delayed. Immediate allergic reactions often result from
various foods and drugs. Acrylic resins are involved in the delayed or contact allergy
type, stomatitis venenata, which described by Nealey and Del Rio as a contact allergy
from a prosthesis device of self-curing acrylic resin (30). MMA monomer causes an
allergic reaction on contact with skin or oral mucosa. After the polymerization reaction,
various amounts of the MMA monomer remain in the acrylic resin. Nowadays, there
are relatively few reports of hypersensitivity to dental agents in the literature.
Nonetheless, it is pertinent to address this problem, particularly with MMA, and to find

a mode of treatment for such cases.
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Residual monomer (RM)

After polymerization, the level of RM are leached depending on the time (31,
32). The highest amount of RM are released within 24 h after being processed (33).
Then, a slow and moderate release is seen over a long period of time. It is a belief
that tissue sensitivity to acrylic resins depends on the level of RM (3). Additionally, RM
is a plasticizer which affect the mechanical properties (34, 35)

Different kinds of compounds including RM content, such as MMA, and
additives such as hydroquinone (HQ), benzoyl peroxide (BP), N, N-dimethyl-p-toluidine
(DMPT), etc. are eluted from acrylic polymers. These compounds diffuse into saliva
and come into contact with the oral mucosa, which can lead to denture stomatitis.
These lesions exhibit redness or burning sensations, often occurring in the areas

beneath the dentures (3).

Methods for reducing residual monomer

Because of the toxicity of RM content, several methods have been proposed
to reduce the RM and the degradation products of acrylic resins, including: immersion
in hot water (5-7), microwave irradiation (7) and ultrasonic cleaner (8), the latter of
which promotes the reduction of MMA content by the effect of cavitation i.e. the
formation and collapsing of microscopic vacuum bubbles (8). Ultrasonic treatment has
been used to enhance protein extraction from autoclaved soybean flakes (10). In
addition, ultrasonic treatment can also promote polymerization (36). In recent years,
Neves et al. reported that ethanol solutions can help increasing biocompatibility (9),
showing that ethanol solutions and high temperature reduced the monomer content
and the cytotoxicity of acrylic reline resins (9). Ethanol solutions have been used in
order to accelerate solubility and increase leaching of organic solvents. Bettencourt et
al. showed that ethanol promotes the leaching of RM from the polymer matrix of bone

cements used in joint arthroplasty (9, 37).
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Ultrasonic wave

Ultrasonic sensing techniques are widely used in various fields of engineering
and basic science, especially for industrial and medical applications. Ultrasonic sensing
can probe inside objectives nondestructively because it can spread through any kinds
of media including solids, liquids and gases except vacuum. There are two types of
ultrasonic waves: bulk (fundamental) waves that expand inside of an object, and
guided wave that expand near the surface or together with the interface of an object
(38).

Ultrasonic wave has been used in different fields such as SONAR in underwater
world, ultrasonic medical imaging, and industrial cleaning that was reported to be a
method to increase the extraction rate of organic substances by the effect of sonication
(10). Recently, Kuijpers et al. found that ultrasonic treatment can also promote
chemical reactions through ultrasonic polymerization (36). In dentistry, ultrasonic wave

is also usually used for cleaning and scaling.

Ethanol

Ethanol is a clear, colorless liquid with an agreeable odor. It is an alcohol, a
group of chemical compounds whose molecules contain a hydroxyl group, —OH,
bonded to a carbon atom. Ethanol melts at -114.1°C, boils at 78.5°C, and has a density
of 0.789 ¢/ml at 20°C. Its low freezing point has made it useful as a fluid in
thermometers for temperatures below -40°C, the freezing point of mercury, and for
other low-temperature purposes, such as for antifreeze in automobile radiators (39).
Additionally, ethanol is used as solvent to extract compounds from polymer matrix of

bone cements used in joint arthroplasty (9, 37).

Methods for determination of residual monomer

Over the years, Gas chromatography (GC) (40) and High-performance liquid
chromatography (HPLC) (8, 9, 41) have been used for the determination of RM content

from denture base resins.
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High-performance liquid chromatography (HPLC) has been recommended to be
a suitable method of determining and evaluating low RM values. This method also

allows for comparison under identical conditions (42).

High performance liquid chromatography (HPLC)

HPLC was developed in the late 1960s and early 1970s (43). At present, HPLC
is generally used in biochemistry and analysis to separate, identify, and quantify active
compounds. It is widely applied in various areas, including pharmaceutical and
chemical industries (44).

The main section of HPLC is a column that holds packing material (stationary
phase), and a mobile phase which is moved through the column by a pump. A detector
shows the retention times of the molecules. The retention time, i.e. the time that
solvents come out of the end of the column. Depends on the interactions between
the stationary phase, the molecules are analyzed and the solvents are used. Solvents
used including combinations of water or organic liquids; the most common are
methanol and acetonitrile. The solvents, additives and gradient rely on the stationary
phase and the analyses. The gradient is separated depending on the difference of

mobile phase component during the analysis.
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Target population

Two autopolymerizing hard reline acrylic resins, Unifast Trad (UF) and Kooliner (KL)

Sample

Disk-shaped acrylic resins

Table 2: Materials under evaluation in the study
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Product Manufacturer P/Lratio = Composition  Curing cycle
(g/mL)
Unifast Trad GC America Inc., 2/1 P: PMMA 2 minutes
(UF) Alsip, IL, USA L: MMA
Kooliner (KL) GC America Inc,, 1.4/1 P: PEMA 10 minutes
Alsip, IL, USA L: IBMA

P: powder; L: liquid; PMMA: poly (methyl methacrylate); MMA: methyl methacrylate;

PEMA: poly (ethyl methacrylate); IBMA: isobutyl methacrylate

Instruments

1.

Circular mold recommended by ISO 20795-1(2013)
Rectangle mold recommend by ISO 20795-1(2013)
Hydraulic pressure machine ‘EWG 5414’ (Kavo, NC, USA)
Freezer -20°C (Sanyo, Osaka, Japan)

Ultrasonic cleaner at 40 kHz (GT SONIC, Meizhou, China)
Ethanol (Merck, Darmstadt, Germany)

Polishing machine ‘Nano 2000T’ (Pace Technologies, Tucson, USA)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Metallographic grinding paper No.500 and 1200 (TOA, Bangkok, Thailand)
Digital scale ‘Satorius BP1105’ (Sartorius, Goettingen, Germany)

Magnetic stirrer (Diligent, Bangkok, Thailand)

PTFE coated magnetic stirring bar (Cowie Technology, Middlesbrough, UK)
Centrifugal machine ‘Avanti J-E’ (Beckman Coulter, CA, USA)

HPLC system (Shimadzu Corporation, Kyoto, Japan)

HPLC column (Merck Millipore, Darmstadt, Germany)

Micropipet (Labnet, New Jersey, USA)

Volumetic flask 5mL,10mL, 1L (Duran, Wertheim, Germany)

Digital Vernier calipers (Mitutoyo, Kawasaki, Japan)

Tetrahydrofuran (Merck KGaA, Darmstadt, Germany)

Methanol (Merck KGaA, Darmstadt, Germany)

Incubator (Contherm Scientific Ltd., Korokoro, New Zealand)

Universal Testing Machine (Shimadzu, Kyoto, Japan)

Residual monomers determination

Sample preparation to analyze RM and postpolymerization treatments

1. All specimens were prepared from stainless steel mold as

recommended by ISO 20795-1.(2013) (45) (disk-shaped, a diameter of 50+1 mm,

depth 3+0.1 mm with a flat cover)

30
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Figure 3. Circular mold recommended by ISO 20795-1 (2013)

2. Forty-eight specimens of each material were prepared following the
recommendations of the manufacturers (powder to liquid ratio is 2.0 ¢ : 1 mL for
Unifast Trad and 1.4 g : 1 mL for Kooliner). The mixture was placed into a metal

mold. The metal mold was pressed in a hydraulic press at 300 kPa.

Figure 4. Hydraulic Pressure machine

3. The specimens were then kept in a dark place for 24+5 h. All
specimens were carefully wet ground with 500 and 1200-grit silicon carbide paper to
remove excess material until a thickness of 2.0+0.1 mm by digital vernier calipers

(Mitutoyo, Kawasaki, Japan).
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Figure 5. Polishing machine (Nano 2000T)

4. After polishing, the specimens of each material (Unifast Trad; UF and
Kooliner; KL) were randomly divided into 8 groups as shown in Table3.

5. Each specimen was placed in the center of source of ultrasonic wave.
Above the source of ultrasonic wave 5 cm by tying the thread with a cover of

ultrasonic cleaner. (Figure 6.)

Figure 6. The placement of specimens in the ultrasonic cleaner
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Figure 7. Ultrasonic cleaner (40 kHz)

Solution preparation for extract RM

-Solution A

Tetrahydrofurane (THF) solution was prepared by weight approximately 0.02 ¢ of
hydroguinone into a 1L volumetric flask. THF was added until the total volume was
1L.

-Solution B

Methanol solution was prepared by weight approximately 0.02 ¢ of hydroquinone

into a 1L volumetric flask. Methanol was added until the total volume was 1L.

Solution preparation for calibration curve

-Solution C
Methanol / Tetrahydrofurane solution was prepared by mixing one volume part

of solution A and four volume parts of solution B.



Table 3: Description of experimental groups.
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Group Method to reduce RM Time Code Amount of

UF KL samples

1 Control - UFNC  KLNC 6

2 Immersion in water 50°C 60 min UFPC1 KLPC1 6

3 Immersion in water 55°C 10 min UFPC2 KLPC2 6

a Immersion in ethanol 10% 5 min UF10%E KL10%E 6
and ultrasonic wave 55°C

5 Immersion in ethanol 20% 5 min UF209%E KL20%E 6
and ultrasonic wave 55°C

6 Immersion in ethanol 30% 5 min UF30%E KL30%E 6
and ultrasonic wave 55°C

7 Immersion in ethanol 40% 5 min UF40%E KL40%E 6
and ultrasonic wave 55°C

8 Immersion in ethanol 50% 5 min UF50%E KL50%E 6
and ultrasonic wave 55°C

Residual monomer extraction procedure
1. After the postpolymerization treatment, all specimens were broken

into small pieces in order to prepare three samples with a weight of 650 mg for each

sample.



35

Figure 9. Each sample was weighed by the Sartorius BP1105 digital scale

2. For each sample, 10 ml of solution A was added as an extraction solvent.
The sample solutions were magnetically stirred by using a clean 3-mm

polytetrafluoroethylene-coated for magnetic stirring bar for 72+2 h.
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Figure 10. Solution A was added in the sample with magnetic stirring bar

Figure 11. Magnetic stirrer (Diligent, Bangkok, Thailand)

3. To precipitate the dissolved polymer, 8 ml of solution B was added to

2 ml of each of the previously prepared samples to final volume.
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a. Each sample was shaken then laid down 20 min. Five mL of the
clear solution from each flask was transferred to glass centrifugation tubes,
centrifuged at 3000 rpm for 15 min at 25 °C (Avanti J-E, Beckman Coulter, CA, USA).

5. Determined each sample that there was no remaining polymer in the

solution by filter. Each sample was transferred to vial 2 mL to assess RM content.

Figure 12. Centrifugal machine (Beckman Coulter, CA, USA)

Figure 13. The clear final sample to analyze by HPLC
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6.  The supernatant of each sample was analyzed by a high
performance liquid chromatography (HPLC) system (Shimadzu, Kyoto, Japan.
Prominence system; RP-18-Lichrospher-Merck column; mobile phase of

water/methanol (34:66); flow rate of 0.8 ml/min; UV light wave length 205 nm

detector).
HALC Column
Focking Mo - Chromotogrom
Peoks = Yelow, Tod. Moo
- y 4
Injfector
AutoSampler
Semple Monoger
; Computer Data Station
Solvent ) ) - -
Mobile Phase) Sample
Reservoir
Pomp
Solvent Manoger

Solvent Delivery System

Woste

Figure 14. HPLC system

Method for Calibration curve

Calibration solutions for HPLC were prepared by making at least 5 standard
solutions with various concentrations of MMA for Unifast Trad and IBMA for Kooliner
(i.e. 6 mg, 60 mg, 150 mg, 300 mg and 400 mg by weight) into a glass flask of 5 mL.
Solution C was added until the total volume is 5 ml. Then, 100 ul of each calibration
solution was transferred into a glass flask of 10 ml. Solution C was added until the
total volume was 10 ml.

The mass of MMA or IBMA was recorded and the final concentrations were
calculated in percent of mass. If the MMA or IBMA content of the sample solutions
did not fit within the extreme MMA or IBMA concentrations of the calibration graph,

additional calibration points were made.



39

Residual monomer determination

The standard curve was used to determine the concentration in microgram of

MMA (1) and IBMA (2), C per milliliter of analyzed sample solution.

FX) = (2.21898%10") x + 305459 (1)

£(x) = (1.70872*10") x + 685739 ()
These were standard curves. Where £(x) was absorbance area of MMA or IBMA by UV

detector and x= MMA or IBMA concentration.

The quantity of residual monomers (ug) in 1 ¢ of each sample was calculated

according to the following equation:

M = [Cx (10/2) x 10°] (3)
Where * was the tetrahydrofuran amount and ** was the methanol amount used for

extraction.

Residual monomer (% mass fraction) = (M/ Mgmge) x 100 (4)

Where Mgmpie is the mass of sample, in micrograms.

Flexural properties determination
Sample preparation

1. Al specimens were prepared from stainless steel mold as
recommended by I1SO 20795-1. (2013) (45) (a length of 64 mm, a width of 10.0+0.2
mm, and a height of 3.3+0.2 mm)

2. Eighty specimens of each material were prepared following the
recommendations of the manufacturer (powder to liquid ratio is 2.0 ¢ : 1mL for
Unifast Trad and 1.4 g : 1 mL for Kooliner) and the mixture was placed into a metal

mold.
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Figure 15. The rectangle mold recommended by 1SO 20795-1
3. All specimens were carefully ground with 500 and 1200-grit silicon
carbide paper to remove excess material. Before testing, the specimens were stored

in water at 37+2°C for 50+2 h, as recommended by ISO 20795-1 (2013) (45).

Flexural strength and Flexural modulus test

1. The average of individual measures of each specimen (width and
thickness) was measured by a digital vernier caliper. Inserted value in the software
before testing.

2. Using a Shimadzu universal testing machine, a 3-point bending test
was performed at a crosshead speed of 5 mm/min with a 50 mm distance between
the supports.

The fracture load was recorded in Newton (N). The flexural strength was
expressed in MPa and calculated using the following form
FS= 3*W*L (5)
2%pb*d’
Where FS was the flexural strength, W was the maximum load before fracture (N), L
was the distance between the supports (50 mm), b was the width of the specimen
(mm), and d was the thickness of the specimen (mm).
The flexural modulus was calculated using the following formula:
E= F *° (6)
4*b*d’*h
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Where F; was the load, in N, at a point in the straight line portion (with the maximum
slope) of the load/deflection curve, h was the deflection, in mm, at load F, (L, b, d

are as previously defined).

Statistical analysis

The data of RM content and flexural properties in Unifast Trad and Kooliner
were analyzed using One-sample Kolmogorov-smirnov and Levene test to evaluate
distribution and variances respectively. If the data were normally distribution and
equal variance. The mean values of properties of experimental groups were
compared by one-way analysis of variance (ANOVA) followed by Tukey HSD at a
significance level Ol = 0.05. Statistical analyses were performed using SPSS software

(SPSS ver.17, IBM, New York, NY, USA).
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The retention time of MMA and IBMA were 2.499 and 2.364 min respectively.

Concentrations of standard solutions were injected into HPLC system to create the

chromatograms of standard solutions of MMA and IBMA (Figure 16. and 19.) and the

chromatograms of sample solutions of MMA and IBMA. (Figure 18. and 21.) The

standard curve was calculated from HPLC chromatograms. The RM content was

determined from standard calibration curve. (Figure 17. and 20.)
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Figure 17. Standard calibration curve of MMA
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Table 4: Means and standard deviations of residual monomer content of the

experimental groups in Unifast Trad (UF)

Group Postpolymerization Time Code RM(mg%)
treatment

1 Control - UFNC 3.087 + 0.132

2 Immersion in water 50°C 60 min  UFPC1 2.134 + 0.125

3 Immersion in water 55°C 10 min  UFPC2 2.508 £+ 0.153

al Immersion in ethanol 10% 5min  UF10%E  2.204 + 0.098
and ultrasonic wave 55°C

5 Immersion in ethanol 20% 5 min UF20%E  2.360 + 0.185
and ultrasonic wave 55°C

6 Immersion in ethanol 30% 5min  UF30%E  1.643 + 0.139
and ultrasonic wave 55°C

7 Immersion in ethanol 40% 5 min UF40%E  1.255 + 0.128
and ultrasonic wave 55°C

8 Immersion in ethanol 50% 5min  UF50%E  1.164 + 0.101

and ultrasonic wave 55°C




Table 5: Means and standard deviations of residual monomer content of the

experimental groups in Kooliner (KL)

a6

Group Postpolymerization Time Code RM(mg%)
treatment

1 Control - KLNC 2.258 + 0.407

2 Immersion in water 50°C 60 min KLPC1  1.556 + 0.327

3 Immersion in water 55°C 10 min KLPC2  2.012 + 0.282

a4 Immersion in ethanol 10% 5 min KL10%E 1.685 +0.117
and ultrasonic wave 55°C

5 Immersion in ethanol 20% 5 min KL20%E 1.573 + 0.040
and ultrasonic wave 55°C

6 Immersion in ethanol 30% 5 min KL30%E 1.837 + 0.207
and ultrasonic wave 55°C

7 Immersion in ethanol 40% 5 min KL40%E 1.617 +0.169
and ultrasonic wave 55°C

8 Immersion in ethanol 50% 5 min KL50%E 1.375 + 0.211

and ultrasonic wave 55°C

Part 1: No postpolymerization groups (UFNC and KLNC) were used as control

One-way ANOVA of RM content evaluation of both materials indicated

significant differences among experimental groups. (p<0.05) (Figure 22. and 23.) All

postpolymerization treatment groups of the UF demonstrated decrease of RM content

significantly when compared with the UFNC group. The UF50%E group showed the

maximum reduction of RM content, followed by the UF40%E group which did not

significant different compared with the UF50%E group. The UF30%E group had less RM

reduction significantly when compared with the UF50%E and UF40%E groups. The
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least RM reduction was showed in UF10%E group which no significant difference when
compared with that in the UF20%E group. The KLPC1, KL10%E, KL20%E, KL40%E and
KL50%E groups demonstrated decrease of RM content significantly when compared
with the KLNC group. There was no significant difference of RM content in the KL10%E,
KL20%E and KL40%E groups. Additionally, the KL50%E group showed the RM content
was less than the KL30%E group significantly.

One-way ANOVA of flexural strength data of both materials demonstrated no
significant differences between postpolymerization treatment groups and NC group.
(p=0.05) (Figure 24. and 25.) In Unifast Trad, there was no significant difference of
flexural strength in postpolymerization treatment in ethanol solutions under ultrasonic
wave groups. In Kooliner, there was no significant difference of flexural strength in the
KL10%E, KL20%E, KL30%E and KL40%E groups. The KL50%E group showed less flexural
strength when compared with the KL20%E group significantly. Flexural modulus data
of both materials demonstrated significant differences among experimental groups.
(p<0.05) (Figure 26. and 27.) Flexural modulus of the UFPC1 and UFPC2 groups were
significantly increased when compared with the UFNC group. There was no significant
difference in flexural modulus between UFNC group and groups of postpolymerization
treatment in ethanol solutions under ultrasonic wave. Additionally, there was no
significant difference in flexural modulus in the UF20%E, UF30%E, UF40%E and
UF50%E groups. The UF10%E group showed the maximum of flexural modulus when
compared with the other groups of postpolymerization treatment in ethanol solutions
under ultrasonic wave. In Kooliner, the KL10%E group was significantly increased in
flexural modulus when compared with the KLNC group. There is no significant
difference of flexural modulus in postpolymerization treatment in ethanol solutions

under ultrasonic wave groups.

Part 2: The Immersion in water 50°C 60 min groups (UFPC1 and KLPC1) were used as
control

One-way ANOVA of RM content evaluation of both materials indicated
significant differences among groups of postpolymerization treatment in ethanol

solutions under ultrasonic wave and group of immersion in water 50°C 60 min. (p<0.05)
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(Figure 22. and 23.) Compared with the UFPC1 group, the UF10%E and UF20%E groups
showed no significant reduction of RM content, while the UF30%E, UF40%E and
UF50%E groups showed significant reduction of RM content. The UF50%E group
showed the maximum reduction of RM content, followed by the UF40%E group which
did not significant difference in RM content compared with the UF50%E group. In KL,
all eroups of the postpolymerization treatment in ethanol solutions under ultrasonic
wave demonstrated no significant difference in RM content compared with the KLPC1
group.

Compared with UFPC1 and KLPC1 groups, all groups of postpolymerization
treatment in ethanol solutions under ultrasonic wave demonstrated no significant
differences in flexural strength. One-way ANOVA of flexural modulus data of both
materials  demonstrated  significant  differences among groups of the
postpolymerization treatment in ethanol solutions under ultrasonic wave and group
of immersion in water 50°C 60 min. (p<0.05) (Figure 26. and 27.) In Unifast Trad, the
flexural modulus of all groups of postpolymerization treatment in ethanol solutions
under ultrasonic wave, except the UF10% group were significant decreased when
compared with that of UFPC1 group. In Kooliner, there was no significant difference in
flexural modulus between all groups of postpolymerization treatment in ethanol

solutions under ultrasonic wave groups and KLPC1 group.

Part 3: The Immersion in water 55°C 5 min groups (UFPC2 and KLPC2) were used as
control

One-way ANOVA of RM content evaluation of both materials indicated
significant differences among groups of postpolymerization treatment in ethanol
solutions under ultrasonic wave and group of immersion in water 55°C 5 min (p<0.05)
(Figure 22. and 23.) Compared with the UFPC2 group, the UF20%E group showed no
significant reduction of RM content, while the UF10%E, UF30%E, UF40%E and UF50%E
groups showed significant reduction of RM content. The UF50%E group showed the
maximum reduction of RM content, followed by the UF40%E group which did not
significant difference compared with the UF50%E group. Compared with that of KLPC2
group, only KL50%E group was significantly different in RM content.
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One-way ANOVA of flexural strength data of both materials demonstrated
significant differences. (Figure 24. and 25.) The flexural strength of the UF groups except
UF40%E and UF50%E groups showed significant decreased when compared with that
of UFPC2 group. Compared with KLPC2 group, all KL groups of postpolymerization
treatment in ethanol solutions under ultrasonic wave demonstrated no significant
differences in flexural strength. One-way ANOVA of flexural modulus data of both
materials  demonstrated = significant  differences among groups of the
postpolymerization treatment in ethanol solutions under ultrasonic wave and group
of immersion in water 55°C 5 min.(p<0.05) (Figure 26.and 27.) The flexural modulus
data of all UF groups of postpolymerization treatment in ethanol solutions under
ultrasonic wave, except the UF10%E group were significant decreased compared with
that of UFPC2 group. Compared with the KLPC2 group, the flexural modulus of only
the KL10%E and KL209%E groups were significant differences but that of the KL30%E,

KL40%E and KL50%E groups were not significant differences in flexural modulus.
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Figure 22. Means and standard deviations of residual monomer content in all

postpolymerization treatment groups in Unifast Trad. Identical letters denote no

sienificant differences among groups. (p=0.05)
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postpolymerization treatment groups in Kooliner. Identical letters denote no

significant differences among groups. (p=0.05)
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Figure 24. Means and standard deviations of flexural strength in all
postpolymerization treatment groups in Unifast Trad. Identical letters denote no

sienificant differences among groups. (p=0.05)
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Figure 25. Means and standard deviations of flexural strength in all

postpolymerization treatment groups in Kooliner. Identical letters denote no

significant differences among groups. (p=0.05)
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Figure 26. Means and standard deviations of flexural modulus in all
postpolymerization treatment groups in Unifast Trad. Identical letters denote no

sienificant differences among groups. (p=0.05)
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CHAPTER V DISCUSSION AND CONCLUSION

In the present study, the effect of concentrations of ethanol solution under
ultrasonic wave as postpolymerization treatment was evaluated in order to reduce
RM content in autopolymerizing hard reline acrylic resins and maintain their
mechanical properties. The RM content affects the mechanical properties of resins
and causes of mucosal damage. Additionally, the oxidation of methacrylate groups
and the decomposition of oxygen-methacrylate copolymer chains have attributed to
formation of formaldehyde, which known potent allergen (6). The maximum
allowable RM content in autopolymerizing acrylic resins is 4.5 mg%, defined by ISO
20795-1 (45). The RM amount of all experimental groups passed this threshold value.

The result revealed that all postpolymerization treatment groups significantly
reduced more RM content than the NC group. Hence, the first hypothesis was
rejected. When all groups of postpolymerization treatment in ethanol solutions
under ultrasonic wave compared with group of immersion in water 50°C 60 min
(UFPC1 and KLPC1), there were significant differences in RM content of UF10%E-50%E
groups. By contrast, there was no significant difference in mean of RM content
between the KL10%E-50%E groups and KLPC1 group. Hence, the second hypothesis
was rejected in Unifast Trad but accepted in Kooliner. When all groups of
postpolymerization treatment in ethanol solutions under ultrasonic wave compared
with group of immersion in water 55°C 10 min (UFPC2 and KLPC2), there were
significant differences in RM content between at least one group of
postpolymerization treatment with variation of ethanol solutions under ultrasonic
bath and group of immersion in water 55°C 10 min. Thus, the third hypothesis was
rejected.

There was no significant difference in flexural strength between all
postpolymerization treatment groups and NC group. In addition, there was no
significant difference in flexural strength between groups of postpolymerization
treatment with ethanol solutions under ultrasonic wave and group of immersion in

water 50°C 60 min. Thus, the fourth and fifth hypothesis were accepted. When all
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groups of postpolymerization treatment in ethanol solutions under ultrasonic wave
compared with group of immersion in water 55°C 10 min, there were significant
differences of flexural strength in UF10%E-30%E groups. By contrast, there was no
significant difference between the KL10%E-50%E groups and KLPC2 group. Thus the
sixth hypothesis were rejected in Unifast Trad but accepted in Kooliner.

There were significant differences in flexural modulus between experimental
groups and NC group in both of materials. Thus, the seventh hypothesis was rejected.
When all groups of postpolymerization treatment in ethanol solutions under ultrasonic
wave compared with group of immersion in water 50°C 60min (UFPC1 and KLPC1), the
flexural modulus were decreased in UF20%E-50%E groups but there was no significant
difference with KLPC1 group. So, the eighth hypothesis was rejected in Unifast Trad
but accepted in Kooliner. The last hypotheses was also rejected because the flexural
modulus were decreased in UF20%E-50%E groups and increased in KL10%E and
KL20%E groups significantly when all groups of postpolymerization treatment in
ethanol solutions under ultrasonic wave compared with groups of UFPC2 and KLPC2
respectively.

According to ISO, there are 2 methods to evaluate RM content; gas
chromatography (GC) and high performance liquid chromatography (HPLC) (45). HPLC
method was chosen in this study as this method was more sensitive and precise than
GC method (46). Moreover, the cost of HPLC method was cheaper than that of GC to
identify the compounds. This study focus on autopolymerizing hard reline acrylic
resins; Unifast Trad and Kooliner that composed of MMA and IBMA monomers
respectively. Both of them are monofunctional monomers. As the polymerization
progresses, the high viscosity of polymer mixture decreases the monomer mobility
resulting in unreacted methacrylate groups of monomers remain as RM content that
can leach out from the polymerized material. Part of the bifunctional (dimethacrylate)
monomers react only to one of the double bond of methacrylate group, resulting in
pendant molecules, which remain bound within the polymer network, and are not
free to leach. This may help explain why the RM levels of hard reline resins with
monofunctional monomers, even though they all had the similar degree of conversion

(47). Thus, postpolymerization treatment will help reducing RM of hard reline resins
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with monofunctional monomers distinctly. Especially, the results in Unifast Trad
reduced RM content more than Kooliner since the lower molecular weight monomer
is more liable to leach from the polymer matrix than high molecular weight monomer
(48). The molecular weight of MMA and IBMA are 100.18 ¢/mol and 142.19 ¢/mol
respectively. Ultrasonic wave was used to be a postpolymerization treatment in
autopolymerizing acrylic resins in the study of Charasseangpaisarn T. and
Wiwatwarrapan C. (8) They recommended using ultrasonic wave at low frequencies (40
kHz) at 50°C for 5 min to reduce waiting time for patients because the RM content
from this method was not significant differences from that of immersion in water 50°C
for 60 min. High temperature has also been considered an important element in the
postpolymerization treatment of acrylic resins since it seems to help furthering
consumption of RM content during polymerization (26, 49). Ethanol molecules
penetrate into the space between polymer chains. Ethanol molecules also swell to
the polymer matrix, promoting the RM diffusion from the polymer. Moreover, the study
of Neves C. et al. (2013) found that postpolymerization treatment with 50% of ethanol
solution at 55+2°C 10 min promoted reducing the RM content significantly more
reducing the RM content than immersion in water 55+2°C 10 min. Nevertheless, high
concentration of ethanol solution does not only enhance reducing RM content but
also increase the size of the inner porous, promoting changes on resins network
structure (9). They found that ethanol 70% showed more reduction in RM content but
they also found this group produced internal weakness of the material. In this study,
we believe that proper concentration of ethanol, temperature and ultrasonic
frequencies can reduce RM content effectively in autopolymerizing hard reline acrylic
resins and also save waiting time for patients. Therefore, the purpose of this study to
determine the proper concentration of ethanol under ultrasonic waves to decrease
RM content in autopolymering hard reline acrylic resins and maintain their mechanical
properties. In this study we also test flexural strength and flexural modulus to evaluate
mechanical properties. The replacement of RM molecules with solvent molecules has
been related to plasticizing effect. The stronger effect from the temperature of
postpolymerization significantly increase in flexural strength of acrylic resins (50).

Determining the most effective postpolymerization treatment should be the group
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that reduces the RM content effectively while the flexural properties of the group that

be chosen are not negative effects.

When compared with no postpolymerization treatment (UFNC, KLNC)

All postpolymerization treatment more reduced RM content in Unifast Trad

significantly than NC group and there was no difference in mechanical properties.

Immersion in water 50°C for 60 min (UFPC1) has been recommended for several years

to reduce RM content in autopolymerizing acrylic resins (6). According to waste of
waiting time, several studies have been searched for the method that reduce RM
content properly and decrease waiting time. In addition, groups of postpolymerization
treatment in ethanol solutions under ultrasonic bath showed the more concentration
of ethanol used to treatment, the more RM content released. Because of the
correlation between the chemistry of a solvent and monomer solubility, Hildebrand
solubility parameter (6), liquid which are similar values of 6 seem to be miscible (9).
The & of the MMA and IBMA is 8.91 (cal/cm®)"?and 8.2 (cal/cm?®)¥? respectively, which
closer to the ethanol than to the water. The & of ethanol and water is 12.92 (cal/cm?)*2
and 23.4 (cal/cm?®)¥? respectively (51). The UF50%E group was the most effective
reducing RM content. The RM content in UF40%E g¢roup was not significantly
differences in UF50%E group. However, we also considered in the flexural properties,
there was no significant difference between UF40%E and UFNC groups. In Unifast Trad,
the UF40%E group was the most effective postpolymerization treatment to reduce RM
content and maintain flexural properties when compared with the group of no
postpolymerization treatment.

The KLPC1, KL10%E, KL20%E, KL40%E and KL50%E groups reduced RM
significantly when compared with the group of no postpolymerization treatment. The
KL10%E group was chosen owing to efficiency to decrease RM content and maintain
the flexural properties. Using less concentration of ethanol solution can save cost in
clinic and avoid internal weakness in material. Even the efficiency of releasing RM in

KL10%E group was not different from immersion in water 50°C for 60min group but
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KL10%E group reduced more waiting time for patients and the flexural properties were

not showed negative results.

When compared with immersion in water 50 C for 60 min (UFPC1, KLPC1)

In Unifast Trad, there was no significant difference in RM content among
UF109%E, UF20%E and UFPC1 groups. When compared with UFPC1 group, the UF10%E
group was chosen to be the method that decrease the same level of RM content as
the UFPC1 group. This method was recommended to reduce RM in autopolymerizing
acrylic resins (6) while the UF10%E group wasted less waiting time. Moreover, the
UF10%E and UFPC1 groups had no significant difference in flexural properties. Focus
on ethanol solution, we can save cost in clinic by using as least as possible of ethanol
concentration to reduce RM content properly.

When all groups of postpolymerization treatment in ethanol solutions under
ultrasonic wave compared with KLPC1 group, there was no significant difference in
reducing the RM content between the postpolymerization and KLPC1 groups. The
KL10%E group was chosen because its reduction of RM content was the same level as
that of KLPC1 group, while KL10%E group maintained the flexural properties of the
resins and reduced more waiting time. The KL10%E group was also the cheapest group

of immersion in ethanol solution under ultrasonic wave.

When compared with immersion in water 55 C for 10min (UFPC2, KLPC2)

Immersion in water 55°C for 10min (UFPC2) has already proven to be an
effective postpolymerization treatment to reduce RM content (7). In Unifast Trad, when
compared with UFPC2 group, all experimental groups reduced RM content significantly
except the UF20%E group. The UF10%E group was chosen to be a method that
reduced RM properly when all groups of polymerization treatment in ethanol solution
under ultrasonic wave groups compared with UFPC2 group. Even the flexural strength
of UF10%E group was less than UFPC2 but flexural modulus was considered only the
UF10%E group that still keeping the same level of flexural modulus as UFPC2. Thus,

high concentration of ethanol solution may affect flexural modulus.
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The KL10%E group can reduce RM as same level as KL20%E, KL40%E and
KL50%E groups but there was no difference from KLPC2 group. We interested in less
concentration of ethanol solution that reduced RM content properly. The KL10%E
group was chosen when compared with that of KLPC2 group. The flexural strength of
KL10%E group was also showed no significant difference from that of KLPC2 group.
Moreover, the flexural modulus of KL10%E group was more than that of KLPC2 group
due to compensated by increasing duration of heat in KL10%E group that promoted

mechanical properties of the materials (9). To compared with previous study of Neves

C. et al,, they recommended that immersion in 50% ethanol solution 55%£2°C for 10min

(9). This study found that postpolymerization with ethanol solutions under ultrasonic
wave reduced RM effectively owing to less concentration of ethanol and waiting time
were used than previous study. Additionally, the flexural properties were maintained.

According to their benefits, autopolymerizing hard reline acrylic resins are
commonly used for denture fabrication in the clinic. The results of the present study
can be applied in the dental office to reduce the RM content exposure to patients.
Moreover, this treatment is easy to achieve with simple equipment in a dental office
and only requires a short amount of time. However, this study did not investigate other
mechanical properties after postpolymerization treatment with ethanol solution under
ultrasonic wave. Future studies should focus on this topic to confirm our results in

autopolymerizing hard reline acrylic resins.

Conclusion

Under our experimental conditions, a postpolymerization treatment with
ethanol solutions under ultrasonic wave is another method to reduce RM content of
autopolymerizing hard reline acrylic resins while this method keeps their flexural
properties.

-When compared with no postpolymerization treatment group.

In Unifast Trad, immersion in 40% ethanol solution under ultrasonic bath (40

kHz) at 55°C for 5min was chosen to be the most effective postpolymerization

treatment because this method reduced more RM content than previous studies
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effectively. Additionally, this method maintained their flexural properties and saved
time in clinic.

In Kooliner, immersion in 10% ethanol solution under ultrasonic bath (40 kHz)
at 55°C for 5min was chosen because this method reduced RM content as same level
as immersion in water 50°C for 60min and 55°C for 10min but this method had less

waiting time for patient.

-When compared with immersion in water at 50 c for 60min

In Unifast Trad, immersion in 10% ethanol solution under ultrasonic bath (40
kHz) at 55°C for 5min was chosen because this method had less waiting time to reduce
RM content in the same level of immersion in water 50°C for 60min and no negative
effect in flexural properties.

In Kooliner, immersion in 10% ethanol solution under ultrasonic bath (40 kHz)
at 55°C for 5min was chosen because this method reduced RM content as same level
as immersion in water 50°C for 60min but this method had less waiting time for patient.

-When compared with immersion in water at 55°C for 10min

In Unifast Trad, immersion in 10% ethanol solution under ultrasonic bath (40
kHz) at 55°C for 5min was chosen because this method had less waiting time to reduce
RM content in the same level of immersion in water 55°C for 10min and no negative
effect in flexural properties.

In Kooliner, immersion in 10% ethanol solution under ultrasonic bath (40 kHz)
at 55°C for 5min was chosen because this method reduced RM content as same level

as immersion in water 55°C for 10min but this method had less waiting time for patient.
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Table7. One-Sample Kolmogorov-Smirnov test analysis of the data distribution (RM

content in Unifast Trad)

Group Code N Asymp. Sig.
(2-tailed)
1 UFNC 6 0.999
2 UFPC1 6 0.997
3 UFPC2 6 0.996
4 UF10%E 6 0.990
5 UF20%E 6 0.996
6 UF30%E 6 0.963
7 UF40%E 6 0.884
8 UF50%E 6 0.996

Table8. The Levene Statistical analysis of RM content in Unifast Trad

Test of Homogeneity of YVariances

R
Levene
Statistic ot of2 Sig.
.Fan T 40 .00

Table9. One-way ANOVA analysis of RM content in Unifast Trad

AHOVA
R
Sum of
Squares of Mean Sgquare F Sig.
Betweaen Groups 17.960 T 2,566 140,295 .oon
Wiithin Groups T3z 40 018
Total 18.682 47




Table10. Multiple comparisons analysis of RM content in Unifast Trad

Dependent Yariable:RM

Multiple Comparisons

68

95% Confidence Interval
fean
Difference (-

i group o group Q) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD  control wateralc 60mins 952837 .ovaora .0ao F0326 120241
wateraac 10mins A7916T 078078 Rilili] 32959 82874

ethanall 0 Ba2s00 078078 Rilili] 63292 1.13208

ethanol20 726337 078078 Rilili] ATETE 874491

ethanal30 1 443167 078078 Rilili] 1.19358 1.69274

ethanald0 1.831667 07a0re .noa 1.58209 2.08124

ethanals0 1922833 078078 Rilili] 1.67326 217241

wateralc 60ming  contral -852833 078078 Rilili] -1.20241 - 70326
watersae 10mins - 373667 078078 Riiy| - 62324 -12404

ethanall 0 -070333 078078 484 3189 7924

ethanal20 -.226500 078078 094 - 47608 02308

ethanol30 480337 078078 Rilili] 24076 739491

ethanald0 aree3d 078078 .noa 62926 1.12841

ethanols0 a7ooo0” 078078 Rilili] 2042 1.21958

watersse 10ming  control -ATR16T 078078 Rilili] -.82874 32959
wateralc 60mins AT36ET 078078 Riiy| 12408 F2324

ethanol1 0 303337 078078 xnos 05376 552491

ethanol20 147167 078078 564 -10241 39674

ethanol30 B&E4000° 078078 Rilili] B1442 1.11358

ethanold0 1.252500° 078078 Rilili] 1.00282 1.50208

ethanals0 1.343667 078078 Rilili] 1.09408 1.59324

ethanol10 cantrol -.882500° 078078 Rilili] -1.13208 - E3292
wateralc 60mins 070333 078078 484 -17924 319491

wateraac 10mins -303337 078078 .0og -.8529 -05376

ethanol20 - 156167 078078 494 - 40674 09341

ethanal30 BEOBET 078078 Rilili] 31108 81024

ethanald0 949167 078078 .noa 69959 1.19874

ethanals0 1.04033% 078078 Rilili] 79076 1.28991
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ethanol20 conral - 726333 0raova .000 - 47 - ATETE
waterdlc B0mins 226500 [ .078073 099 -02308 ATE0g
waterdsc 10mins - 147167 | 078073 569 - 39674 10241
ethanol10 186167 [ 078073 454 09341 40874
ethanal30 716837 0raove .000 46726 96641
ethanol40 1106333 0raove .000 B8ATE 1.35491
ethanalal 1 196500° 0raove .000 848492 1.44608
ethanol30 conral -1 443167 0raova .000 -1.69274 -1.19354
waterdlc B0mins - 490333 0rg0va .000 - 73 - 24076
waterdsc 10mins - 8540007 0raova .000 -1.113458 -fi1442
ethanaol10 - BEOBET 0raova .000 -81024 -31104
ethanol20 - 716833 lraova .000 - 96641 -ABT26E
ethanal40 ases0n” 0raove .000 138492 3808
ethanola0 ATIBET" 0rg0va .000 .23004 12824
ethanal40 contral -1 831667 0raove .000 -2.08124 -1.48204
waterdlc B0mins -.878833 0raova .000 -1.1284 - B2926
waterdsc 10mins -1.252500° 0raova .000 -1.50208 -1.00292
ethanol10 - 949167 0raova .000 -1.194874 -.69954
ethanol20 1105337 lraova .000 -1.354M - BE4TE
ethanal30 -.388500° 0raove .000 -.63808 -.13882
ethanalal 091167 | 078078 936 - 16841 34074
ethanolal conral -1.922833 [rs07a .000 -217IN -1.67326
waterdlc B0mins - 870000 0raova .000 -1.21958 - 72042
waterdse 10mins -1.343667 0raova .000 -1.59324 -1.09408
ethanol10 -1.040333 0raova .000 -1.289 - 79076
ethanol20 -1.196500° 0raova .000 -1.44608 - 94692
ethanol30 - 479667 lraova .000 - 72924 -.23008
ethanal40 -091167 | 078078 936 - 34074 158417




Tablel1. Tukey’s HSD analysis of RM content in Unifast Trad

70

RM
Subsetfor alpha =005

graup M 1 2 3 4 a
Tukey HSD?  ethanolal 6 [ 1.16383

ethanaldd 6 [ 1.25500

ethanal30 ] 1.64350

wateralc BOming ] 213383

ethanal1d G 22047

ethanalzd ] 236033 | 2.36033

watardse 10ming ] 250750

control G 3.086687

Sig. H36 1.000 099 Ralae] 1.000

Means far groups in homogeneous subsets are displayed.
a. Uzes Harmaonic Mean Sample Size = 6.000.

Table12. One-Sample Kolmogorov-Smirnov test analysis of the data distribution (RM

content in Kooliner)

Group Code N Asymp. Sig. (2-

tailed)
1 KLNC 6 0.987
2 KLPC1 6 0.811
3 KLPC2 6 0.986
4 KL10%E 6 0.960
5 KL20%E 6 0.900
6 KL30%E 6 0.861
7 KL40%E 6 0.996
8 KL50%E 6 0.811




Table13. The Levene Statistical analysis of RM content in Kooliner

percent_monomers

Test of Homogeneity of Variances

Levene
Statistic df1 df2 Sig.
2.094 7 40 067

Table14. One-way ANOVA analysis of RM content in Kooliner

ANOVA
percent_monomers
Sum of
Squares df Mean Square F Sig.
Between Groups 3.380 7 484 2.0049 .0oo
Within Groups 24149 40 060
Total 5.809 a7

Tablel15. Multiple comparison analysis of RM content in Kooliner

Dependent¥ariable: percent_monomers

Multiple Comparisons

71

~ Mean 95% Confidence Interval
Difference (I-

{0 group )y group N)] Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD contral waters0c60m 02500 141878 000 24867 1158633
water55c10m 246167 1414978 BGE - 20766 70000

ethanol10 572833 141978 .0os 11400 1.02666

ethanal20 5500 141878 001 23167 1.13833

ethanol30 420833 1414878 086 -.03300 BT466

ethanold0 B41167 141978 .o 18734 1.08500

ethanol50 882833 141978 oo 42900 1.33666

waters0cg60m contral -.702500 141878 000 -1.168633 -. 24867
water55c10m -.456333 1414978 048 -91016 -.00250

ethanol10 - 129667 141978 883 -.58350 32418

ethanal20 -.017000 141878 1.000 - 47083 A3683

ethanol30 -. 281667 1414878 &05 -. 73550 AT218

ethanold0 - 061333 141978 1.000 -51516 39250

ethanol50 180333 141978 804 -.27350 B34186
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waterS5c10m  control - 246167 141978 666 -.70000 20766
wateri0cE0m 456333 | 141978 048 00250 91016
ethanol10 326667 141978 38 -12716 TB0450
ethanol20 439333 141978 064 -.01450 89316
ethanol30 A74667 141978 g18 -27916 62850
ethanol40 395000 141978 128 -.05883 84883
ethanols0 GI6EET | 141978 .0m 18284 1.08050

ethanol10 control -672833 141978 .005 -1.02666 -11800
waters0cE0m 129667 141978 983 -32416 58350
water55e10m - 326667 141978 318 -.78050 A2716
ethanol20 A12667 141978 993 -34116 A6E50
ethanol30 -152000 141978 858 -60583 30183
ethanol40 068333 141978 1.000 -.38550 52216
ethanols0 310000 141978 383 -.14383 76383

ethanol20 control - 685500 141978 .0m -1.13933 - 23167
watera0cG0m 017000 141978 1.000 -43683 47083
waterisc10m -438333 141978 064 -.89316 01450
ethanol10 - 112667 141978 993 - 56650 34116
ethanol30 - 264667 141978 582 - 71850 18916
ethanol40 -.044333 141978 1.000 -459816 40850
ethanols0 197333 141978 .BAE -.25650 65116

ethanol3l control -420833 141978 086 - 87466 03300
waters0c60m 281667 141978 505 -17216 73550
watersse10m - 174667 141978 18 -62850 27916
ethanol10 452000 141978 858 -.30183 60583
ethanol20 264667 141978 582 -18916 71850
ethanol40 220333 141978 J75 -.23350 BT416
ethanols0 4620007 | 141978 043 0os17 91583

ethanol40 control - 641167 141978 .0m -1.08500 -18734
water50c60m 061333 141978 1.000 -.39250 A1516
waterasc10m -.395000 141978 A28 -.84883 05883
ethanol10 -068333 141978 1.000 -52216 38550
ethanol20 044333 141978 1.000 -.40950 49816
ethanol30 -.220333 141978 J75 - 67416 23350
ethanols0 241667 141978 686 - 21216 68550

ethanolal control -.882833 141978 .0oo -1.33666 -42800
wateri0cG0m -180333 141978 804 - 63416 27350
watersse10m - 636667 | 141978 .00 -1.08050 -18284
ethanol10 -.310000 141978 383 - 76383 14383
ethanol20 -187333 141978 .BA6 - 65116 25650
ethanol30 - 4620007 | 141973 .043 -91583 -00817
ethanol40 - 241667 141978 Ga6 - 69550 21216




Tablel6. Tukey’s HSD analysis of RM content in Kooliner

percent_monomers

Suhsetfor alpha=0.05
qroup I 1 2 3 4

Tukey HSD®  ethanol50 ] 1.37533

waterslcG0m 6 | 1.55667 | 1.55867

ethanol20 6 | 1.57267 | 1.57267 | 1.57267
ethanol40 6 | 1.61700 | 1.61700 | 1.61700
ethanaol10 6 | 1.68533 | 1.68533 | 1.68533
ethanol30 ] 1.83733 | 1.83733 | 1.83733
waters5e10m ] 201200 | 2.01200
control G 225817
Sig. .383 605 064 086

Means for groups in homogeneous subsets are displayed.
a. lUses Harmonic Mean Sample Size = 6.000.

Tablel7. One-Sample Kolmogorov-Smirnov test analysis of the data distribution

(flexural properties in Unifast Trad)

Group Code N Asymp. Sig.  Asymp. Sig. (2-
(2-tailed)(FS) tailed)(FM)

1 UFNC 10 0.760 0.993
2 UFPC1 10 0.944 0.863
3 UFPC2 10 0.944 0.999
4 UF10%E 10 0.757 0.958
5 UF20%E 10 0.492 0.831
6 UF30%E 10 0.556 0.840
7 UF40%E 10 0.436 0.981
8 UF50%E 10 0.918 0.949




Tablel8. The Levene Statistical analysis of flexural strength in Unifast Trad

Test of Homogeneity of Wariances
FS

Levene
Statistic dfl df2 Sig.

424 7 72 52

Table19. The Levene Statistical analysis of flexural modulus in Unifast Trad

Test of Homogeneity of Variances
F i

Levene
Statistic dfi df? Sig.

940 i T2 482

Table20. One-way ANOVA analysis of flexural strength in Unifast Trad

ANOVA
FS
Sum of
Squares of Mean Square F Sin.
Between Groups 256,294 ¥ 36.613 2773 013
Within Groups 950.728 72 13.205
Total 1207.022 TH

74



Table21. One-way ANOVA analysis of flexural modulus in Unifast Trad

ANOVA
Fhd
Sum of
Squares of Mean Sgquare F Sii.
Between Groups 1354122.984 7 193446141 12,734 .00
Within Groups 1093748.437 72 151590.951
Total 2447871.420 749

Table22. Multiple comparison analysis of flexural strength in Unifast Trad

Cependent Wariakla:F 3

Multiple Comparisons

75

95% Confidence Interval
Mean
Cifference (-
il group 0y group N} Std. Errar Sig. Lower Bound | Lipper Bound
Tukey HSD  contral waters0cG0m -.448500 | 1.625088 1.000 -5.52271 4 62371
waterdac10m -2.874500 | 1.625088 643 -7.84771 219871
ethanol10 2.203200 | 1.625088 Bra -2.87001 T.2TEN
ethanol20 2.728100 | 1.625088 Jm -2.3451 7.am:n
ethanol30 2366700 | 1.625088 827 -2.70651 7.43991
ethanal40 844800 | 1.625088 1.000 -4.22841 5.91801
ethanalad 21450400 | 1.625088 .Bar -2.92281 7.22361
wiateralOcB0m  control 449500 | 1.625088 1.000 -4 62371 5.82271
watersac1 0m -2.425000 | 1.625088 .80y -7 49821 2.64821
ethanol10 2.652700 | 1.625088 728 -2.42081 7.725M
ethanal20 3177600 | 1.625088 814 -1.89561 g.25081
ethanal30 2816200 | 1.625088 BEA -2.28701 7.88941
ethanal40 1.294300 | 1.625088 993 -3.77891 6.36741
ethanolal 2.5899900 | 1.625088 748 -2.4733 7.ET3IN
waterd5c10m  control 2874500 | 1.625088 E43 -2 19871 784771
wateralcE0m 2.425000 | 1.625088 .80y -2 64821 74881
ethanalld 80777000 | 1.625088 .0a0 00445 10.15091
ethanol20 56028007 | 1.625088 020 52939 10.67581
ethanal30 52412007 | 1.625088 038 TETA8 10.31441
ethanol40 3.719300 | 1.625088 314 -1.3539 8.78241
ethanalad 5.024900 | 1.625088 054 -.04831 10.09811




76

ethanol10 control -2.203200 | 1.625088 874 -7.27E4 2.870M
wateralcBOm -2.652700 | 1.625088 728 =772 242091
waterasc1om -5.077700° | 1.625088 .04a0 -10.15091 -.004449
ethanolzn 524900 | 1.629088 1.000 -4.54831 5.59811
ethanol30 JE3500 | 1629088 1.000 -4.30971 5.23671
ethanol40 -1.353400 | 1.625038 990 -6.43161 37143
ethanolan -.052800 | 1.6246088 1.000 -5.12601 5.02041
ethanal20 cantrol -2.728100 | 1.625088 o -7.80131 2.34511
wateralcBom -3177600 | 1.625088 A18 -8.25081 1.89561
waterasc10m -5B02600° | 1625088 .0z20 -10.67581 -.52939
ethanol10 -.524800 | 1.625088 1.000 -5.59811 45483
ethanol30 -.361400 | 1.625088 1.000 -5.43461 47113
ethanol40 -1.883300 | 1.625088 941 -6.95651 3.18991
ethanolal -57FT00 | 1.625023 1.000 -5.65091 4.49551
ethanol30 control -2.366700 | 1.625088 827 -7.43991 2.70651
wateralcBOm -2.816200 | 1.625088 BEE -7.88941 2.247M
waterasc10m -5241200° | 1625088 .038 -10.31441 - 16789
ethanol10 - 163500 | 1.625088 1.000 -5.23671 4.90971
ethanolz0 361400 | 1.625088 1.000 -4.71181 5.43461
ethanol40 -1.5621900 | 1.625088 981 -6.59511 3.55131
ethanolan -.216300 | 1.629088 1.000 -5.28991 4,856
ethanol40 control -.844800 | 1.625088 1.000 -5.91801 422841
wateralcBOm -1.294300 | 1.625088 8493 -6.367451 3.778M
watera5c1Om -3.719300 | 1.625088 314 -8.79251 1.353M
ethanol10 1.358400 ([ 1.625038 990 -3.71431 6.43161
ethanol20 1.883300 ([ 1.625038 a4 -3.189M £.99641
ethanol30 1.521900 ([ 1.625088 a1 -3.55131 £.59511
ethanolal 1.305600 | 1.625088 RELS -3.7ETET £.37881
ethanol40 control -2.150400 | 1.625088 .Bav -7.22361 2.92281
watera0cE0m -2.599900 | 1.625088 743 -7.B7311 2.47331
waterasc10m -5.024900 [ 1.625088 0454 -10.08811 04831
ethanol10 052800 | 1.625088 1.000 -5.02041 5.126M
ethanol20 AFTT00 | 1624088 1.000 -4.49551 5.650M
ethanol30 216300 | 1.625088 1.000 -4.85691 5.28951
ethanol40 -1.305600 | 1.625088 RELS -6.37881 3.7ETET
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Table23. Multiple comparison analysis of flexural modulus in Unifast Trad

Cependent Yariable:Fhl

Muttiple Comparisons

95% Confidence Interval
llean
Difference (-

) group oy aroup )] Std. Errar Sig Lower Bound | Upper Bound
Tukey HSD  control wateralcG0m | -207 8568007 55119780 .oos -379.63031 -35.48349
wateriGe10m | -226.3019007 55119780 .0o3 -398.37531 -54.22849

ethanol10 -144 646800 | 55119780 64 -316.72021 27 42661

ethianol20 105.322100 | 55119780 548 -BB.75131 2F7.39551

ethanol30 47.718400 | 55119780 8988 -124.35501 219.79181

ethanold0 TE.345800 | 55119780 861 -95. 72761 248.41921

ethanolal 95180500 | 55113780 B¥0 -TE.B9231 2B7.25391

waters0cB0m  control 207 556900 55119780 .oog 35.48349 37963031
watersac1 0m -18.745000 | 55119780 1.000 -1890.81841 163.32841

ethanol10 6Z.910100 | 55119780 945 -109.16331 23498351

ethanolz0 31z.879000° 55119780 .0oo 140.805549 48495241

ethianol30 2562753007 55119780 .0oo 83.20189 427.34871

ethianold0 28329027007 55119780 .0oo 111.829249 455 97611

ethanolal 202.7374007 55119780 .0oo 130.663949 47481081

watersac10m  control 226.301300° 55119780 .0o3 54.22849 398.37531
watersQcGlm 18.745000 | 535119780 1.000 -1583.32841 19081841

ethianol10 81.655100 | 55119780 815 -90.41831 263.72851

ethanolz0 331.6240007 55119780 .0oo 169.550549 A03.69741

ethanol30 374.0203007 55119780 .0oo 101.946849 446.09371

ethanol40 3026477007 55113780 .ooo 13057429 47472111

ethianolan 321.4824007 55119780 .0oo 14940899 493554581

ethanol10 control 144 646800 | 55119780 64 -27 42661 316.72021
waters0cG0m -62.910100 | 55119780 945 -234. 58351 10916331

watersac! dm -81.655100 | 55113780 815 -253.72851 90.41831

ethanol20 2409689007 559119780 .0 Tr.B9549 42204231

ethianol30 192 3652007 55119780 018 20.29179 364.43861

ethanold0 2209926007 55119780 004 48.91919 393.06601

ethanolal 239.827300° 55119780 0o BF.75389 411.90071

ethanol20 control -105.322100 | 55118780 548 -277.39551 BE.75131
waters0cE0m | -312.8730007 55119780 .0oo -484 85241 -140.80559

waterage10m | -331.624000° 55119780 .0oo -503.69741 -169.55059

ethanol10 -249 9683007 55119780 0o -422.04231 -77.89549

ethanol30 -57.603700 | 55119780 966 -229.67711 11446971

ethianold0 -28.976300 | 55119780 .989 -201.04871 143.09711

ethanolan -10.141600 | 55119780 1.000 -182.21501 161.93181

ethanol30 control -47.718400 | 55113780 988 -219.79181 124.35501
waterlcG0m | -255.275300° 55119780 .0oo -427 34871 -83.20189

watersse10m | -274.020200° 55119780 .0oo -446.09371 -101.94689

ethanol10 -192. 3662007 55119780 018 -364. 43861 -20.29179

ethanolz0 A7.603700 | 55119780 966 =114 46871 22967711

ethanol40 28627400 | 55113780 1.000 -143. 44601 200.70081

ethianolal 47.452100 | 55119780 989 -124.61131 219.534551
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ethanol40 contral -¥E.345800 | 55119780 BE1 -248.4191 9572761
watersOcE0m | -283.8027007 | 55.119780 .nan -455.97611 -111.82929
water55c10m | -302.647700° | 55119780 oo -4TATIN -130.57429
ethanol10 -220.992600° | 55119780 .04 -393.0660 -43.919149
ethanal20 28976300 | 95.119780 9499 -143.09711 201.04971
ethanol30 -28.627400 | 55119780 1.000 -200.70081 143.44601
ethanaolal 18.834700 | 45119780 1.000 -153.23871 190.90811
ethanolal contral -95.180500 | 25119780 G700 -267.293M TH.89291
water50c60m | -302.737400° | 55119780 oo -474.81081 -130.66399
waterS5e10m | -321.482400° | 85119780 oo -493.5551 -1459.40899
ethanol10 -239.827300° | 55.119780 001 -411.90071 -G7.75389
ethanal20 10141600 | 45119780 1.000 -161.93131 182.21501
ethanal30 -47. 462100 | 55119780 984 -219.53581 124 6113
ethanol40 -18.834700 | 55119780 1.000 -190.90811 143.23871

Table24. Tukey’s HSD analysis of flexural strength in Unifast Trad

FSs
Subsetfor alpha=0.04
group 1 2
Tukey HSD2  ethanolz0 10 46.79840
ethanol30 10 47 159380
ethanol10 10 4732330
ethanolan 10 47 37610 47 37610
ethanoldn 10 48 63170 48 63170
contral 10 | 4952650 | 4952650
watera0cEOm 10 49 97600 49 97600
waters5c1 0rm 10 5240100
Sig. A14 54

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 10.000.



Table25. Tukey’s HSD analysis of flexural modulus in Unifast Trad

FM
Subset for alpha =0.05

group M 1 2 3
Tukey HSO?  ethanol20 10 [ 105381210

ethanalal 10 | 106395370

ethanal40 10 | 1082.78840

ethanal30 10 [ 1111.41580

contral 10 [ 115913420 | 115913420

ethanal10 10 130378100 | 130378100

weateralcE0m 10 136669110

waterasc ! 0m 10 138543610

Sig. A48 164 B15

Means for groups in homogeneaus suhsets are displayed.
a. UUses Harmonic Mean Sample Size=10.000.

Table26. One-Sample Kolmogorov-Smirnov test analysis of the data distribution

(flexural properties in Kooliner)

Group Code N Asymp. Sig.  Asymp. Sig. (2-
(2-tailed)(FS) tailed)(FM)

1 KLNC 10 0.979 0.911
2 KLPC1 10 0.997 0.979
3 KLPC2 10 0.992 0.968
4 KL10%E 10 0.756 0.847
5 KL20%E 10 0.990 0.971
6 KL30%E 10 0.910 0.945
7 KL40%E 10 0.984 0.986
8 KL50%E 10 0.988 1.000
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Table27. The Levene Statistical analysis of flexural properties in Kooliner

Test of Homogeneity of Variances

Levene

Statistic df df2 Sig.
Fs 1.578 7 72 ARG
Fi 1.611 7 72 46

Table28. One-way ANOVA analysis of flexural properties in Kooliner

ANOVA
Sum of
Squares df Mean Square F Sig.
FS Between Groups 390111 7 55730 3124 006
Within Groups 1284.241 72 17.837
Total 1674.351 74
Fi Between Groups 1341760.483 7 191680.069 4297 001
Within Groups 32114908517 72 44604.035
Total 4563251.000 74

Table29. Multiple comparison analysis of flexural strength in Kooliner

Multiple Comparisons

~ Mean 95% Confidence Interval
Difference (|-

Dependent Variable () group (J) group J) Std. Error Sig. Lower Bound | Upper Bound
FS Tukey HSD  control waters0c60m -.223600 1.888734 1.000 -6.11888 567268
waters5e10m BEEG00 1.888738 1.000 -5.00968 5.78288

ethanol10 -3.767200 1.888734 A86 -8.65348 2.13908

ethanol20 -4, 487800 1.888734 268 -10.38408 1.40848

ethanol30 -2.982700 1.888739 761 -8.878498 2.891358

ethanold0 808600 1.888734 1.000 -5.08668 6.70588

ethanol&0 1622700 1.888734 884 -4 27358 7.61898

waters0c60m  control 223600 1.888734 1.000 -5.67268 G.11988

water55c10m 1.110200 1.888739 a5 -4. 78608 7.00648

ethanaol10 -3.533600 1.888734 AT75 -5.42888 236268

ethanol20 -4. 264200 1.888738 R | 1016048 1.63208

ethanol30 -2.759100 1.888734 825 -8.65538 313718

ethanol40 1.033200 1.888734 8589 -4 86308 5.92948

ethanol50 1.846300 1.888739 476 -4.04598 7.74258
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waters5c10m  control -.886600 1.8BB739 1.000 -6.78288 5.00968
waters0c60m -1.110200 1.888739 999 -7.00642 4.78608
ethanaol10 -4.643800 1.888739 230 -10.54008 1.25248
ethanol20 -5.374400 1.888739 100 -11.27068 A2188
ethanol30 -3.869300 1.888739 A58 -9.76558 2.02698
ethanol40 -077000 1.8BB739 1.000 -5.97328 5.81928
ethanols0 736100 1.888739 1.000 -6.16018 6.63238
ethanol10 contral 3.757200 1.8BB739 4496 -2.13908 9.65348
waters0c60m 3.533600 1.888739 A75 -2.36268 0.42088
waters5c10m 4.643800 1.8B8739 230 -1.25248 10.54008
ethanol20 - 730600 1.8BB739 1.000 -6.62688 516568
ethanol30 774500 1.888739 1.000 -A12178 6.67078
ethanol40 4566800 1.8BB739 248 -1.32948 10.46308
ethanols0 5.379900 1.888739 099 -51638 11.27618
ethanol20 contral 4.487800 1.888739 268 -1.40848 10.38408
waters0c60m 4.264200 1.888739 AN -1.63208 10.16048
waterssc10m 5.374400 1.888739 A00 -52188 11.27068
ethanol10 730600 1.8BB739 1.000 -5.16568 f6.62688
ethanol30 1.505100 1.888739 993 -4.39118 7.40138
ethanol40 5.297400 1.8BB739 10 -59888 11.19368
ethanols0 £.110500° 1.888739 037 21422 12.00678
ethanol30 contral 2.982700 1.888739 761 -2.91358 8.87898
waters0c60m 2.758100 1.8BB739 825 -3.13718 8.65538
waterssc10m 3.869300 1.888739 A58 -2.02698 9.76558
ethanol10 - 774500 1.8BB739 1.000 -6.67078 512178
ethanol20 -1.505100 1.888739 993 -7.40138 439118
ethanol40 3.792300 1.8BB739 484 -2.10398 0.68858
ethanols0 4.605400 1.888739 238 -1.29088 10.50168
ethanol40 contral -.809600 1.888739 1.000 -6.70588 5.08668
waters0c60m -1.033200 1.8BB739 998 -6.92948 4.86308
waterssc10m 077000 1.888739 1.000 -6.81928 5.97328
ethanol10 -4 566800 1.8BB739 248 -10.46308 1.32048
ethanol20 -6.297400 1.888739 110 -11.19368 REEE
ethanol30 -3.792300 1.888739 A4 -9.68858 210398
ethanols0 813100 1.8BB739 1.000 -5.08318 6.70938
ethanol50 contral -1.622700 1.888739 989 -7.51898 4.27358
waters0c60m -1.846300 1.8BB739 976 -7.74258 4.04998
waters&c10m - 736100 1.888739 1.000 -6.63238 516018
ethanol10 -6.379900 1.8BB739 098 -11.27618 51638
ethanol20 -6.110500° 1.888739 037 -12.00673 -21422
ethanol30 -4.605400 1.888739 239 -10.50168 1.20088
ethanol40 -813100 1.8BB739 1.000 -6.70938 5.08318




Table30. Multiple comparison analysis of flexural modulus in Kooliner
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FM

Tukey HSD

control waterb0c60m -142.8784900 94.450024 798 -437.73380 151.897600
waterb5c10m 26.902200 94.450024 1.000 -267.95270 32175710
ethanal10 -334.602800 | 94450024 015 -629.54770 -39.83780
ethanol20 -280.674700 94.450024 056 -585.52860 418020
ethanal30 -234.473200 94.450024 220 -528.32810 60.38170
ethanal40 -52.451100 94.450024 599 -347.30600 24240380
ethanala0 -40.816800 94.450024 1.000 -335.67170 254.03810
water50c60m  control 142.8784900 94.450024 798 -151.97600 437.73380
waters5c10m 169.781100 94.450024 624 -125.07380 464 63600
ethanal10 -1491.8134900 94.450024 469 -486.66880 103.04100
ethanal20 -147.795800 94.450024 769 -442.65070 147.05910
ethanal3o -81.594300 94.450024 977 -386.44920 203.26060
ethanald0 90.427800 94.450024 979 -204.42710 38528270
ethanola 102.062100 94.450024 959 -182.78280 396.91700
watersSc10m  control -26.902200 94.450024 1.000 -321.75710 267.95270
waters0c60m -169.781100 94.450024 624 -4G4.63600 125.07380
ethanol10 -361.595000 | 94.450024 006 -656.44950 -66.74010
ethanol20 -317.576000 | 94.450024 026 -612.43180 -22.72200
ethanol30 -261.375400 94.450024 120 -556.23030 33.47850
ethanol40 -79.353300 94.450024 990 -374.20820 21550160
ethanola0 -67.718000 94.450024 996 -362.57390 22713590
ethanol10 control 334.682800 94.450024 015 39.83740 629.54770
waterG0c60m 161.813400 94.450024 469 -103.04100 486 66880
water55c10m 361.505000 | 94.450024 006 66.74010 656.448590
ethanal20 44.018100 94.450024 1.000 -250.83680 338.87300
ethanal3o 100.2159600 94.450024 963 -194.63530 39507450
ethanald0 282.241700 94.450024 071 -12.61320 577.09660
ethanala 293.876000 94.450024 051 -.97890 588.73090
ethanol20 control 290.674700 94.450024 056 -4.18020 58552960
waters0c60m 147.795800 94.450024 769 -147.05910 44265070
waters5c10m 317.576900 | 94.450024 026 22.72200 61243180
ethanal10 -44.018100 94.450024 1.000 -338.87300 250.83680
ethanol30 56.201500 94.450024 999 -238.65340 351.05640
ethanol40 238.223600 94.450024 .203 -56.63130 533.07850
ethanola0 249.857900 94.450024 1487 -44.99700 54471280
ethanol30 control 234.473200 94.450024 220 -60.38170 529.32810
waterb0c60m 91.504300 94.450024 977 -203.26060 386.44820
waterb5c10m 261.375400 94.450024 120 -33.47950 556.23030
ethanal10 -100.218600 94.450024 963 -385.07450 194 63530
ethanol20 -66.201500 94.450024 999 -351.05640 238.65340
ethanol40 182.022100 94.450024 537 -112.83280 476.87700
ethanals0 193.656400 94.450024 A56 -101.18850 488.51130
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ethanol40 control 52.451100 94.450024 .8599 -242.40380 347.30600
waters0c60m -90.427800 94.450024 979 -385.28270 204.42710
watersse10m 79.353300 94.450024 950 -215.50160 374.20820
ethanol10 -282.241700 G4.450024 .07 -577.09660 1261320
ethanol20 -238.223600 94.450024 203 -533.07850 56.63130
ethanol30 -182.022100 94.450024 837 -476.87700 112.83280
ethanol50 11.634300 G4.450024 1.000 -283.22080 306485820
ethanolal control 40.816800 94.450024 1.000 -254.03810 335.67170
waters0c60m -102.062100 94.450024 959 -396.91700 192.79280
watersse10m 67.719000 94.450024 956 -227.13580 362.57390
ethanol10 -293.876000 G4.450024 051 -588.73080 978490
ethanol20 -249.857900 94.450024 8T -544.71280 4499700
ethanol30 -193.656400 94.450024 456 -488.51130 101.19850
ethanol40 -11.634300 G4.450024 1.000 -306.48920 283.22060

Table30. Tukey’s HSD analysis of flexural strength in Kooliner

FS

Subsetforalpha=0.05

group M 1 2
Tukey HSD®  ethanols0 10 | 37.79440

watersac1 0m 10 | 3853050 | 38.53050
ethanol40 10 | 38.60750 | 38.60750
control 10 | 3941710 | 39.41710
waters0ce0m 10 | 3964070 | 39.64070
ethanol30 10 | 4239980 | 42.39980
ethanol10 10 | 4317430 | 4317430
ethanol20 10 43.90490
Sig. 099 00

Means for groups in homogeneous subsets are displayed.
a. lUses Harmonic Mean Sample Size = 10.000.



Table31. Tukey’s HSD analysis of flexural modulus in Kooliner

M
Subset for alpha = 0.05
group 1 - 3
Tukey HSD*  water55¢10m 10 858.36010

control 10 885.26230 885.26230

ethanol50 10 926.07910 926.07910 926.07910
ethanol40 10 937.71340 937.71340 937.71340
water50c60m 10 | 1028.14120 | 1028.14120 | 1028.14120
ethanol30 10 | 1119.73550 | 1119.73550 | 1119.73550
ethanol20 10 1175.93700 | 1175.93700
ethanol10 10 1219.95510
Sig. 120 056 .051

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 10.000.
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