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ABSTRACT

It is common knowledge that silicone is difficult to bond to acrylic resins. To
make a proper primer selection, one has to identify the kind of acrylic resin and silicone.
Each primer is made to match a certain type of substrate resin or silicone.

The purpose of this study was to evaluate the effects of different primers on bond
strength between two types of silicone (MDX 4-4210 and Episil-E) and autopolymerizing
acrylic resin (Ortho- Jet) and to find the silicone/primer combination giving the highest
bond strength necessary for maxillofacial prostheses. The primers used in this study were
A-304, A-306, A-330G, Epicon, Sofreline Tough. All specimens were loaded in tension
mode in a Universal Testing Machine with a crosshead speed 50 mm. /min. until the
failure of bonding occurred.

The results showed that the bond strength was affected by type of silicone,
primer, and interaction between silicone and primer when using primers to adhere
silicone and acrylic resin. The highest bond strength was found with combination Episil-
E / Epicon when bonded to Ortho-Jet acrylic resin. Of the five primers used to bond
MDX4-4210 silicone and Ortho- Jet acrylic resin, the highest bond strength was found in
A330-G, followed by Epicon, Sofreline Tough, A304, and A306. Of the five primers
used to bond Episil-E and Ortho-Jet acrylic resin, Epicon had the highest tensile bond
strength, A304, A306, Sofreline Tough showed the lowest, and A330-G had intermediate
tensile bond strength.

These findings show that the best silicone/primer combination generating the
highest bond strength is Episil/ Epicon .

KEY WORDS: TENSILE BOND STRENGTH, PRIMER, SILCONE ELASTOMER,
ACRYLIC RESIN
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CHAPTER |

INTRODUCTION

Facial disfigurement resulting from cancer surgery or trauma can severely
debilitate patients, preventing them from leading a normal life in our society.
Maxillofacial Prosthodontics, a subspecialty of dentistry, includes the treatment of
patients with extraoral and intraoral defects with removal prostheses. As an alternative
to disfigurement of head and neck, this treatment modality has had a long history with

continued improvement.

Elastomers and denture resins are widely used for the fabrication of
maxillofacial prostheses. Facial and large orofacial defects are restored by using
various types of facial or combined (extraoral- intraoral) prostheses, respectively. In
many cases, composite prostheses are fabricated from silicones and acrylic resins.
These prostheses consist of a denture resin framework and a skin- like silicone
overstructure. The denture resin substructure is used to reduce the weight of the

prosthesis, engage additional undercut or contain various attachments.

Osseointegration and development of craniofacial implants have led to
advances in rehabilitation of patients with extra-oral or combined defects. Extra-oral
or combined prostheses used in conjunction with craniofacial implants require a
retentive matrix to hold clips or magnets. The retentive matrix is made using acrylic
resin to which the elastomer of extra prosthesis is processed. This demands that
acrylic resin matrix be securely bonded to flexible soft material of prosthesis. That
means denture resins may be used as a rigid base into which retention components are
embedded, while the facial surface supports the silicone component of facial
prosthesis. The rigid base or framework is usually fabricated with auto-polymerizing,

heat- polymerizing, or visible light-curing denture resin. It is evident that certain
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primers can be used to consistently make a superior prosthesis that will withstand
repeated removal and handling by the patient. (1)

The bond of elastomer to the acrylic resin component must be sufficiently
tenacious to withstand the substantial forces acting upon the bond interface, not only
during placement and removal of the prosthesis, but also during mold opening and de-
flasking procedures. This is the weakest link in the restoration. (2)

It is common knowledge that elastomers are difficult to bond to acrylic resins;
hence manufacturers have developed primers to enhance the bond. The available
literature on the bond strength of silicone extra- oral elastomer to acrylic resin using
various type of primers is not extensive.(3) It has been recognized that there is no
“universal primer” for every kind of application (4). To make a proper selection of
primer one has to identify the kind of acrylic resin and elastomer. Each primer is

made to match a certain type of substrate resin or elastomer.

Therefore, investigating the effects of different primers on the bond strength
between 2 types of silicones and autopolymerizing acrylic resin and finding the best
combination of silicone/primer that give the highest bond strength are necessary for

maxillofacial prostheses.

OBJECTIVES OF THE STUDY::

1. To evaluate the bond strength of the two silicones used in combination with

five primers.
2. To evaluate the bond strength of five primers used to bond MDX 4-4210
silicone to Ortho-Jet autopolymerizing acrylic resin.

3. To evaluate the bond strength of five primers used to bond Episil-E silicone to

Ortho-Jet autopolymerizing acrylic resin.
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STATEMENT OF HYPOTHESES

1. There is no statistical significant difference among the bond strengths of the two

silicones used in combination with five primers.

2. There is no statistical significant difference among the bond strengths of five
primers used to bond MDX- 4-4210 silicone to Ortho-Jet autopolymerizing

acrylic resin.

3. There is no statistical difference among the bond strength of five primers used to

bond Episil-E silicone to Ortho-Jet acrylic resin.
CLINICAL IMPLICATIONS:

The result of study will be beneficial to dentist in selecting primers that
provides high bond strength when they are used to bond either Episil- E or MDX 4-

4210 silicone to Ortho-Jet autopolymerizing acrylic resin.
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CHAPTER 11

LITERATURE REVIEW

MATERIALS USED TO FABRICATE FACIAL PROSTHESES
SILICONES

Silicones are a general category of synthetic polymers whose backbone is
made up of repeating silicon and oxygen atoms. In addition to their link to oxygen to
form the polymeric chain, the silicon atoms are also bonded to organic groups,
typically methyl group. This is the basis for the name “silicones”. The basic repeating
unit is known as “siloxane” and the most common silicone is poly(dimethylsiloxane),

abbreviated as PDMS. (Fig.2-1)

1
b %1_0_ and if R is CH;, < 511 oy T
R CH; .
“siloxane™ ; "

“polydimethylsiloxans™

Fig.2-1 “Siloxane” and “Polydimethylsiloxane”

Many other groups, e.g., phenyl, vinyl and trifluoropropyl can be substituted
for methyl groups along the chain. The simultaneous presence of “organic” group
attached to an “inorganic” backbone gives silicones a combination of unique
properties, making possible their use as fluids, emulsions, compounds, resins, and
elastomers in numerous applications and diverse fields. For example, silicones are
common in aerospace industry, due principally to their low and high temperature
performance. In the electronics field, silicones used as electrical insulation, potting
compounds and other applications specific to semiconductor manufacture. Their long-

term durability has made silicone sealants, adhesives and waterproof coatings
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commonplace in construction industry. Their excellent biocompatibility makes many
silicones well suited for use in numerous personal care, pharmaceutical, and medical

applications. (5)

The modern synthesis of silicone polymers is multifaceted and usually
involves the four basic steps. (Table 2-1) The first step in production of silicone is the
reduction of silica to form elemental silicon. Then, by various reactions, the silicon is
combined with methyl chloride to form dimethyl dichlorosiloxane, methyl
trichlorosiloxane, trimethyl chlorosiloxane,...Dimethyl dichlorosiloxane[1] reacts
with water, forms a polymer. These polymers are translucent, watery, white fluids

whose viscosity is determined by the average length of the polymer chain.

Table 2-1 The basic steps in silicone polymer synthesis.

1. 5ilica reduction to silicon 5105 + 2C — S5i 4+ 2C0O
2. Chlorosilanes synthesis 514+ 2CH3Cl — (CH3)5Cl + CH35Cly + (CH3)35%C1 + CH3HSICL +- -
[1] [2] (3]
CHa CH; CH;s
. - | :
3. Chlorosilanes hydrolysis Cl— %i —Cl +2H,0 - HO —( —Si —0—] —-H+ ( gi —O‘] +HCIL
| |
CH3 CH; 79 CHs /45
[1] linears oyclics
[+] (5]
CH; CH;
[— I
4. Polymerization and polycondensation 50 - - =S5i—-0-—|-
| |
CHy /,, a:y B
cyelics polymer
(5]
CH3 CHa;
- | | .
HO—| -5 —0— | —H = 10| =5 —0—| —H + 2H0
| |
CH; CH,

3 % .
linears polvmer

[+]

Polymerization and poly condensation: the linear [4] and cyclic [5] oligomers
(Fig. 2- 2) resulting from the dimethyldichlorosilane hydrolysis have chain lengths too
short for most applications. The cyclics must be polymerized, and linear condensed,

to give macromolecules of sufficient length.
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_ CH,
CH; / -
0 CH
CH;H"\SI T bL\__/ 3
/
CH3 CH: \ CH; L’\ /
I I I . Si— CH,
CHi—Si—O— | —Si—0 | —Si—CH; pai Ho/\ '
| | - CH, I CH,
CHa . CH3 - CH; CH;, ’
Linears [4] Cyclics oligomer(5]

Fig. 2-2 The linear [4] and cyclic [5] oligomers

Silicone rubber is made from these silicone fluid polymers. Most rubbers are
compounded with certain polymer fillers for additional strength, additives for color,
and antioxidation and vulcanizing agents to change the raw mass from a plastic to the
true rubber by vulcanization. The vulcanization of polymer is the tying together of the
fluid polymer chains, which can move around in respect to one another. When the
long-chained polymers, which are quite viscous, are tied together at various points,
they create a network that can only be separated by rupture. These ties between
polymer chains are known as cross-link and process of “cross-linking” the polymer is
known as “vulcanization”. This process can occur both with and without the addition
of heat, depending on the cross-linking or vulcanizing agent utilized. This network

makes the silicones resistant to degradation from ultraviolet light exposure.

Using a chain of silicon and oxygen atoms, and attaching suitable side chains
or organic radicals to them, a material evolves with inertness of quartz and the
flexibility of the organic plastics. The silicones have been found in nature; apparently
the bond of carbon to silicon is not a naturally- occurring phenomenon. From this one
might infer that body has never had to build a defense mechanism against the
silicones. This lack of recognition, combined with the silicone polymer’s lack of
chemical reactivity to oxidize readily or interact chemically with other material, is of

great advantage to the health science profession.
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Silicones are used in the fabrication of maxillofacial prostheses to replace
missing facial parts which have been lost through disease or trauma. The quality of
these materials depends greatly on their two basic components, the polymer chains
and the fillers. The interaction between these two components affects the overall
strength and service life of the silicone. The following properties are desirable in a

material used for construction of maxillofacial prostheses: (4, 6)

1. High resistance to tearing: is the most important clinically physical property
of maxillofacial materials, especially at the thin margins surrounding nasal
and eye adhesive prostheses. The thin margin of the prostheses is usually
glued with medical adhesive to the patient face. When the facial prosthesis is
removed, usually at the night time or for the cleaning, the thin margins are
susceptible to tearing as the prosthesis is gently peeled away from the facial
tissue. The facial prosthesis is then permanently damaged and has to be

replaced.

2. High tensile strength: gives an overall strength of the material and resulting
elongation gives an indication of flexibility of prostheses. A prosthesis with
high elongation at break is desirable especially when peeling a nasal or orbital

prostheses from facial tissue.

3. The hardness of the maxillofacial materials: is also a measure of flexibility
and is important since it is desirable to have a material with similar hardness

to the missing facial tissue.

4. Low water absorption: is important since facial prostheses may absorb saliva
or sweat from surrounding facial tissue. Any absorbed water may affect the
physical properties and affect the perception of color matching. Absorbed

water can also produce odors after processing. (7)

5. Proper surface wettability: by saliva leads to good boundary lubrication and
thus patient comfort. Low surface energy of facial silicones produces a high
contact angle with water and therefore preventing the spreading of water over

the surface can make patient discomfort. (8)



Doan Minh Tri Literature Review / 8

According to their application, silicones are classified into five groups: (6)

1. Implant grade, which requires the material undergo extensive testing and must
meet or exceed Food and Drug Administration (FDA) requirements. Recent
health problems caused by silicone breast implants have created controversies

regarding the safety of the material to be implanted interstitially.

2. Medical grade, which approved for external use only. This is the material most
commonly used in fabrication of maxillofacial prostheses. Adverse reactions
caused by direct contact between medical grade silicone and human skin have

not been reported.

3. Food grade, which is the new type of facial silicone, approved for external use

only. Using of this material is similar to medical grade but the cost is low.
4. Clean grade, which is mostly used for industrial applications.
5. Industrial grade, which is mostly used for industrial applications.

Silicone polymers which are usually used in maxillofacial prostheses are medical

grade and food grade (9).
According to their vulcanization, silicones are classified into two groups: (6, 10-11)
1. High temperature- vulcanizing silicones (HTV silicones):

HTV silicones are used occasionally for maxillofacial prostheses. The
components of high temperature- vulcanizing silicones usually are a poly
(dimethylvinyl siloxane) with approximately 0.5% vinyl side chain, 2, 4-
dichlorobenzoyl peroxide or platinum salt (depending on the type of polymerization
which are condensation reaction or addition reaction) as initiator and a filler. (Fig. 2-
3) Vulcanization results from thermal decomposition of initiator to form free radicals
that cross- link the copolymer into three dimensional structures. The processing

temperature of 180°C for 30 minutes and metal molds are used.
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i
Si—0

SIE—O
CH3 Jx

(I:IH
CHy

Polydimethylvinyl siloxane

i i
C—0—0—C

Cl Cl
Cl Cl

2,4-Dichlorobenzoyl peroxide

Fig. 2- 3 Polydimethylvinyl siloxane and 2, 4-dichlorobenzoyl peroxide.

With this material, a liquid, is heated with 2, 4-dichlorobenzoyl peroxide, a

reaction occurs between one of the methyl radicals in the chain and a similar methyl

group in an adjacent. (Fig.2-4) Thus, the two polymers are cross-linked, with benzoic

acid formed as a by-product. (12)

CHa CH3 TH:I
I |
t+==8) —O0=—Si —0— Si —0—"""

CHg H CHS
CH, Peroxide
H catalyst
CHj CH CH,

| | |
viiemSi —O0—§i —O—Si—O0—-""

| I I
CH:! CH3 CH:I

CHj CH, CHs

I | I

.+—8i —0—8i —0— Si—O0—:

I I |

CH3 CHy CHj

CH; CH;

I |

CHj

cis—=§i —0— Si —0— Si —0—

CHa CH; CHs

Fig. 2-4 Structural mechanism in the curing (polymerization) of HTV silicone.

HTYV silicones are usually a white, opaque material with highly viscous, putty-

like consistency. The material may be supplied as 1-component or 2-component putty.

These silicones can be preformed into various shapes for alloplastic implantation or

facial prostheses. Various amounts of fillers are added to these polymers, depending
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on the degree of hardness, strength, and elongation desired. Generally, the more filler,
the harder and less resilient the compounded rubber will be. The fillers are usually
very pure, finely silica with a particle size of about 30um. In addition, the
copolymerization of silicone with small amounts of methyl vinyl, or methyl phenyl

siloxy radicals, varies the relative softness and tear strength.

These silicones exhibit excellent thermal stability, are color —stable when
exposed to ultraviolet light and are biologically inert. However, they do not possess
sufficient elasticity to function in movable tissue beds. Important objection are their
opacity and coloration and lifeless appearance. They do not readily accept extrinsic
coloration, so the internal colorant must be incorporated into the gum stock with a

milling device.

In general, HTV silicones have better physical and mechanical properties than
do RTV silicones. The drawback of the material is opacity, difficulty in intrinsic

coloration, high superficial surface hardness, and difficulty in processing.

2. Room temperature- vulcanizing silicones (RTV silicones):

Because of their adequate physical properties and favorable processing
characteristics, RTV silicones have become popular as maxillofacial materials, and
are now used more often than any other material. They have proper physical and
mechanical properties, are easy to color and process, and allow the use of stone mold.
They are affected by accelerated aging, but not to a degree that compromises their
usefulness as maxillofacial materials.(6) The room temperature- vulcanizing silicones
rubbers are composed of comparatively short chain silicone polymers which are
partially end- blocked with hydroxyl groups. In addition a cross- linking agent such as
tetracthyoxysilane (ethyl orthosilicate) is used. Fillers are added to strengthen the final
rubber. With the addition of a catalyst such as stannous octoate, condensation takes
place between the hydroxyl ion of the polymer and the alkyl group of the cross-
linking agent, yielding an alcohol, and a network forms as a result of the cross-

linking. (Fig. 2-5)
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CH; CH;, CH3 CHa cr:H3 (|:H3

| | | I
—§—0—Si—0—S§i—0—- - +—§ —0—Si—0— Si—0— -

I I I Stannous I I I

CH3 H CHj octoate CHj, CH3

_—

CHj OH CH; catalyst CHj CHj

o | N
—8i—0—8§i—0—S8i—Q—-++ -+ —8 —0—S8i—0—Si —0—"-

I I | I | |

CHj CH3; CHa CH, CHj CHj

Fig.2-5 Structural mechanism in the curing (polymerization) of RTV silicone (12)

The two- component silicone rubbers are generally made up as a base fluid
silicone polymer mixed with fillers, with the catalysts for the RTV silicones. There
are many different catalysts for the RTV silicones, all in the field of the organo-
metallic compounds, but the main catalyst found satisfactory for medical application
has been stannous octoate. Because of the necessity of mixing with catalyst, the
viscosity of the polymer must be sufficiently low to permit easy stir. Additionally, the
fillers must not excessively thicken the mixture. The fillers used in these compounds
have generally been diatomaceous earths to add strength when needed. The silicone
rubber that has been utilized extensively for many medical applications is Silastic®

382 Medical grade elastomer.

There are several three- component systems available, but generally these
have been abandoned for newer generations of two component polymers. A
renaissance currently is occurring in the development of newer breeds of silicone

rubbers that somewhat are different from the Silastic® 382 Medical grade elastomer.

(6)
Other elastomers

Several elastomers have been investigated for use as maxillofacial materials:

aliphatic  polyurethanes, chlorinated polyethylene, siphenylence polymers,
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organophosphazenes,  butadienestyrene, butadiene- acrylonitrile, and silicone

poly(methyl methacrylate) block copolymers.

Polyphosphazenes fluoroelastomer is used as a resilient denture liner

(Novus™ Hygienic Corp.) and also as a maxillofacial prosthetic material.

Silicone block copolymers are new materials under development to improve
some of the weaknesses of elastomer, such as low tear strength, low- percent

elongation, and the potential to support bacterial or fungal growth.

FACTORS INFLUENCING THE MECHANICAL PROPERTIES OF
SILICONE ELASTOMERS

The mechanical properties of a silicone elastomer are dependent on three main

factors: (13-14)

The first is the molecular-weight distribution, which affects the mechanical
properties of elastomer. The blending of long and short chains of the same polymers
give a broader, bimodal molecular-weight distribution and a network prepared from
such a blend is known as a “bimodal network”. The practical significance of such
networks is to achieve elastomers possessing of good mechanical properties such as
tear strength, tensile behavior, and resilience. A bimodal formulation has a local high
cross-link density between the relatively long chain polymers, blended with a small

proportion of short chains prior to vulcanization.

The second factor affecting mechanical properties is the incorporation of
hydrophobic surface- treated silica filler (with dimethyl silyl or trimethyl silyl groups)
with a small particle size and therefore a high surface area. Facial prostheses are
usually cleaned in water, and therefore the incorporation of hydrophobic silica into
the base polymer is a good choice for medical- grade silicone. Surface- treated fillers
are also better at dispersing into the silicone polymer and have a reduced base
viscosity compared to the base viscosity of non-surface- treated silica filler system.

Under deformation, these surfaced- treated fillers help to increase the strength of the
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elastomer by allowing the polymer chain to uncoil and slide past neighboring poly
(dimethylsiloxanes) chains. Clinically acceptable mechanical properties are only

achieved at the correct filler concentration.

The third main factor is the degree of cross-linking between polymer chains.
An elastomer with a very high cross-link density produces an inelastic brittle material
whereas a very low cross —link density would produce a very weak material with very
low tear and tensile strength. The correct concentration of cross-linker is essential for

optimum tensile and tear strength of a silicone.

MEDICAL- GRADE SILICONES:

Silicones, with their unique material properties, have found widespread
application in health care. Properties attributed to silicone include biocompatibility
and biodurability, which can be expressed in terms of other materials properties such
as hydrophobicity, low surface tension, and chemical and thermal stability. These
properties were the basis for silicone’s initial use in medical field. Medical silicone
materials, including fluids, gel, elastomers and adhesives are manufactured by several

companies today. (5)

Although silicone material for facial prosthetics was commercially available
in 1943, medical use began in 1953; and the first product, silicone S-7911, was
investigated by Dow-Corning Center, which established a division in 1963 to study

the medical application of silicone. (15)

According to their composition, silicone rubber polymers are classified as:

(16)
1. Poly(dimethylsiloxane).
2. Methylvinyl/dimethylsiloxane.

3. Phenyldimethylsiloxane.
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4. Fluorodimethyl-siloxane.

Poly(dimethylsiloxanes) and methylvinyl/dimethylsiloxanes are manufactured

as medical grade polymers.

Medical- grade silicones are those that have a long history of successful
implantation animals and humans, are manufactured pharmaceutically clean
conditions, and are quality- controlled for medical applications. (17) They are

composed primarily of dimethyl siloxy units. (Fig. 2- 5)

CH3

Si 0)

== CH; —

Fig.2-6 Dimethyl siloxy unit.

Room temperature- vulcanizing (RTV) poly (dimethylsiloxane), which is an
implantable medical- grade silicone rubber, is a two- component system (Siliastic
382, Dow Corning Corp.,Midland, Mich.). In this system liquid stannous octoate,

which is a catalyst, (Fig.2-7) reacts with a liquid prepolymer component.

CH;

Sn(O C C——CH, —CH, — CHs),

Fig. 2-7 Stannous octoate unit.

A high temperature- vulcanizing (HTV) medical grade silicone is also

available as a one-component system. The material is of semisolid or doughlike
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consistency impregnated with a peroxide catalyst (PDM, Veterans Administration,
Wilminton, Del., Mollomed and Molloplast B, Molloplast KG Kostner &Co.,
Karlsruhe, West Germany).

The second category of medical- grade silicone rubber, methylvinyl/dimethyl
silicone copolymer, is two-component liquid system. The primary component consists
of dimethyl siloxy (Fig.2-6) units with small quantities of methylvinyl siloxy units.
(Fig.2-8)

I e B
Si 0
bee)]

I
_\ 4 _

Fig.2-8 Methylvinyl siloxy unit.

The methylvinyl unit encourages a more complete vulcanization and yields a
material with better rubber properties. Methylvinyl/dimethylsiloxanes commonly use

a platinum catalyst (MDX4-4210, Dow Corning Corp.). (16)

Silastic® 382

This viscous silicone polymer includes fillers, stannous octoate catalyst, and
orthoalkyl silicate cross- linking agent. The polymerization occurs through
condensation reaction. Fillers, usually diatomaceous earths, are used to improve

strength.
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Silastic® MDX 4-4210

This medical- grade silicone has been shown to be the most popular among
clinicians. From the results of the survey by Andres, 41% of clinicians used this

material for fabrication of maxillofacial prostheses. (6)

This product is a pourable two- component system that, when combined, cured
to a translucent silicone rubber at room temperature or slightly elevated temperature.
This material is not heavily filled, making it translucent. It has a chloroplatinic acid
catalyst, hydro- methylsiloxane cross- linking agent, reinforcing silica and a platinum
catalyst. The polymerization reaction is an addition reaction with no reaction by-

products.

Advantages of this product include room- temperature and heat accelerable
cure, good thick section cure, excellent dielectric properties, essentially no shrinkage
when cured at room temperature, and adequate tensile strength. More importantly,
increased elongation and resistance to tear have reduced the need for reinforcement of
thin edges of the prosthesis. MDX4-4210 is supplied as a fluid mixed with a catalyst
that is injected into the mold without pressure, and thereby requires only slight
pressure to keep the halves of the mold together during curing. (15, 18) Amine, sulfur,
and tin compounds inhibit the cure of material. Problems have been reported with the
fabrication of prostheses from MDX 4- 4210 in the presence of certain oil
contaminants; probably as a result of impurities. A platinum catalyst initiates the
cross- link reaction. The curing reaction is sensitive to any contaminant that is capable
of coordination with the platinum catalyst or chemically inhibiting the reacting of the

platinum catalyst. (19)

Processing is simple, as molds of dental stone are acceptable. A cure of
approximately 24 hours at 23 °C (73 °F) is required for the material to be sufficiently
cured for handling. Full cure is achieved in about three days at room temperature. The

cure may be accelerated with any of the following schedules: (19)
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5 hours 40°C (104 ° F)
2 hours 50 °C (131°F)
30 minutes 75°C (167 F)
15 minutes 100°C (212 °F)

Commercially available RTV primers have been used to enhance the adhesion

of MDX4-4210 to some metal and plastic surfaces.

In 1977, Moore et al. (20) compared mechanical properties of MDX4- 4210
and Medical Silastic 382. They reported that MDX4- 4210 showed promise for
fabricating facial prostheses because of the following properties [1] high tear
resistance, [2] soft material compatible with human tissue, and [3] high tensile

modulus and high percent of elongation.

In 1992, Sanchez et al. (21) found that the new material, A-2186 (Factor II
Inc., Lake-side, Ariz), had greater tear resistance and tensile strength than MDX4-
4210.

In 1995, Polyzois (22) compared the physical properties of a new silicone
material Cosmesil K10 (Cosmedica Ltd, Cardiff, United Kingdom) with those of
MDX4-4210 (Dow-Corning Corp.; Midland, Mich.), a popular material for
maxillofacial prostheses. The results showed that MDX 4-4210 had a greater tensile
strength and modulus and no significant difference was found for percentage of

elongation between MDX4-4210 and Cosmesil K10.
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Table 2-2 Properties of Silastic® MDX 4-4210.(18-19, 22)

Properties MDX4-4210
Cure time RTV 72 hours
Shore A hardness 27
Pot life 60-120 minutes
Tear strength, psi 90
Tensile strength, psi 650
Elongation% 500
Viscosity,cps 70.000
Catalyst Chloroplatinic acid
Polymerization reaction Addition reaction
Reinforcement Silica

Episil —-E: (DREVE-DENTAMID GMBH, Unna, Germany).

Episil was introduced to the market in 1981. Episil-E is a medical —grade
silicone, contains the materials needed for producing skin-toned maxillofacial
prostheses. (23) Episil, which is an addition- type RTV silicone with a platinum
hardener system to reduce shrinkage and a mixing ratio of 1:1, is provided in a
disposable twin- cartridge system. Episil —E facilitates the production of maxillofacial
prostheses by giving nine basic colors. The translucency is adjusted in the way that
thin edges towards the skin of patient become translucent and an invisible transition is

obtained. The production of prostheses is usually the flask technique. Processing is
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normal. After 60 minutes, the pressurized form has to cool down to room temperature

in air. Then the flask is put into hand-warm water for 10 minutes. After that

prostheses can be removed and cleaned from plaster with water and tooth brush.

Polyzois (23-24) evaluated some properties of two newly introduced, addition-

type silicone prosthetic elastomers (Cosmesil and Episil). The result showed that

Episil had greater tensile strength, elastic modulus, hardness, and tear strength than

Cosmesil silicone. (Table 2-3)

Table 2-3 Means and Standard Deviation (SD) of mechanical properties of 2

silicones. (23)

Episil Cosmesil
Test P*
Mean SD Mean SD
Tensile strength (MPa) 2.59 0.18 1.83 0.17 | 0.0002
Modulus at 100% elongation (MPa) 0.66 0.05 0.36 0.03 | 0.0001
Elongation at break (%) 255 20 364 19 0.0002
Tear strength (KN/m) L LS 10.59 1.50 | 0.0004
Hardness (Shore A units) 26.9 1.1 15.7 0.5 0.0002

*significance of the difference between the two materials.
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According DIN EN 24823, (25) the properties of Episil- E is presented in
Table 2-4.

Table 2-4 Properties of Episil- E.

Properties Episil- E
Colour Neutral, nature, nuance
Hardness shore A 255
Deflasking time 60 min £ 10 min
Proceeding time 45 min = 10 min
Recovery from deformation >99.95%
Strain in compression 11.5% £ 0.5%
Linear dimension change 0.1 %
Tear resistance 3.2 N/mm” # 0.3 N/ mm”
Bending strength 310% £ 10 %

*DIN EN : International , Europaische und Deutsche Norm

DENTURE BASE RESINS
Acrylic resin

The most common resins used in dentistry is poly(methyl methacrylate)
polymers which were introduced as denture base in 1937. The acrylic resin was so
well received by the dental profession that by 1946, 98% of all denture bases were
constructed from methyl methacrylate polymers or copolymers. This was the material

of choice in the past because it is easy to work with, hygienic, and durable. It can also
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be satisfactorily colored to match individual skin tone. Occasionally, acrylic resins
can be successfully employed for specific type of facial defects, especially where little

movement occurs in the tissue bed during function. (6)

In general, the most disadvantage of acrylic resin is its rigidity. Its usefulness
is compromised in highly movable tissue beds, leading to local discomfort and
exposure of margins. Because of the high thermal conductivity, it might cause some

discomforts for the patient especially in cold climates.
Most of acrylic resin is supplied in a powder-liquid or gel form: (10, 26)

e Powder: Most of commercial materials contain poly (methyl methacrylate),
modified with small amount of ethyl, butyl, or other alkyl methacrylates to
produce a polymer somewhat more resistant to fracture by impact. The powder
also contains an initiator such as benzoyl peroxide or diisobutylazonitrile to
initiate the polymerization of monomer liquid after being added to the powder.
The peroxide initiator may be added to the polymer or be present as a residual
from the polymerization reaction and is present in amounts from 0.5% to

1.5%.

o Liquid: The liquid component of the powder- liquid type acrylic resin is
methyl methacrylate, but it may be modified by the addition of other monomers.
These monomers may be polymerized by heat, light, or traces of oxygen, inhibitors
are added to give the liquid adequate shelf life. The inhibitor most commonly used to
prevent premature polymerization is hydroquinone, which may be present in

concentrations of 0.003% to 0.1%.

When a chemical accelerator rather than heat is used to speed up the peroxide
decomposition and enable the polymerization of monomer at room temperature, an
accelerator is included in the liquid. These accelerators are tertiary amines, sulfinic
acids, or more stable salts of sulfinic acid. Commonly used amines are N, N-
dimethyl-para-toluidine, and N, N-dihydroxyethyl- para- toluidine.These are referred

to as self-curing, cold-curing, or autopolymerizing resins. (Table 2-5)
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Table 2-5 Composition of acrylic resin.

Powder | Polymer Poly(methyl methacrylate) beads

A peroxide such as benzoyl peroxide

Initiator ‘
(approximately 0.5%)
Pigments Salts of cadmium or iron or organic dyes
Liquid | Monomer Methyl methacrylate

Ethylene glycodimethyl methacrylate
Cross- linking agent )
(approximately 10 %)

Inhibitor Hydroquinone (trace)

Activator™® N, N -dimethyl-p-toluidine (approximately 1 %)

* only in self- curing materials.

Most acrylic resin dentures are fabricated from the heat —activated denture
base materials. However, autopolymerizing acrylic denture base materials also
produce durable and stable denture and are readily available to the profession. (26)
The principal difference between heat- activated and chemically activated acrylic
denture base resins is the method of decomposition and resulting activation of the
benzoyl peroxide catalyst, more properly called an initiator. The energy derived from
the splitting of the benzoyl peroxide into the two activated radicals initiates
polymerization of monomer. In heat —activated resins, thermal energy decomposes the
benzoyl peroxide. In chemically activated resins, the usual chemical activator, present
in the monomer, is a tertiary amine that decomposes the benzoyl peroxide present in
the polymer. Although the benzoyl peroxide is activated at the room temperature, the
polymerization exotherm can raise the temperature of the autopolymerized methyl
methacrylate resin to the greater than 100 °C when the resin mass is concentrated and

the heat sink is inadequate. (27-28)
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Acrylic copolymers

Acrylic copolymers are not accepted because of a number of objectionable
properties, such as poor edge strength and poor durability, and are subject to
degradation when exposed to sunlight. Processing and coloration are difficult. After
finishing the material will become soft, elastic, and tacky which cause the dust

collection, and staining.

Chlorinated polyethylene

The disadvantages of this material are the processing procedure involves high
heat curing and the use of metal mold. Processing technique are using steam

autoclaves with gypsum molds and laminated technique of coloring.

Polyurethane

Polyurethanes are used as maxillofacial materials. (29) These elastic materials
are denoted as polyurethane because they contain urethane linkages. The polyurethane
possesses a number of excellent properties. They can be made quite elastic without
compromising edge strength, thus permitting thinning and feathering of exposed
tissue margins. Their flexibility is especially well suited to defects with movable
tissue bed. But this material still has some disadvantages such as difficulty to process

consistently.

Plasticized polyvinylchloride

Plasticized polyvinylchloride has been used widely for maxillofacial
prostheses but nowadays, it has been replaced by newer materials with superior
properties. Polyvinylchloride is a rigid plastic with a glass transition temperature

higher than room temperature. For maxillofacial applications, plasticizers are added to
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produce an elastomer at room temperature. Other ingredients added to
polyvinylchloride were cross- linking agents for added strength and ultraviolet

stabilizers for color stability.

ORTHO-JET®

Ortho- Jet is a self- curing acrylic resin for fabrication of orthodontic and
maxillofacial appliances. It contains methyl methacrylate and N, N-dimethyl-para-

toluidine. This material has some advantages, such as:
e [Extra fine bead size for better adaptation to model.
e Low viscosity for ease of processing.
e High tensile strength.
e Minimal shrinkage.

e High wear resistance.

PRIMERS

o A-304, A-306, A-330 G silicone primers are specially formulated one
component, clear primer (A-304, A-306) or beige primer (A-330 G). (30) They are
designed to be used with platinum cured systems where the use of conventional
silicone primers have not proved to be satisfactory. These are air drying primers
designed to improve the adhesion of addition cured silicones to various substrates,

including metals, glass, ceramic and other silicone materials. (30)

eEpicon primer is a durable adhesive agent between Episil-E and PMMA
resin  when producing individual maxillofacial prostheses. It contains

dichloromethane.
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e Sofreliner Tough primer is used to bond an addition- cured silicone to
acrylic resin base. This primer should be applied only a thin coat. If the
volatilization occurs the primer may become thickened that may reduce the

adhesive strength. Sofreliner Tough contains:
-Ethyl acetate 94-98 %
-Polymethylmethacrylate with polyorganosiloxane 1-3 %

-Polyethylmethacrylate 1-3 %

BONDING MECHANISM OF THE PRIMERS

The bond of the elastomer to the acrylic resin must be sufficiently tenacious to
withstand the substantial force acting upon the bond interface during placement and

removal of the prosthesis. This is the weakest link in the restoration. (1)

In fact, the exact mechanism of the function of primers, which are known to
facilitate the adhesive bonding between two surfaces with restricted affinity, is often
unclear. (4) It is thought that primer activates the surfaces by etching or possibly to
promote hydrogen bonding and covalent coupling. For example, Frangou et al (3)
explained the formation of the bond strength of Cosmesil primer when using to bond
silicone and acrylic resin. Cosmesil primer contains Tetraethylorthosilicate(TEOS) /
methyl chlorosilane. Frangou (3) said that Cosmesil primer was a mixture of silicate
ester with chlorosilane and therefore, it could be easily hydrolyzed producing reactive
silanol group and hydrochloric acid. These species can be readily interacting with the
acrylic resin of the substrate by etching as well as with Cosmesil polysiloxane, which
contains silanol group as condensation type silicone elastomer. As a result, chemical
bonding between primer and silicone elastomer is possible, via the condensation
reaction of silanols. In addition some of water produced as a by-product from
condensations can be absorbed on the etched acrylic resin, giving rise to further
chemical reactions between silanol groups and water. The above mechanism seems to

be adequate for efficient bonding as it affects both surfaces.
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THE BASICS OF SILANE CHEMISTRY: :

A silane coupling agent will act as an interface between an inorganic substrate
(such as glass, metal or mineral) and an organic material (such as an organic polymer,
coating or adhesive) to bond, or couple, the two dissimilar materials. (31) A silane

structure is shown in Fig. 2-9.

H (hydride)

(Methyl) CH3 —Si—Q — CHj; (methoxy)

CH, —CH,; —CH; —NH; (aminopropyl)

Fig. 2-9 Silane (Silicon-Based) Chemical

A silane that contains at least one carbon- silicone bond (CH;— Si—) structure
is known as an organosilane. The carbon- silicon bond is very stable, very non- polar

and gives rise to low surface energy, non-polar, hydrophobic effects.

The silicon hydride (—Si—H) structure is very active. It reacts with water to
yield reactive silanol (—Si—~OH) species and, additionally, will add across carbon-

carbon to form new carbon-silicon-based materials.

The methoxy group (CH3—O-) on the carbon compound gives stable methyl
ether, while its attachment to silicon gives a very reactive hydrolyzable methoxysilyl

structure.

The organofunctional group, the aminopropyl substituent, will act chemically
the same in the organosilicon compound as it does in the carbon- based compound.
The distance of the amine, or other organofunctional group, from the silicon will
determine whether the silicon atom affects the chemistry of the organofunctional
group. If the organic spacer group is a propylene linkage (e.g., — CH>~CH,— CHy-),
then the organic reactivity in the organofunctional silane will be similar to organic

analogs in carbon chemistry. Certain reactive silanes, particurlaly vinyl silane (—Si—
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CH=CH,) and silicon hydrides (—Si—H), are useful reactive groups in silicon

chemistry, even though these reactive groups are attached directly to the silicon atom.

Attachment of chlorine, nitrogen, methoxy, ethoxy or acetoxy direct to silicon
yields chlorosilanes, silylamines (silazanes), alkoxysilanes and acylosilanes,
recpectively, that are very reactive and exhibit unique inorganic reactivity. Such
molecules will react readily with water, even moisture absorbed on a surface, to form
silanols. The silanols then can react with other silanols to form a siloxane bond (—Si—
O-Si—), a very stable structure; or in the presence of metal hydroxyl groups on the
surface of glass, minerals or metals, silanols will form very stable —Si—O— metal
bonds to the surface. This is the key chemistry that allows silanes to function as

valuable surface-treating and coupling agents. (31)

USING SILANES FOR BONDING TO THE POLYMER:

A silane coupling agent acts as an interface between an inorganic substrate
such as glass,metal or mineral) and an organic material (such as an organic polymer,
coating or adhesive) to bond or couple , the two dissimilar materials. A simplified

picture of the coupling mechanism is shown in Fig 2-10.

Inorganic
Fiberglass —sji—
Fillers

Metals

Fig. 2-10 The silane coupling mechanism.

The bond to the organic polymer is complex. The reactivity of a thermoset
polymer should be matched to the reactivity of the silane. For example, an
epoxysilane will bond to an epoxy resin; an aminosilane will bond to a phenolic resin;
and a methacrylate silane will bond through styrene crosslinking to an unsaturated

polyester resin. With thermoplastic polymers, bonding through a silane coupling agent
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can be explained by inter-penetrating network (IPN) formation in the interface. (Fig.

2-11).

Chemically Diffuse
Bonded Interface Interphase

90 . 00000
.+ .+.+ 4 +. +.=
Si--0--Sj-= g + # +

# +
Silica

@ Coupling Agent { )} Polymer

Fig. 2-11 The inter-penetrating network (IPN) bonding mechanism.

To optimize IPN formation, it is important that silane and resin be compatible.
One method is to match the chemical characteristics of the two materials. This will
help improve the chances of forming a good composite with optimum properties.
Even with themoset polymers, where reactivity plays an important role, chemical

structure matching will enhance the physical properties of the composite.

CHEMISTRY OF ORGANOFUNCTIONAL ALKOXYLSILANES

The general formula of an alkoxy silane shows two classes of moieties

attached to the silicon atom: (32)
RnSiX(4_n)

R is a nonhydrolyzable organic moiety that can be either an alkyl, aromatic,
organofunctional, or combination of any of these groups. These groups provide the

organic compatibility which allows the silanes to form IPNs.
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X represents alkoxy moieties, most typically methoxy or ethoxy, which react
with the various forms of hydroxyl groups and liberate methanol or ethanol. The

methoxy groups are capable of reacting with hydroxyl functional polymers.

Reaction of these silanes involves four steps. (Fig. 2-12) Initially, hydrolysis
of alkoxy (X) groups occurs. It is after the first and the second alkoxy groups are
hydrolyzed that condensation to oligomers follows. Compared to the hydrogen of a
carbinol moiety, the silanol hydrogen is more electrophilic and much more reactive.
This is due to larger, more electropositive, structure of silicon which results in a high
dipole moment for the silanol group and greater hydrogen bonding. The tendency
toward self condensation can be controlled by using fresh solutions, alcoholic
solvents, dilution, and by careful selection of pH ranges. Silanetriols are most stable at
pH 3-6, but condense rapidly at pH 7-9. The third methoxy group upon hydrolysis is
oriented towards, and hydrogen bonds with, hydroxyl sites on the substrate. Finally,
during drying or curing, a covalent bond is formed with the substrate and water is
liberated. At the interface, there is usually only one bond from each silicon of the
organosilane to the substrate surface. A moderate cure cycle (110° C /15min.) will
leave silanol group remaining in free form and, along with any silane
organofunctionality, may bond with subsequent topcoat, forming an IPN and

providing improved adhesion.
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THE SILANE COUPLING AGENT FOR BONDING SILICONE AND
ACRYLIC RESIN

The choice of silane should involve matching chemical reactivity, solubility
characteristics, structural characteristics and, possibly, the thermal stability of the

organosilane with the same parameters in the polymer structure.

Using a silane as primer ensures that the silane will be at the substrate polymer
interface where it can enhance adhesion. Silane primers are often dilute solutions of
silanes 0.5 to 5 percent, in an alcohol or water/ alcohol solvent. They are wiped or
sprayed on the substrate followed by solvent evaporation. When added to primers on
the substrates, an improvement in adhesion is often realized with the bond showing

greater resistance to the moisture attack at the interface. This can result in:
1. Increased initial adhesion.
2. An adhesive bond with longer life.
3. Greater temperature resistance.

4. Greater chemical resistance.

TESTING METHODS USED TO EVALUATE THE BONDING OF PRIMERS

The most commonly used methods to evaluate the bond of silicone to denture

base material are :( 33, 34-39)
e Tensile test.
e Peel test.
e Shear test.

The peel test was designed to measure the force necessary to peel the lining

material from a rigid denture base material under a controlled rate of tension. (40- 42)
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The peel bond strength was calculated with the following formula where the

peeling angle was considered 180 degrees:

Peel strength = i X[ﬂ +1 (N/mm)
W 2

Where F = applied force.

W= width of specimen in the peeling area.

A= extension ratio of the liner (the ratio of stretched to unstretched length).
The tensile and shear bond strengths were calculated as follows:

Maximum load (N)

Cross section area (mm®)

Bond strength =

Al-Athel et al (33) compared the peel, tensile, and shear bond strengths of
commonly used heat —cured denture soft- lining material (Molloplast-B) which
bonded to poly (methyl methacrylate) denture base material. They found that the bond
strength test results were highly dependent on the test method. In this study, the mean
bond strength values were found to be 2.59 N/(mm” ) in peel, 1.22 N/(mm® )in tensile
and 1.39 N/(mm? ) in shear, respectively. The findings suggested that caution should
be exercised in interpreting the outcomes of softliner adhesion studies. The same

conclusion was found by McCabe’s study. (34)

The tensile bond strength test is a good method of investigating the bond
strength of resilient lining material, because it gives information on strength of

bond in comparison to the tensile strength of materials. (35, 44)
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PROPERTIES OF ELASTOMER PROCESSED IN STONE AND METAL
MOLDS

A number of materials have been used to construct molds to fabricate

maxillofacial prostheses, notably metal, silicone, and dental stone. (45)

Dental stone molds are convenient to make and remake, and therefore are
commonly used in fabricating clinical prostheses. The major disadvantage of stone

molds is that they tend to break, are difficult to clean and cannot be used repeatedly.

Metal mold is more expensive and difficult to construct, but when used with
an appropriate mold releasing agent, they can be cleaned and used repeatedly. Metal
mold is often used for optimization of new material formulations and evaluation of

materials. (21, 44)

In 1999, Lai et al. (44) studied comparison of stainless steel mold and stone
mold data. This study’s purpose was to determine and compare the physical properties
of silicone A-2186 cured in stainless steel mold and stone mold. The results found
that except for tear strength, the mechanical properties of silicone A-2186 cured in
stainless molds were significantly higher than those of A-2186 cured in stone molds.
Stainless steel mold produced higher values than stone molds for all three operators

for tensile strength, ultimate elongation, and hardness.

A-2186 was a two- component low- temperature vulcanized silicone. Curing
A-2186 involved crosslinking polysiloxanes by adding a silyl hydride group (—SiH) to
a vinyl group (CH=CH-) attached to the silicone with aid of a platinum catalyst as
shown in the following diagram. (Fig.2-13)
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Fig.2-13 The addition of silyl hydride groups (—SiH) in the silicone
Poly(dimethylsiloxane)) to the vinyl groups (-CH=CH,).

The crosslink reaction involves initial formation of a complex between the
double bond of vinyl group and the Pt, followed by a reaction with the silyl hydride
group (—SiH). (46) A chemical compound which is capable of competing with the
unsaturated carbon-carbon double bond in the initial formation of the platinum/Si
CH=CH, complex could inhibit the crosslinking reaction of hydrosilylation. Thus,
organic molecules which possess groups containing a lone pair of electrons, e.g.
amines, sulphites, or phosphines, could form a reaction complex with platinum,

thereby inhibiting the crosslink reaction.

The major components in A-2186 and MDX4-4210 are similar. Each is

pourable two- component silicone rubber, and both materials are cured by the same
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mechanism. (47) When silicone MDX4-4210 was cured in dental stone, introduce
impurities, which contaminated the Pt catalyst to varying degrees. Such contamination
would reduce the degree of cure, resulting in reduced mechanical strength. (44, 47-

48)

In addition, when compared to the machined aluminum molds, the stone
molds had surfaces with more pronounced microirregularities. The irregularities in the
untreated stone mold surface might be transferred to the silicone during processing.
When the processed silicone sample was elongated, these irregularities might act as
the focii for concentration of stress. At high elongation, the initiation and propagation
of cracks to the point of rupture was more likely to occur at one of these irregularities.

(44)

The probable mechanism for lower tensile properties might be lack of
homogeneity of the polymerized silicone surface. The porosity in the untreated stone
mold might selectively alter the concentration ratio of base and catalyst by drawing
the catalyst out of the unpolymerized silicone. By capillary action, the less viscous
catalyst might be drawn into the surface of the untreated stone mold. This could alter
the base-catalyst ratio and the degree of polymerization near the surface. The changes
in degree of the polymerization on the surface might account for the decrease in
ultimate tensile strength (UTS) and tensile strength. Raptis et al. (49) found that the
highest UTS for Silastic MDX 4-4210 was demonstrated for samples processed in

aluminum molds and considerably reduced in untreated stone molds.

To prevent contaminate nation and lack of homogeneity of polymerized

silicone surface, metal mold was used in this study.

The cure of MDX 4-4210 Medical Grade Elastomer may be inhibited by traces
of amines, sulphur, nitrogen oxide, organo- tin compounds and carbon monoxide.
Because organic rubbers often contain these substances, they should not come in
contact with uncured elastomer and curing agent. (17) MDX 4-4210 contains a
silicone curing system which utilizes vinyl terminated silicone fluids and a platinum

catalyst to start the reaction. The chemical double bond of vinyl group is used during
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the crosslinking process and, as there are no by- products produced, there is no
shrinkage of the final molded part. The sensitive platinum component however is
easily poisoned by the presence of certain chemical (e.g., latex from latex gloves) and

this can lead to cure inhibition.

Therefore, the vinyl gloves must be used when mixing and applying

silicone to the mold.

THE RESEARCH RELATED TO THE EFFECT OF PRIMERS ON THE
BOND STRENGTH OF SILICONES AND ACRYLIC RESINS

The primer is the material that promotes bonding between silicones and other
materials. The American Society for Testing and Materials (ASTM) (24) defined
primer as “a coating applied to a surface, prior to the application of an adhesive, to
improve the performance of the bond”. Using primer to enhance bonding between
silicone and acrylic resin was started from trying to adhere soft lining material to

acrylic denture base.

In 1988, Singer et al. (49) studied the effect of primers on the bond strength of
silicone and polyurethane. They evaluated the bond strength of silicone elastomers
Adhesive A (Silastic 891) and MDX 4-4210 (Dow Corning Corp.,Midland, Mich.) to
polyurethane (J.P.Stevens, Easthampton, Mass) with three commercial primers (Dow
Corning A-4040, S-2260 , and 1205). The America Society for Testing Materials test
method for adhesion in- peel of elastomeric joint sealants was used as a guide in
designing the research protocol. The results reported that the S-2260 and A-4040
primers formed the strongest bond strength between the polyurethane sheet and the
silicone mixture of MDX4-4210 and adhesive A. MDX 4-4210 used alone as the body
of the sample showed low mean bond strength values and exhibited unzipping in

samples of all three primers.

In 1989, McMordie et al. (2) had evaluated the bond strength between Silastic
891 and poly (methyl methacrylate) by using three different primers (The Dow
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Corning 4040, S-2260 and 1200). The result showed that all primers increased the
bond strength and the Dow corning 4040 primer had the highest bond strength.

In 1991, Polyzois et al. (51) investigated the bond strength of three
commercially available bonding agents (Triad VLC bonding, Z-6032, Z-6076) when
bonding two facial silicone elastomers (Silskin II, Cosmesil SM4) to a visible light-
activated resin (Triad/Dentsply). They found that the heat aging of the bonding agents
used in their study between a light —polymerizing denture resin and silicones had no
substantial effect on the bonding strength. The results also showed that the Z-6032
silane proved to be more suitable for the systems tested than did the adhesive agent

supplied by the manufacturer of the visible light-activated resin.

In 1992, Kawano et al.(52) compared the bond strength of six soft liners
(Prolastic, VinaSoft , Flexor, Molloblast-B, Novus , and Super-Soft ) to poly(methyl
methacrylate) denture resin (Lucitone 199, Densply International, Pa) by using
different primers ( Novus Bond, The Hygienic Corp., Akron, Ohio). They found that
the bond strength was related to the components of materials. The bond strength of
Novus could be improved by using the recommended bonding agent and bonded
Novus at 26.1 kg/cm® had the highest bond strength of all materials tested
[Molloplast- B (heat- cured silicone) at 17.6 kg/cm?, Super-Soft (Plasticized PMMA)
at 16.7 kg/cm?, Flexor (Copolymer) at 11.3 kg/cm?, Vina-Soft (Vinyl) at 11.0 kg/cm®
and Prolastic (RTV silicone) at 9.6 kg/cm?, respectively].

In 1994, Collard et al. (53) investigated two primers (S-2260/ Dow, 1250/
Dow), three polymerization methods, and seven primer reaction times to determine
the conditions for optimum adhesive bond strength between silicone MDX 4-4210
and Polyurethane resin. The results showed that the bond strength were significantly
greater for polyurethane treated with primer 1250 rather than S-2260 regardless of the
polymerization method or primer reaction time. Neither any single polymerization

method nor single primer reaction time consistently yielded greater bond strength.

In 1995, Emmer et al.(54) researched bond strength of permanent soft denture

liners of Triad ( Dentsply/ York Div.,York, Pa), Astron (Astron Dental. Wheeling,
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I11.), Molloblast- B ( Buffalo Dental Mfg.Co.,Sysosset, N.Y.), Perma Soft (Nue Dent,
Cambridge, Mass) and Super Soft (Coe Laboratories, Chicago, IIl,.) bonded to the
acrylic denture base resin Lucitone 199(Dentsply/ York Div.) by using bonding agents
(Triad unfilled resin silane). The results indicated Molloblast- B was a silicone and
must be coupled with silane so that the liner bonded to the silane, which in turn
copolymerizes with denture, base resin. They also found that this material was ductile
and weak, and bonding at the interface was stronger than the cohesive strength of the

liner.

In 1996, Al-Athel et al. (33) compared the peel, tensile, and shear bond
strength values of commonly used denture soft- lining material Molloblast- B
(Regneri and Co,, Karlsruhe, Germany) bonded to a poly(methyl methacrylate)
denture base resin Trevalon (Dentsply Ltd., Weybridge, Surrey, England). The results
of this study have confirmed that the bond strength of test results were highly
dependent on test method. The findings emphasized the need for caution when

interpreting and comparing results of laboratory studies presented in the literature.

Polyzois et al. (55) compared two curing methods (microwave irradiation and
dry heat) on the tensile bond strength of four silicone facial materials (Mollomed /
Germany, A-2186/Factor 11, Silskin II/ ChasF.Thackray- England, MDX 4-4210/Dow
Corp) to cured acrylic resin (Acron MC/ Japan). The result showed that the bond

strength was affected by the type of silicone material and not by curing method.

Taff et al.(56) evaluated the adhesion in peel force of silicone adhesive
(Silicone Adhesive A, Dow Corning Corp.) to the autopolymerizing poly(methyl
methacrylate (Dentsply, Milford, Del.) and light- polymerized urethane
dimethacrylate gel(Triad, Dentsply Intl.,York, Pa.) with two surface primers (Dow
Corning 1205, Dow Corning S-2260). The results showed that the 1205 primer
produced an adhesion in peel force statistically significant stronger (p<0.05) regarded

of which type of resin or surface preparation was used.

In 1997, Kawano et al.(57) compared the bond strength of six soft liners
(Prolastic, VinaSoft , Flexor, Molloblast-B, Novus , and Super-Soft ) to poly(methyl
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methacrylate) resin (Lucitone 199, Densply International, Pa) by using different
primers ( Novus Bond, The Hygienic Corp., Akron, Ohio, No.890701, 031115,10049,
890710). The sample were fabricated by processing them against unpolymerized
poly(methyl methacrylate) and against polymerized poly(methyl methacrylate). The
results showed that the bond strength when processed against unpolymerized
poly(methyl methacrylate) ranged from 0.48 to 2.60 MPa, and when processed against
polymerized poly (methyl methacrylate) ranged from 0.94 to 2.54 MPa. It was
concluded that the bonding could be influenced by the processing method. All bond
strengths increased when the liners were processed against polymerized PMMA
except for Novus, which had no significant difference, and Vina Soft, which had a

bond strength decreased.

In 2001, McCabe et al.(34) studied the peel bond strength and tensile bond
strength between three polyvinylsiloxane denture soft liners GC reline Soft, GC
Reline Extrasoft, GC reline, Ultrasoft (GC Europe, NV) and a heat-cured acrylic resin
Lucitone 199 (Dentsply,USA) by using two adhesive systems (Vinyl-silane adhesive
dissolved in either toluene or ethyl acetate). The results showed that there were
significant differences in bond strength between materials for both tensile bond
strength and peel strength. Overall, the ethyl acetate based adhesive produced higher
bond strength than the toluene based adhesive although the tensile bond strength for
UltraSoft was not influenced by which adhesive was used. The mode of failure was

affected by choice of adhesive.

In 2002, Polyzois et al.(1) evaluated the interfacial bond strength between two
silicone facial elastomers (Cosmesil/ Principally Medical, Ideal/ Orthomax) and three
denture resins (SR 3/60/ Ivoclar, SR3/60 Quick/ Ivoclar, Triad VLC/ Dentsply) by
using primer (Pricipallity Medical). The authors used the “overlap-joint” model to
evaluate the bond strength, and the samples were placed in tension until failure. The
results showed that Cosmesil condensation- type silicone had higher bond strength
with three different types of denture resins compared to Ideal addition silicone. And
the author also concluded that the type of silicone elastomer and denture resin

significantly affected their interfacial bond strength.
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In 2003, Frangou et al. (3) investigated the bond strength of Comesil
(Principality) condensation type silicone and Ideal (Orthomax) addition type silicone
elastomers to SR 3/60 NF (Ivoclar) autopolymerizing acrylic resin by using three
primers Comesil (Cat No: CO70), Z-6020 (Dow Corning) and Silquest A-174 (Osi
Specialties S.A). The results obtained in this study led to the conclusion that the
optimization of adhesive bonding can be achieved by proper selection of the system
silicone elastomer/ primers. And the compatibility of the components of these systems
can be attributed to various physicochemical interactions taking place during

application.

Kulak-Ozkan et al. (58) studied the effect of thermocycling on tensile bond
strength of six silicones (Ufigel C, Ufigel P, Mollosil, Molloblast B, Permafix, and
Permaflex) and denture base resin PMMA. The results indicated that the bond
strength of soft lining silicone materials had significantly decreased after themocyling

except Ufigel C and Mollosil.

In 2004, Minami et al. (59) studied the effect of surface treatment on the
bonding of an autopolymerizing silicone soft denture liner (Sofreliner/ Tokuyama) to
a denture base resin (Pour resin/ Shofu) by using two adhesive primers (Softreliner/
Tokuyama and Reline Primer/ GC). The bonding surfaces of denture base cylinders
were polished with 600-grit silicon carbide paper and pretreated with Sofreliner
primer or reline primer after air abrasion. The results showed that roughening of the
denture resin surface with air-particle abrasion was not effective for enhancing failure
load and maintaining longevity of the silicone soft denture liner and acrylic resin
tested. Cyclic thermal stress was one factor degrading the bond between silicone soft

denture liner and acrylic resin denture base.
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SUMMARY OF THE PREVIOUS STUDIES HAVING SIMILAR METHODS
AND MATERIALS WITH THIS STUDY

Table 2-6 Summary of materials and methods used to evaluate the use of primer to

denture base resin.

Reseacher/ | Substrate Preparing | Silicone Primer Surface Machine/
area of test
Year specimen Crosshead speed
(mm?)/ (mm. /min.)
Testing
Singer et ePoyurethan | Vaccum oeMDX4-4210 | eA-4040 1400 Instron Universal
al.(50) e Testing
former 0S-2260 *Peel Machine(Instron
1988 Heat cured Corp.,Canton,
01250 Mass)/25.4
McMordie | ePMMA Sand paper | eSilastic 8§91 04040 Not Instron Universal
et al.(2) mention Testing Machine
Heat cured 052260
1989 *Tensile (Instron
01299 Corp.,Canton, Mass)/
12.7
Polyzois et | ®Triad VLC | No specific | ®Silskin IT e Triad 299 Monsanto Testing
al.(51) VLC Machine(Model T10,
Visible Light e Cosmesil “Overlap- Monsanto Ltd,UK)/50
1991 cured SM4 ©7-6032 joint”
07-6076 *Shear
strength
Collard ePoyurethan | No specific | eMDX4-4210 | S-2260 275 Universal testing
e machine(Model 8510
et al. (53) ®1250 *T-peel with Series IX
Heat cured Softwave,Instron,
1994 Canton, MA)/127
Polyzois e Arcron MC | 240 grit SiC | eMDX4-4210 | ePrimo 113.4 Mosanto Tensometer
(55) Paper Adhesive
Autopoly eMollomed *Tensile ( Modell0;
1996 MonsantoLtd,
merizing) e Silskin II bond
Swindon, England)/
0 A-2186

50
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Table 2-6 Summary of materials and methods used to evaluate the use of primer to

denture base resin. (cont.)

McCabe eLucitonel9 | 800-grit eReline Soft o Adhesive/ 78.57 Instron Universal
9 wet/dry Ethyl Testing Machine/
et al. (34) abrasive eRecline acetate *Tensile
2001 Heat cured paper Extrasoft bond *Peel 10
o Adhesive/
eReline Toluene *Tear
Ultrasoft
Polyzoiset | SR 3/60 80-grit SiC | eCosmesil ePrincipall 299 Monsanto Testing
al. (1) Paper ity medical Machine
(Heat-curing) e Principallity “Overlap-
2002 medical Ideal joint” (ModelT10,
SR 3/60 Monsanto Ltd,UK)/
Quick *Shear
50
(Autopoly
merizing)
eTriad VLC
(Visible light
curing)
Frangou et | SR3/60 NF 80-grit SiC | eCosmesil o Cosmesil 299 Monsanto Testing
al. (3) Paper Machine
(Autopoly eldeal 07-6020 “Overlap-
2003 joint” (Model T10,
merizing) eSilquest Monsanto Ltd,UK)/
Al174 *Shear
50
Minami et | SSKJ-50 600-grit e Sofreliner e Sofreliner 54.4 Instron Universal
al. SiC paper Testing Machine
(Autopoly eReline *Tensile
(59) primer bond (Instron model 1114)/
merizing)
2004 (GO) 254
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SUMMARY OF THE LITERATURE REVIEW

1. In general, HTV silicones have better physical and mechanical properties
than RTV silicones. RTV silicones have become popular as maxillofacial materials,

and are now used more often than other materials.

2. RTV silicones are much easier to process than HTV silicones. Metal mold

must be used in HTVs packing and dental mold can be used for RTVs packing.

3. MDX4-4210 and Episil-E are medical- grade silicone. These elastomers are
addition- RTV silicones containing polysiloxane basic and the platinum hardener

agent to reduce extremely shrinkage.

4. A-304, A-306, A-330G, Sofreliner Tough, Epicon primers are used to bond

an addition- cured silicone to acrylic resin base.

5. There 1s no “universal primer” for every kind of application. The ultimate
bond strength can be achieved by proper selection of the combination silicones /

primer/ acrylic resin.

6. The most commonly used methods to evaluate the bond strength of resilient
lining material to denture base are Tensile test, Peel test, Shear test. The tensile test is
a good method of investigating the bond strength of resilient lining material because it
gives information on the strength of bond in comparison to the tensile strength of

materials.

7. The exact mechanism of the function of primers, which are known to

facilitate the adhesive bonding between silicone and acrylic resin, is often unclear.
8. Most primers were often unknown composition.

9. The use of primers increased bond strength between silicone and acrylic

resin.
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10. Roughening of the denture resin surface with air- particle abrasion was not
effective for enhancing failure load and maintaining longevity of the soft denture liner

and acrylic resin.

11. Stainless steel mold produced higher values than stone molds for all three

operators for tensile strength, ultimate elongation, and hardness.

12. The cure of MDX 4-4210 Medical- Grade Elastomer may be inhibited by
traces of amines, sulphur, nitrogen oxide, organo- tin compounds and carbon
monoxide. The vinyl gloves must be used during mixing and applying silicone to the

mold to prevent contamination.
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CHAPTER III

MATERIALS AND METHODS
MATERIALS

1. Silicones: (Fig.3-1)
1.1. MDX4-4210

eSilicone elastomer base (Silastic® MDX4-4210, Medical grade
elastomer, Factor II Inc., Batch No. 0001995434, Factor II Inc.,
US.A)).

eSilicone elastomer curing agent (Silastic® MDX4-4210,
Medical grade elastomer, Factor II Inc., Batch No.
0002036097, Factor II Inc., U.S.A.).

1.2. Episil-E (Lot No0.50.21.32, DREVE-DENTAMID GMBH, Unna,

Germany).
2. Acrylic resin :( Fig. 3-2)

e Autopolymerizing acrylic resin (Ortho-Jet® Lot No. 1380-4006, Lang
Dental MFG.Co.,Inc., U.S.A.).

3. Primers: (Fig. 3-3)
3.1. A-304 Platinum Primer (Lot No. RZ 21196, Factor II Inc., U.S.A.).
3.2. A-306 Platinum Primer (Lot No. R 31436, Factor Il Inc., U.S.A.).
3.3. A-330-G Gold Primer (Lot No. 004472, Factor II Inc., U.S.A.).

3.4. Epicon (Lot No.40281, DREVE-DENTAMID GMBH, Unna,

Germany).
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3.5 Sofreliner Tough Primer (Lot.2006, Tokuyama Dental

Corporation, Japan).
4. Thixotropic agent (Lot No. R889191, Factor II Inc., U.S.A.).
5. Mixing gun (Applyfix® DREVE-DENTAMID GMBH, Unna, Germany).
6. Mixing canula (DREVE-DENTAMID GMBH, Unna, Germany).
7. Plastic spatula and disposable plastic glass.
8. Silicone carbide paper No.800-grit.
9. Diamond wheel disc.
10. Acetone.
11. Disposable vinyl glove (Med-Comfort, Germany). (Fig.3-4)
12. Double clip (U.A. Import Export Co. Ltd.).

13. Tin foil substitute separating medium (Lot No. 0405111, Factor II Inc.,
U.S.A)).

14. Plastic cotton tip applicator.

15. Power Glue® (Cyanoacrylate adhesive, Alteco Chemical PTE Ltd.).
16. Small plastic brush.

17. Stainless syringe with plastic tip.

18. Metal collar (10mm diameter x 3mm thickness).
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APPARATUS
1. Micromotor (Kavo EWL Type 4990)
2. Weighing machine (Acculab VI-600, U.S.A.)

3. Universal testing machine (Instron model 5566, Instron Corporation,

Canton, MA, USA).
4. Aluminum mold.

5. Hot air oven (Scientific Promotion Co. Ltd.)

6. Hydraulic Press 660 (Silfadent, Italy)

7. Ultrasonic cleaner (Sultan®, Pro-sonic® 1000, USA)

Fig.3-1 Silicone Silastic® MDX4-4210 and silicone Episil-E
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Fig. 3-2 Autopolymerizing acrylic resin Ortho Jet®

A-306
Platinum #

LR

Epicon)

Fig. 3-4 Disposable vinyl gloves (Med-Comfort).
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METHODS
1. Fabrication of metal mold:

Three-piece metal mold consisted of the upper, middle plate and lower part
was made of aluminum. The metal mold has 4 hollows with each hollow having

dimension of 30 mm in diameter and 3mm in thickness. (Fig.3-5)

Fig. 3-5 Three- piece metal mold.

2. Preparation of acrylic resin specimens:

The mold was lubricated with Tin foil substitute separating medium before

packing acrylic resin.

A total of 360 denture disc specimens (240 for pair- test specimens and 120
for holding test specimens during bond strength testing) were fabricated with
autopolymerizing acrylic resin according to the manufacturer’s instruction. The
powder was added and allowed to settle into the liquid with ratio 3:1 in a glass jar and
spatulated with a cement spatula using stirring action for 60 seconds. The mixture was
poured into the 3-pi\ece metal mold and packed under pressure holder. After
completely set, the acrylic resins were removed and finished with an acrylic bur and
green stone to get acrylic specimen of 30mm in diameter, 3 mm in thickness. The
bonding surface of each specimen was polished with 800-grit silicon carbide paper

under water irrigation. The acrylic resin specimens were cleaned by Ultrasonic
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cleanser for 5 minutes and stored in 37°C distilled water for 24 hours prior to

bonding to silicone. (Fig. 3-6)

Fig. 3-6 Acrylic resin specimens.

3. Fabrication of tensile bond strength specimens:
3.1. With MDX4-4210 silicone:

3.1.1. Two acrylic resin discs clamped together to make one test specimen.
Test specimens were arbitrarily divided into 12 groups of 10 test specimens each:

(Table 3-1)
o6 groups bonded to MDX4-4210.
o6 groups bonded to Episil-E.

The bonding surface of test specimens in each group of each silicone was
applied with one of the five primers. (Fig. 3-3) In control groups, acrylic resin

surfaces of test specimen were not applied by any primer.
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Table 3-1 Primers and silicones used in this experiment.

TOTAL TEST SPECIMENS

120

Silicone MDX 4-4210 Silicone Episil-E

60 60

A304A306 A330G Sofre Epicon Control A304 A306 A330G Sofre Epicon Control
10 10 10 10 10 10 1010 10 1010 10

3.1.2. Acetone was used to clean the acrylic resin surface by using the cotton

with plastic applicator and let it dry for 30 minutes.

3.1.3. The primer was evenly applied twice in opposite direction onto the
acrylic resin surface (with a thin coat) by using the plastic brush and allowed to dry

for one hour.

3.1.4. The inner surface of metal collar was cleaned by acetone and placed on

the center of the acrylic resin base. (Fig. 3-7)

Fig. 3-7 Acrylic resin base with metal collar placed on the center of the primed

surface.

3.1.5. MDX4-4210 silicone was mixed following the manufacturer’s

instructions (ratio 10g Silicone elastomer base: 1g Silicone elastomer curing agent).
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The thixotropic agent was added to the silicone ( 1drop for 6-10g silicone) in order
to make a paste- like form, which facilitated handling of the silicone and provided

sufficient pressure buildup inside the mold to eliminate any air bubbles.

3.1.6 The mixed silicone was put into a syringe and injected into the metal
collar without trapping the air bubbles to form a specimen of 10 mm in diameter and 3

mm in thickness. (Fig.3-8)

Fig. 3-.8 The mixed silicone injected into the metal mold by a syringe.

3.1.7. Another acrylic disc which had been cleaned and primed was placed on
top of the metal collar with the primed surface facing the metal collars. The two of

acrylic discs were clamped and secured by Double clip. (Fig. 3-9)

Fig. 3-9 Test specimens were clamped by Double clip.
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3.1.8. The excess silicone was removed by a small plastic brush.

3.1.9. Metal rod was bonded, using power glue, to the free surface of acrylic

disc to allow gripping and attaching of the test specimen to the test machine.

3.1.10. The metal cylinder was bonded, using power glue, to free surface of

another acrylic disc for holding test specimen during bond strength testing. (Fig.3-10)

Metal rod |

Acrylic disc

Metal collar

Metal cylinder

Fig. 3-10 Set- up of the test specimen.

3.1.11. The completed test specimens were kept at room temperature for 5

days for completely set before testing.
3.2. With Episil-E silicone:

The processing procedure is similar to that described in 3.1 except that a
mixing gun with canula was used to mix the silicone and the mixed silicone was

directly injected into the metal collars. (Fig.3-11)
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——

Fig. 3-11 Episil-E injected into the metal collar.

3.1.12. The completed test specimens were kept for 3 days at room

temperature for completely set before testing.

Note: During preparation of the silicones the vinyl gloves were used to prevent

contaminations which can influence the setting of silicones.
4. Tensile bond strength testing:

4.1. During clamping of the specimens in the grips, care was taken to align the
bonding surface with the direction of grip travel. If the bonding surface does not align
with metal rod it makes so difficult to hold a test specimen to the universal testing

machine.

4.2. All specimens were loaded in tension mode in a Universal testing machine

with a crosshead speed 50 mm. /min. (Fig.3-12) until the failure of bonding occurred.
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Fig. 3-12 Specimen loaded in tension mode in a Universal testing machine

The bond strength (MPa) was calculated as force at failure (N) divided by the

bonding area (mm?).
Bond strength (MPa) = F/A
Where F = maximum force (N)
A = bonding area of the sample (mm?)
Conversion factors:

To change kilograms per square centimeter (kg/cmz) to megapascals(MPa)

multiply by 0.00981 (1kg/cm” = 0.00981 MPa).

Note: 1MN/m? =1MPa.
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STATISTIC ANALYSIS

The data were analyzed by SPSS for windows (SPSS Inc., Chicago Illinois,

USA). Mean and standard deviations were computed.

Two- way ANOVA was used to determine the effects of interaction of
silicones and primers on the tensile bond strength. When a statistical significant
difference was shown, the multiple comparisons test, Tukey HSD, was used to

determine the pair differences.

The tensile bond strength of five primers used to bond (MDX4-4210 and
Episil-E) silicones to Ortho-Jet autopolymerizing acrylic resin was analyzed. The
control group was removed from the data in order to reduce the effect of the control
group. Kolmogorov-Smirnov tested was used to determine whether the distribution of
data in each group was normal or not. The Levene test was used to determine the

homogeneity of variances.

If the variances were equal, one- way ANOVA was used to determine the
significant differences between group and Tukey HSD test was then used to evaluate
which groups showed the differences when using primers to adhere silicones and

acrylic resin.

If the variances were unequal, the Kruskal-Wallis was used to determine the
significant differences between groups. This analysis indicated that a significant
difference existed among the groups. The multicomparison non- parametric test (by
manual) was used (equation (1)) to evaluate which groups showed the differences

when using primers to adhere silicones and acrylic resin. (60-61)

|R; R. (,zw-l—’r)%(1 1)ff
I n, 7 -\ S N—k ;Jrr_[,

‘ (1

Where e Riand RJ are the rank sums of the two groups.

e N is the sum of sample size of all groups.
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® 1, 2)1s the (1-a/2) quantile of the t distribution obtained from the t
table with N-k degrees of freedom.

e n; and n; are the sample sizes of the two groups.

Tzl(i B_ﬁwN(NH)?)

S\ n 4

2 1 vz A (IN+1)?
S—WN_l(gR(AH) N=—= )

ranks

If there are no ties S simplifies to N (N+1)/12, and test statistic reduces to:

12 k R?
=——— ———S(IN+1
T NN+ SO n { )
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CHAPTER IV

RESULTS

Part I. The bond strength of the two silicones used in combination with five

primers.

The mean and standard deviation values were shown in Table 4-1.

Table 4-1 Mean and standard deviation values of the bond strengths (MPa) of
silicones MDX4-4210 and Episil-E to autopolymerizing acrylic resin Ortho- Jet using

5 primers.
Silicones
; Episil-E MDX4-4210
Primers
Mean S Mean S.D.

A-304 1.382 0.315 0.674 0.117
A-306 1.105 0.260 0.408 0.099
A-330-G 1.953 0.238 1.369 0.237
Sofreline Tough 1.037 0.098 0.821 0.097
Epicon 2.392 0.308 1.055 0.179
Control 0.075 0.060 0.079 0.037

Two- way ANOVA was used to evaluate the bond strength of the two
silicones used in combination with five primers. (AppendixA.l.1) A statistical
significant difference among bond strength of silicones MDX4-4210 and Episil-E to

autopolymerizing acrylic resin Ortho- Jet using 5 primers (p value < 0.001) was
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shown. (Appendix Al.2) The multiple comparisons test, Tukey HSD, was used to
determine the pair differences. (Appendix Al.3)

The results of tensile bond strength showed that:

I.1. The bond strength was affected by type of silicones, primers and
interaction between silicone and primer when using primers to adhere silicone and

acrylic resin.

I.2. Combination Episil-E / Epicon had the highest tensile bond strength and
combination MDX 4-4210/A-306 had the lowest tensile bond strength.

1.3. Episil-E silicone had tensile bond strength higher than MDX4-4210
silicone at 5% significance level when using primers to bond with Ortho- Jet acrylic

resin.

I.4. Primers had significant differences bond strength when bonding silicones

to Ortho-Jet acrylic resin.

1.4.1. A-330G, Epicon primers had the highest bond strength, A-306
showed the lowest and A-304, Sofreline Tough had intermediate bond strength, to

adhere silicones and Ortho- Jet acrylic resin.

1.4.2. A-330-G and Epicon primers had no significant difference bond

strength to adhere silicones and Ortho- Jet acrylic resin.

1.4.3. A-304, Sofreline Tough had no significant differences bond

strength to adhere silicones and Ortho- Jet acrylic resin.
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Part 1. The bond strength of five primers used to bond MDX 4-4210 silicone to

Ortho-Jet autopolymerizing acrylic resin.
Mean and standard deviation values were shown in Table 4-2.

Table 4-2 Mean and standard deviation values of the bond strengths (MPa) of silicone

MDX4-4210 to autopolymerizing acrylic resin Ortho- Jet using 5 primers.

Primers MDX4-4210 silicone
Mean S.D.
A-304 0.674 0.117
A-306 0.408 0.099
A- 330-G 1.369 0.237
Sofreline Tough 0.821 0.097
Epicon 1.055 0.179

Levene’s test was used to determine homogeneity. Because of p-value < 0.05,
the variances were unequal. (Appendix Table All.1) Therefore, non-parametric test,
Kruskal- Wallis test was used to determine the significant differences in bond strength
between groups using primers to adhere silicones and acrylic resin at 5% significant
level (p value <0.001). (Appendix Table All.2)

The results of tensile bond strength showed that:

I1.1. Five primers had significant differences bond strength to adhere MDX4-

4210 silicone and Ortho-Jet acrylic resin.




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Maxillofacial Prosthetics) / 61

I1.2. The highest bond strength was found in A-330-G (group 3), followed by
Epicon, Sofreline Tough, A-304, and A-306, respectively. (Fig.4-1)

Mean of bond strength

1.8
1.6- 1.369

MPa

A304 A306 A 330-G Sofreline Epicon

Primer

Fig. 4-1 Bond strength of five primers used to bond MDX4-4210 silicone and

Ortho-Jet acrylic resin.
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Part I1l1. The bond strength of five primers used to bond Episil-E silicone to

Ortho-Jet acrylic resin.

Table 4-3 Mean and standard deviations of the bond strengths (MPa) of silicone

Episil-E to autopolymerizing acrylic resin Ortho- Jet using 5 primers.

Primers Episil-E silicone
Mean S.D.
A-304 1.382 0.315
A-306 1.105 0.260
A- 330-G 1.953 0.238
Sofreline Tough 1.037 0.098
Epicon 2.392 0.308

The same procedure with part 1, the Levene test was used to determine the
homogeneity of variances.(Appendix Alll-1)Because of p-value > 0.05, the variances
were equal, one-way ANOVA and Tukey HSD test were used to determine the
significant differences bond strength between primers to adhere Episil-E silicone and
Ortho—Jet acrylic resin.(Appendix Table Alll-2, Table 111-3)

The results of tensile bond strength showed that: (Fig. 4-2)

I11.1. Primers had significant differences tensile bond strength to
adhere Episil-E and Ortho-Jet.

I11.2. Epicon had the highest tensile bond strength, A-304, A-306,
Sofreline Tough showed the lowest, whereas A-330-G had intermediate tensile

bond strength.
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I11.3. Primers A-304, A-306, Sofreline Tough had no significant
differences in tensile bond strength to adhere Episil-E and Ortho- Jet.

Episil-E silicone
S 3
g ,c. 2392
= : 1.953
[72) — 2
ge] 1.382
5SS 157 10w 1.105
o< 4
@ l
.g 0.5 | .
i 0
Ly Type of primers
Sofreline A306 A304 A330G Epicon
Y - W
A horizontal line shows no significantly difference at 5 % significance level

Fig. 4-2 Bond strength of five primers used to bond Episil_E silicone and
Ortho-Jet acrylic resin.




Doan Minh Tri Discussion/ 64

CHAPTER V

DISCUSSION

Implant-retained facial prostheses incorporate a denture resin substructure or
retentive matrix. (1) This demands that the denture resin component be securely
bonded to the silicone material of the prosthesis. Experience, especially with implant-
retained facial prostheses, has demonstrated partial to complete debonding of the

retentive matrix from the facial prosthesis for some patients.

FACTORS INFLUENCING THE BOND STRENGTH OF PRIMERS
Factors which influence the bond strength are:

1. The substrate preparation regarding how it is treated and degreased. (1-2, 59,
62-63)

2. The curing method of the primer. (57, 62-63)
3. The effects of the applied primers. (1- 3, 55)
4. The type of the applied silicone materials. (1, 49, 55-56)

5. Interaction between silicones and primers.( 3, 46, 49, 53)

The substrate preparation

Many techniques to prepare denture base resin for bonding to silicone were
reported. (1-2, 59, 63) Craig and Gibbons advocated a roughened surface to improve
the adhesive bond. (63) They reported that adhesive values obtained by roughening
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were approximately double those of smooth surfaces because of a slightly irregular

surface provided mechanical locking for the soft material. Polyzois et al. (1) found
that the higher bond strength when the resin base was finished with 80-grit SiC paper
than when it was finished with 240, 260, 600 or 1000-grit SiC paper. In another study,
Frangou and colleagues also claimed that when the bonding surface of the resin
specimens was finished with a polishing machine used with 80-grit SiC paper under a
constant flow of water, the bond strength increased. (3) On the contrary, Amin (64)
reported that roughening the acrylic resin base by sandblasting before applying a
silicone material had a weakening effect on the bond. Jagger et al. (65) claimed that
roughening the resin surface with an acrylic bur weakened the bond because of the
stress concentration caused by discontinuities of the surface and entrapped air or gas
at the interface, which could further weaken the bond by the created voids. Similar
results were reported by Miami (59), who proved that roughening of the denture
surface with air- particle abrasion was not effective for enhancing failure load and
maintaining longevity of the silicone and acrylic resin. Taft et al. (56) found that
adhesion in peel test showed no statistically significant difference from bead or

pumiced only surface preparation.

McCabe used an 800-grit SiC paper to prepare acrylic resin substrate in their
study to evaluate peel bond strength and tensile strength between soft liner silicones
and acrylic resin denture bases. (33) Nowadays, the best way to prepare a denture
resin base is unclear, the mechanical surface preparation of denture bases before

application of silicone may not be warranted. (59, 64, 66-67)

In this study, we designed bond strength testing using the same protocol of
McCabe and used an 800-grit SiC paper under constant flow of water to prepare
Ortho -Jet acrylic resin substrates. (33) Further studies should be carried out to find
the proper preparation of resin surfaces to increase the bond strength between silicone

and resin bases.
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The curing method of primer

The technique used to bond primer to acrylic resin is a very important factor in
the success of bond strength. (59) Optimal adhesion is obtained only when the
maximum surface area and surface reactivity are made available at the time of primer
application. All organic contaminates must be removed by using a solvent such as
acetone or 1:1:1 trichlorethane and allow solvent to fully evaporate for usually 30
minutes at room temperature. The primer must evenly coat available surfaces to
obtain adhesion. Optimal adhesion was achieved when only a very thin, uniform coat
of primer was applied. In this study, a small plastic brush was used only one time
(dispose of after using) to apply primer to the resin base. Because the primer is
actuated by atmospheric moisture, lower humidity will require a longer drying time. If
the surface is dried to a heavy whitish haze or chalky appearance, the coating will be
too thick. (30) In this case, cleaning and reapplying must be done. Optimal cure time
will be influenced by changes in temperature and humidity. Cure times are reduced by
50% for every 18 °F increase in temperature, providing a relative humidity of 50% is

maintained. (9)

Collard et al. (53) found the optimum reaction time of each primer used to
bond silicone and polyurethane base. The result showed that the primer reaction time
and polymerization temperature are critical to successful adhesion. If the coupling
agents layers were overpolymerized, they might be incompatible with the matrix
polymer. If the coupling agents were underpolymerized, they may have diffused so far
into the matrix that they loosed potential cross-linking at the interface. (53, 62) The
Dow Corning’s instructions recommended allowing primer 1/2 to 2 hours reaction
time before packing silicone. (31) In this study, all specimens were applied primers

one hour reaction time.

The effects of the applied primers

This study found that bond strength were significantly different between using

and not using primer to bond both type of silicones (MDX 4-4210 and Episil-E) to
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acrylic resin (p< 0.05). All groups using primers produced significantly higher bond

strengths than the control group (no primer). Correlating with results from a study by
Singer (50), who reported that a primer was needed because no measurable bond was
found when it was omitted. McMordie et al. (2) found that all primers tested increased
bond strengths between silicone and acrylic resin. They claimed that to evaluate the
difference of using primers versus no primer in bond strength, the tensile test served

as a good method of investigation.

Frangou et al. (3) reported that Cosmesil primer promoted adhesive bonding
between Cosmesil elastomer and acrylic resin whereas it gave a weak bond compared
with Ideal, which was an addition type silicone elastomer. The study showed the
optimization of adhesive bonding can be achieved by proper selection of silicone
elastomer / primer system. The compatibility of the components of these systems can
be attributed to various physiochemical interactions taking place during application.
From this study the results showed that all primers had significantly different bond
strengths (p<0.05) when bonding MDX 4-4210 to acrylic resin Ortho- Jet. Primer
330-G had the highest bond strength achieving three times higher bond strength than
primer A-306. The results were not similar when using primers to bond Episil-E
silicone to Ortho-Jet acrylic resin. In this case, three primers A-304, A-306, Sofreline
Tough had no significant differences in bond strengths when adhered to Episil-E and
Ortho- Jet.

The results showed that the effect of primers on the bond strengths between
silicone elastomer and acrylic resin was significant difference and dependent on the

elatomer/ primer system.

In this study, all the samples failed adhesively i.e., the silicone material
separated from the denture resin implying that the tensile strengths of silicone MDX
4-4210 and Episil-E were greater than the bond strengths to the acrylic resin. (Fig. 5-
1) Our results were similar to Polyzois’ studies (1, 50, 54), but different from results
of Khan (37), who reported that having both adhesive and cohesive failure when

bonded silicone to acrylic resin base.
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Fig. 5-1 Adhesive failure of silicones Episil-E and MDX 4-4210.

The type of the applied silicone materials

Polyzois et al. (51) found that Cosmesil SM4 silicone had higher bond
strength than Silskin II silicone when adhere to Triad visible light- activated resin by
using primers. Polyzois also compared the tensile bond strength of four facial
silicones adhered to cured acrylic resin. The results showed that Mollomed silicone
had the highest bond strength, MDX4-4210 and A-2186 showed the lowest, and
Silskin IT had intermediate bond strengths. (55) Some studies also found that the type
of silicone facial material significantly affected the tensile bond strength to
polymerized acrylic resin. (3, 47, 50, and 54) In this study, we found that there were
significantly different bond strengths between MDX4-4210 and Episil-E silicones
when bonded to acrylic resin with primers. The results indicated that bond strength as
depicted in statistical analysis; Episil-E silicone was higher than MDX4-4210
silicone, independent of the Ortho-Jet acrylic resin used. (Table 5-1)
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Table 5-1 Two- way ANOVA for comparing bond strength between MDX 4-

4210 and Episil- E silicones when adhered to Ortho-jet acrylic resin

Estimates
Dependent Variable: MPa
95% Confidence Interval

Silicone Mean Std. Error | Lower Bound | Upper Bound

Episil 1.319 .028 1.264 1.375

MDX 734 .028 .679 .790

Pairwise Comparisons
Dependent Variable: MPa
Mean 95% Confidence Interval for
Difference Differencea

() Silicone  (J) Silicone (I-J) Std. Error Sig.a Lower Bound | Upper Bound
Episil MDX .585* .039 . .507 .663
MDX Episil -.585* .039 QO(L -.663 -.507

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no
adjustments).

Interaction between silicones and primers:

Our study indicates the significant interaction between silicones and primers.

It means that the bond strength was affected by silicones, primers and interaction

between silicone and primer when using primers to adhere silicone and acrylic resin.

The result showed that the combination of Episil- E silicone / Epicon primer had the

highest tensile bond strength (2.362 MPa) of all combinations of materials tested.

Epicon was the primer used available for the Episil-E facial elastomer from the

manufacturer’ instruction. Similar to Polyzois’ study, this study proved that there is

no universal primer for bonding silicone and acrylic resin. (55) The combination of

materials and variables needed to establish high-strength bond displayed specificity,

and this has been demonstrated by the results of this study. The null hypothesis that

the type of silicone and primer had no effect on their interfacial bond strength and had
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no statistical difference interaction between (MDX4-4210, Episil-E) silicones and

primers on tensile bond strength were rejected. Therefore, in clinical practice, specific

types of elastomers and primers must be combined to enhance their interfacial bond.

THE PILOT STUDIES

Table 5-2 The pilot studies were done to bond MDX4-4210 and Ortho —Jet by sing A-

306 primer.
Pilot study Silicone Acrylic resin Primer Crosshead | Surface area Bond
speed of test strength
specimen
(mm. /min.) (MPa) /
(mm?)/Test mode of
failure
First  pilot | eMDX4- oOrtho-jet o A-306 50 299 0.027-0.079
study 4210
Shear adhesive
strength
Second pilot | eMDX4- oOrtho-jet 0 A-306 new 50 299 0.107- 0.312
study 4210 cohesive
Shear
strength
Third pilot | eMDX4- oOrtho-jet o A-306 new 50 130 0.081-0.301
Shear cohesive
strength

The first pilot study was done by using the primer in stock with the “overlap-

joint” model. The primer used in this study was kept in the stock more than 6 months.

The result of the first pilot study showed a 100% adhesive interface failure and very
low shear bond strength (0.027-0.079 MPa) (Table 5-2) .The low bond strength may

result from reducing in the effectiveness of primer after the date of shipment.
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In the same procedure, the second pilot study was carried out with a new
A306 primer. The result showed that the shear bond strength ranged 0.107- 0.312

MPa and all specimens showed the cohesive failure.

The third pilot study the new specimens were done by reducing the overlap
space between acrylic resin and facial silicone from 23 mm x 13 mm to 10 mm
x.13mm. The result showed that all the specimens failed cohesively (the bond
strengths ranged 0.081- 0.301 MPa). This implied the tensile and tear strengths of
silicone MDX 4-4210 were less than the bond strengths to the acrylic resin.

COMPARISON WITH PREVIOUS STUDIES:

Previous studies showed that the bond strengths of silicone to acrylic resin
using primer depended on the combination of resin, primer, silicone and did not
exceed 0.263 MPa in shear strength (ranged 0.026-0.263 MPa) and 0.529 MPa in
tensile strength (range 0.063 - 0.529 MPa ). (Table 5-2) Compared to Polyzois’s
studies, higher tensile bond strengths of primers to adhere acrylic resins and silicones
were observed in this study with the highest bond strength gained to 2.362 MPa in
tensile strength (ranged from 0.408 to 2.362 MPa). (Table 5-3)
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Table 5-3 Comparison with previous studies.

Researcher/ Silicone Acrylic Primers Crosshead | Surface area | Bond strength
resin speed of test
year specimen MPa)/Mode of
mm. /min.) failure
(mm?)/Test
Polyzois, e Silskin II oTriad eTriad VLC 50 299 0.053-0.263
1991 VLC
eCosmesil 07-6032 Shear
(50) SM4
0Z-6076 strength Adhesive
Polyzo0is,1996 | eMDX4- ® Arcron ePrimo 50 113.40 0.063-0.529
1210 MC Adhesive
(54) Tensile
eMollomed
strength Adhesive
o SilskinIl
e A-2186
Polyzois,2002 | eCosmesil |®SR 3/60 |ePrincipallity 50 299 0.03-0.23
medica
(1 ePrincipallity |®SR 3/60
medical Ideal | Quick
Shear
e Triad
VLC strength Adhesive
Frangou et SR3/60 NF |eCosmesil | ®Cosmesil 50 299 0.026-0.219
al,2003
e]deal 07-6020 Shear
3)
eSilquest strength Adhesive
Al74
This study eMDX4-  |eOrtho-jet o A-304 50 78.57 0.408-2.362
4210
o A-306
eEpisil-E
330-G Tensile Adhesive
strength
e Sofreliner
eEpicon
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Some previous studies also showed that primer reaction and polymerization
temperature were critical to successful adhesion.(54-55) Collard et al.(53) used the
dry heat method consisting of heating the flasked specimens at 70°C for three hours
in a dry heat oven, followed by polymerizing at room temperature for 21 hours. The
results indicated that the greatest adhesive could be attained with one hour reaction
time and the dry-heat polymerization method. These results contradicted the results
shown by Polyzoiz who reported that the intensive heat aging had no significant effect
on bond strength. (51, 55) Witucki (32) recommended curing the silane layer for 5-10
minutes at 100° C as surface treatment. Further studies should be carried out to
evaluate whether temperature can increase the bond strength of primers or improve
the setting of silicone to acrylic resin, both of which influence the tensile bond

strength.

Selection of the appropriate primer is accomplished by empirical evaluation of
primers within the recommended groups. Exact prediction of the optimum silane for a
specific system is extremely difficult.(3-4, and 33) Primers’ performance are affected
by several factors- surface energy, wet out, absorption, adsorption, acid- base
interaction, interpenetrating network formation, and covalent reaction. Key
considerations must be given to the polymer/ silane including reactivity,
compatibility, and the polymer/ silane solubility parameters. Some guides for general
silane selection were recommended by researchers. (29, 30, 32) For example, Witucki
(32) recommended that the selection of silane should base on the composition so that

the bond between silicone and acrylic resin substrate can be fully understood.

But nowadays, most manufacturers’ primers often have unknown
compositions. So, this study interchanged materials to find the best combination
silicones/primers. Long-term clinical evaluation of performance of facial prostheses

processed by hot oven machine is recommended.
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THE EFFECT OF THE TEST METHOD:

The selection of the test method depends on the forces that simulate the
situation of the prosthesis when used for the patient. In maxillofacial field, the implant
retained facial prostheses have to withstand repeated removal force and the direction

of the force is mostly perpendicular to the bond surface.

The bond strength of silicone materials to polymerized acrylic resin was
determined by a tensile test, which has been reported to be adequate and effective in
evaluating bond strength and in ranking the materials. (2, 36, and 55) The test
methods chosen for use in this study proved to be suitable for gaining insight and
understanding into the bonding and de- bonding characteristics of soft polymers
bonded to rigid resin bases. The test used proved simple and reliable in both
construction and performance. The volume of silicone over a controlled bonding area
was constrained within the metal collar but because there was no adhesion between
this collar and silicone and because the silicone undergoes necking before rupture, the

collar does not interfere with the de- bonding process. (Fig. 5-2)

O

L,_EE: = a— Adhesive failure
L]

Fig. 5-2 The silicone undergoes necking before rupture.

However, clinically the stress exerted on the silicone / acrylic resin interface is
more closely related to shear and peel types. In testing the samples in tension silicone
by nature will stretch before debonding. The bonded portion maintained a constant
area, but as the silicone material was stretched its cross-sectional area was decreased.
This phenomenon induced a certain amount of shear at the silicone/ acrylic resin
margin. This may lead to an earlier bond failure as a result of a concentration of force

at the margin. (55) Desirable performance characteristic of bonding to acrylic resin
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need to be established. It would be very helpful if a correlation could be drawn

between laboratory data and clinical profile.

Craniofacial rehabilitation with osseointegrated implants is an ever-expanding
treatment modality with enhanced options for many patients. (1) As we know, the
craniofacial implants system, no matter how successful, has some shortcomings, e.g.,
the bond of silicone prosthesis to the polymeric substructure. Consequently, there is a
growing need and increasing demand to develop a technique that yields a predictable,
strong, and durable bond between silicone and various polymeric materials. This
study could take the form of a guideline, recommendation, or be adopted by the
various international maxillofacial prosthetics and technology organizations for the

benefit of our patients.
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CHAPTER VI

CONCLUSION

This study investigated the bond strength of facial silicones to the denture
acrylic resin by using primers. Under the conditions of this study and with the specific

materials used, the following conclusions may be made:

1. The bond strength was affected by type of silicones, primers and interaction

between silicone and primer when using primers to adhere silicone and acrylic resin

1.1 The highest bond strength was found with combination Episil-E /
Epicon when bonded to Ortho-Jet acrylic resin.

1.2 The weakest bond strength was found with combination MDX4-
4210/ A306 when bonded to Ortho-jet acrylic resin.

2. When using five primers to bond MDX4-4210 silicone and Ortho- Jet
acrylic resin, the highest bond strength was found in A330-G, followed by Epicon,
Sofreline Tough, A304, and A306, respectively.

3. When using five primers to bond Episil-E and Ortho-Jet acrylic resin:

3.1. Epicon had the highest tensile bond strength, A304, A306,
Sofreline Tough showed the lowest, whereas A330-G had intermediate tensile bond

strength.

3.2. A304, A306, Sofreline Tough had no significant differences

tensile bond strength to adhere Episil-E silicone and Ortho-Jet acrylic resin.
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APPENDIX

Part 1. To evaluate the bond strength of the two silicones used in combination with
five primers.

Table Al-1 Two- way ANOVA was used to evaluate the bond strength of the
two silicones used in combination with five primers. (p value <0.001)

Tests of Between-Subjects Effects

Dependent Variable: MPa

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 52.135% 11 4.740 101.875 .000
Intercept 126.555 1 126.555 | 2720.253 .000
Silicone 10.268 1 10.268 220.705 @l)
Primer 37.167 5 7.433 | 159.780 (000
Silicone * Primer 4.700 5 .940 20.204 (009
Error 5.025 108 .047
Total 183.715 120
Corrected Total 57.160 119

a. R Squared = .912 (Adjusted R Squared = .903)
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Table Al-2 The significant difference among bond strength of primers used
to bond silicones to autopolymerizing acrylic resin was shown.(p value < 0.001)

Dependent Variable: MPa

Pairwise Comparisons

Mean 95% Confidence Interval for
Difference Difference’

(1) Primer (J) Primer (I-J) Std. Error Sig.a Lower Bound | Upper Bound
A304 A306 .281* .068 .000 .146 417
A330G -.657* .068 .000 -.792 -.522

Control .924* .068 .000 .789 1.060

Epicon -.704* .068 .000 -.840 -.569

SOFRELIN .016 .068 .820 -.120 151

A306 A304 -.281* .068 .000 -.417 -.146
A330G -.938* .068 .000 -1.074 -.803

Control .643* .068 .000 .508 778

Epicon -.986* .068 .000 -1.121 -.850

SOFRELIN -.266* .068 .000 -.401 -.131

A330G A304 .657* .068 .000 522 792
A306 .938* .068 .000 .803 1.074

Control 1.581* .068 .000 1.446 1.717

Epicon -.047 .068 .490 -.182 .088

SOFRELIN (648= .068 .000 .537 .808

Control A304 -.924* .068 .000 -1.060 -.789
A306 -.643* .068 .000 -778 -.508

A330G -1.581* .068 .000 -1.717 -1.446

Epicon -1.629* .068 .000 -1.764 -1.493

SOFRELIN -.909* .068 .000 -1.044 -774

Epicon A304 .704* .068 .000 .569 .840
A306 .986* .068 .000 .850 1.121

A330G .047 .068 .490 -.088 182

Control 1.629* .068 .000 1.493 1.764

SOFRELIN .720* .068 .000 .585 .855

SOFRELIN A304 -.016 .068 .820 -.151 .120
A306 .266* .068 .000 131 401

A330G -.673* .068 .000 -.808 -.537

Control .909* .068 .000 774 1.044

Epicon -.720* .068 .000 -.855 -.585

Based on estimated marginal means

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

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no
adjustments).
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Table Al-3 The multiple comparisons test, Tukey HSD used to determine the
pair differences.

MPa

Tukey HST™?
Subset

Primer N 1 2 3 4
Control 20 .07920
A306 20 72230
SOFRELIN 20 .98805
A304 20 1.00360
A330G 20 1.66065
Epicon 20 1.70790
Sig. 1.000 1.000 1.000 .982

Means for groups in homogeneous subsets are displayed.
Based on Type Il Sum of Squares
The error term is Mean Square(Error) = .047.

a. Uses Harmonic Mean Sample Size = 20.000.
b. Alpha = .05.

Part Il. To evaluate the bond strength of five primers used to bond MDX 4-4210

silicone to Ortho-Jet autopolymerizing acrylic resin.

Table All-1 The Levene’s test of variances in tensile bond strength between
MDX 4-4210 silicone and Ortho-Jet autopolymerizing acrylic resin.

Levene's Test of Equality of Error Variance®

Dependent Variable: MPa
F dfl df2 Sig.
2.596 4 45 (049

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

a. Design: Intercept+Silicone+Primer+Silicone * Primer
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Table All-2 Data of primers was ranked in Kruskal- Wallis test used to
analyze the bond strength of five primers used to bond MDX4-4210 silicone to
autopolymerizing acrylic resin Ortho-Jet

A304 A306 A330G Sofreliner Epicon

Mpa Rank| Mpa Rank| Mpa Rank| Mpa Rank | Mpa Rank

0.735| 19 | 0.480 8 0.966 | 33 | 0.882 31 1.059 36

0.723 | 17 | 0.323 3 1.146 | 39 | 0.834 26 1.164 42

0.754 | 20 | 0592 | 14 | 1.713 | 50 | 0.666 15 1.046 35

0819 | 24 | 0.371 5 1.450 | 47 | 0.823 25 1.145 38

0564 | 12 | 0543 | 11 | 1.155 | 41 | 0.975 34 0.846 29

0.801 | 23 | 0.320 2 1.416 | 46 | 0.906 32 1.356 45

0.517 | 10 | 0.419 7 1.483 | 48 | 0.870 30 0.842 28

0.587 | 13 | 0.379 6 1323 | 43 | 0.776 21 0.838 27

0.725| 18 | 0.317 1 1.344 | 44 | 0.793 22 1.147 40

0512 | 9 | 0.337 4 1.690 | 49 | 0.680 16 1.098 37

Ri 165 61 440 252 57
ni 10 10 10 10 10
N=50
T=42.528

Have no ties: S° = N (N+1)/12

|R,_R|._ (YZN-I—T)i(I 1)ff
|n‘ nl fi-t|S N-—k ;+r_[,

The multiple comparisons non- parametric test (by manual) showed every pairs of
data to be significantly different.
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Part 111 To evaluate the bond strength of five primers used to bond Episil-E silicone

to Ortho-Jet acrylic resin.

Table Alll-1 Levene’s test was used to determine homogeneity of data.

Levene's Test of Equality of Error Variance$

Dependent Variable: MPa

F

dfl

df2

Sig.

.295

4

45

.880

D

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

a. Design: Intercept+Silicone+Primer+Silicone * Primer
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Table Alll-2 One way ANOVA was used to determine significant difference
bond strength.

Dependent Variable: MPa

Multiple Comparisons

Tukey HSD
Mean
Difference 95% Confidence Interval
(I) Primer (J) Primer (1-J) Std. Error Sig. Lower Bound | Upper Bound
A304 A306 .29700 .132206 .182 -.07866 .67266
A330G -.61920* | .132206 .000 -.99486 -.24354
Epicon -1.02820* | .132206 .000 -1.40386 -.65254
SOFRELIN .17790 .132206 .665 -.19776 .55356
A306 A304 -.29700 .132206 .182 -.67266 .07866
A330G -.91620* | .132206 .000 -1.29186 -.54054
Epicon -1.32520* | .132206 .000 -1.70086 -.94954
SOFRELIN -.11910 .132206 .895 -. 49476 .25656
A330G A304 .61920* | .132206 .000 .24354 .99486
A306 .91620* [ .132206 .000 .54054 1.29186
Epicon -.40900* | .132206 .027 -.78466 -.03334
SOFRELIN .79710* | .132206 .000 42144 1.17276
Epicon A304 1.02820* | .132206 .000 .65254 1.40386
A306 1.32520* | .132206 .000 .94954 1.70086
A330G .40900* | .132206 .027 .03334 .78466
SOFRELIN 1.20610* | .132206 .000 .83044 1.58176
SOFRELIN  A304 -.17790 .132206 .665 -.55356 19776
A306 .11910 .132206 .895 -.25656 49476
A330G -.79710*| .132206 .000 -1.17276 -.42144
Epicon -1.20610*| .132206 .000 -1.58176 -.83044

Based on observed means.
*. The mean difference is significant at the .05 level.
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Table Alll-3 Tukey HSD test was used to compare each pairs —group.

MPa

Tukey HSDa’b
Subset

Primer N 1 2 3
A306 10 1.03650
SOFRELIN 10 1.15560
A304 10 1.33350
A330G 10 1.95270
Epicon 10 2.36170
Sig. .182 1.000 1.000

Means for groups in homogeneous subsets are displayed.
Based on Type Ill Sum of Squares
The error term is Mean Square(Error) = .087.

a. Uses Harmonic Mean Sample Size = 10.000.
b. Alpha = .05.
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