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Abstract

Aim: To evaluate the changes on the physical and mechanical properties of acrylic and silicone based soft liners
after applying four different types of coatings.

Methods: A total of 60 samples were prepared and divided into two major groups viz. Group A-Exact-On (30
samples) and Molloplast-B (30 samples). Group A and B were further subdivided into 5 subgroups I, 1I, Ill, IV and
V containing 6 specimens each. The samples were coated with four different types of coatings and were
compared to the uncoated control group (subgroupl). Main composition of two types of Monopoly were
chemically activated methylmethacrylate monomer, clear methylmethacrylate polymer, heat activated
methylmethacrylate monomer. Two new types of coatings were made with n-butyl cyanoacrylate. These two
coatings were never tried before in any literature review.The coated samples were tested for Hardness,
Permanent deformation, Tensile strength, Water absorption determination and the coated surfaces were
observed under SEM and compared with the uncoated control group.

Results: Molloplast-B, a silicone based had longer shelf life but a coated acrylic based liner was seen to be
equally good. Cyanoacrylate monomer coating and self cure monopoly coating were superior to other coatings.
All results were statistically analyzed by 2-way ANOVA. The mean values for hardness ranged from 24.16 to 29.33
Shore A for Group A and 41.50 to 42 Shore A for Group B. Values of permanent deformation ranged from 1.01 to
0.93% for the Exact-On (Group A) and 0.158 to 0.140 % in coated Molloplast-B samples (Group B). Mean values
of Tensile strength ranged from 5kg/cm? to 6.00kg/cm’ in Group A and 16.33 kg/cm” to 17.67kg/cm’ in Group B.
It was observed that among the coatings Cyanoacrylate Monopoly coating was more efficient in preventing
water absorption and leaching followed by Cyanoacrylate Monomer coating.

Conclusion: None of the coatings affected the physical properties of tissue conditioners. All coatings prevented
water absorption from tissue conditioner and prolonged the life of tissue conditioner.

Key words: Soft liners, monopoly coating, water absorption, leaching, n-butyl cyanoacrylate.

COI: None declared.

Authors contribution: all authors contributed significantly to this research and writing.

How to cite this article: Lovely.M, George BT, Anroopa A, Sreelal T, Nair KC. In vitro comparative evaluation of
the physical and mechanical properties of two soft-liners coated with different types of coatings. J Pak
Prosthodont Assoc 2014; 02(01): 06 — 15.



M.Lovely, George.B.T, Anroopa. A, Sreelal.T, Nair KC

Introduction

Soft lining materials are commonly used to line
obturators, facial prosthesis and as denture reline
material especially in case of immediate dentures.™?
Tissue conditioners are acrylic or silicone based. The
acrylic based liners are supplied in powder — liquid
form. The powder is composed of a polymer,
polyethylmethacrylate, or its co-polymet, and the
liguid contains a mixture of ethyl alcohol and
aromatic ester to act as plasticizer. The commonest
problems encountered with this material are leaching
out of plasticizer and absorption of water that leads
to loss of softness of the liner over a period of time.
Eventually the liner material decomposes leading to
bacterial adhesion, foul odor and color change
necessitating a change of the lining material within
weeks.> ¥ The main component of silicone based
soft liners is vinyl-terminated poly (dimethylsiloxane),
benzoyl peroxide as initiator and silicilic acid. The
commonest disadvantages of liners include water
absorption, leaching, discoloration leading to changes
in physical and mechanical properties. To overcome
these problems various sealants were tried by many
authors and were found to be successful in increasing
the longevity of the liner thereby reducing patient
appointments, were more economical and
biocompatible to the surrounding oral tissues.
Gardner and Parr reported that coating Soft Oryl, a
temporary soft liner with Monopoly, extended the
liner life to one year. The advantage of monopoly
coating was observed as increased surface
smoothness which in turn reduced bacterial and
fungal growth. ® Many other authors also reported
extended life span of liners with various types of
coatings.7’ S0 Many studies were also conducted on
permanent silicone liners with coating and without
coating and have shown increase in longevity of
coated samples.1

This study was undertaken to evaluate the efficiency
of four different types of coatings on an acrylic based
and a silicone based liner. Two of the coatings were
innovative and tried for the first time. A comparative
evaluation of various physical and mechanical
properties was also studied after coating which was
compared with an uncoated control group.
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Materials and Methods:

Materials used were:
Temporary chair side liner - Exact-On(Confidential
Products Louisville, USA).

Permanent  Silicone liner -  Molloplast-B
(DetaxEttlingen, Germany).
Chemically  activated  methyl  methacrylate

monomer (DPI, India).

Clear methyl methacrylate polymer (DPI, India).

Heat activated methyl methacrylate monomer

(DPI, India).

n-butyl cyanoacrylate - Nectacryl. (Dr.

Laboratories Ltd. Hyderabad, India).
Preparation of four types of coatings

Reddy’s

Self Cure Monopoly: Self cure monopoly was
prepared by mixing 15gms of chemically activated
methyl methacrylate monomer and 1.5 gm of clear
methyl methacrylate polymer in the ratio 10:1.

Heat cure Monopoly: Heat cure monopoly was
prepared by mixing 15gms of heat activated methyl
methacrylate monomer and 1.5gms of clear methyl
methacrylate polymer in the ratio 10:1.

Cyanoacrylate combined with self cure Monopoly:
Cyanoacrylate monopoly was prepared by adding 1m|
of n-butyl cyanoacrylate to freshly prepared self cure
monopoly in the ratio 10:1

Cyanoacrylate monomer: Cyanoacrylate monomer
mixture was prepared by mixing 15gms of chemically
activated methyl methacrylate monomer and 1.5 gm
of n-butyl cyanoacrylate in the ratio 10:1.

Mechanical properties studied were
Permanent deformation, Water
Tensile/tear strength and SEM evaluation.

Hardness,
absorption,

Sample Groups

Total 60 samples were prepared and divided into two
major groups of 30 samples each as Group A.Exact-On
(30 samples) and Molloplast-B (30 samples). Groups A
and B were further subdivided into 5 subgroups |, 11,
ll, IV and V with each subgroup containing 6
specimens. Samples were coated with four different
types of Monopoly. Three different types of
specimens were used for different test parameters
(Figure: 1).
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Subgroup 1 (Control samples, n = 6).

Subgroup Il Samples coated with self cure Monopoly
(n=6).

Subgroup Il Samples
Monopoly (n=6).
Subgroup IV Samples coated with cyanoacrylate
Monopoly (n=6).

Subgroup V Samples coated with Cyanoacrylate
Monomer (n=6).

The subgroup samples of coated Exact-On was
designated as (IE, IIE, IIE, IVE, VE) Group A.

The other subgroup of coated Molloplast-B was
designated as (IM, [IM, llIM, IVM, VM) Group B.

coated with heat cure

Figure 1: Mould for fabricating specimens.

Parameters Studied were: Hardness, Permanent
Deformation, = Water  absorption of tissue
conditioners, Tensile strength / Tear Resistance and
Scanning electron microscopy (SEM).

Test for Hardness

All samples from Group A and Group B were prepared
from a mold size of 20mm in diameter and 10mm
thickness. The coating was applied on all the surfaces
by holding it with tweezer and using individual
brushes for each type of coating. Each layer was
allowed to dry for 3min before recoating. These
samples were transferred to sterile glass jars. After 24
hours all the samples were tested for hardness using
Shore A Durometer (Figure: 2).The less the indentor
penetrated the test material, the higher was the
Shore A reading. The values obtained between group
IE to VE and IM to VM were compared.
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Figure 2: Shore A Durometer.

Test for Permanent Deformation

Sample dimensions of 20mm height and 10mm
diameter were prepared and placed in sterile jar and
after 24 hours were subjected to testing for
permanent deformation. The testing was done with
an instrument consisting of a dial gauge graduated in
0.02mm, a glass plate weighing 2.5 + 0.5 gm was
placed on top of the specimen and the foot of the dial
gauge was brought into contact with the plate (Figure
3). The weight of the plate plus the force of spring in
the gauge was 50+ 5gm and reading was taken 30 sec
after the foot of the gauge contacted the plate and
the value recorded as A. After which the dial gauge of
the foot was lowered 2.4mm by means of screw and
maintained in this position for 30sec and the dial
gauge was released and specimen was permitted to
rest under no load for 30sec. The dial gauge was
again contacted with the plate on the specimen for
30 seconds and a second reading B was obtained. The
permanent deformation was calculated as:

(A - B) x100/ Original length of specimen (20)
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Figure 3: Dial Gauge instrument for measuring
permanent deformation in samples.

Test for Tensile Strength

Samples were prepared with a dimension of length
4cm, width 1cm and thickness of 3mm on a flat plate.
A second flat plate was pressed on the top of the
mold to remove excess material. Samples were tested
in an Instron Universal testing machine accurate to
10gm under tensile load (Figure: 4). Tensile strength
was calculated as:

TS (Kg/cmz) = Load applied (Kg) / Area (cmz)
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Figure 4: Instron Universal Testing Machine.

Test for water absorption determination

Samples of 10mm thick and 20mm diameter were
prepared and the coated and uncoated disks were
labeled and placed individually weighed in glass
container to arrive at a net disk weight. Six ml of
deionized water was added to each container and its
disk. All specimens were stored at 37°C. The samples
were tested after first week, second week and third
week. For each test the water was decanted from the
bottle. Each of the 6 disks was removed and air-dried
using a hot air blower for 3min. These samples were
replaced in a dry container and weighed to arrive at a
net weight.Each sample was weighed three times and
the mean of these observations were used.

SEM Study
Samples of 5Smm diameter and 3mm thickness were
prepared and their surfaces were sputtered with
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gold. Specimen in group IE to VE and group IM to VM
were scanned. The surface texture was studied for
smoothness, irregularities and voids.

Results

All results were statistically evaluated by two way
ANOVA test.

The mean values for hardness ranged from 24.16 to
29.33 Shore A for Group A and 41.50 to 42 Shore A
for Group B (Table:l). Values of permanent
deformation ranged from 1.01 to 0.93% for Exact-On
and 0.158 to 0.140 % in coated Molloplast-B samples
(Table: 2). Mean values of tensile strength ranged
from 5kg/cm’ to 6.00kg/cm2 in Group A and 16.33
kg/cm? to 17.67kg/cm’ in Group B (Table: 3). It was
observed that among the coatings Cyanoacrylate
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Table 2: Mean % Permanent Deformation of
Uncoated & Coated liners.

Mean % Permanent
GROUPS Defarmation

Exact -On Molloplast-B
Control 1.01 0.158
Heat cure 1.03 0.143
Monopoly
Self cure 0.75 0.142
Monopoly
Cyanoacrylate 0.98 0.148
Monopoly
Cyanoacrylate 0.93 0.140
Monomer

Monopoly coating was more efficient in preventing

water absorption and leaching followed by
Cyanoacrylate Monomer coating, Self-cure Monopoly
and heat-cure Monopoly coating in order from most
efficient to least on Exact —On coated samples when
compared to control group (Table: 4). When
comparing the Coatings on Molloplast-B samples
Cyanoacrylate Monomer was more efficient followed
by self-cure Monopoly, Cyanoacrylate Monopoly and
the least efficient was heat-cure Monopoly (Table: 5).
The control specimens showed a weight loss after
two weeks possibly due to loss of plasticizer.

Table 1: Mean Hardness Values of Uncoated and

Coated Liners.

[ Mean Hardness (Shore A)
GROUPS Exact-On | Molloplast-B
Control 41.50
24.16

Heat cure Monopoly 41.50
23.67

Self cure Monopoly 40.33
24.33

Cyanoacrylate 42.33

Monopoly 25.83

Cyanoacrylate 42.00

Monomer 24.33

Table 3: Mean Tensile Strength of Uncoated & Coated
liners

Mean Tear Resistance
GROUPS kg/cm®

Exact On | Molloplast-B
Control 5.00 16.33
Heat cure Monopoly 5.02 15.17
Self cure Monopoly 5.47 16.07
Cyanoacrylate 5.87 16.93
Monopoly
Cyanoacrylate 6.00 17.67
Monomer

Table 4: Mean Water Absorption at Various Intervals
in Exact-On Group A.

Mean Water absorption (gm)
GROUPS Oweek | 2weeks | 3 weeks

Control 2 2.1145 2.2009
Heat cure 2 1.0001 2.2002
Monopoly

Self cure 2 - 1.0001
Monopoly

Cyanoacrylate 2 0.6668 | 0.6667
+Monopoly

Cyanoacrylate 2 0.6668 | 1.0001
Monomer

10
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Table 5: Mean Water Absorption at Various Intervals
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in Molloplast-B.
Mean Water absorption (gm)
GROUPS 0 2weeks | 3 weeks
week
Control 2 1.6834 2.1002
Heat cure 2 1.050 1.7500
Monopoly
Self cure Monopoly 2 0.350 1.4001
Cyanoacrylate 2 1.050 1.4001
Monopoly
Cyanoacrylate 2 0.350 0.7000
Monomer

On SEM evaluation samples of Exact-On showed good
coating compatibility and smoothness when compared
to uncoated Exact-On group (Figures: 6 & 7)
Cyanoacrylate monomer coating was thin and regular
surfaced compared to other coating (Figures: 8,9 &

10).

Figure 6: SE Micrograph of control group specimen

of Exact-On.

20MM

Figures 7: SE Micrograph of heat-cure monopoly
coated on Exact-On.

Figures 8: SE Micrograph of self-cure monopoly
coated on Exact-On.

11
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Figures 9: SE Micrograph of cynoacylate monopoly
coated on Exact-On.

L

Figures 10: SE Micrograph of cynoacylate mixture
coated on Exact-On.

On SEM evaluation all coatings on Molloplast-B
showed crumbling except Cyanoacrylate monomer
coating. Coating left by self-cure, heat-cure and
cyanoacrylate monopoly was thicker and had
undergone shrinkage over Molloplast- B samples this
was due to chemical incompatibility when compared
to the control group (Figures: 12, 13, 14, & 15).

12
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Figure 11; SE Micrograph of control group specimen
in Molloplast-B.

SE Micrograph of heat-cure monopoly
coated on Molloplast-B.

Figure 12:
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Figure 13: SE Micrograph of self-cure monopoly
coated on Molloplast-B.

Figure 14: SE Micrograph of cynoacrylate Monopoly
coated on Molloplast-B.

13
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Figure 15: SE Micrograph of cynoacrylate Monomer
coated on Molloplast-B.
Discussion

The use of tissue conditioning was first reported by
Chase et al in 1961 for abused denture supporting
tissue and to restore a normal healthy state.”” The
physical properties of various acrylic based soft liners
were studied in detail by Travaglini et al " in 1960
and physical properties of silicone based liners were
reported by Robinson.™ The disadvantages of lining
materials include water absorption, leaching of
components eventually making them hard along with
bacterial colonization and discoloration. Hence the
concept of sealed tissue conditioner was first
described by Beumer et al B for maxillofacial
prosthesis. The term Monopoly was used as this was
a semi set mixture of ethylmethacrylate polymer and
chemically activated monomer. The use of monopoly
prolonged the life of the temporary soft denture liner
and was shown to decrease microbial growth and the
benefits of coating lasted for one year. From then on
many authors including White et al'® and Aslanetal”
used monopoly coatings on obturators and found it
to be beneficial.

Modified coating techniques and various other
sealants were also studied by others'®* claiming to
further increase the life of the liner material with
decreased water absorption and no plasticizer loss.
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Various types of sealing agents used were monopoly,
palaseal and fluorinated copolymer coatings. Kandil
et al”® observed three different type of coating agents
and found that all coating agents decreased candidial
growth and maintained colour stability of denture
bases when sealed. Many authors have tried different
sealants and have observed that fungal growth on
soft liners and acrylic materials decreased or was not
present. The latest trend was to use silver nano-
particles coating. Studies by Oei et al *! observed that
silver nano-particles prevented fungal growth when
coated on acrylic based materials.

In this present study apart from the two different
types of monopoly coatings such as self-cure and
heat-cure type two other types of coatings were
developed based on cyanoacrylate. Cyanoacrylate has
in recent past proved to be an efficient adhesive
material with high biocompatibility profiles. It is also
used for suturing procedures. It has not been tried in
the past either independently or in combination with
acrylic monomer neither as a binding medium nor as
a barrier. In this present study a mixture of n- butyl
cyanoacrylate (Nectacryl) was used in combination
with chemically activated monomer. All the most
important physical properties were evaluated to
observe if the coating had caused any change in the
physical properties of the soft liners. It was observed
that there were no changes in the physical properties
and yet the coatings prevented water absorption and
leaching of plasticizer.

Conclusions

1. Physical properties of tissue conditioners were
not hampered by any type of coatings used in
this study.

2. Hardness of Molloplast-B was more than Exact-
On. Cyanoacrylate monomer and cyanoacrylate
monopoly coated samples of Exact-On and
Molloplast-B  showed a slight hardening of
surface layers by 2 Shore A.

3.  Molloplast-B recovered after compression where
as Exact-on samples showed incomplete
recovery and permanent deformation of 1% to
1.2%. This permanent deformation was not due
to coatings.

14
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4. Water absorption was seen in both Molloplast-B
and Exact-on control groups. Molloplast-B
showed much less water absorption than Exact-
On. All types of coatings prevented water
absorption. Cyanoacrylate monomer mixture
and self cure monopoly coatings improved the
prevention of water absorption compared to
other coatings.

5. All types of coatings gave a smooth finish to the
liners which in turn would better prevent
bacterial colonization.

6. Molloplast-B liner was superior in all aspects but
the coated Exact-On liner improved in its
properties. Silicone liners with primer are
expensive, but coated acrylic liners are equally
effective and less expensive.

7. Tensile strength of Molloplast-B was higher than

Exact-On. Cyanoacrylate plus monopoly and
Cyanoacrylate monomer mixture coatings on
Exact-On and Molloplast-B  showed greater
tensile strength.

8. SEM results proved cyanoacrylate monomer
coating to be superior on Exact-On and
Molloplast-B. All coatings adhered well with
acrylic based liners. Coatings on Molloplast-B
showed  crumbling due to  chemical
incompatibility hence silicone liners may need
frequent application of coatings whereas acrylic
liners would not require subsequent application

of coating.
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