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Abstract: Objective. This study evaluated the effect of microwave sterilization on the hardness of silicone and
acrylic based relining materials. Material and Method. Acrylic resin specimens were fabricated  and  the
resilient materials (GC Extra soft and Trusoft) were bonded to these specimens, which acted as a denture base.
The specimens were divided into 6 groups (n=10); i.e. 3 groups of silicone and 3 groups of acrylic liner
specimens. The specimens were stored in artificial saliva and were exposed to 5min and 15min microwave
sterilization per cycle per day for 45 days. The control group was not exposed to any sterilization. Pre-treatment
and post treatment hardness reading (Shore A) of the resilient materials were taken at 0, 15, 30 and 45days
respectively. Data was analyzed statistically with one-way analysis of variance and independent sample t test.
Results. The analysis revealed that, the mean hardness of the silicone relining material sterilized for 15min had
significant increase of 5.81% than that of the specimens sterilized for 5mins.The mean hardness of acrylic
relining material after 5 min of sterilization had significant increase of 39.09% than the of the control group .
Acrylic relining material showed deterioration at 15min of sterilization on the 1  day. Conclusion. Based on thest

results, it can be assumed that silicone resilient relining material was resilient after being submitted to the
experimental conditions, with no detrimental effect caused by microwave sterilization. However, acrylic relining
material showed distortion for 15 min sterilization and it emphasizes that 15min sterilization regime canot be
advised for acrylic liners.
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INTRODUCTION quick and non-destructive method of sterilization is

Soft denture reliners have been a valuable asset for
the dentist and the patient. Because of their viscoelastic
properties, they act as shock absorbers, by reducing and
distributing the stress on the denture bearing tissue and
thereby enhancing the patient’s comfort. They are
advantageous when treating patients with residual ridge
atrophy  or  resorption,  relatively  thin  and  nonresilient
mucosa,  bony undercuts, bruxism, xerostomia and when
dentures oppose natural dentition [1]. One of the greatest
disadvantages of soft reliners is that its hygienic
maintenance is difficult [2]. Hence, the most common
infection of Candida albicans may occur on these
materials, leading to denture stomatitis [3, 4]. As hygienic
maintenance is one of the problems of soft liners, a simple,

essential [7]. One of the methods of disinfecting the liner
is by immersion in disinfectant solution, but this has its
own disadvantages [5, 6]. A microwave oven is a common
household appliance and because of its ease of use and
availability, reliners can be sterilized using this method.
Hence, the use of the unmodified  domestic  microwave
has  been  suggested  to overcome the problem
associated with denture maintenance and infection
control [7, 15]. However, it is also important to evaluate
the effect of microwave sterilization on the physical
properties of denture liners. It is seen that poor physical
properties are generally attributed to the failure of soft
liners [7]. The most frequently assessed property while
comparing the quality of soft liners is hardness [8, 9].
Hardness   is  one  physical  property   which,   if   altered,
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will gravely  affect the whole purpose or function of a
‘soft’ liner. This study was conducted to evaluate the
effect of microwave sterilization on the hardness of
silicone and acrylic base soft reliner materials. Hence, this
study was conducted to evaluate the effect of microwave
sterilization on the hardness of silicone and acrylic base
soft reliner materials.

MATERIALS AND METHODS

In the present study the following materials,
instruments and equipment were employed for the
fabrication of the specimens.

Two denture liners selected for the study were:

Trusoft (Acrylic), Bosworth company, which was
coded A.
Soft (silicon), GC India was coded S.

Denture liners were coded as A, S, which were auto
polymerizing denture liners. Total of 60 specimens were
prepared, which were divided into 6 groups of 10
specimens each numbered from A to J.

Preparation of Acrylic Specimens: Acrylic resin
specimens of 44mm diameter and 3 mm thickness were
fabricated. These acrylic specimens simulated the denture
base for the bonding of the resilient liner. The specimens
were fabricated using two plate metal mould, with upper
and lower plates that can be removed and realigned
accurately, one over the other . A Metal ring of internal
diameter 44 mm and 3mm height was utilized to get the
appropriate size of wax patterns. This metal ring was
placed on the lower plate of the metal mould and wax was
poured into the ring. The upper plate of the metal mould
was pressed against the lower plate to get uniform sized
wax pattern. All the wax patterns were then invested,
using a conventional denture flask. After dewaxing, a thin
film of separating media was applied uniformly and
allowed to dry. Heat cured acrylic resin was mixed
according to manufacturers instruction and packed in
dough stage into the moulds. The denture base resin was
trial packed using a hydraulic press and flash was
removed.  The  denture  base  material  was  polymerized
in  thermostatically  controlled  water  bath  using the
short   cycle   recommended   by   the   manufacturer  i.e.
30  mins  at  73°C,  followed by 30 mins in boiling water.
After polymerization, the processed dental flask was left
to cool at room temperature for 30 mins. The specimen
was recovered, sandpapered and polished. Total of 60
specimens were prepared in this manner.

Fig. 1: Packing Acrylic Reliner Material 

Fig. 2: Expressing silicone reliner material 

Preparation of Acrylic Liner Specimens: The fabrication
of liner specimens involved usage of the metal ring whose
internal diameter (41mm diameter and 3mm thickness) was
lesser than the external diameter of acrylic specimens.
Three `v` shaped grooves were cut on the metal ring to
allow passage of excess material. The lower metal plate of
the mould was covered using a cellophane sheet and over
this, the metal ring was placed .The fabrication of liner
specimens included the mixing of the powder and liquid
according to the manufacturer’s instruction, i.e. 7c.c
powder and 4 ml of liquid for 7 mins. A uniform mix of liner
material was poured into the metal ring (Fig 1). The acrylic
specimen was then placed  accurately  over  the  metal
ring and was covered by the upper plate of the mould.
This  was  then  subjected  to  hydraulic  bench  press.
The specimen was allowed to undergo polymerization for
20 min and recovered .Total of 30 specimens was
fabricated in this manner.

Preparation of Silicon Liner Specimens: The fabrication
of liner specimens involved usage of same metal ring used
in the fabrication of acrylic liner specimen. The resilient
liner was dispensed into the metal ring by expressing the
cartridge-mixed material directly into the metal ring (Fig 2).
Silicone reline primer was applied with a brush to the bond
surface  of  acrylic  specimens. The acrylic specimen was
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Fig. 3: Reliner specimen

Fig. 4: Silicon reliner specimens before and after
microwave sterilization

Fig. 5: Acrylic reliner specimens before and after
microwave sterilization

then placed accurately over the liner dispensed metal ring
and the upper plate was realigned accurately over the
lower one. This was then subjected to hydraulic bench
press. The specimen was allowed to undergo
polymerization for 20 min and recovered. Total of 30
specimens were fabricated in this manner.

Testing: The sterilization regimes were as follows:

Group AI and SI; Control group, stored in artificial
saliva without microwave sterilization.

Group AII and SII: subjected to microwave
sterilization at 650w for 5 mins.
Group AIII and SIII: subjected to microwave
sterilization at 650w for 15 mins.

Microwave sterilization was performed with the
specimens immersed in 250 ml of water. The specimens
were irradiated daily as per the above regime for 45 days
and stored in artificial saliva at 37°C in incubator between
sterilization. The hardness values were carried out using
Shore–A durometer and readings were made on 0,
1,15,30,45 days, pre-sterilization and post sterilization

RESULTS

In the present study ANOVA was applied to find out
the significance of denture liners hardness.

The mean hardness of the soft liners samples before
and after sterilization procedures and the standard
deviations are presented in Table 1 and 2. It was found
that repeated irradiation cycle significantly increased the
hardness of both silicone and acrylic reliners.

Table 1: Mean hardness values for the silicone liner groups in different time

intervals

N Mean Std. Deviation Std. Error

PRE I 10 35.6000 .3788 .1198

II 10 35.5660 .4459 .1410

III 10 35.6000 .7003 .2214

Total 30 35.5887 .5086 9.286E-02

POST 1 I 10 35.8330 .4501 .1423

II 10 37.5670 1.6494 .5216

III 10 39.5320 .6884 .2177

Total 30 37.6440 1.8484 .3375

POST 15 I 10 38.4007 1.2858 .4066

II 10 47.5660 .7047 .2229

III 10 51.0000 .6299 .1992

Total 30 45.6556 5.4816 1.0008

POST30 I 10 43.0320 2.5889 .8187

II 10 55.8660 1.3806 .4366

III 10 58.8650 2.2336 .7063

Total 30 52.5877 7.2801 1.3292

POST 45 I 10 45.9000 1.1320 .3580

II 10 57.9320 1.2268 .3879

III 10 61.3000 1.3902 .4396

Total 30 55.0440 6.8314 1.2472
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Table 2: Hardness values for the acrylic liner specimens groups in different
time intervals

Subgroup N Mean Std. Deviation Std. Error Mean
PRE I 10 13.3663 .6185 .1956

II 10 13.6320 .7289 .2305
POST1 I 10 13.5670 .3872 .1225

II 10 15.6667 .8315 .2629
POST15 I 10 14.0333 .3668 .1160

II 10 21.8000 1.4145 .4473
POST30 I 10 17.8340 .6893 .2180

II 10 23.7990 2.9687 .9388
POST45 I 10 18.9667 .6373 .2015

II 10 26.1000 .9034 .2857

DISCUSSION

Soft lining materials have been found to be more
prone to microbial adhesion than acrylic resin denture
base materials because of their surface texture and the
physical  /chemical  affinity between the materials [4].
Earlier studies have shown that patients with relined
dentures are more prone for Candidial infection.

The microorganisms from the plaque on the denture
surface may expose patients and dental personnel to
infection. In addition, denture plaque containing C.
albicans could cause denture induced stomatitis.
Therefore, to avoid cross contamination and prevent
denture induced stomatitis, denture disinfection has been
made mandatory [11].

Many authors found that commercially used
disinfectants adversely affect the physical properties of
soft liners. Disinfection method should be effective
without causing a detrimental effect on the denture base
and lining material.

One of the physical properties that is frequently
assessed when comparing the quality of different soft
liners is hardness [8, 9, 13]. The term hardness has been
defined in many ways. A logic definition of hardness
might be the resistance of a material to indentation.
therefore, greater indentation indicates softer material.
ShoreA durometer hardness is an indication of soft liner
material resilience. The smaller the number, greater is the
resilience.

Use of microwave irradiation to disinfect denture has
been suggested to overcome the problems associated
with denture cleaning [8]. Several authors have
demonstrated the efficiency of microwave energy for
sterilization [3, 7, 13, 14].

As the microwave oven is a common household
appliance and because of its ease of use and availability,
reliners can be sterilized using this method. Hence, the

use of unmodified domestic microwave has been
suggested in this study to overcome the problems
associated with denture maintenance and infection
control.

Results of this study showed that Microwave
sterilization significantly increased the hardness of
silicone reliners. In the control group, silicone reliners
exhibited a significant increase of 28.93% in mean
hardness value between the 1  day (35.8 Shore A) and 45st th

day (45.9 Shore A). This is in accordance with previous
study that was done to evaluate the hardness of the
silicon resilient liner material with similar composition to
those used in the present study showed that there was
increase in hardness in water storage at 37  [7].c

Silicone reliner specimens exhibited a significant
increase of 72.19%, 62.90%, 28.93% in the mean hardness
value, that were irradiated for 15 min (61 Shore A),
followed  by   5  min  (57  shore  A)  and  control  group
(45 shore A) respectively. The results are in agreement
with previous study findings, which demonstrated that
Silicone relining material had significantly higher mean
hardness value (40.5 Shore A) after 7 cycles of
sterilization [7].

Silicone reliner does not contain plasticizer but
contains filler and absorption of water by the filler could
lead to increased softness, when stored in water. It is
possible that the influence of temperature hardens the
specimen and works against the effects of water intake,
which normally cause softening. This reason may be
attributed to hardening of silicone soft lining specimens
during microwave sterilization [12].

The hardness values of silicone reliners observed in
the present study is well within the average value given
by Craig for silicone resilient liner (35 to 80 Shore A) [1].

Therefore, although the difference observed for
silicone reliners in the present study between the
hardness value obtained before and after 45 cycles of
microwave sterilization, was statistically significant, it is
likely that this change would not be clinically significant
and mean hardness values were well below the hardness
values of the denture base acrylic resin (98to100 Shore A)
[10]. Therefore, it can be assumed that silicone resilient
lining material was resilient even after repeated microwave
sterilization, with no detrimental effect.

Results showed that Microwave sterilization
significantly increased the hardness of Acrylic reliners.

The Acrylic denture relining specimens sterilized for
5 min (26 Shore A) had a significant increase of 37.65% in
the hardness than that of control group  (19  Shore  A).
The  Acrylic  relining  material  was  soft   initially,  but the
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material hardened with time. It is suggested that initial The control group of both silicone and acrylic reliners
softness was due to the large quantity of plasticizers showed a significant increase of 28.93% and 41.91%
contained in the material. It is thought that leaching out of respectively in the hardness after 45days.
plasticizers is responsible for the hardening of the acrylic At all the time intervals, the results of hardness test
resin liners. of silicon and acrylic soft liner specimens showed a

The hardness values of acrylic reliners were in significant difference between the test and control
agreement with the findings of earlier studies that groups. At each time interval the control group specimens
demonstrated that the Shore A hardness  of  the were softer than the test specimens. The irradiated silicon
plasticized  polymer liner ranged between 25 to 95 Shore and acrylic specimens showed a gradual hardening. 
A units [1]. Although the difference observed in silicone and

The Acrylic reliners of AIII group specimens acrylic reliners, between the hardness value observed
demonstrated distortion on the 1  day after 15 min of before and after 45cycles of microwave sterilization werest

sterilization. The distortion liner tended to accumulate statistically significant, it is likely that the change would
towards  the  middle of  the  acrylic  resin  base  and it not be clinically significant and hardness values were well
was  not  possible  to complete further measurements. within the average values given for soft liners.
This distortion may be due to increase in temperature. Based on the results, it appeared that microwave
This type of distortion was reported in the earlier study irradiation could be a useful method for soft liner
on viscogel acrylic specimens, after one day of disinfection.
thermocycling [12].
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