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Abstract
This study compared water sorption (Wsp), solubility (Wsl) and color stability of an acrylic based
(Soft Liner®) and a silicone based resilient liners (Soft Liner Tough M®) that were undergone daily
cleaning and using cycles as follows: soaking in artificial saliva, cleaning solution and distilled
water, respectively. Three factors (types of resilient liners, cleaning solution and time) were
evaluated.
Ninety six disk shaped specimens were fabricated and divided into 8 groups (n=4) according to
types of resilient liners, cleaning solutions (distilled water, 0.1% sodium hypochlorite (NaOCl), 0.2%
chlorhexidine gluconate and Polident®) and time. Color and weight were measured after 24 h, day
7 and 14. Wsp and Wsl and color change (E) were calculated. Data were analyzed using ANOVA
and Tukey test (P<0.05).
Soft Liner® showed significant higher Wsp, Wsl and E than Soft Liner Tough M®. “Time” and
“cleaning solution” showed no significant effect on Wsp. Cleaning Soft Liner® in NaOCl increased
Wsl than cleaning in Polident® (P<0.05). E was significantly increased from 24 h to day 7 and to
day 14, respectively. Polident® increased E of resilient liners than NaOCl (P<0.05). Silicone based
resilient liners is more stable in terms of Wsp, Wsl and color stability than acrylic based resilient
liners.
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Introduction
Currently, different kinds of resilient liners
have been widely used clinically. Based on their
composition, they are simply classified into two
main categories: acrylic based resilient liners
(ABLs) and silicone based resilient liners
(SBLs).1 The ABLs are composed of methacrylate
polymers, a radical initiator (i.e. organic peroxide),
cross-linking agents (i.e. ethylene glycol
dimethacrylate), and external plasticizers (i.e.
dibutyl phthalate, ethyl acetate or alcohol).2 On
the
other
hand,
SBLs
are
basically
polydimethylsiloxanes which is elastomer in
nature.
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Resilient liners are used to equally
distribute occlusal forces to the denture bearing
mucosa for restoring health of inflamed mucosa
such as denture stomatitis or recurrent soreness.
Since these materials are elastic in nature, they
are also beneficial for patients with sharp or
advancing alveolar bone resorption,3,4 congenital
or acquired oral defects requiring obturation, and
xeostomia.5 Additionally, these materials improve
retention and stability of removable partial
dentures such as in the case of poor fitting
denture.1,2
To achieve those purposes, they are
advisable to maintain their properties in clinical
setting.
However,
deterioration
occurs
continuously.2,3 They encounters dimensional
and mechanical changes during the function in
oral cavity or even in the daily cleaning. Denture
cleaning techniques can be mechanical and
chemical cleaning. Chemical cleaning solutions
are based on alkaline peroxides (i.e. Polident®)6,
alkaline hypochlorites (i.e. sodium hypochlorite
/NaOCl)7, disinfectants (i.e. chlorhexidine/CHX)8,
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enzymes and acids.9,10 These chemicals are
beneficial for disinfecting candida infected
dentures especially for treatment denture
stomatitis.11-15 Through the course of daily
changes, water sorption (Wsp) and solubility
(Wsl) of the resilient liners are associated with
the most common problems of these materials.16
Sorption is defined as the simultaneously liquid
diffusion into the materials from the surrounding
environments, occupying the spaces/voids within
the polymer structures. Wsl refers to the loss of
the soluble components to the surrounding
medium. These result in expansion and distortion
of the materials, reduction of mechanical strength,
increase in roughness and hardness, color
changes, loss of superficial integrity, unpleasant
smell, as well as bacteria colonization.16,17
Currently, in vitro studies are limited on
their ability to fully simulate the effect of cleaning
solution as daily using/cleaning cycles on the
properties of resilient liners. Therefore, the
current study aims to compare Wsp, Wsl and
color stability of two resilient liners that undergone
daily cleaning and using cycles for 14 days. The
null hypothesis was that there was no significant
difference in Wsp, Wsl and color stability of
resilient liners. Three main factors were
evaluated as follows: types of resilient liners,
cleaning solution and time.
Materials and methods
Water sorption (Wsp), solubility (Wsl)
were determined by the method described in
American Dental Association (ADA) specification
no 12 for denture base polymers. Two types of
resilient liners were used in this study: an acrylic
based resilient liner/ABL (Soft Liner®, GC
Corporation, Tokyo, Japan), a silicone based
resilient liner/SBL (Soft Liner Tough M®,
Tokuyama, Yamaguchi, Japan).
Specimen fabrication. Ninety six disk
shaped specimens (50 mm × 3 mm) were
fabricated using custom made plastic molds.
Briefly, plastic molds were coated with a thin
layer of petroleum jelly and placed on the glass
slap. Resilient liners were prepared according to
manufacturer’s instruction. Soft Liner® was
mixed with powder: liquid ratio of 2.2 g: 1.8 g and
packed into the mold. Soft Liner Tough M®
supplied as a cartridge was directly injected
directly into the mold. Then, a glass slap was
placed on the top of the mold. Specimens were
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left into the mold as recommended by
manufacturer (5 minutes for Soft Liner® and 20
minutes for Soft Liner Tough M®). Then, the
excess materials were removed.
Water
sorption
and
solubility.
Specimens were transferred to a desiccator
containing dry silica gel and weighted daily to an
accuracy of 0.001 g using an analytical balance
(Mettler Toledo International Inc., AB204-S,
Greifensee, Switzerland) until the constant
weight (W1) was reached (Figure 1). The dry
specimens were then randomly divided into 8
group (n=4) based on the types of resilient liners,
time, and cleaning solution as follows: control:
distilled water, 0.1% sodium hypochlorite
(NaOCl), 0.2% chlorhexidine gluconate (CHX),
and Polident® (Block Drug Company, Memphis,
USA). Specimens were individually soaked in
artificial saliva (pH 7.2)18 for 12 hour (37°C) and
then rinsed with distilled water for 1 minute. Then,
they were immersed in 30 ml of cleaning solution
for 20 minutes, rinsed again with distilled water
for 1 minute and kept in distilled water overnight
at room temperature. These processes were
repeated daily (Figure 1). Notably, soaking
specimens into artificial saliva and distilled water
represents the daily use cycle of dentures that
are exposed to saliva during the day and kept in
the water overnight except the control group in
which specimens were kept in distilled water at
all times until the weight was measured.
At 24 h, day 7 and 14, specimens were
removed from distilled water, gently wiped until
no visible moisture was observed and then
weighed (W2). After this reading, the specimens
were reconditioned in a desiccator containing dry
silica gel in order to obtain a constant dry weight
(W3), following the cycle described for W1. The
water sorption (Wsp) and solubility (Wsl) were
calculated as follows:5,19

Where,
W1: The initial weight
W2: The weight after absorption
W3: The final weight after desiccation
Color stability. CIE L*a*b* system was
used to determine the color of resilient liners
immediately after specimen fabrication (C0,
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baseline color) using Color meter (ColorQuest®
XE, HunterLab, Reston, VA, USA). Color
measurement was obtained again at 24 h, day 7
and 14 after W2 weighing (C1). Color change
(E) which is the change in the position of a point
in the 3-dimensional CIE L*a*b* space
represented total color different compared to the
baseline (color of specimens immediately after
fabrication) were calculated based on the
following equation:20,21
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cleaning solution showed no significantly effect
on Wsp.

ΔE*ab = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2
where,
ΔL* = L*C1 - L*C0 (difference in
lightness and darkness, -L* = dark, +L* = light)
Δa* = a*C1 - a*C0 (difference in red and green, -a∗=
green, +a∗= red)
Δb* = b*C1 - b*C0 (difference in yellow and blue,
−b∗= blue, +b∗= yellow)
Statistical analysis. The data were
analyzed using analysis of variance (ANOVA)
followed by Tukey test for multiple comparisons.
A significance level was set at α=0.05.

Figure
1.
Experimental
Chlorhexidine.

Protocol.

CHX:

Results
Generally, ANOVA detected statistical
significance for the factors “types of materials”
(Soft Liner® or Soft Liner Tough M®, P=0.000)
on three parameters (Wsp, Wsl and E)
regardless of time and cleaning solution (Table 1).
Soft Liner® had significant higher Wsp, Wsl and
E than those of Soft Liner Tough M® (P=0.000).
By excluding the effect of types of materials, the
remaining factors (time and cleaning solution)
analyzed by two-way ANOVA differ from one to
others and are described as follows:
Parameters

Materials
Soft Liner®

Soft Liner Tough M®

Water sorption (%)

1.20±1.23

0.18±0.36

Solubility (%)

0.89±0.30

0.05±0.60

Color change (E)

19.24±3.34

3.48±1.82

Table 1 Descriptive Statistics (mean±SD) of
Water Sorption (%), Solubility (%) and Color
Change (E) of Soft Liner® and Soft Liner Tough
M®
Water sorption. Figure 2A and 2B
showed Wsp of Soft Liner® and Soft Liner Tough
M®. Statistical analysis revealed that time and
Volume ∙ 12 ∙ Number ∙ 1 ∙ 2019

Figure 2. Mean Water Sorption (Wsp, %) of Soft
Liner® (A) and Soft Liner Tough M® (B).
Statistical Analysis Revealed that Factors
“Duration” and “Soaking Solution” Had No
Significant Effect on Wsp.
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Solubility. Wsl of Soft Liner® and Soft
Liner Tough M® are shown in Figure 3A, 3B,
respectively. Compared within each type of
materials (either Soft Liner® or Soft Liner Tough
M®), time (P=0.000) and cleaning solution
(P=0.017) significantly affected on Wsl of Soft
Liner®, these results were not observed in Soft
Liner Tough M®. Multiple comparison showed
significantly different among “time” (24h, day 7
and day 14, P<0.05) where the highest Wsl was
day 14. Cleaning Soft Liner® in NaOCl
significantly increased Wsl than cleaning in
Polident® (P=0.02). Other significant differences
were not observed in Soft Liner Tough M®.
Color change (E). Delta E (E)
represented color change of Soft Liner® and Soft
Liner Tough M® is shown in Figure 4A, 4B,
respectively.
ANOVA
detected
significant
difference on both factors (time: P=0.00, and
cleaning solution: P=0.047). Over the 14 days of
this study, it was found that E was significantly
increased from 24 h to day 7 (P=0.00) and to day
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14 (P=0.00) but no significant difference was
found between E of day 7 and day 14 (P=0.933).
Moreover, soaking resilient liners in Polident®
significantly increased E (higher color change)
than that of NaOCl (P=0.044). No other
significant differences were found.

Figure 4. Mean Color Change (E) of Soft
Liner® (A) and Soft Liner Tough M® (B). Factors
“time” and “soaking solution” Significantly
Increase E Values from 24 h to day 7 and Day
14. Soaking Resilient Liners in Polident
Significantly Increased E than that of NaOCl.
Discussion

Figure 3. Mean solubility (Wsl, %) of Soft Liner®
(A) and Soft Liner Tough M® (B). Factors “time”
and “soaking solution” significantly influenced on
Wsl of Soft Liner®, not Wsl of Soft Liner Tough
M®. Statistical significant differences among 24 h,
day 7 and day 14 were observed where the
highest Wsl was day 14. Soaking resilient liners
in NaOCl showed significant higher Wsl than that
of Polident.
Volume ∙ 12 ∙ Number ∙ 1 ∙ 2019

During clinical use, resilient liners are
immersed in saliva and exposed to foods and
beverages. At night, they are usually soaked in
water or cleansing agents. As a result, water are
simultaneously diffused into the polymer causing
deterioration of materials.22 This study was
conducted to simulate the daily using/cleaning
cycles of resilient liners for 14 days and to
compare Wsp, Wsl and E. The results led to
rejection of null hypothesis since a significant
differences of Wsp, Wsl and E were observed.
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The average Wsp and Wsl of Soft Liner® were 6folds and 16-folds higher than those of Soft Liner
Tough M® (P<0.000, Table 1). High Wsp and
Wsl of ABLs are related with swelling, distortion,
hardening, absorption of odors, and color
changes.22 This finding suggested the less stable
of ABLs (i.e. Soft Liner®) in aqueous
environment compared to the SBLs (i.e. Soft
Liner Tough M®). This results are supported by
various studies.23,24 This was due to the role of
plasticizers and other soluble chemicals such as
aromatic esters (i.e. dibutylpthalate), ethyl
acetate or ethyl alcohol.25 The plasticizers can
lower the glass transition temperature by
separating polymer chains and make the
materials softer.26 However, such plasticizers are
not bonded to the methacrylate resin of ABLs,
and therefore, they leach out in overtime.16,23
Regarding the factor “time”, time was
significantly affected only on Wsl of Soft Liner®
(Figure 3) where the highest Wsl was day 14.
This finding is reasonable because the longer
materials immerses in the aqueous solution, the
more water diffuses into the materials causing
high solubility. For the cleaning solution, NaOCl
had significantly higher Wsl that of Polident®
(p=0.02). The rational related to this finding is
unclear. Kazanji and Watkinson27 reported that
Na+, K+ ion can speed up the release of
plasticizers from ABLs creating high Wsl.
However, Na+, K+ concentrations in both cleaning
solutions were not measured and should be
further investigated.
On the other hand, “time” and “cleaning
solution” has no adverse effect on Wsp and Wsl
of Soft Liner Tough M®. This may be because
Soft Liner Tough M® is an elastomer and it is not
required to have plasticizers to maintain its
elasticity. In other words, less soluble chemicals
leach out and therefore, the significant weight
change was not observed. In addition, the mixing
technique should be considered. The injectable
SBLs create more homogenous, less porosity in
the specimens compared to the hand mixed
ABLs. As a result, such space/voids are less
occupy by water resulting in insignificant
difference of Wsp and Wsl.
Regarding the E, it is obviously that
“types of resilient liners”, “time” and “cleaning
solution” significantly deteriorated color of
resilient liners. As human eyes can detect, it is
considered undetectable if E is less than 1,
“clinically acceptable” if E ranges between 1-2,
Volume ∙ 12 ∙ Number ∙ 1 ∙ 2019
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and “clinically noticeable/unacceptable” if E is
more than 3.3.28 In this study, E of the Soft
Liner® is remarkably higher than 3.3 even at 24
h (E >14). Conversely, E of Soft Liner Tough
M® are approximately at the unnoticeable level
at 24 h and clinically noticeable at day 14 (E <
5). These results suggest that SBLs like Soft
Liner Tough M® have higher color stability than
ABLs.
Color change is related with intrinsic and
extrinsic factors.29 The intrinsic factor is the
discoloration due to the matrix change of the
polymer. Extrinsic factors is the absorption of
external staining.29 The significant color change
between two resilient liners is mainly due to the
individual characteristics of each material
associated with Wsp30 and led to the absorption
and accumulation of stain. First, plasticizers used
to improve chain stretching of the polymer make
penetration of colorants easier and faster.
Second, staining agent may penetrate into the
space produced by the leaching out of
plasticizers. Third, the hydrophobicity of SBLs31
such as Soft Liner Tough M® make it more
difficult to absorb water or colorants as noticed
by the low Wsp and Wsl. Generally, high Wsp
and Wsl is associated with high E and material
aging.32,33
Post-hoc analysis showed significant
higher E of Polident® than NaOCl. This is
possibly due to the high ionic concentration of
Polident® which accelerates the release of
soluble chemicals,27 changes polymer structure
and finally, declines material properties.23
Moreover, the extrinsic factors should be taken
into the consideration. Whereas NaOCl is
colorless, the Polident® is light green so that the
high E of Polident® group could result from
external staining of this solution. Interestingly,
CHX solution which is slightly yellowish color did
not significantly darken color of both resilient
liners. This may be because of the stronger
greenish color of Polident® compared to the light
yellowish color of CHX, and the short soaking
time (only 20 minutes/day). The longer duration
may show significant change in E compared to
the control (water).34
Even though this study simulate the daily
cleaning/cycles of resilient liners, this in vitro
study did not simulate the real functional use. In
other words, the materials did not expose to the
functional stress, bacteria and their products,
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temperature change, diet, and dynamic/diurnal
saliva flow. Moreover, more materials, higher
concentration of cleaning agents or the longer
experimental time may be beneficial to further
investigate the changes particularly for SBLs that
did not show significant change in Wsp and Wsl
in this study.
Conclusions
Within the limitations of this in vitro study,
it can be concluded that SBLs (Soft Liner Tough
M®) is more stable in terms of Wsp, Wsl and
color stability than ABLs regardless of cleaning
solutions and time.
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