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Effect of aging on tear strength and cytotoxicity
of soft denture lining materials; in vitro

Jordi 1zzard Andaya Landayan, Adrian Carlos Francisco Manaloto, Jeong-Yol Lee*, Sang-Wan Shin
Graduate School of Clinical Dentistry, Institute for Clinical Dental Research, Korea University, Seoul, Republic of Korea

PURPOSE. The aim of this in vitro study was to evaluate the effect of aging on the tear strength and cytotoxicity of
four soft denture lining materials. MATERIALS AND METHODS. Four commonly used soft denture lining
materials, (Coe-Comfort™ GC America Inc., Alsip, IL, USA; Coe-Soft™ GC America Inc., Alsip, IL, USA; Visco-gel
Dentsply Caulk Milford, DE, USA; and Sofreliner Tough M Tokuyama Dental Corporation Tokyo, Japan) were
selected. Sixty trouser-leg designed specimens per lining material were fabricated using a stainless steel mold for
tear strength testing. The specimens were divided into non-thermocycling and 1000-, and 3000- thermocycling
groups. For the cytotoxicity test, twenty-four disk shaped specimens per material were fabricated using a stainless
steel mold. The specimens were soaked in normal saline solution for 24 h, 48 h and 72 h. Cytotoxicity was
measured by XTT assay in L929 mouse fibroblasts. Data were analyzed by two way analysis of variance and
Dunnett’s test (P<.05). RESULTS. Before thermocycling, Sofreliner Tough M (10.36 + 1.00 N) had the highest tear
strength value while Coe-Comfort™ (0.46 + 0.10 N) had the lowest. After 3000 cycles, Sofreliner Tough M (9.65
+ 1.66 N) presented the highest value and Coe-Comfort™ (0.42 + 0.08 N) the lowest. Sofreliner Tough M, in all
incubation periods was the least toxic with significant differences compared to all other materials (P<.05). Coe-
Comfort™, Coe-Soft™, and Sofreliner Tough M did not show any significant differences within their material
group for all incubation periods. CONCLUSION. This in vitro study revealed that aging can affect both the tear
strength and cytotoxicity of soft denture materials depending on the composition. [J Adv Prosthodont 2014;6:115-20]
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INTRODUCTION

Chairside soft denture lining materials are becoming a valu-
able resource especially for dentists practicing prosthodon-
tics and implants. Because of their viscoelastic property,
these materials can act as shock absorbers and help distrib-
ute and reduce stresses on dentute-bearing areas.’
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The major characteristics for soft lining materials are
high dimensional stability, adequate tear resistance, perma-
nent resiliency, lack of odor and taste, ease of cleaning,
adhesion to denture base and biocompatibility.” With chair-
side denture lining materials, a direct technique is applied
where uncured relining material is placed in the patient’s
mouth and auto-polymerized.** Since denture liners are in
direct contact with oral tissue, they have to be non-irritat-
ing, non-toxic, and incapable of supporting bacterial and
fungal colonization.™®

As time passes, the properties of soft liners can change
as some ingredients may leach out from the material or
extrinsic elements may be incorporated into the material.’
These materials may become more rigid and inelastic due to
loss of plasticizer, thereby removing the most important
characteristic physical property of a resilient denture liner
which is the elastic modulus.?

Evaluating the biocompatibility of a material is a vital
step towards its acceptance in addition to testing of the
material’s physical properties.” Park ez al'" evaluated the
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cytotoxicity of short-term use soft liners after repeated elu-
tion. Their results showed decreased cytotoxicity of the
tested materials after repeated elution. Another study by
Ozdemir ef al” evaluated five commonly used soft lining
materials and the study results showed that all tested mate-
rials had various degrees of cytotoxicity, especially at
96-hour test period. A systematic review by Chaves ¢# al."
provided some evidence that heat-polymerized resins had
lower cytotoxic effects than autopolymerizing denture
acrylic resins and light-polymerized reline resins. Although
the study evaluated cytotoxicity, the materials utilized were
hard denture lining materials since only a few studies have
been undertaken regarding the cytotoxicity of soft denture
lining materials.'” Thus, the aim of this iz vifro study was to
evaluate the effect of aging on four soft denture lining
materials in terms of cytotoxicity and tear strength.

MATERIALS AND METHODS

Four commonly used soft lining materials were utilized for
tear strength and cytotoxicity testing (Coe-Comfort™ GC
America Inc., Alsip, IL, USA; Coe-Soft™ GC America Inc.,
Alsip, 1L, USA; Visco-gel Dentsply Caulk Milford, DE, USA;
and Sofreliner Tough M Tokuyama Dental Corporation
Tokyo, Japan) (Table 1).

Sixty trouser-leg designed test specimens per lining
material (240 specimens total) were fabricated using a stain-
less steel mold with dimensions of 50 mm long, 10 mm
wide, and 1 mm thick (Fig. 1). The stainless steel mold was
placed on a glass slide and each material was mixed accord-
ing to the manufacturers’ instructions. By the use of a dis-
posable plastic syringe, the material was injected into the

Fig. 1. Stainless steel mold for the tear strength test
specimen fabrication.

stainless steel mold. An additional glass slide was placed on
top of the mold and firm hand pressure was applied to
remove the excess material and the material was polymer-
ized according to the manufacturers’ instructions.
Specimens were cut vertically (25 mm long) with a number
15 blade to form the trouser leg design. The 60 specimens
per lining material were divided into three groups (20 speci-
mens per group), non—thermocycling, 1000-thermocycling,
and 3000-thermocycling group. The 1000- and 3000-cycle
groups of all the lining materials were subjected to thermal
cycling with a dwelling time of 30 seconds and a resting
time of 6 seconds with temperatures of 5°C and 55°C.
Mechanical testing was performed on a universal testing
machine (Shimadzu AG10KNX, Tokyo, Japan) at a cross-
head speed of 50 mm/min.

Testing of cytotoxicity and preparation of test speci-
mens were executed in accordance with ISO 10993-5.1
Twenty-four disk specimens per lining material (96 speci-
mens total) were fabricated using a stainless steel mold with
dimensions of 10 mm diameter and 1 mm thickness (Fig.
2). The specimens were soaked in normal saline solution
after final setting. The specimens were grouped in accor-
dance to aging or incubation period (6 specimens per
group), 0, 24, 48, and 72 hours, and stored at 37°C in an
atmosphere of 5% CO,. The specimens were transferred
into a 24-well cluster culture plate and washed with phos-
phate buffered saline (PBS) and kept under ultraviolet light

to avert bacterial contamination.'

Fig. 2. Stainless steel mold for cytotoxicity test specimen
fabrication.

Table 1. Four commonly used soft denture lining materials utilized for tear strength and cytotoxicity test

Materials Code Manufacturer Composition Lot number
Coe-Soft™ cS GC America Inc., IL, USA P.ovv.der: Polyethy.l methacrylate 1111112
Liquid: Benzyl salicylate, Ethanol
o Powder: Polyethyl methacrylate
Visco-Gel VG Dentsply Caulk, DE, USA Liquid: Phthalyl butyl glycolate, Ethanol 1203000293
, Polyorganosiloxane 80%
Sofreliner Tough M SR Tokuyama, Tokyo, Japan Siica amorphous 20% 091E62
Coe-Comfort™ cc GC America Inc., IL, USA Powder: Zinc undecylenate 1110201

Liquid: Benzyl benzoate, Ethanol
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1.929 mouse fibroblasts (Korea cell line bank) were used
to determine the cytotoxicity of the soft denture lining
material. The 1.929 cell suspension was prepared at a con-
centration of 5 X 10* cells/mL and was dispensed into a
24-well cluster culture plate with direct contact with the
specimens. Cells in pure culture medium were used as a
control group.

The cells were grown as a monolayer culture in a cell
culture dish at 37°C in an atmosphere of 5% CO,, sub cul-
tured two times a week, and maintained at the third pas-
sage. The culture medium used was Roswell Park Memorial
Institute (RPMI) 1640 (Gibco®Life Technologies
Corporation, Grand Island, NY, USA) supplemented with
10% fetal bovine serum (FBS) and 1% antibiotic-antimy-
cotic. Adherent cells at the logarithmic phase were detached
with 0.25% trypsin-ethylenediaminetetraacetic acid (EDTA)
(Gibco®Life Technologies Corporation, Grand Island, NY,
USA) and were incubated for 1 minute at 37°C.

The cell Proliferation Kit IT (Roche, Mannheim,
Germany) was used for the XTT assay. XTT labeling
reagent and electron-coupling reagent were thawed in a
water bath at 37°C. The vials were thoroughly mixed until
clear solutions were obtained. 5 mL of XTT labeling
reagent was mixed with 0.1 mL of electron coupling
reagent on a dark, clean bench. A 250 uL volume of XTT
labeling mixture was added per well in the 24-well cluster
culture plate and the plate was incubated for 3 hours at
37°C and 5% CO,,. After incubation, 150 uL. of mixture per
well were aspirated and transferred to a 96-well cluster cul-
ture dish. The spectrophotometrical absorbance of the
samples was measured using a microplate enzyme-linked
immunosorbent assay (ELISA) reader. The wavelength used
to measure the optical density (OD) of the absorbance of
the formazan product was 450 nm, according to the filters
available for the ELISA reader used. Cell viability and cell
cytotoxicity were calculated in percentage of control
groups according to the following modified formula:"®

Cell cytotoxicity (%) = 100 — Cell viability (%) =
(OD of the test group / OD of the control group) X 100

Cell viability was the scored according to the following
classification:

- more than 90 percent cell cytotoxicity: sevetely cytotoxic

- 60-90 percent cell cytotoxicity: moderately cytotoxic

- 30-59 percent cell viability: slightly cytotoxic

- less than 30 percent cell cytotoxicity: non-cytotoxic

Data were analyzed by two-way analysis of variance for
group comparison and one-way analysis of variance for
individual group comparisons using IBM SPSS version 20.0
(IBM SPSS Statistics for Windows, Version 20.0 Armonk,
NY, USA). The means and standard deviations were record-
ed for both tests and significant differences of the results
and between groups were analyzed using Dunnett’s test

(P<.05).

RESULTS

Table 2 shows the numerical tear strength test results and
the same information is shown graphically in Fig. 3. Before
thermocycling, Sofreliner Tough M (10.36 £ 1.00 N) had
the highest tear strength value while Coe-Comfort™ (0.46
1+ 0.10 N) had the lowest. After 3000 cycles Sofreliner
Tough M (9.65 £ 1.66 N) still presented the highest value
and Coe-Comfort™ (0.42 + 0.08 N) the lowest. The results
were significantly different from those of the other materials
(P<.05). After 3000 cycles of thermocycling Coe-
Comfort™, Coe-Soft™, and Softeliner Tough M did not
show any significant differences compared to their non-
thermocycling and 1000-cycle groups (P<.05). With Visco-
gel, the tear strength value went down after 1000 cycles,
compared to the non-thermocycling group, but the differ-
ence was not significant. After 3000 cycles of thermocy-

Table 2. Mean values and standard deviations of tear
strength of soft denture lining materials (N)

Groups Non-Thermo 1000 cycles 3000 cycles
CC 0.46 +£0.10 0.40 = 0.11 0.42 +0.08
CS 0.78 £0.12 0.62 + 0.08 0.68 +0.13
SR 10.36 = 1.00 9.46 + 1.33 9.65 + 1.66
VG 1.78 £ 0.60 1.34 + 0.39* 229 +0.79"
* significant difference (P<.05).
Thermocycling
12.0000-4 H non thermocycling
B 1000 cycles
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Fig. 3. Mean tear strength values for non-thermocycling,

1000, and 3000 cycle group. * significant difference
(P<.05).
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cling, the tear strength value was significant when com-
pared to the 1000 cycle group (P<.05).

Table 3 shows the numerical cytotoxicity test results and
this information is shown graphically in Fig. 4. Sofreliner
Tough M, in all incubation periods was least toxic and
showed significant differences compared with all other
materials (P<.05). Coe-Comfort™, Coe-Soft™ and
Sofreliner Tough M did not have any significant differences
across all incubation periods when compared to their
respective groups (P<.05). With Visco-gel, after soaking for
24 hours, the cytotoxicity of the material decreased and
showed a significant difference compared to its non-soak-
ing group (P<.05). For Visco-gel in the 24-, 48-, and
72-hour groups, although the values changed, the changes
were not significant (P<.05).

DISCUSSION

Temporary soft relining material can be used for a short
period of time to improve the comfort and fit of dentures
until they can be remade or permanently relined. These

Table 3. Cytotoxicity percentage of soft lining materials
according to incubation period

Group Oh 24 h 48 h 72h
CC 96% 93% 97% 94%
(O] 100% 92% 94% 93%
SR 9% 12% 16% 17%
VG 100%* 63%* 65% 49%

* significant difference (P<.05).
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Fig. 4. Percentage of material cytotoxicity at 0 h, 24 h,
48 h and 72 h incubation period.

CC: Coe-Comfort™, CS: Coe-Soft™, SR: Sofreliner Tough
M, VG: Visco-gel. * significant difference (P<.05).
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materials take the anatomy of the residual ridge and gel in
that position and continue to flow slowly after application
and distribute stress on dentutre-bearing tissues.*'*!”

Soft denture lining materials are mainly made up of
polyethyl or polymethyl methacrylate resin with a plasticizer
such as dibutyl phthalate or ethanol. Being low molecular
weight compounds, these plasticizers are usually leached
out in the saliva over a period of time. This leaching out of
the plasticizers may result in reductions in softness of the
material and also, since it is in direct contact with the oral
mucosa, may cause adverse reactions like allergies and local
chemical irritation.®!"!

Biologic and toxicologic aspects of dental materials are
important in relation to their clinical usage.'® Cytotoxicity is
used to describe the cascade of molecular events that inter-
fere with macromolecular synthesis, causing disruption of
cellular functions and structural damage.” Cell culture stud-
ies are usually the preliminary point of an evaluation of
biocompatibility. Iz vitro cytotoxicity tests are a essential
screening step in the testing of new materials used in
humans because they provide an investigation of toxicity in
a simplified system that reduces the effects of confounding
variables.'”? Testing of dental materials by cell culture
methods is relatively simple to perform, reproducible, and
cost-effective and such tests can be controlled.'

The choice of cell line for /n vitro cytotoxicity testing
remains controversial and a vast number of cell lines have
been used.?! Continuous cell lines, like 3T3 or 1.929 mouse
fibroblasts, are suggested by international standards for the
testing of medical devices used in dentistry because of the
ease of controlling cell conditions."*** Thonemann e al?
indicated that 1.929 mouse fibroblasts are more sensitive
than primary human gingival fibroblasts and differences in
the responses of the cell types depend on the dental mate-
rial tested. In this study, cytotoxicity was measured using a
direct method which permits a more legitimate compatison
between aging intervals as each set of specimens is statisti-
cally independent.®

To evaluate potential of such materials to cause irrita-
tion, the XT'T colorimetric assay is applicable. XTT offers a
high degree of sensitivity, while providing a considerable
savings in time and labor by eliminating the need to solubi-
lize the formazan product prior to absorbance measure-
ments thus making it quick, easy and safe to perform.”*
Since leaching of unreacted monomer causes a reduction in
the softness of soft denture lining materials and happens
intraorally during function, various accelerated aging meth-
ods have been applied to these materials to simulate oral
conditions.”'"*"3" By means of thermocycling, cumulative
effects of fatigue arising from sudden temperature changes
can be determined. In this current study, temperature varia-
tion between 5°C and 55°C was chosen as these tempera-
tures depict the temperature range of foods ingested during
meals and do not damage oral tissues.” As to the use of
1000 and 3000 thermal cycles, the objective was to evaluate
the cumulative effect of fatigue within soft denture liner
materials rather than to represent a certain wearing time for
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soft denture liners.*

After subjecting Coe-Comfort™ and Coe-Soft™ to
thermocycling, the tear strength of the materials was not
affected after 3000 cycles. Although the values changed
from non-thermocycling to 1000 cycles to 3000 cycles, sta-
tistically, the tear strength values did not have any signifi-
cant differences when compared to each other. According
to previous studies, leaching of plasticizers could affect the
softness of the material, however with Coe-Comfort™ and
Coe-Soft™ the tear strength was not affected. This result is
supported by a study by Munksgaard e/ a/.'* that investigat-
ed Coe-Comfort™, which is composed mainly of benzyl
benzoate, and Coe-Soft™, which is composed mainly of
benzyl salicylate. The results of these experiments showed
that leaching of plasticizers happens from 1 day up to 30
days. Between 40% and 64% of the plasticizers found in
the materials leached out within 30 days. The cumulative
amount of plasticizers that had leached out in 30 days from

each of the materials was between 128 mg ¢! and 253 mg
1

gl

However this leaching of plasticizers not only affects
the physical properties of the materials but also, according
to past studies, may cause local irritation on the mucosa. In
this current study, it was observed that both Coe-Comfort™
and Coe-Soft™ wete toxic even after 72 hours (3 days) of
soaking in normal saline solution. This result can also be
related to the study by Munksgaard'?, which showed that in
30 days there were still plasticizers leaching from the mate-
rials tested.

Different results were observed for Visco-gel. We saw
that after subjecting the material to 3000 cycles of thermo-
cycling, there was a significant difference in tear value when
compared to its 1000 cycle result. We also saw that after
soaking the material for 24 hours in normal saline solution,
there was a significant decrease in cytotoxicity when com-
pared to the results of the non-soaking group. Visco-gel,
which is composed of phthalyl butyl glycolate has a differ-
ent composition than that of Coe-Comfort™ and Coe-
Soft™. This result can be supported by the study of Murata
et al” which found that benzyl salicylate, being a larger
molecule, would be expected to leach out more slowly than
phthalyl butyl glycolate. According to Shanmuganathan ez
al®, loss of a plasticizer like phthalyl butyl glycolate pro-
duced a more significant change in compliance than loss of
benzyl salicylate.

Sofreliner Tough M gave the highest tear strength value
and was the least toxic among all the materials tested. These
results are supported by the study by Ciapetti e/ a/** which
found that among soft liners, which ate similar to different
silicone impression materials, vinyl poly siloxanes are non-
toxic even when tested after extended exposure to cells.

CONCLUSION

Within the limitations of this /# vitro study, it can be con-
cluded that the tear strength of soft lining material depends
on the type of plasticizer used. However, these factors can

also contribute to toxicity over a long period of time. After
interpretation of the gathered results the following conclu-
sions were made:

Coe-Comfort™ had the lowest tear strength and the
highest cytotoxicity in all incubation petiod.

The tear strength of Coe-Soft™ was not affected signif-
icantly by thermocycling but presented severe cytotoxicity
in all incubation periods.

After 3000 cycles of thermocycling, Visco-gel showed
significant increase in tear strength. Cytotoxicity significant-
ly decreased after 24 hours of soaking and presented slight
cytotoxicity after 72 hours of soaking.

Sofreliner Tough M, a silicone type soft lining material,
had the highest tear strength and presented the lowest cyto-
toxicity.
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