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Color change of soft silicone relining materials
after storage in artificial saliva
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ABSTRACT
Statement of problem. The interaction between artificial saliva and color change of silicone soft
liners has not been clarified.

Purpose. The purpose of this in vitro study was to investigate the effect of artificial saliva storage on
the color stability of soft silicone liners.

Material and methods. Four silicone-based liners (Elite Soft Relining, GC Reline Soft, Megabase,
and Mucopren Soft) (n=10) were tested after 7, 30, and 90 days of storage in artificial saliva at
37�C in darkness. The color of each specimen was measured with a spectrophotometer using
the CIELab color scale. Statistical analysis was performed with the nonparametric ANOVA for
dependent variables and nonparametric ANOVA for independent variables (a=.05).

Results. The storage in artificial saliva significantly affected the color integrity of 3 of the 4 tested
materials. For GC Reline Soft material, the time of storage had no significant effect on color.

Conclusions. Significant differences were found in the color changes of silicone-based denture
liners after storage in artificial saliva. With regard to color stability, GC Reline Soft may be
recommended for use in dental practices as a silicone soft relining material for long-term
applications. (J Prosthet Dent 2016;115:377-380)
Clinical demand for removable
prosthetic replacements will
continue to grow despite the
increasing health awareness of
patients.1 Prosthetic treatment
with the use of soft relining
materials is noninvasive and
relatively inexpensive; it also
significantly improves the
quality of life of patients who
require dental reconstructions
and improves patient satisfac-
tion.2-4

The use of silicone auto-
polymerizing materials allows
direct preparation of the den-
ture lining during a single pa-

tient visit. In vitro experiments, conducted in various
stress-bearing or aging conditions, have demonstrated
improved color stability of silicone soft liners than acrylic
materials.5-8 However, comparative studies of different
silicone materials are lacking.

The exact mechanism of color changes of soft denture
relining materials has not yet been elucidated. This color
instability may be caused by the solubility and degradation
of intrinsic dyes, surface roughness and sorption of water
and exogenous dyes, as well as by oxidation of carbon-
carbon double bonds, which results in dehydration and
the generation of colored oxides.6,9,10 In daily use, relining
materials are exposed to saliva ingredients, the tempera-
ture of the oral cavity, and to factors associated with
patients’ habits such as food colorings, drugs, and tobacco
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as well as use of denture cleaners.9,11-14 Therefore, in order
to identify materials which could provide long-term
satisfactory clinical use, their color changes in the simu-
lated environment of an oral cavity should be evaluated.

In the current study, the null hypothesis assumed that
there were no differences in the color retention abilities of
various tested addition-polymerizing polyvinyl siloxane
(PVS) materials used for long-term denture lining.
MATERIAL AND METHODS

Four PVS addition polymers that are commonly used for
long-term lining of dentures were chosen for this
comparative study (Table 1). All tested materials
belonged to the addition-polymerizing silicone group.
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Table 1. Characteristics of evaluated polyvinyl siloxane soft liners

Material and Manufacturer Lot No.

Elite Soft Relining; Zhermack 92597

GC Reline Soft; GC Corp 1104132

Megabase; Dreve Dentament GmbH 100241

Mucopren Soft; Kettenbach GmbH 110251

Clinical Implications
Color instability is an important visual sign of
material aging and can also explain a patient’s
dissatisfaction and refusal to accept a prosthesis.
Clarifying the color change dynamics of soft relining
silicone materials may help dental practitioners in
prosthetic treatment planning.
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The materials can be polymerized either at room tem-
perature or heat polymerized. For the purpose of this
study, all specimens were polymerized at room temper-
ature to simulate a direct chairside relining procedure.

Ten specimens of each material were tested for color
stability. Specimens (2 mm high with base dimensions of
40×40 mm) were fabricated with metal forms and poly-
merized according to their manufacturers’ recommen-
dations. The initial color measurements were made
immediately after preparation of specimens. The speci-
mens were immersed in artificial saliva and stored in
darkness at a temperature of 37�C. Subsequent color
measurements were made after 7, 30, and 90 days of
storage. Before each measurement, specimens were
removed from the solution, rinsed with water, and dried
with blotting paper. At each time point, the color of each
specimen was measured 3 times on a white background,
and the results obtained were averaged. Color change
(DE) was assessed in relation to the basic color deter-
mined at the initial measurement.

Color measurements were made with the spectro-
photometer (S 23; X-Rite Inc). Spectrophotometry is an
objective method of color change assessment that mea-
sures the amount of light reflected by the specimen. This
in turn facilitates the determination of DE, which is the
change in the position of a point in the 3-dimensional
CIE L*a*b* space.3,15 Before each series of measure-
ments, the spectrophotometer was calibrated according
to the manufacturer’s instructions with the white refer-
ence tile that corresponds to the L (lightness) parameter.
A measurement aperture of 4 mm was maintained
throughout the study.

Statistical analysis was performed with use of
nonparametric ANOVA for dependent variables (Fried-
man ANOVA and Kendall W) and nonparametric tests
for dependent variables (Wilcoxon signed-rank test, sign
test) and nonparametric ANOVA for independent vari-
ables (Kruskal-Wallis test) and nonparametric tests for
independent variables (Wald-Wolfowitz test, Mann-
Whitney U test, Kolmogorov-Smirnov test) (a=.05).

RESULTS

The color of all tested materials changed over time. For
3 products (GC Reline Soft, Megabase, and Mucopren
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Soft), the greatest color change was observed after the
first 7 days of the study, while the color of the Elite Soft
Relining material changed the most after 30 days of
storage. The amount of color change was lower in the
later periods of the experiment. At the end of the
experiment, the biggest color change was observed for
Mucopren Soft specimens and the smallest for the GC
Reline Soft material (Fig. 1).

Observed differences in the average color change of
the GC Reline Soft material of maximum DE=5.85 ±1.65
during particular periods of the study were statistically
insignificant (P>.05). Statistically significant color
changes between the initial measurement and between
all tested time points were observed for the Mucopren
material, with final DE=11.8 ±1.85 after 90 days of
storage. Equal color changes in the last 2 study periods
(between days 7 and 30 and between days 30 and 90)
were observed for the Elite Soft Relining (12.68 ±4.38
and 11.57 ±3.07) and Megabase (7.26 ±0.76 and 8.47
±1.68), but for both materials, the changes between
those periods were not statistically significant (P>.05)
(Table 2).

DISCUSSION

The null hypothesis that no differences would be found
in the color stability of the PVS materials used for long-
term denture lining was rejected. Significant changes of
color stability were found among all tested materials.

GC Reline Soft material had the highest color stability
among all tested soft silicone relining products and was
the only one in this study that retained its initial color
throughout the experiment. Mucopren Soft material was
the least color stable. The color change of this material
depends not only on the number of days between
particular measurements but also on the total time of
specimen incubation in artificial saliva. The color change
curve of the Megabase product resembled that of
Mucopren Soft, but the mean color change of this ma-
terial was lower than that of Mucopren (Fig. 1). The
dynamics of color change for both Elite Soft Relining and
Megabase materials decreased with the time of incuba-
tion in artificial saliva.

This in vitro study cannot reproduce the complex
environment of the oral cavity. Factors such as the
properties of saliva, occlusal forces, and external factors
associated with patient lifestyle can all influence the color
stability of relining materials. Only 4 materials were
Nowakowska-Toporowska et al



Table 2.Mean values of color change (DE) ±SD of tested materials
measured in L*a*b* color scale

Material

DE After

7 Days 30 Days 90 Days

Elite Soft Relining 2.76 ±1.43Aa 12.68 ±4.38Ab 11.57 ±3.07Ab

GC Reline Soft 3.63 ±3.63Aa 5.85 ±1.65Ba 4.99 ±2.11Ba

Megabase 5.74 ±1.02Ba 7.26 ±0.76Aa 8.47 ±1.68Cb

Mucopren Soft 6.40 ±1.54Ba 8.09 ±2.03Ab 11.86 ±1.85Ac

Lowercase superscript letters in rows and uppercase superscript letters in columns denote
statistically significant differences (P<.05).
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Figure 1. Time-dependent color changes of tested materials.
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tested in this study in the period of up to 90 days. More
extensive studies with more materials and longer incu-
bation periods are needed.

The perception of color changes by the human eye is
subjective. In contrast, a spectrophotometric approach
facilitates the objective measurement of color instability.
A DE value of >3.7 is considered a clinically relevant
change of color.15 In this study, 70% of DE values
calculated after 7 days of conditioning of the Elite Soft
Relining and GC Reline Soft specimens were 3.7 or less.
This color change was therefore considered clinically
imperceptible. The highest color instability was observed
for specimens made of Mucopren Soft material. More-
over, DE values calculated for all specimens of this ma-
terial were higher than 3.7 and were therefore clinically
noticeable. Similar results were obtained for the Mega-
base specimens. After 30 days of conditioning, DE value
of �3.7 was measured only for the GC Reline Soft
specimens, and after 90 days, a color change of 40% of
these specimens was still not clinically noticeable. This
implies that among all materials tested in the study, only
the GC Reline Soft material fulfills the criterion for clin-
ically imperceptible color stability. The color of all other
tested materials changed significantly.

A comparative study of directly and indirectly poly-
merized soft silicone materials with soft acrylic resin
liners that were also polymerized in both ways showed
significant changes to acrylic resin materials, while the
color of silicone remained stable in both water and in
coloring solutions (coffee, tea, cola, and red wine)
despite the polymerization method.11 These findings
indicate that the polymerization technique does not
influence the material’s ability to retain color. These
observations suggest that a direct relining technique
with room-temperature vulcanizing (RTV) silicone
relining materials is a reasonable alternative to indirect
relining because of its lower cost and time consumption.

In the same study, specimens of Elite Soft Relining
material that underwent 3000 cycles of heating and
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cooling (5 to 50�C) in distilled water were reported to
change color with a DE value of approximately 1.81. This
is a smaller color change than was observed in the pre-
sent experiment (DE of approximately 10). However,
results obtained by Leite et al11 cannot be directly
compared with the present study. The different results
may be explained because in this study all specimens
were incubated in artificial saliva, which as an ionic so-
lution may affect the tested elastomers more than water.

Silicone soft liners of the RTV type were found to have
a higher color stability than acrylic resin materials and
some of the silicone heat-polymerized products after
accelerated aging or storage in solutions of commonly
used food dyes or denture cleaners.5,8,9,12-14 The better
color stability of silicone materials may be explained by
their higher hydrophobicity, which reduces the sorption
of water-based solutions.6 Therefore, the use of silicone
materials for long-term lining seems to be advantageous.

Although soft silicone RTV materials seem to have
higher color stability than plasticized acrylic resin prod-
ucts, they too are affected by clinically noticeable color
changes that occur with time. Large differences in color
retention of various silicone materials may be observed.
These differences most probably originate in the different
chemical composition and structure of polymer chains.
Unfortunately, a direct comparison of our results with
those of other authors is impossible because of differ-
ences in experimental design, including different testing
periods, specimen storage, conditioning protocols, and
the types of materials tested. No published comparative
studies are available on soft silicone RTV addition poly-
mers; to our knowledge, this is the first comparison of
color stability in this group of materials. The results
revealed the different abilities of silicone liners to retain
their initial color. GC Reline Soft was the only tested
material characterized as having color stability and may
be recommended for long-term clinical use.

CONCLUSIONS

Within the limitations of this in vitro study, significant
differences were found in the color changes of the 4
silicone-based addition-polymerizing denture liners after
storage in artificial saliva. With regard to color stability,
GC Reline Soft may be recommended for use in dental
THE JOURNAL OF PROSTHETIC DENTISTRY
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practices as a silicone soft relining material for long-term
applications.

REFERENCES

1. Carlsson GE, Omar R. The future of complete dentures in oral rehabilitation.
A critical review. J Oral Rehabil 2010;l37:146-56.

2. Kimoto S, Yamamoto S, Shinomiya M, Kawai Y. Randomized controlled trial
to investigate how acrylic-based resilient liner affects on masticatory ability of
complete denture wearers. J Oral Rehabil 2010;37:553-9.

3. Kimoto S, Kitamura M, Kodaira M, Yamamoto S, Ohno Y, Kawai Y, et al.
Randomized controlled clinical trial on satisfaction with resilient denture
liners among edentulous patients. Int J Prosthodont 2004;17:236-40.

4. Pisani MX, Malheiros-Segundo Ade L, Balbino KL, de Souza RF, Paranhos
Hde F, da Silva CH. Oral health related quality of life of edentulous pa-
tients after denture relining with a silicone-based soft liner. Gerodontology
2012;29:474-80.

5. Ergun G, Nagas IC. Color stability of silicone or acrylic denture liners: an
in vitro investigation. Eur J Dent 2007;1:144-51.

6. Goiato MC, Zuccolotti BC, Moreno A, dos Santos DM, Pesqueira AA,
Dekon SF. Color change of soft denture liners after storage in coffee and
coke. Gerodontology 2011;28:140-5.

7. Mancuso DN, Goiato MC, Zuccolotti BC, Moreno A, dos Santos DM,
Pesqueira AA. Effect of thermocycling on hardness, absorption, solubility and
color change of soft liners. Gerodontology 2012;29:215-9.

8. Mancuso DN, Goiato MC, Zuccolotti BC, Moreno A, dos Santos DM. Eval-
uation of hardness and color change of soft liners after accelerated ageing.
Prim Dent Care 2009;16:127-30.
Noteworthy Abstracts of

Effect of opaque layer application on the colo
access openings of screw-retained implant re

Cakan U, Kara KB
Int J Prosthodont 2015;28:363-370

The purpose of this preliminary in vitro study was to evalua
composite in dual colors on the DE values of resin composit
implant restorations. Sixty cylindrical nickel-chromium meta
screw-retained, implant-supported, porcelain-fused-to-meta
combinations of opaquer, enamel composite (A2E), dentin c
DE values differed significantly among the groups (P<.01). T
composites of shades A2E and A3B resulted in significantly

Reprinted with permission of Quintessence Publishing.

THE JOURNAL OF PROSTHETIC DENTISTRY
9. Jin C, Nikawa H, Makihira S, Hamada T, Furukawa M, Murata H. Changes in
surface roughness and color stability of soft denture lining materials caused
by denture cleansers. J Oral Rehabil 2003;30:125-30.

10. Anil N, Hekimoglu C, Sahin S. Color stability of heat-polymerized and
autopolymerized soft denture liners. J Prosthet Dent 1999;81:481-4.

11. Leite VM, Pisani MX, Paranhos HF, Souza RF, Silva-Lovato CH. Effect of
ageing and immersion in different beverages on properties of denture lining
materials. J Appl Oral Sci 2010;18:372-8.

12. Canay S, Hersek N, Tuluno�glu I, Uzun G. Evaluation of color and hardness
changes of soft lining materials in food colorant solutions. J Oral Rehabil
1999;26:821-9.

13. Imirzalioglu P, Karacaer O, Yilmaz B, Ozmen MSC. I. Color stability of
denture acrylic resins and a soft lining material against tea, coffee, and
nicotine. J Prosthodont 2010;19:118-24.

14. Attard NJ, David LA, Zarb GA. Immediate loading of implants with
mandibular overdentures: one-year clinical results of a prospective study. Int
J Prosthodont 2005;18:463-70.

15. Hayakawa I, Akiba N, Keh E, Kasuga Y. Physical properties of a new denture
lining material containing a fluoroalkyl methacrylate polymer. J Prosthet Dent
2006;96:53-8.

Corresponding author:
Dr Agnieszka Nowakowska-Toporowska
Wrocław Medical University
Department of Prosthodontics
52-425 Wrocław, ul. Krakowska 26
POLAND
Email: agano125@gmail.com

Copyright © 2016 by the Editorial Council for The Journal of Prosthetic Dentistry.
the Current Literature

r of resin composites used to fill
storations

te the effect of an opaque layer and application of resin
es used to fill access openings of screw-retained
l molds with a central channel simulating a posterior
l crown were cast. Access openings were filled with
omposite (A2B and A3B), and resilient composite.
he combination of opaque layer and dual color resin
lower DE values than the other groups (P<.01).

Nowakowska-Toporowska et al

http://refhub.elsevier.com/S0022-3913(15)00540-5/sref1
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref1
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref2
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref2
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref2
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref3
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref3
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref3
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref4
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref4
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref4
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref4
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref5
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref5
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref6
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref6
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref6
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref7
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref7
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref7
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref8
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref8
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref8
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref9
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref9
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref9
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref10
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref10
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref11
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref11
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref11
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref12
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref12
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref12
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref12
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref13
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref13
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref13
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref14
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref14
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref14
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref15
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref15
http://refhub.elsevier.com/S0022-3913(15)00540-5/sref15
mailto:agano125@gmail.com

	Color change of soft silicone relining materials after storage in artificial saliva
	Results
	Discussion
	Conclusions
	References


