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Introduction 

The rehabilitation of  partially edentulous patients with removable 
partial or full dentures aims to preserve the remaining teeth and 
residual ridge as well as the restoration of  masticatory function 
and aesthetics. However, resorption of  alveolar bone is a chronic 
and irreversible process that, if  not properly controlled, can cause 
misalignments of  the acrylic base causing patient discomfort and 

incidence of  harmful horizontal forces on the abutment teeth, in 
the case of  free ends. Furthermore, the lack of  adaptation of  the 
denture bases can facilitate the concentration of  forces in specific 
regions of  the ridge, accelerating the process of  bone resorption.

In view of  these deleterious effects, the adaptation of  the denture 
bases should be periodically re-evaluated and, if  verified misfit, 
these dentures should be refitted at the underlying tissues. Thus, 
patients should return periodically to the clinic for reassessment 
of  treatment and rebasing of  full or partial dentures.

One of  these relining techniques is performed in the dental office 
setting, using self  polymerizable acrylic resins, especially formu-
lated for this purpose, named direct relines. This method can be 
done by the use of  rigid or resilient materials and eliminates the 
phases of  inclusion and pressing necessary for the indirect reline, 
therefore, easier, faster and affordable.

Resilient denture liners have been developed to minimize possi-
ble discomfort generated by the forces transmitted upon the mu-
cosa by the denture base. These materials form a group of  elastic 
materials which overlying wholly or partially the denture base, in 
order to reduce the impact of  the masticatory force on the lining 
mucosal and can be used temporarily or permanently [1].

The soft lining materials currently can be divided into two groups: 
silicones and acrylics. The acrylic-based soft relines are consist-
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ed by powder with poly (ethyl methacrylate or copolymer) and 
a liquid mixtured of  an aromatic ester (dibutyl phthalate), etha-
nol, and plasticizers. The principal advantage of  these materials 
is their ease of  use. The silicone-based soft relines are composed 
of  polymers of  dimethyl siloxane, which give them good elastic 
properties. They are chemically activated and are supplied as two 
component system, which polymerize a condensation reaction [2].

The appearance of  adverse reactions in the oral mucosa by use of  
dentures relined has caused interest of  researchers in determin-
ing the biological behavior of  these materials. Tay et al. found 
that some reline were slightly or moderately toxic after contact 
with L929 cells. To avoid adverse reactions, as well as to decrease 
the amount of  residual monomer, several authors have suggested 
soaking dentures in water before placing on the patient [3]. Re-
ducing the amount of  residual monomer after this treatment can 
be because the diffusion of  the monomer in water in accordance 
with the immersion time.

The biocompatibility of  potentially toxic substances has been 
evaluated using animal study, clinical observations and in vitro cul-
tured cells. The various tests were divided into initial, secondary 
and application, being the latter described as pre-clinical testing 
[4]. It is important to remember that the results of  the initial cy-
totoxicity tests have limitations as its direct correlation with clini-
cal situations. Thus, the results of  these tests as those conducted 
in animals (secondary or application) can not be extrapolated to 
clinical conditions in humans immediately, but are very important 
because they determine the biological behavior of  materials and/
or components [5].

The cytotoxicity test using the method of  cell culture has been 
considered relatively simple, reproducible, effective and con-
trolled, comparing various recommended methods for evaluation 
of  cytotoxicity, observed that the different parameters include 
inhibition of  cell growth, lysis, change in membrane or in the 
cytoplasm of  cells and changes in metabolic activity.

The contact between the cells and materials tested should be ap-
propriate and it is of  extreme importance for cytotoxicity tests. 
Thus, it is possible having the direct contact of  the cells with ma-
terial, the contact of  the cells with extracted material substances 
or even indirect contact, when the cells are separated from tested 
materials by Millipore filters or by Agar (ISO 10993-5). It is im-
portant to remember that direct contact of  samples made of  dif-
ferent materials can cause inhibition of  cell growth due to physi-
cal conditions and not of  released toxic substances [6]. When 
obtaining extracts, several factors may influence the results, such 
as the type and volume of  the medium, the specimen area, the 
time and temperature for extraction. For the substances release 

from the tested materials can be used as means for extracting dis-
tilled water, saline or culture medium with or without serum. The 
amount of  sample tested to obtain the extract can be expressed in 
weight or in size, and the extract obtained depends on the relation 
between the sample surface and the volume of  the medium.

It is not only the method of  cytotoxicity that is important, but 
also the type of  cell being grown. The choice will depend on the 
nature of  the observations to be performed. The in vitro cultured 
cells can be haploid or diploid. Primary cultures of  diploid fibro-
blasts can be obtained from a variety of  tissues, including dental 
pulp, periodontal ligament, skin, lung, etc. These cultures tend to 
multiply slowly and have a finite lifetime. Haploid cells, in turn, 
have infinite growth, are easy to grow, and the quality of  their cul-
ture is more predictable. Some haploid cells that are easily found 
commercially are the hamster fibroblasts L929. Many studies have 
been conducted to evaluating the cytotoxicity of  denture reline 
materials and a denture base acrylic resin [7, 8]. However, such 
studies are based on imported resins, little used in Brazil. Due at 
the features presented above, it was found advisable to evaluate, 
using the MTT assay, the cytotoxicity of  different types of  soft 
reline used in Brazil, according to the storage time in water, fol-
lowed by heat treatment. The hypothesis was that the cytotoxicity 
of  these relines could decrease with time and treatment.

Material and Methods

Sample fabrication 

The manufacturers and compositions powder/liquid of  the mate-
rials evaluated are listed in Table 1. NewTruliner (imported mate-
rial) was used for comparison with other resins. The samples of  
the relines were prepared, aseptic manner, from metal castings 
matrices in discs form containing therein an orifice measuring 14 
mm in diameter and 1.2 mm thick. The materials were provided 
and handled in accordance with manufacturers instructions. The 
powder was provided on a precision scale (Gehaka, Ind e Com. 
Electro. - Gehaka Electronics Ltda, São Paulo - Brazil) in sterile 
Dappens that were individualized for each material. The volume 
of  monomer was dispensed with the aid of  graduated glass pi-
pette (Costar, Corning Incorporated, Corning - NY - USA), tak-
ing care to use different pipettes for each material, given that the 
cytotoxicity of  reline is related with each type of  monomer. After 
manipulation, the materials were placed on matrices and castings 
manually pressed between two glass plates sterilized with two 
sheets of  acetate, also sterilized, filed until the end of  the polym-
erization. For removal of  samples, the piston was positioned on 
the matrix. Finally, excess sample of  each material was cut with 
sterile scissors.
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Table 1. Materials used in this study.

Powder Liquid Manufacturer
Vipi Flash PMMA Methylmethacrylate Dental Vipi Ltda

Soft Confort PEMA Phtalate ester, Ethyl alcohol Dencril Prod. Odontol.
Dentuflex PMMA N-Butyl methacrylate, Dibutyl Phthalate,

Trimethylolpropane and Dimethyl-p-toluidine
DMG Industry

Dentusoft PMMA Dibutyl phthalate, alcohol DMG Industry
New Truliner PEMA Isobutyl methacrylate, Dibutyl

phthalate
Bosworth Company
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Experimental groups 

Twelve samples of  each material were prepared and divided into 
four groups (n = 3) prior to performing the cytotoxicity test: 
Group 1: assessment of  cytotoxicity immediately after the prepa-
ration of  the samples; Group 2: assessment of  cytotoxicity per-
formed after storage of  the samples in distilled water at 37° C for 
24 hours; Group 3: assessment of  cytotoxicity performed after 
storage of  the samples in distilled water at 37° C for 48 hours; 
Group 4: assessment of  cytotoxicity performed after soaking the 
samples in water at 55° C for 10 minutes.

Sterilization of  the samples

Specimens were made in aseptic conditions to avoid contamina-
tion of  the culture medium. Thus, a single operator, acting on 
a sterile paper surface, fashioned the specimens using sterilized 
instruments, protective clothing, gloves, goggles and disposable 
masks. After being stored and heat-treated prior to its placement 
in the culture medium to obtain the extracts, the specimens were 
placed in sterile plastic bags sealed and received ultrasonic bath 
(Ultrasonic Cleaner 1440D, Odontobrás, Ribeirão Preto - SP - 
Brazil) for 20 minutes. Then, the samples were exposed to UV 
light in laminar flow (Veco Brazil, Industry and Trade Equipment 
Ltda, Campinas - SP - Brazil) for 20 minutes for each side of  the 
samples, aiming to eliminate the possible remaining microorgan-
isms [9].

Eluate preparation

To analyze the cytotoxic effect of  substances released by the sam-
ples, were obtained water-soluble extracts of  these samples. For 
this, three specimens of  each experimental group, after receiving 
the heat treatment, were placed in test tubes (Costar, Corning In-
corporated, Corning - NY - USA) with 3ml of  Eagle's medium, 
supplemented with 7.5% fetal bovine serum and 80μg/ml gen-
tamicin, and incubated at 37°C for 24 hours. During this incuba-
tion period, the toxic substances probably have been diffused into 
the culture medium, thus forming the extracts which were used 
in the cytotoxicity test. A test tube containing 9ml of  only the 
culture medium was stored under the same conditions, thereby 
serving as negative control group.

Cell culture and maintenance

The possible cytotoxic effect of  the substances released by the 
reline was evaluated by cell culture. Thus, hamster fibroblasts 
(L929-Lutz the Adolfo, São Paulo - SP - Brazil) were propagated 
in Eagle's culture medium supplemented with 7.5% fetal bovine 
serum and 80μg/ml gentamicin. The cultivation of  cells was done 
in flasks (Costar, Corning Incorporated, Corning - CA - USA) 
for cell cultures with a lid containing a filter that allows the pas-
sage of  CO2. These flasks were incubated in an incubator for cell 
culture (Forma Scientific, Marietta - OH - USA) with 5% CO2 at 
a temperature of  37°C and controlled humidity environment. To 
maintain the culture, the cells were passaged into new flasks after 
a period of  3 days of  incubation. It is noteworthy that all proce-
dures were performed in aseptic area within the laminar flow pre-
viously disinfected with 70% alcohol. Furthermore, the materials 
used, except cells, were previously sterilized by UV light for 20 
minutes inside the laminar flow.

Cytotoxicity assay

For cytotoxicity analysis, the MTT test was used. By this tech-
nique, the metiltetrazolium salt is incorporated into cell culture. 
The succinic dehydrogenase enzyme from viable cells breaks the 
structure of  the tetrazolium salt to produce crystals of  formazan 
blue color, determining thereby the relative values of  the intensity 
of  blue color in specific spectrophotometer with a determinate 
wavelength. The greater is the mitochondrial activity, greater is 
the intensity of  blue light and therefore the greater the number of  
viable cells. To perform the test, 1.0 x 104 cells/ml were placed in 
each compartment of  a plate with 96 wells, incubated in incubator 
with 5% CO2 at 37°C for 24 hours. After this incubation period, 
the culture medium was discarded, the remained cells attached to 
the bottom plate and 50µl of  fresh culture medium were placed in 
each well of  the plate with 50µl of  the extract containing the sub-
stances released by the specimens. The plate was incubated for 24 
hours in an incubator with 5% CO2 at 37°C. For each experimen-
tal group were four wells of  the plate (analysis in quadruplicate). 
Four wells of  the plate did not receive the extract of  released sub-
stances and received only 100 µl of  fresh culture medium supple-
mented with 7.5% fetal bovine serum and 80 µg/ml gentamycin 
(negative control group). After an incubation period of  24 hours, 
10µl metiltetrazolium salt (MTT) was added to each well of  the 
plate, which remained incubated for 3 hours at 37°C for the for-
mation of  formazan crystals, resulting from mitochondrial activ-
ity. Then, 100µl of  MTT solubilizing solution were added to each 
well of  the plate which was gently stirred until occurred dissolu-
tion of  the formazan crystals. Subsequently, the analysis of  mito-
chondrial activity was performed in Multiscan spectrophotometer 
at a wavelength of  570nm. All procedures were performed three 
times on different days.

Statistical analysis

The results were subjected to two-factor factorial analysis of  vari-
ance (ANOVA) (material and water storage), also including a con-
trol group, the level of  5% significance. Moreover, after statistical 
evaluation, comparing the results with the control of  the MTT 
assay, the materials were classified according to the cytotoxic ef-
fect: non-cytotoxic (cell viability above 75% in relation to con-
trol group), slightly cytotoxic (cell viability between 50 and 75% 
in relation to control group), moderately cytotoxic (cell viability 
between 25 and 50% in relation to control group) and strongly 
cytotoxic (cell viability below 25% in relation to control group) 
[10, 11].

Results

Table 2 show the means and standard deviations of  absorbance 
values according to the reline material and treatment adopted: 
Group 1 to Group 4. The analysis of  variance (Table 3) showed 
significant effect of  the main factors, resin (p <0.001) and treat-
ment (p = 0.001), but not the interaction between them. The non-
significant interaction effect indicates independence between the 
factors, so that the Tukey test was used for multiple comparisons 
of  average global resin and global averages of  treatments sepa-
rately. The result of  these comparisons, the level of  significance 
of  5%, is summarized in Table 2, Table 3 shows the rating of  the 
reline according to the cytotoxic effect, considering the control 
group with 100% of  cell viability.
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It was observed that, regardless of  treatment, resins Soft Confort 
and Dentuflex had the lowest averages, but only the Dentuflex 
was significantly lower than the others, which were all equivalent. 
The average number of  Dentuflex was only significantly lower 
than the control, suggesting slightly cytotoxic effect of  resin. The 
other resins, compared to the control group, were classified as 
non-cytotoxic (Table 4).

As regards treatments, the overall average of  absorbance values 
was lower in the treatment group and the other averages were 
higher and equivalent , even when compared to control group. 

This indicates that heat treatment decreased the number of  vi-
able cells, and Soft Comfort and Dentuflex resins were classified 
as slightly and moderately cytotoxic, respectively (Table 4). The 
water storage of  the samples for 24 or 48 hours had no effect on 
cell viability.

Discussion

Biocompatibility studies are needed to evaluate the biological be-
havior of  different materials. Many studies have been conducted 
to test the cytotoxicity of  acrylic resins for denture base and reline 
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Table 2. Average and standard deviation of  absorbance values.

Resin
Treatment

Global(+) VC(%)
G1 G2 G3 G4

VipiFlash 0,331
 (0,157)

0,254
 (0,124)

0,304
 (0,054)

0,301
 (0,081)

0,297B

 (0,111) 106

SoftConfort 0,256
 (0,119)

0,195
 (0,049)

0,276
 (0,077)

0,273
 (0,091)

0,250AB

 (0,088) 89

Dentuflex 0,158
 (0,036)

0,112
 (0,028)

0,224
 (0,076)

0,295
 (0,122)

0,197A

 (0,075) 70

Dentusoft 0,277
 (0,109)

0,247
 (0,144)

0,287
 (0,047)

0,234
 (0,049)

0,261B

 (0,096) 93

NewTruliner 0,313
 (0,048)

0,238
 (0,078)

0,241
 (0,091)

0,310
 (0,149)

0,276B

 (0,099) 98

Global(+) 0,267b

 (0,104)
0,209a

 (0,095)
0,267b

 (0,071)
0,283b

 (0,104)

Control 0,280bB

(0,089)
VC(%) 95 75 95 101

(+)excluding the control. 
Note: Average accompanied by the same letter is not significantly different (Tukey test: p> 0.05)

Table 3. Summary of  analysis of  variance on absorbance.

Effect Degrees of  
freedom

Quadratic
average

F p

Resin 4 0,0505 5,81 <0,001*

Treatment 3 0,0470 5,40 0,001*

Ocasion 2 0,0149 1,71 0,184
Resin x Treatment 12 0,0134 1,54 0,112

Residue 193 0,0087
*significant at 5%. 

The results of  applying the Tukey test are summarized in Table 1.

Table 4. Classification of  reline materials according to the cytotoxic effect.
G1 G2 G3 G4

VipiFlash 0 0 0 0
SoftConfort 0 1 0 0
Dentuflex 1 2 0 0
Dentusoft 0 0 0 0

NewTruliner 0 0 0 0
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[12-14]. However, the current literature reveals limited informa-
tion about the cytotoxic effect of  soft relines materials. Further-
more, studies have found based on imported resins scarcely used 
by dentists in Brazil. Thus, this study aimed evaluating the cy-
totoxicity of  different types of  resilient lining materials, used in 
Brazil, according to the time of  water storage and heat treatment. 
The hypothesis tested was that the cytotoxicity of  these reline 
could decrease according to the time and treatment. Such factors 
may reduce the amount of  residual monomers by the combined 
mechanisms of  water diffusion and continuously polymerization 
reaction.

Based on a literature review, Jorge et al. [7] concluded that the 
cytotoxic effect of  the acrylic resins may be influenced by the 
composition of  each material, the proportion powder/liquid or 
by the methods of  polymerization of  each resin. The variations 
in chemical composition and purity of  the commercial resin sys-
tems, the degree of  monomers conversion and their manipulation 
variables may influence its biological and physical properties [3]. 
Thus, some technical aspects are relevant and may help reduce the 
residual monomer, as the conditions and storage time. Usually, 
the procedures for handling these materials are made empirically 
by laboratory technicians, and the process of  incomplete polym-
erization or performed with technical failures can provide a high 
content of  residual monomer.

By coming into direct contact with the mucosa of  the patients, 
monomers less toxic are part of  the composition of  the relining 
materials [15]. With regard to the relining materials, their formula-
tion is commercially available in powder form, based on poly ethyl 
methacrylate and liquid, which may contain of  monomers such as 
butyl methacrylate, isobutyl, 2-hydroxyethyl methacrylate, meth-
acryloyloxy ethyl propionate and 1,6 hexanediol dimethacrylate. 
Furthermore, these materials have in their compositions initiators 
and plasticizers which are phthalates and benzoyl peroxide added 
to the polymer. In addition, an activator, which is usually a tertiary 
amine, is added also, since they are not heat-activated.

After statistical analysis, it was observed that, regardless of  treat-
ment, cells exposed to the Soft Confort and Dentuflex showed 
lower absorbance values and, therefore, were considered more 
toxic. Only the absorbance values of  the Dentuflex material were 
considered significantly lower than the control group values, sug-
gesting slightly cytotoxic effect of  this resin. The other resins, 
compared to the control group, were classified as non-cytotoxic. 
These results are in agreement with those found by [8], who ob-
served that the majority of  the studied relines had high cell viabil-
ity and good biocompatibility.

The Dentuflex reline presents in its liquid various components, 
including n-butyl methacrylate, dibutyl phthalato, trimethylolpro-
pane and dimethyl-p-toluidine. While other resins present in their 
composition a minor quantity of  chemical agents, which could 
explain the cytotoxicity of  Dentuflex resin. The Dentusoft resin 
liquid which is a tissue conditioner, is composed only of  dibutyl 
phthalate and alcohol. According to its manufacturer, Vipi Flash, 
consists of  methylmethacrylate monomer and polymethylmeth-
acrylate and Soft Confort of  ethyl alcohol and plasticizer. The 
imported reliner New Truliner, selected for this study for com-
parison with national resins, presents in its composition isobutyl 
methacrylate monomer [16]. However, studies to evaluate the bio-
compatibility of  the monomers mentioned are necessary. One of  
the procedures used to reduce the amount of  residual monomer 

and to improve the properties of  the acrylic resins is the stor-
age of  dentures in water. The storage of  samples could reduce 
the cytotoxicity of  acrylic resins because some part of  residual 
monomer found among the polymer chains can diffuse into wa-
ter. However, the results of  this study showed that storage of  the 
samples in water for 24 or 48 hours had no effect on cell viability. 
The results of  this study are consistent with those found by Tay 
et al. [8], who concluded that the water storage did not reduce the 
cytotoxicity of  some resilient reline. Munksgaard EC [17] con-
cluded that the solubility of  phthalates found in reline is 20 times 
higher in saliva than in water. Thus, studies to evaluate the cyto-
toxicity of  lining materials after storage in saliva are suggested.

Studies show that the hot water immersion, the molecules of  
residual monomer can be diffused quickly, reaching the remain-
ing free radicals, providing an additional polymerization reaction. 
Furthermore, during hot water immersion, part of  the monomer 
found between polymer chains diffuses into the water. Urban 
et al. [18] evaluated the effect of  the water bath at 55°C for 10 
minutes on the residual monomer into acrylic resins. The authors 
suggested that, clinically, this treatment could reduce amounts of  
these components released. On the other hand, in the present 
study, the heat treatment decreased the number of  viable cells. 
Soft Comfort and Dentuflex resins were classified as slightly and 
moderately cytotoxic, respectively. One possible explanation for 
the increased cytotoxicity after heat treatment is that when the 
resins are immersed in warm water, the content of  residual mono-
mer present in the polymerized material can be released and, si-
multaneously, the water molecules are absorbed by the resin [19]. 
These phenomena are dependent on the time and thus, the con-
tent of  residual monomer molecules and water in the polymeric 
structure was changed during storage until reached the equilibri-
um. Therefore, the stability between absorption and diffusion of  
water of  the potentially cytotoxic compounds may have occurred 
more slowly into Soft Comfort and Dentuflex resins with treat-
ment, and toxic substances can have being released from samples 
to culture medium during of  extracts manufacture.

One limitation of  this study is the use of  only one test to assess 
cell viability. When a material is assessed, the absence of  cyto-
toxicity does not confer full knowledge of  their biocompatibility. 
Even with standardization of  cytotoxicity tests, several aspects 
should be evaluated, especially in relation to cellular metabolism. 
The MTT assay was used based on different studies in the litera-
ture [12, 13]. However, it is important the application of  various 
tests for the analysis of  the biomaterials cytotoxic effect. Accord-
ing to Miret et al. [20], the best way to assess the cytotoxicity of  
a compound is employing a series of  tests that focus on different 
aspects of  cell death. [12], for instance, concluded that the MTT 
assay was less sensitive than the incorporation of  3H-thymidine, 
which detected statistically significant difference between experi-
mental groups and control test. Thus, it is considered important 
the achievement of  various analyzes that could detect effects of  
cellular components in different materials, since the tested sub-
stances for example, can not change the mitochondrial activity 
of  the cells but cause damage to its membrane. Moreover, as the 
results of  the initial cytotoxicity tests have limitations as to its di-
rect correlation with clinical situations, clinical researches in vivo 
are also suggested.

Conclusion

Within the limitations of  this in vitro study, it was concluded that: 
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the reliner Dentuflex was slightly cytotoxic; the other resins, com-
pared to the control group, were classified as non-cytotoxic. The 
storage in water for 24 or 48 hours did not affect the cytotoxicity 
of  reline materials tested and heat treatment reduced the number 
of  viable cells, and Soft Comfort and Dentuflex resins were clas-
sified as slightly and moderately cytotoxic, respectively. 

Further studies are needed to verify the cytotoxicity of  these 
materials under the same conditions, using other parameters for 
analysis of  cell viability.
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