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PURPOSE. The purpose of this study was to investigate the in vitro cytotoxicity of thermoplastic denture base 
resins and to identify the possible adverse effects of these resins on oral keratinocytes in response to hot water/
food intake. MATERIALS AND METHODS. Six dental thermoplastic resin materials were evaluated: three 
polyamide materials (Smile tone, ST; Valplast, VP; and Luciton FRS, LF), two acrylic materials (Acrytone, AT; and 
Acryshot, AS), and one polypropylene resin material (Unigum, UG). One heat-polymerized acrylic resin (Vertex 
RS, RS) was chosen for comparison. After obtaining extracts from specimens of the denture resin materials (ϕ=10 
mm and d=2 mm) under different extraction conditions (37°C for 24 hours, 70°C for 24 hours, and 121°C for 1 
hour), the extracts (50%) or serial dilutions (25%, 12.5%, and 6.25%) in distilled water were co-cultured for 24 
hours with immortalized human oral keratinocytes (IHOKs) or mouse fibroblasts (L929s) for the cytotoxicity assay 
described in ISO 10993. RESULTS. Greater than 70% viability was detected under all test conditions. 
Significantly lower IHOK and L929 viability was detected in the 50% extract from the VP (70°C) and AT (121°C) 
samples (P<.05), but only L929 showed reduced viability in the 50% and 25% extract from LF (37°C) (P<.05). 
CONCLUSION. Extracts obtained from six materials under different extraction conditions (37°C, 70°C, and 
121°C) did not exhibit severe cytotoxicity (less than 70% viability), although their potential risk to oral mucosa at 
high temperatures should not be ignored. [ J Adv Prosthodont 2017;9:453-62]
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INTRODUCTION

Esthetics is important for patients receiving dental treatment 

and for those using removable partial dentures (RPDs). 
Therefore, esthetic demands must be considered to ensure 
patient satisfaction when using RPD clasps, which are con-
ventionally constructed of  metal to stabilize and retain RPDs 
in the oral cavity using the remaining teeth. In response to 
this demand, non-metal clasp dentures (NMCDs) were devel-
oped in the United States during the 1950s as an alternative; 
these dentures used polyamide, a thermoplastic denture resin 
product of  the company Valplast. Since then, some RPDs 
using metal clasps have been replaced with RPDs using vari-
ous thermoplastic polymers due to their flexibility and frac-
ture resistance for esthetic reasons.1,2

Together with the aforementioned advantages, the lower 
elastic modulus and softer surface of  the materials com-
pared with acrylic resin render NMCDs more comfortable 
and lighter.3-5 In addition, NMCDs without metal compart-
ments can eliminate concerns about metal allergies. 
Consequently, NMCDs with or without metal compart-
ments (depending on patient indications) are used for 
patients who need interim or spare dentures to avoid metal 
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allergies and for patients who place esthetics or comfort as 
their top priority.4

Among various types of  thermoplastic polymers, poly-
amide, polypropylene, and thermoplastic acrylic resin have 
been widely used in commercially available NMCDs and are 
approved for use in clinical settings. Recently, NMCDs using 
polyethylene terephthalate, polycarbonate, and polyester 
have also been developed due to their enhanced mechanical 
properties compared with other thermoplastic polymers.4 
Polyamide is used to synthesize nylons with repeating units 
that are linked by amide bonds.6 The thermoplastic polymer 
polypropylene is used in a wide variety of  applications 
including packaging and the making of  plastic parts and 
reusable equipment, due to its low melting point (~130°C) 
and consequent ease of  use.7 Thermoplastic acrylic resin was 
developed to overcome the disadvantages of  other thermo-
plastic polymers, specifically, the difficulty of  treatments 
involving relining or repairs due to their weak bonding to 
self-curing resins and artificial teeth.8

Many studies have been performed to evaluate the 
mechanical properties of  these materials, including flexural 
strength, elastic modulus, hardness and impact strength.4,9-11 
Color stability and water resorption were also evaluated 
because these properties have long-term effects on the 
esthetics, unfavorable odor generation, and dimensional 
instability of  NMCDs.12 Few studies have examined bio-
compatibility due to the acceptable biocompatibility of  
NMCDs in clinical settings. Researchers have evaluated 
short-term and long-term cytotoxicity using indirect or 
direct contact tests involving L929s (mouse fibroblasts) or 
human amino fibroblasts.12-14 However, cytotoxicity has not 
been tested under high-temperature conditions, which 
would reflect the exposure of  NMCDs in the oral cavity to 
hot foods and beverages, using human oral keratinocytes, 
which are indirectly or directly affected by NMCDs as a 
major cell type of  the outer epithelium of  oral mucosa. In 
addition, according to ISO 7405 for the evaluation of  the 
biocompatibility of  medical devices used in dentistry and 
ISO 10993 for the biological evaluation of  medical devices, 
37, 50, 70, or 121°C are suggested for extraction conditions 
on the basis of  clinical applications and an appropriate 
exaggeration of  product use.15,16 In this study, 37°C for 24 
hours, 70°C for 24 hours, and 121°C for 1 hour were cho-
sen as extraction conditions to mimic body temperature, hot 
food/beverage temperature, and a highly exaggerated ther-
mal condition around/over the glass-transition temperature 
(Tg) of  NMCDs.15,17

In this study, cytotoxicity tests were performed using 
immortalized human oral keratinocytes (IHOKs) to identify 
the possible cytotoxicity of  thermoplastic denture base res-
ins that are used in NMCDs to oral mucosa under exposure 
to hot liquid/food uptake. L929 cells, which are suggested 
by the ISO standard for use in cytotoxicity tests, were also 
used to ensure the accuracy of  the cytotoxicity results.18 The 
null hypothesis in this study was that the effects of  the test-
ed ‘thermoplastic polymers for NMCDs’ on cell viability are 
not influenced by the incubation temperature (37, 70, and 

121°C).

MATERIALS AND METHODS

In this study, the following four types of  NMCD products 
were used: 1) polyamide resin-based products: Smile tone 
(ST, Korea Engineering Plastics Co., Seoul, Korea), Valplast 
(VP, Valplast) and Luciton FRS (LF, Dentsply Trubyte); 2) 
thermoplastic acrylic resin-based products: Acrytone (AT, 
High Dental) and Acryshot (AS, High Dental); 3) polypro-
pylene-based products: Unigum (UG, Weldenz); and 4) con-
ventional heat-polymerized acrylic resin-based products: 
Vertex RS (RS, Vertex). Vertex was selected to represent 
conventional heat-polymerized acrylic resin products for 
comparison with the NMCD products. Detailed informa-
tion regarding these materials is summarized in Table 1.

Thermoplastic disc specimens (diameter, 10 mm; thick-
ness, 2 mm) were prepared according to the methods and 
procedures specified by the manufacturers. Details of  the 
drying/melting time, drying/melting temperature, and injec-
tion pressure are summarized in Table 1. The heat-polymer-
ized resin was fabricated by mixing 21.5 g of  powder with 
10 mL of  liquid and heat-polymerizing under the conditions 
recommended by the manufacturer. All specimens were pol-
ished using 220- to 2400-grit SiC sandpaper to obtain a 
highly polished surface, which is required for the denture 
resin outer surface to inhibit bacterial attachment and dis-
coloration. The expiration dates of  all samples were exam-
ined, and the samples were stored according to the manu-
facturers’ recommendations throughout the experiment. 
Prior to in vitro cytotoxicity tests, the specimens were steril-
ized according to the manufacturer’s suggested protocol for 
5 hour under 1.0 kgf/cm2 using an ethylene oxide steriliza-
tion machine (PERSON-EO50; Person Medical, Gunpo, 
Korea) and gas comprising 20% ethylene oxide and 80% 
CO2, followed by exposure to air for 48 hours to eliminate 
any remaining gas.19

Extracts were obtained at a ratio of  3 cm2/mL following 
ISO 10339-12 recommendations.15 The specimen surface 
area was 2.2 cm2; therefore, the samples were immersed in 
0.733 mL of  distilled water (DW). To prepare each extract, 
three specimens were extracted into a total of  2.2 mL of  
DW. Extracts were divided into three groups according to 
the incubation temperature. The specimens immersed in 
DW were incubated for 24 hours at 37°C or 70°C. The 
specimens exposed to high temperature were autoclaved at 
121°C for 1 hour (3041 VD autoclave, Shinhung, Korea). 
All procedures were performed on a clean bench to prevent 
contamination. The collected extracts were filtered using 
sterile syringe filters (0.20 µm, Corning, Corning, NY, USA). 
Extracts were obtained from freshly fabricated specimens 
for each of  the following cytotoxicity tests with triplicate 
experiments.

IHOKs (55 - 60 passages), which are oral gingival kerati-
nocytes that have been immortalized by human papillomavi-
rus and confirmed to express epithelial markers over 350 
passages,20 and L929 mouse fibroblast cells (5 - 10 passages) 
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from (USA) were cultured in DMEM/F-12 3:1 mixture 
(Welgene, Daegu, Korea) and RPMI 1640 (Welgene), 
respectively, containing 10% fetal bovine serum (Gibco, 
Carlsbad, CA, USA) and 1% penicillin/streptomycin 
(Invitrogen, Carlsbad, CA, USA). The cells were incubated 
under a humidified atmosphere containing 5% CO2 at 37°C 
during the experiments. 

Cell viability tests were performed according to ISO 
10093-5.18	 Briefly,	 100	μL	of 	 cell	 suspension	 (density	 1	×	
105 cells/mL) in supplemented medium was added to each 
well of  a 96-well plate (SPL Life Sciences, Pocheon, 
Gyeonggi-do, Korea) for 24 hours. After washing with PBS, 
the cells were exposed to the original extract or serial dilu-
tions of  the extract in extract vehicle (DW) containing 2X 
supplemented medium. The final volume percentages of  
the extracts in the culture medium were 50%, 25%, 12.5%, 
and	6.25%.	A	mixture	of 	50	μL	of 	medium	and	50	μL	of 	
2× supplemented medium was used as a blank control and 
exhibited 100% cell viability. Phenol (Sigma; 1% in DW) 
was used as a positive control to confirm the effectiveness 
of  the cytotoxicity test. 

Cell viability was assessed using the MTS assay (CellTiter 
96 Aqueous One Solution Cell Proliferation Assay, Promega, 
Madison, WI) according to the manufacturer’s protocol, and 
the results were expressed as the optical density percentage 
of  each test group compared with each blank control group 
(n = 6). Sample size (n = 6) was determined to minimize 
the cell culture time (24 hours) gap among differently dilut-
ed groups in each test product to remove any cell culture 
time-induced bias, along with other considerations from the 
literature.21,22 In addition, to check the repeatability of  the 

results, triplicate analyses were performed independently. 
Optical absorbance was measured using a microplate reader 
(SpectraMax M2e, Molecular Devices, Sunnyvale, CA, USA) 
at a wavelength of  490 nm, normalized to control (0%) and 
expressed as a percentage, which was shown as cell viability. 
To confirm the cell viability tests, live/dead analysis was 
performed via confocal microscopy (Zeiss LSM700, Carl 
Zeiss, Thornwood, NY, USA). After washing with PBS, cal-
cein AM (0.5 µM) and an ethidium homodimer-1 (4 µM) 
(Molecular Probes, Eugene, OR, USA) were simultaneously 
added and incubated for 30 miniutes to stain live (green, 
Ex/Em = 494/517 nm) and dead (red, Ex/Em = 517/617 
nm) cells. All analyses were independently performed in trip-
licate to confirm the repeatability of  the results, and repre-
sentative means ± standard deviations or images are shown.

Measurements were performed according to the manu-
facturer’s instructions (DSC 8231, Rigaku, Japan). After 
specimens were dried in a vacuum chamber and ground up, 
powder (8 ± 0.8 mg) from each specimen was heated from - 
50°C to 300°C at a rate of  10°C/min under 100% N2 gas. 
To obtain precise Tg values, after primary heating to 300°C 
and cooling to room temperature, the Tg value was obtained 
as the inflection point in the heat flow (in mW) and time (in 
min) curve from the secondary heating process, which was 
automatically calculated using the installed software. Tg val-
ues from 20°C to 300°C only were determined. 

The data obtained in this study were analyzed using 
SPSS PASW version 23.0 (SPSS Inc., Chicago, IL, USA). 
Statistical analysis was performed using one-way ANOVA; 
Tukey’s method was also used. Results were considered sta-
tistically significant at P < .05. 

Table 1.  Denture resin materials tested in this study and their manufacturing conditions

Product Material Code Color Lot No.
Melting

temperature 
(°C)

Melting 
time

(mins)

Injection 
system

Injection
pressure 

(MPa)

Dry time 
(Hours)

Dry 
temperature 

(°C)

Smiletone 
(KEP, Korea)

Polyamide ST Regular pink 411023G 290 15
Success 
(Dentsply)

0.7 4 - 6 85

Valplast 
(Valplast, USA)

Polyamide VP Original pink 130122 280 12
Valplast 
(Valplast)

0.7 3 70

Luciton FRS 
(Dentsply, USA)

Polyamide LF Original pink 110910B 302 15
Success 
(Dentsply)

0.7 3 80

Acrytone (High 
Dental, Japan)

Polymethyl 
methacrylate

AT Real pink 1302127 260 25
Jet 7000 

(Snow Rock)
0.7 4 - 20 85

Acryshot 
(BMG, Japan)

Polymethyl 
methacrylate

AS Regular pink KLD0H005 260 30
Success 
(Dentsply)

0.7 4 - 6 80

Unigum 
(Weldenz, Japan)

Polypropylene UG Pink 20120515 250 15
Success 
(Dentsply)

0.7 3 80

Vertex RS (Vertex, 
Netherlands)

Heat-curable 
polymethyl 

methacrylate
RS Pink XT214P07 - - - - - -
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RESULTS

The MTS cytotoxicity assay results are shown in panel (a) of  
Figs. 1 to 7. In this study, the toxic effects on IHOKs were 
determined for six thermoplastic denture base resins and 
one type of  heat-polymerized acrylic resin under three 
extraction conditions: 37°C, 70°C, and 121°C. Overall, cell 
viability was greater than 70% in all groups and under all 
extraction conditions tested. However, in the 50% extract 

co-culture condition, VP extracts prepared at 70°C and AT 
extracts prepared at 121°C resulted in significantly lower 
cell viability than in the control (0% extract, P < .05). The 
cell viabilities measured for the 25, 12.5, and 6.25% extracts 
of  all tested samples were not significantly different from 
those measured for the control (0% extract, P > .05). RS, a 
heat-polymerized acrylic resin, did not exhibit any cytotoxic-
ity compared with the control under all extraction condi-
tions and at all incubation percentages (Fig. 7A).

J Adv Prosthodont 2017;9:453-62

Fig. 1.  Cell viability results (A) and confocal 
microscopy images of live and dead cells (B to 
E) for thermoplastic Smiletone (ST) according 
to extraction condition (37°C for 24 hours, 
70°C for 24 hours, and 121°C for 1 hour) and 
extract percentage in co-culture with IHOKs 
(0, 6.25, 12.5, 25, and 50%). Different letters 
indicate significant differences among the 
extraction conditions (P < .05). Live cells 
(green) and dead cells (red) were observed by 
confocal microscopy. The red line indicates 
70% cell viability. Representative means ± 
standard deviation (n = 6) and images are 
shown; the experiments were independently 
performed in triplicate.

A B C

D E

Fig. 2.  Cell viability results (A) and confocal 
microscopy images of live and dead cells (B 
to E) for thermoplastic Valplast (VP) according 
to extraction condition (37°C for 24 hours, 
70°C for 24 hours, and 121°C for 1 hour) and 
extract percentage in co-culture with IHOKs 
(0, 6.25, 12.5, 25, and 50%). Different letters 
indicate significant differences among the 
extraction conditions (P < .05). Live cells 
(green) and dead cells (red) were observed by 
confocal microscopy. The red line indicates 
70% cell viability. Representative means ± 
standard deviation (n = 6) and images are 
shown; the experiments were independently 
performed in triplicate.

A B C

D E

Fig. 3.  Cell viability results (A) and confocal 
microscopy images of live and dead cells (B 
to E) for thermoplastic Luciton FRS (LF) 
according to extraction condition (37°C for 
24 hours, 70°C for 24 hours, and 121°C for 1 
hour) and extract percentage in co-culture 
with IHOKs (0, 6.25, 12.5, 25, and 50%). 
Different letters indicate significant 
differences among the extraction conditions 
(P < .05). Live cells (green) and dead cells 
(red) were observed by confocal microscopy. 
The red line indicates 70% cell viability. 
Representative means ± standard deviation (n 
= 6) and images are shown; the experiments 
were independently performed in triplicate.

A B C

D E
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Fig. 4.  Cell viability results (A) and confocal 
microscopy images of live and dead cells (B 
to E) for thermoplastic Acrytone (AT) 
according to extraction condition (37°C for 
24 hours, 70°C for 24 hours, and 121°C for 1 
hour) and extract percentage in co-culture 
with IHOKs (0, 6.25, 12.5, 25, and 50%). 
Different letters indicate significant 
differences among the extraction conditions 
(P < .05). Live cells (green) and dead cells 
(red) were observed by confocal microscopy. 
The red line indicates 70% cell viability. 
Representative means ± standard deviation (n 
= 6) and images are shown; the experiments 
were independently performed in triplicate.

A B C

D E

Fig. 5.  Cell viability results (A) and confocal 
microscopy images of live and dead cells (B 
to E) for thermoplastic Acryshot (AS) 
according to extraction condition (37°C for 
24 hours, 70°C for 24 hours, and 121°C for 1 
hour) and extract percentage in co-culture 
with IHOKs (0, 6.25, 12.5, 25, and 50%). 
Different letters indicate significant 
differences among the extraction conditions 
(P < .05). Live cells (green) and dead cells 
(red) were observed by confocal microscopy. 
The red line indicates 70% cell viability. 
Representative means ± standard deviation (n 
= 6) and images are shown; the experiments 
were independently performed in triplicate.

A B C

D E

Fig. 6.  Cell viability results (A) and confocal 
microscopy images of live and dead cells (B 
to E) for thermoplastic Unigum (UG) 
according to extraction condition (37°C for 
24 hours, 70°C for 24 hours, and 121°C for 1 
hour) and extract percentage in co-culture 
with IHOKs (0, 6.25, 12.5, 25, and 50%). 
Different letters indicate significant 
differences among the extraction conditions 
(P < .05). Live cells (green) and dead cells 
(red) were observed by confocal microscopy. 
The red line indicates 70% cell viability. 
Representative means ± standard deviation (n 
= 6) and images are shown; the experiments 
were independently performed in triplicate.
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Fig. 7.  Cell viability results (A) and confocal 
microscopy images of live and dead cells (B 
to E) for conventional heat-polymerized 
acrylic resin (Vertex RS: RS) according to 
extraction condition (37°C for 24 hours, 70°C 
for 24 hours, and 121°C for 1 hour) and 
extract percentage in co-culture with IHOKs 
(0, 6.25, 12.5, 25, and 50%). Different letters 
indicate significant differences among the 
extraction conditions (P < .05). Live cells 
(green) and dead cells (red) were observed by 
confocal microscopy. The red line indicates 
70% cell viability. Representative means ± 
standard deviation (n = 6) and images are 
shown; the experiments were independently 
performed in triplicate.

A B C

D E
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The cytotoxicity test results were confirmed by visualiz-
ing live and dead cells after incubation with the 50% extracts. 
The results are shown in panels (b) to (e) of  Figs. 1 to 7. 
Viable cells (green) mostly appeared without dead cells (red). 
VP extracted at 70°C and AT extracted at 121°C presented 
different numbers of  cells compared with the control. The 
other extracts showed similar numbers of  live cells to those 
of  the control. In terms of  the cell shapes in response to the 
different temperature condition, no obvious differences 

were observed.
The cytotoxicity test results obtained using L929s are 

shown in Table 2. Cell viability was greater than 70% in all 
groups under all tested extraction conditions. However, under 
the 50% extract co-culture condition, LF extracts prepared 
at 37°C, VP at 70°C, and AT at 121°C showed significantly 
lower cell viability than the control (0% extract, P < .05). 
Interestingly, the 50%, 37°C LF extract yielded 72.7 ± 4.3% 
cell viability. The cell viabilities observed for the 25%, 

Table 2.  Cell viability results for L929s after incubation with extracts prepared at different temperatures

Material Extract concentration (%)
Temperature

37°C 70°C 121°C

ST 50 95.2 (3.47)a 93.6 (7.43)a 101.0 (7.77)a

25 94.6 (5.44)a 95.7 (5.87)a 101.0 (3.87)a

12.5 98.2 (8.75)a 97.5 (6.60)a 102.1 (5.01)a

6.25 97.9 (6.01)a 101.8 (3.84)a 105.0 (6.11)a

0 100.0 (5.20)a 100.0 (6.13)a 100.0 (4.12)a

VP 50 90.6 (5.77)a 88.1 (3.80)b 92.2 (6.53)a

25 92.1 (6.32)a 93.2 (6.40)a 94.4 (5.92)a

12.5 95.3 (4.83)a 95.1 (5.15)a 95.8 (5.34)a

6.25 98.3 (5.21)a 98.7 (7.08)a 98.8 (5.21)a

0 100.0 (4.88)a 100.0 (6.08)a 100.0 (5.90)a

LF 50 72.7 (4.31)b 98.1 (5.26)a 98.1 (6.49)a

25 80.4 (6.95)b 98.5 (5.33)a 98.7 (5.48)a

12.5 92.6 (5.32)a 99.9 (4.69)a 99.0 (4.5)a

6.25 95.4 (5.10)a 99.6 (5.30)a 99.7 (5.0)a

0 100.0 (5.10)a 100.0 (4.17)a 100.0 (5.10)a

AT 50 90.9 (7.84)a 95.2 (3.11)a 85.3 (5.93)b

25 92.2 (5.92)a 96.6 (7.80)a 92.5 (7.66)a

12.5 95.1 (5.61)a 101.6 (3.48)a 96.4 (6.77)a

6.25 96.1 (5.02)a 99.3 (2.69)a 98.2 (7.36)a

0 100.0 (6.19)a 100.0 (3.87)a 100.0 (5.79)a

AS 50 92.3 (5.31)a 93.5 (7.43)a 101.0 (7.77)a

25 93.7 (5.44)a 95.6 (5.87)a 101.0 (3.87)a

12.5 92.1 (8.75)a 92.5 (6.60)a 102.1 (5.01)a

6.25 95.7 (6.01)a 97.8 (3.84)a 105.0 (6.11)a

0 100.0 (4.42)a 100.0 (5.20)a 100.0 (6.10)a

UG 50 91.0 (5.36)a 100.7 (3.67)a 96.6 (3.34)a

25 93.1 (5.85)a 101.6 (3.91)a 97.1 (1.11)a

12.5 95.4 (5.29)a 102.1 (4.30)a 98.9 (6.51)a

6.25 97.6 (4.08)a 103.6 (2.24)a 100.4 (3.20)a

0 100.0 (6.32)a 100.0 (3.15)a 100.0 (3.52)a

RS 50 96.4 (5.47)a 96.5 (7.81)a 95.6 (1.56)a

25 97.9 (6.85)a 97.6 (5.17)a 95.2 (5.86)a

12.5 98.3 (3.97)a 98.1 (5.10)a 97.1 (3.36)a

6.25 98.8 (7.82)a 98.6 (7.62)a 98.4 (5.27)a

0 100.0 (5.29)a 100.0 (6.70)a 100.0 (5.10)a
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12.5%, and 6.25% sample extracts under all conditions test-
ed were not significantly different compared with the con-
trol, with the exception of  the 25% LF extract at 37°C (0% 
extract, P > .05).

Tg was detected in all groups, ranging from 104°C to 
170°C. AT had the lowest Tg (104°C), while VP had the 
highest (170°C) among the tested groups. The remaining Tg 
values are listed in ascending order: AS (115°C), RS (119°C), 
UG (125°C), LF (138°C), and ST (150°C). 

DISCUSSION

Cytotoxicity testing is a fundamental step in evaluating the 
biocompatibility of  dental materials because it minimizes the 
need for in vivo or human tests.18,23 In this experiment, cyto-
toxicity tests were performed using extracts prepared from 
three types of  thermoplastic polymers used in NMCDs and 
approved by the national food and drug administration. Six 
commercial thermoplastic polymer materials and a conven-
tional heat-polymerized acrylic resin were extracted under 
the following three conditions: 37°C for 24 hours, 70°C for 
24 hours, and 121°C for 1 hour. These temperatures and 
incubation times followed conditions suggested in ISO 
10993-12.15 

The choice of  extraction conditions was based on clinical 
practice with an appropriate exaggeration of  product use. 
Generally, extraction at 37°C for 24 hours in an appropriate 
vehicle (DW or culture medium) is acceptable for cytotoxici-
ty testing of  dental materials because, when positioned in the 
oral cavity, denture resins are generally exposed to body tem-
perature (37°C). Increased temperature can be used to mimic 
clinical use because extraction is a complex process that is 
influenced by temperature and other factors such as time, 
the surface-area-to-volume ratio, the extraction vehicle used 
and the phase equilibrium of  the material.24,25 Generally, 
increased temperature can cause the degradation or release 
of  products that are not found in the final product under 
normal use conditions.18 Therefore, exposing the resin mate-
rial to hot food or drink during eating can accelerate the 
extraction of  various substances. Therefore, a temperature 
of  70°C was selected to simulate the above clinical settings. 
Although the hot environment provided by a temperature of  
121°C is not realistic in the oral cavity, the ISO specification 
for medical devices demands a high-temperature condition 
to evaluate the Tg of  polymer materials, which indicates the 
starting point of  increased polymer chain mobility, the diffu-
sion rate in the phase, and the consequent release of  toxic 
chemicals.15 The Tg values of  polymers for NMCDs vary 
from 0°C to 105°C depending on the polymer types and 
their networks.17 Therefore, the extraction condition of  
121°C for 1 hour was included as an initial test.

During the development of  cytotoxicity tests for use 
with dental materials, many attempts have been made to 
mimic or properly accelerate the conditions to which these 
materials are exposed in the oral cavity in clinical practice. 
The cytotoxicity levels of  elastomeric impression materials, 
root canal sealers, resin adhesives, and resin-reinforced glass 

ionomer cements have been evaluated during and after the 
setting of  dental materials, and the results all showed higher 
cytotoxicity during setting/polymerization than with set/
polymerized materials.26-29 Different extraction temperatures 
have also been used to mimic or properly accelerate clinical 
conditions, resulting in different cytotoxicities for polymers, 
dental alloys, commercially pure titanium, and latex gloves, 
which were used as a positive control in cytotoxicity tests.30,31 
The cytotoxicity of  nanoparticles was also evaluated to 
determine their expected biocompatibility at different tem-
peratures, and in vitro cell viability differed depending on the 
extraction temperature.32

Overall, the null hypothesis that the effects of  polymers 
for NMCDs on cell viability do not depend on the incuba-
tion temperature (37, 70, and 121°C) was rejected based on 
the significantly different (lower) cell viability in some tested 
thermoplastic denture base resin extracts from different 
incubation conditions. However, all of  the studied thermo-
plastic denture base resin extracts prepared under all studied 
extraction conditions resulted in greater than 70% cell via-
bility when assayed against IHOKs and L929s; 70% cell via-
bility is the reference point for cytotoxicity according to 
ISO 10993-5.18 Therefore, the six different thermoplastic 
denture base resin products used in NMCDs were not cyto-
toxic according to the ISO standard. By contrast, extracts 
of  a representative conventional heat-polymerized acrylic 
resin (RS) resulted in approximately 100% cell viability for 
both cell lines, consistent with previously reported cytotox-
icity results for heat-polymerizing acrylic resins.33,34 

However, the cytotoxicity of  thermoplastic denture base 
resin cannot be ignored because the cell viability results 
from VP and AT were dependent on the extraction temper-
ature. There were no differences in cell viability compared 
with the control (0% extract) when IHOKs were cultured 
with extracts prepared at 37°C. However, culturing IHOKs 
with extracts that were prepared at 70°C (VP) and 121°C 
(AT) resulted in significantly lower cell viability than that of  
the control (0% extract, P < .05), as confirmed by analyzing 
live and dead cells. Similarly, the cell viability results for 
L929s differed depending on the extraction temperature. 
Extracts prepared from VP at 70°C and AT at 121°C resulted 
in a significant loss of  cell viability. Consequently, because the 
viability of  both cell lines was compromised by extracts pro-
duced at high temperatures in VP (70°C) and AT (121°C), 
some thermoplastic denture resins may pose safety con-
cerns, including allergic reactions, to the oral mucosa by 
releasing chemicals when exposed to temperature-accelerat-
ed clinical conditions such as those experienced during hot 
food and beverage intake. 

All three types of  six thermoplastic denture resin base 
products used in NMCDs showed no or acceptable cytotox-
icity when extracted at different temperatures. Among the 
three tested types of  thermoplastic polymers, the polyamide 
product (VP) and the polymethyl methacrylate (AT) com-
promised the cell viability of  IHOKs after high-temperature 
incubation. The decrease in cell viability might be partially 
explained by Tg. Tg indicates the starting point of  increased 
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polymer chain mobility, the diffusion rate in the phase, and 
the consequent release of  toxic chemicals.17 The Tg values 
of  polypropylene, polyamide, and polymethyl methacrylate 
are 0-10, 47 - 60, and 105°C, respectively, according to the 
chemical library.35 However, along with copolymerization 
with other polymers and polymer crystallization, Tg was dif-
ferently determined in thermoplastic resins (104 - 170°C) by 
DSC. Interestingly, AT, which only significantly compromised 
cell viability in both IHOKs and L929s with the extract at 
121°C, had the lowest Tg (104°C) among the resins. 
However, AS and RS, which also had Tg values under 121°C 
(115 - 119°C), did not compromise cell viability, possibly 
because of  the short incubation time (1 hour) at 121°C. ST, 
VP, LF, and UG, which showed Tg values over 121°C (125 - 
170°C), sustained cell viability with the extract at 121°C. The 
dependence of  cytotoxicity on the Tg value will be studied 
further under more accelerated conditions using 121°C 
extraction for 24 hour to further clarify these observations. 
For VP, only the extract at 70°C, which is below the Tg of  
VP (170°C), resulted in compromised cell viability in both 
cell lines, which cannot be explained by Tg. Toxic chemicals 
may have been released under high thermal conditions at 
70°C for 24 hour regardless of  Tg. However, VP extraction 
at 121°C for 1 hour might not be enough to release toxic 
chemicals due to the short incubation time or may render 
toxic components non-toxic due to further polymerizations 
or chemical interactions.18,36 Significantly lower L929s viabil-
ity in LF only at 37°C, and not at 70 and 121°C, may also be 
explained by the above chemical transformations.

To date, the extractable (releasable) cytotoxic compo-
nent in thermoplastic denture resin has not been identified. 
Because thermoplastic resins are fabricated by addition 
polymerization involving long linear chains held together by 
weak van der Waals forces, the long linear chains can move 
freely at high temperature without experiencing degrada-
tion. However, conventional heat-polymerized acrylic resins 
are three-dimensional networks that are generated by con-
densation polymerization and thus degrade at high tempera-
tures. Therefore, thermoplastic polymers are considered a 
more biocompatible biomaterial (compared with conven-
tional heat-polymerized acrylic resin) due to their basic 
structure and the polymerization method used (e.g., addition 
polymerization). The present study is the first to reveal the 
possible cytotoxicity of  thermoplastic denture resin at high 
temperatures (especially over the Tg). Further analysis of  
the cytotoxic chemicals in the extracts at high temperature is 
needed, along with the detection of  toxic substances from 
polymerized denture resins that can cause toxic reactions, 
irritation, inflammation, or allergic responses in oral tis-
sues.37

In addition, long-term accelerated cytotoxicity (or bio-
compatibility) tests are necessary for thermoplastic poly-
mers to further reveal the clinical safety of  each polymer at 
high temperature using thermocycling conditions (5 to 
55°C) or long-term (24 hour) incubation above the Tg. 
Cytotoxicity tests using independent cell lines, such as those 
performed in this study, cannot fully simulate the complex 

immune response and reaction of  the oral mucosa, which 
comprises multiple cell types and extracellular matrix; this is 
one limitation of  this study. Therefore, additional in vivo 
(hamster cheek pouch model) or clinical studies are required 
to predict clinical responses, although acceptable cytotoxici-
ty with minor concerns was observed under high-tempera-
ture extraction.38 

Interestingly, extracts prepared from LF at 37°C resulted 
in a significant loss of  cell viability only in L929s but not in 
IHOKs. The results of  the cytotoxicity tests depend on the 
cell types used and their origins.39,40 In international stan-
dards, established cell lines such as L929s are preferred for 
obtaining reliable cytotoxicity results; therefore, L929s cells 
were also used in this study regardless of  their mismatched 
origin and cell type.18,41 After consideration of  the clinical 
application of  denture resins, IHOKs were primarily stud-
ied to investigate cytotoxicity against the oral mucosa. When 
tissue-specific sensitivity is required, the use of  primary cul-
tured or immortalized cells derived from target tissues is 
recommended. In this study, IHOKs originating from 
human oral mucosa were used for cytotoxicity tests due to 
their easy maintenance and biological similarity to primary 
cultured oral keratinocytes.42 The use of  human cells instead 
of  other mammalian cells is also required for cytotoxicity 
investigations due to their differing biological responses to 
toxic components.43,44 Other cytotoxicity evaluation studies 
using different cell types (cell origins) with the same dental 
materials have reported discrepancies in cytotoxicity 
results.45,46 The permeability of  cell membranes, intracellular 
availability, and extracellular environmental interactions with 
the various components released from the tested materials 
might result in considerable variations in the cytotoxicity 
results.45 According to previous reports, the cell viabilities 
of  IHOKs and L929s differ depending on the released chemi-
cal types.21,47 Therefore, even though LF at 37°C resulted in 
significantly lower cell viability in L929s, the cytotoxicity of  
thermoplastic denture resins against oral cells may be limit-
ed, as evidenced by the nearly 100% cell viability of  IHOKs 
exposed to LF at 37°C.

We used polished specimens because extracts from pol-
ished surfaces affect the oral mucosa when dentures are 
placed in the oral cavity. Direct cytotoxicity testing using 
assays, such as the agar diffusion test and the artificial oral 
mucosa barrier test, is necessary to evaluate the interaction 
between the inner surface of  unpolished thermoplastic den-
tures and the oral mucosa.48 Studies of  the cytotoxicity of  
thermoplastic denture resins have revealed negligible influ-
ences on the viability (90 - 100%) of  human gingival or 
amnion fibroblasts before or after polishing; consequently, 
these materials are considered non-cytotoxic.12,13 However, 
when thermoplastic denture base resins used in NMCDs 
were aged in artificial saliva for long periods without polish-
ing, they showed severe cytotoxicity (as low as 40% cell via-
bility), as did conventional acrylic resin; these findings reveal 
the potential risks of  aged denture resin materials to oral tis-
sue, regardless of  the thermoplastic polymer type.13 Although 
the present study showed that the materials from polished 
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specimens were biocompatible (greater than 70% cell viabil-
ity) at all incubation temperatures with positive (0.1% phe-
nol, 5 ± 0.8% cell viability) and negative controls (0% 
extract, 100% cell viability), in vivo and clinical studies are 
necessary to ensure the biocompatibility of  thermoplastic 
denture resins when exposed to high temperatures.

CONCLUSION

Within the limitations of  this study, we can conclude that 
severe cytotoxicity (less than 70%) was not detected in any 
tested thermoplastic denture resin bases used in NMCDs 
when IHOKs and L929s were subjected to extracts obtained 
after incubation at different temperatures (37°C, 70°C, and 
121°C). However, compromised IHOK viability was detect-
ed in some thermoplastic resins following incubation at 
high temperatures (70 and 121°C). Therefore, to support 
the safe use of  these materials in clinical situations under 
various temperatures (especially high temperature), addi-
tional in vitro or preclinical animal studies are needed to veri-
fy long-term oral biocompatibility.
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