
Background: Residual monomer tests using high-performance liquid chromatography and cytotoxicity tests were performed to ana-
lyze the effect on the oral mucosa of a self-curing resin for provisional crown production. 
Methods: A cytotoxicity test was performed to confirm whether leaked residual monomers directly affected oral mucosal cells. The 
cytotoxicity of the liquid and solid resin polymers was measured using a water-soluble tetrazolium (WST) test and microplate reader. 
Results: In the WST assay using a microplate reader, 73.4% of the cells survived at a concentration of 0.2% liquid resin polymer. The 
cytotoxicity of the liquid resin polymer was low at ≤0.2%. For the solid resins, when 100% of the eluate was used from each speci-
men, the average cell viability was 91.3% for the solid resin polymer and 100% for the hand-mixed self-curing resin, which is higher 
than the cell viability standard of 70%. The cytotoxicity of the solid resin polymer was low. 
Conclusion: Because the polymerization process of the self-curing resin may have harmful effects on the oral mucosa during the sec-
ond and third stages, the solid resin should be manufactured indirectly using a dental model. 
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Introduction 

In dentistry, temporary crowns are manufactured to increase sat-
isfaction with oral aesthetics and functional satisfaction with pro-
nunciation and mastication from the start to the end of treatment 
[1-4]. The most commonly used material is a self-curing resin, 
which exhibits good consistency in tooth color and opaqueness, 
is easily ground and shaped, has high strength, and is inexpensive 
[5-7]. 

The self-curing resin for temporary crown production is an 
acrylic polymer; the polymerization initiator and additives for po-
lymerization are placed in a standard solution of methyl methacry-
late (MMA), and benzoyl peroxide is decomposed by the activa-
tor. Polymerization is achieved by a reaction with free radicals [8]. 
When the dedicated powder and MMA solution are mixed, they 
combine and cure through a self-polymerization process to form 
poly(methyl methacrylate) (PMMA) (Fig. 1). Monomers that are 
not polymerized by the self-polymerization method are called re-
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sidual monomers, which lead to corrosion and physical erosion by 
saliva over time. This degrades the mechanical properties of the 
denture base [9]. 

The margin of the provisional crown is likely to contact the gin-
gival sulcus epithelium or connective epithelial cells, depending on 
the type of restoration. Abdallah et al. [10] found that for gingival 
epithelial cells, PMMA promoted higher cell viability on day 1 
than all other biomaterials studied. It was confirmed that amina-
tion improved the chemical properties of the PMMA surface, mak-
ing it more beneficial to teeth and promoting interactions with gin-
gival epithelial cells and fibroblasts. However, in cytotoxicity tests 
of cell lines with leached MMA in an incompletely polymerized 
state, Souto-Lopes et al. [11] found that the viability of the groups 
treated with different concentrations of the chemical agents was 
significantly lower (p < 0.05) than that of the control group. 

Computer-aided design (CAD)/computer-aided manufactur-
ing (CAM) systems have been introduced to design and manufac-
ture restorations in the dental field, and their use for prosthetic 
manufacturing has increased. In addition, owing to the research 
and development of three-dimensional–printed dental resins, their 
use is expanding in the medical and dental fields. 

The self-curing resin used in the CAD/CAM system is formed 
by mixing and compressing with a machine rather than mixing and 
polymerizing by hand, the latter of which is a general method 
whose methodological differentiation increases the density and 
strength of the finished product when manufacturing temporary 
crowns [12]. However, few studies have been conducted on the re-
sidual monomers of the self-curing resins used in CAD/CAM and 
their cytotoxicity [13]. 

The purpose of this study was to compare residual monomer 
concentrations and cytotoxicity according to the type of self-cur-
ing resin used. First, in the fourth stage of polymerization (rubber 
stage), the residue of the self-polymerizing resin for CAD/CAM, 
which is mixed and polymerized by machine, was completely po-
lymerized according to International Organization for Standardiza-
tion (ISO) and compared with self-curing resin where mixed po-

lymerization was performed manually. Second, the amount of re-
sidual monomer leaked from the self-curing resin during the 
stringy stage before complete polymerization for temporary crown 
fabrication was studied. The cytotoxicity of the liquid and solid 
resin polymers of the fourth stage installed in the oral cavity after 
complete polymerization was then evaluated. The purpose of this 
study is to provide information necessary for improving oral health 
by reducing the amount of residual monomers during the manu-
facture of self-curing resins and improving the manufacturing 
method of these resins. 

Methods 

1. Residual monomer dilution test 

1) Preparation of dental self-curing resin specimens 
The materials used in the experiment were a hand-mixed self-cur-
ing resin (Vertex Self Curing Powder+Liquid; Vertex-Dental B.V., 
Soesterberg, The Netherlands) and a CAD/CAM PMMA block 
(Temp Basic A2-B2 95H16; Zirkonzahn, Gais, Italy). For the ex-
periment, five disc-shaped specimens (50 mm in diameter, 0.5 mm 
in height) were generated at 25°C for 24 hours. 

2) Residual monomer dilution test 
Each disk specimen was placed in a 10-mL volumetric flask, and an 
acetone was added to the flask to a volume of 10 mL. The test solu-
tion was sealed and magnetically stirred at 25°C for 72 hours. Two 
milliliters of the dissolved polymer were added to 8 mL of metha-
nol for precipitation. Five milliliters of the slurry was transferred to 
a stoppered glass tube and centrifuged for 15 minutes. A 3-mL ali-
quot of the supernatant was used to measure the residual mono-
mer content by ultra-performance liquid chromatography 
(UPLC). The test conditions were as follows: ultraviolet absor-
bance spectrophotometer (measured at 210 nm), ACQUITY 
UPLC BEH C18 of 1.7 µm (Waters Corp., Milford, MA, USA), 
2.1 × 50-mm column, maintained at 40°C, flow rate of 0.1 min/mL 
for 30 minutes, and 100% methanol mobile phase. 

2. Cytotoxicity assessment at each stage 
To examine the cytotoxicity of the specimens in each group, L929 
fibroblasts (Mus musculus; mouse subcutaneous connective tissue; 
areolar and adipose fibroblasts, biosafety level 1; male sex) were 
used as the cell line according to the ISO (10993-5:2009) stan-
dard. 

To confirm the cytotoxicity of the hand-mixed self-curing resin 
at various stages, the liquid resin polymers for the second stage 
(stringy stage) and third stage (dough stage) and solid resin poly-

Fig. 1. The polymerization process of poly(methyl methacry-
late).
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mer for the fourth stage (rubber stage) were used separately for cy-
totoxicity assessment. The CAD/CAM self-curing resin used was 
a solid resin. 

1) Liquid resin experiment 
L929 cells were inoculated at 1 × 104 cells per well in a 96-well plate 
in culture medium and cultured for 24 hours in a CO2 incubator at 
37°C, 90% humidity, and 5% CO2 (INCO 246; Memmert, Schwa-
bach, Germany). After mixing the liquid resin polymer with mini-
mum essential medium (MEM) 05 according to ISO (10993-
12:2012) standards, sample solutions were prepared at concentra-
tions of 100%, 75%, 65%, 35%, 25%, 10%, 1%, 0.8%, 0.6%, 0.4%, 
0.2%, and 0.1%. One hundred microliters of the prepared sample 
solutions or blank test solutions were added to each well of the cul-
tured cells after removing the existing culture medium. 

After incubation for 4 hours in a CO2 incubator, the sample solu-
tion was removed, and each well was washed twice with 100 µL of 
phosphate-buffered saline. Each well was treated with water-solu-
ble tetrazolium (WST) medium (10% WST in MEM) using the 
WST method and incubated for 2 hours in a CO2 incubator. The 
absorbance was measured using a microplate reader (M200 PRO; 
Tecan, Männedorf, Switzerland) at 450 nm and 625 nm. Six wells 
were used for each concentration. 

2) Solid resin experiment 
L929 cells were inoculated in a 96-well plate in culture medium at 
1 × 104 cells per well and cultured at 37°C, 90% humidity, and 5% 
CO2 for 24 hours. The positive control (0.1% zinc diethyldithio-
carbamate polyurethane film) and negative control (high-density 
polyethylene film) were prepared in MEM containing 10% fetal 
bovine serum and 1% penicillin/streptomycin according to ISO 
(10993-12:2012) standards. Test sample eluates were prepared at 
an elution ratio of 0.1 g/mL for the positive/negative controls and 
0.2 g/mL for the test samples. After removing the existing culture 
medium on the L929 cells, the test solution was added with WST 
medium (10% WST in MEM) and incubated for 2 hours in a CO2 
incubator. The absorbance was measured at 450 and 625 nm. 

Results 

1. Residual monomer dilution test 
The content of residual monomer was lower for the CAD/CAM 
self-curing resin (1.07 wt%) than for the hand-mixed self-curing 
resin (4.48 wt%) (Table 1). 

MMA was detected with a UPLC retention time (RT) of 2.706 
minutes. The peak RT of the liquid resin polymer was 2.718 min-
utes; its peak area was the highest at 3,402,588 mV∙sec and was 
shown to be the same as the standard. The peak area of the 
self-curing resin for CAD/CAM was 2,605,091 mV∙sec at an RT of 
2.715 minutes, and the peak area of the hand-mixed self-curing res-
in was 8,883,090 mV∙sec at an RT of 2.642 minutes (Table 1, Fig. 
2). 

2. Cytotoxicity test 

1) Liquid self-curing resin 
As a result of measuring the cell viability according to the concen-
tration of the liquid resin polymer six times, the cell viability at 
each concentration is shown in Table 2 and Fig. 3. 

At a concentration of 0.4% liquid resin polymer, 50.9% of the 
cells survived; at a concentration of 0.2%, 73.4% of the cells sur-
vived; and at a concentration of 0.1%, 80.1% of the cells survived. 
In the 0.49% concentration standard of liquid resin polymer, cell 
activity increased as the concentration decreased. In the 3-(4,5-di-
methylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT) as-
say, the liquid resin polymer was deemed to be cytotoxic at 70% 
cell viability, which occurred when the concentration of the liquid 
resin polymer exceeded 0.2% of the elution standard (Table 2, Figs. 
3, 4). 

2) Solid self-curing resin 
Using the MTT assay and 100% of the eluate from each specimen, 
the mean cell viabilities for the CAD/CAM self-curing resin, 
self-curing resin, and cytotoxicity standard were 91.3%, 100.0%, 
and 70%, respectively. Therefore, the cytotoxicity of the solid resin 
polymer was low (Fig. 5). 

Table 1. Analysis of methyl methacrylate content in the self-curing resin 

Sample name (resin) Liquid polymer CAD/CAM self-curing Self-curing (hand mixing)
Wavelength (nm) 210 210 210
X value (μg) 65,000 (650 mg/10 mL) 65,000 (650 mg/10 mL) 65,000 (650 mg/10 mL)
RT (min) 2.718 2.715 2.642
Area (mV∙sec) 3,402,588 2,605,091 8,883,090
Wt% - 1.07 4.48

CAD, computer-aided design; CAM, computer-aided manufacturing; RT, retention time; Wt, weight.
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Fig. 2. Auto-scaled chromatogram of sample resin. (A) Liquid resin polymer. (B) Computer-aided design/computer-aided manufac-
turing self-curing resin. (C) Self-curing resin (hand-mixed). AU, absorbance unit.

Time (min)

Time (min)

Time (min)

AU
AU

AU

0.00

0.00

0.00

2.00

2.00

2.00

4.00

4.00

4.00

6.00

6.00

6.00

8.00

8.00

8.00

10.00

10.00

10.00

12.00

12.00

12.00

14.00

14.00

14.00

16.00

16.00

16.00

18.00

18.00

18.00

20.00

20.00

20.00

22.00

22.00

22.00

24.00

24.00

24.00

26.00

26.00

26.00

28.00

28.00

28.00

30.00

30.00

30.00

0.50

0.40

0.30

0.20

0.10

0.00

0.40

0.30

0.20

0.10

0.00

0.60

0.50

0.40

0.30

0.20

0.10

0.00

AA

BB

CC

https://doi.org/10.12701/jyms.2023.00080S4

Ko et al.  Cytotoxicity of dental temporary resin



Discussion 

The PMMA resins, polymerized by various methods using chemi-
cal catalysts or light and heat in dental medical institutions and 
dental laboratories, are mainly divided into the photopolymeriza-
tion, thermal polymerization, and self-polymerization series. 

According to a previous study using liquid chromatography, as a 
result of analyzing the amount of residual monomer in the denture 
base material manufactured by injection molding, the amount of 
residual monomer was higher in the self-curing denture base mate-
rial than in the injection-molded or heat-cured denture base mate-
rial [14]. Residual monomer was also revealed to cause growth in-
hibition of fibroblasts in the oral cavity [15], create inappropriate 
oral surface conditions [16], and lead to clinical hypersensitivity 
reactions [17,18]. 

In this study, the amount of residual monomer was analyzed by 
UPLC by preparing a specimen according to ISO standards using 
a self-curing resin that has been traditionally used and a self-curing 
resin for CAD/CAM that has been used recently [19]. The cyto-
toxicity of the liquid polymerization resin was assessed in the sec-
ond and third stages for the CAD/CAM and hand-mixed self-cur-
ing resins, and that of the solid polymerization resin was assessed in 
the fourth stage of polymerization. 

The amount of eluted residual monomer should be no more 
than 4.5 wt% according to the international standard; the CAD/
CAM self-curing resin was eluted at 1.07 wt% and the hand-mixed 
self-curing resin was eluted at 4.48 wt%. This difference occurs be-
cause the CAD/CAM self-curing resin is manufactured by me-
chanical mixing and compression. Although the two products 
were within the international standard, the amount of residual 
monomer was higher in the hand-mixed self-curing resin than in 
the CAD/CAM self-curing resin, with a difference of approxi-

Table 2. Effect of liquid resin polymer on cell viability 

Concentration (%)
Cell viability (%)

Standard deviation
1 2 3 4 5 6 Average

100 0.0 2.3 1.9 1.5 1.1 0.3 1.2 0.9
75 2.4 2.9 1.1 0.1 3.1 1.5 1.8 1.1
65 1.8 2.8 3.0 2.9 2.9 1.8 2.5 0.5
35 2.5 0.8 1.7 1.4 1.1 1.2 1.4 0.6
25 0.4 1.7 0.4 1.2 0.1 1.5 0.9 0.7
10 0.5 1.3 2.1 0.1 0.9 2.0 1.2 0.8
1 2.5 1.9 1.8 1.7 1.4 1.7 1.8 0.4
0.8 7.2 9.3 8.5 8.4 8.9 8.0 8.3 0.7
0.6 31.2 30.0 31.5 32.7 30.4 30.7 31.1 1.0
0.4 48.8 55.1 53.4 51.6 44.4 52.1 50.9 3.8
0.2 73.6 73.9 73.2 66.3 71.3 81.8 73.4 5.0
0.1 82.9 82.0 77.0 81.8 74.6 82.3 80.1 3.5
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mately four times (Table 1). 
According to previous studies, explanted primary human cells 

such as human dental pulp cells and gingival and periodontal liga-
ment fibroblasts have also been used in cytotoxicity tests [20,21], 
but primary cells have a limited lifespan and are more difficult to 
maintain and use [22]. Appropriate cell lines must be character-
ized to facilitate in vitro cytotoxicity studies. In the present study, 
L929 fibroblasts were used for cell culture. In the cytotoxicity eval-
uation, the mixing ratio of the exclusive powder and exclusive solu-
tion was 2:1 by weight; therefore, > 30% of the mixture was exclu-
sive solution. In this study, cell death was confirmed, except when 
≤ 0.2% of the liquid resin polymer during polymerization was test-
ed. In contrast, the solid resin polymer exhibited low cytotoxicity 
(Fig. 2). The ISO standards for solid resin polymers are evaluated 
based on the polymerization completion stage. Because the prod-
uct is completely formed to the standards, it is natural to evaluate 
whether the cytotoxicity is within the standards, as in other studies 
of cytotoxicity in dentures installed in the mouth [23]. 

There is a clear limitation in that cytotoxicity was tested using 
liquid resin at an arbitrary ratio instead of testing the polymerized 
resin, as in clinical situations. However, the above method was de-
vised to standardize the effect on cells of the chemical substances 
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from a chemical reaction step that occurs in a relatively short time. 
In this study, we confirmed that the liquid resin polymer has a 

harmful effect on the mucosal cells of the oral cavity, even at the 
second (stringy) and third (dough) stages, which is the entire 
range of polymerization completion and is outside the ISO stan-
dard. Therefore, the ISO standards for self-curing resins used di-
rectly in the oral cavity should have high requirements that consid-
er stability not only in the finished product but also in the polym-
erization process. Owing to the characteristics of the material, it ex-
hibits excellent color stability, workability, and final strength, and 
polishing is possible. However, heat is generated during polymer-
ization in the oral cavity and unreacted residual monomers exude 
through the expansion of the resin substrate surface due to mois-
ture [24,25]. The presence of high residual amounts of monomers 
is consistent with previous studies [26]. 

After polymerization was complete, the residual monomer was 
tested according to the standard. As cytotoxicity was confirmed 
during the polymerization process, additional research was per-
formed to examine and analyze the degree of residual monomer 
leakage over time from stages 2 and 3 of the polymerization pro-
cess to the time when production was completed and attached to 
the oral cavity of the patient. 
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The self-curing resin for provisional crown production not only 
serves as an intermediate step in treatment but also plays an im-
portant role in determining the prognosis after treatment [27]. In 
addition, it replaces hardened teeth that have been lost or pre-
pared and prevents physical, chemical, and physiological prob-
lems in the prepared abutment [27]. Currently, marketability and 
productivity are increasing, reducing the manufacturing time and 
inconvenience of patient visits, and self-curing resin has the ad-
vantage of high accuracy for direct treatment in the oral cavity 
[28]. However, information on the harmfulness of residual mono-
mers and their toxicity to the human body during mixed polymer-
ization must be assessed to prevent them. Because cytotoxicity 
did not occur after polymerization, the crown would have to be 
manufactured indirectly from a dental model using a dental im-
pression to safely use the product. In addition, it will be necessary 
to adjust the product standards of resin manufacturing companies 
for market performance and commercial growth, and provide oral 
health information to dentists, dental technicians, and dental hy-
gienists to inform them of product usage standards. 

Within study limitations, residual monomer and cytotoxicity 
tests were performed to analyze the effect of the self-curing resin 
for temporary crown generation on the oral mucosa. The amount 
of residual monomer in both products fell within the ISO stan-
dard range; however, it was confirmed that the residual monomer 
from the manually mixed self-curing-type resin was more than 
four times higher than that from the self-curing-type resin for 
CAD/CAM. In the WST test, 73.4% of the cells survived 0.2% of 
the liquid resin polymer collected during polymerization. The av-
erage cell viability of the solid resin polymer was higher than the 
cell viability standard of 70% for both the CAD/CAM and hand-
mixed self-curing resins. Depending on the manufacturing meth-
od and step-by-step polymerization process, temporary crowns 
can have different effects on the oral cavity. Since the second and 
third stages of the polymerization process of the hand-mixed self-
curing-type resin can have harmful effects on the oral mucosa, 
crowns composed of this type of resin must be manufactured in-
directly using a dental model. Because cytotoxicity is not evident 
in the solid resin polymer after polymerization, it is necessary to 
indirectly prepare a temporary crown on the dental model to safe-
ly handle the product.  
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