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Research progress in cytotoxicity of oral composite resins
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Abstract
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Composite resins have been widely used clinically because of their good repair effects. Studies have shown that
incompletely reacted residual monomers in resin-based materials can cause serious cytotoxicity and genotoxicity,
and cause irreversible damage to cell functions. However, composite resin has good biocompatibility and
adhesion, good aesthetics, strong operability, and short repair time, and its elastic modulus is close to dentin. After
being filled with resin, the teeth have excellent resistance to bending. Therefore, the study of its biocompatibility
to cells has important clinical significance, which can provide scientific basis for its clinical application and lay a
foundation for the development of resin materials.

composite resin; residual monomer; cytotoxicity; genotoxicity
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Table 1 Methods for cytotoxicity evaluation of composite resins in vitro

PEO 7% s B
L EAKIBDRRITENE XSO R AT RO PR

B R, U B A PATROPRAE, A SLIbDRHLE 1 SRR A 2
i ik

BOREHE (TR R A

MR TR BRI T A A N

FAFIRRGE TR SR 2T e NE S T AR i
4 EIE T — BB,

AR SR B N 2 R R R 92 4 BN Y LA T 5
A ) B O A0 R A T, T A ) A
R, (H R B R ERAE L, e AT
BAL . R REE A2 mm, g
BRI R PR S B R R, AT, A
KA NIRRT LA W0 R 7 T B AF 5 A ¥ DA 44 i
HAFRAB Tk, WM Irikiz, &Mor
B Z WA TE—E MUK E S, e e £
J7 SRS G B A TR AL R, A B
ERIEM T X T EAMIE AL etk E
FEE AT — 20 W B Th 25 0], An o e IR HC 3k A% B4R
8 R AR ORE AW IR R R OCHE . =AW IR M
N ARRE A RIS RE, i T RS R B O AN B
MESWIRTEER, Wk BA W diir 2,
PR 2 T A B, (0 AR AR 7R
2R A5 7 SRR 2R 9 G R T LT I, DR $E 0 R4
52 A AR U MTAVEAT R 263697, IR IRRCR
RAE ORI G AE A Y 2 2R T AT R DL AR
S, EAMIRIES R MTASEHA R AR TR K

S 3k

Lo PR, KA IS, SRORERL, A% A IS A BRI 4t w4k ok
FE[J]. S A RS, 2017, 10(2): 117-121.

CHEN Xiuchun, ZHANG Zhimin, ZHANG Yagj, et al. Research on
cytotoxicity of composite resin dental materials[ J]. Chinese Journal of
Practical Stomatology, 2017, 10(2): 117-121.

2. i, Vs, a IR SO A0 1 RE AR AR I BL AT T
P00 R O ks R 2 24, 2018, 32(10): 627-628.

YANG Jing, YANG Yang. Mechanism and evaluaion methods of
cytotoxicity of composite resin monomer on cells[J]. Journal of
Clinical Stomatology, 2015, 32(10): 627-628.

3. IssaY, Watts DC, Brunton PA, et al. Resin composite monomers alter
MTT and LDH activity of human gingival fibroblasts in vitro[ J]. Dent
Mater, 2004, 20(1): 12-20.

4. Wisniewska-Jarosinska M, Poplawski T, Chojnacki CJ, et al.
Independent and combined cytotoxicity and genotoxicity of triethylene

glycol dimethacrylate and urethane dimethacrylate[ J]. Mol Biol Rep,



2676

I R 55 B8, 2021, 41(11) https://IcbLesu.edu.cn

10.

11.

12.

13.

2011, 38(7): 4603-4611.

Gupta SK, Saxena P, Pant VA, et al. Release and toxicity of dental resin
composite[ J]. Toxicol Int, 2012, 19(3): 225-234.

Styllou M, Reichl FX, Styllou P, et al. Dental composite components
induce DNA-damage and altered nuclear morphology in gingiva
fibroblasts[ J]. Dent Mater, 2015, 31(11): 1335-1344.

AR, AL A RNE TESRT MG S T (A S4B ) 2 T (i
Ll RVFAT (], EHB TR S I R, 2011, 15(16):
2957-2960.

MA Fujun, WANG Zhanhong. Clinical value and evaluation of
composite resin filling materials in dental defect repair[J]. Journal of
Clinical Rehabilitative Tissue Engineering Research, 2011, 15(16):
2957-2960.

ERRCE, VR MRRE SRR BT TSR RE ). (RS i Ji s
252458, 2006, 16(4): 240-242.

WANG Yueyan, XU Ying. A review of retrograde filling materials( J].
Chinese Journal of Conservativa Dentistry, 2016, 16(4): 240-242.
Nalgaci A, Oztan MD, Yilmaz S. Cytotoxicity of composite resins
polymerized with different curing methods[J]. Int Endod J, 2004,
37(2): 151-156.

wiE i, E AR, B, S GRS (FileekTM Z350) 5K
B A AL )], T R T RERT S5 I R FE AL, 2008,
12(41): 8047-8050.

HUANG Xiaojing, LEI Lishan, ZHONG Sheng, et al. Biocompatibility
of FiltekTM Z350 resin with dental pulp tissues of beagle dogs|[J].
Journal of Clinical Rehabilitative Tissue Engineering Research, 2008,
12(41): 8047-8050.

TR, THIEE, Bhas 22, 25 SFRREIE o f LIS AR A JE B
LF YA I AR AMIFST [J]. AT 1 S R 24245, 2009, 27(5):
479-482.

WANG Li, YIN Shihai, ZHONG Sulan, et al. Cytotoxicity evaluation
of three kinds of perforation repair materials on human periodontal
ligament fibroblasts in vitro[ J]. West China Journal of Stomatology,
2009, 27(5): 479-482.

IREEL Hr A Z3SOZKM I T RS 210082 A AR FEI TR L
BEAT A FE AR S B BURE )], ARk 1Bl 1200, 2018,
5(24):90-91.

ZHENG Zhiyun. Sensitivity of new Z350 nano-resin filling material
and Z100 composite resin filling material after tooth filling[ J]. The
Department of Oral Medicine Electronic Magazine. Electronic Edition,
2018, 5(24): 90-91.

AR, T, FE2E, 45, 3M-Z3S040 K A AR FEHUPE RS 3M-
21004 A IR FEB ORI T RETIT 458 4918 S AU S
FREEVEAN (], I TREHIE S I PRI, 2010, 14(3): 469-472.
JIANG Jungiang, WANG Zhongchao, JIANG Jun, et al. 3M-Z350

Nano-resin and 3M-Z100 composite resin for cosmetic restoration of

14.

1s.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

anterior teeth with vital pulp: Evaluation on postoperative sensitivity
and pain[J]. Journal of Clinical Rehabilitative Tissue Engineering
Research, 2010, 14(3): 469-472.

Tadin A, Galic N, Marovic D, et al. Cytogenetic damage in exfoliated oral
buccal cells by dental composites[ J]. Am J Dent, 2016, 29(4): 219-222.
BN OCEEE S WIRAT S R 5B 2 I RIS (7). Rk
I i B2 22 L T 243, 2016, 3(5): 80-81.

LI Jie. Clinical study on minimally invasive aesthetic repair of
photocured composite anterior teeth[J]. General Journal of
Stomatology, 2016, 3(5): 80-81.

Rodrigues MP, Soares PBF, Gomes MAB, et al. Direct resin composite
restoration of endodontically-treated permanent molars in adolescents:
bite force and patient-specific finite element analysis[J]. ] Appl Oral
Sci, 2020, 28: 20190544

Aranha AM, Giro EM, Hebling J, et al. Effects of light-curing time on
the cytotoxicity of a restorative composite resin on odontoblast-like
cells[J].J Appl Oral Sci, 2010, 18(5): 461-466.

Brzovi¢ Raji¢ V, Zeljezi¢ D, Mal¢i¢ Ivanisevié A, et al. Cytotoxicity and
genotoxicity of resin based dental materials in human lymphocytes in
vitro[ J]. Acta Clin Croat, 2018, 57(2): 278-28S.

Gociu M, Pitroi D, Prejmerean C, et al. Biology and cytotoxicity of
dental materials: an in vitro study[J]. Rom ] Morphol Embryol, 2013,
54(2):261-268.

Lee MJ, Kim M], Kwon J§, et al. Cytotoxicity of light-cured dental
materials according to different sample preparation methods[J].
Materials, 2017, 10(3): 288.

A, it o, SRR AR ST AR A R R 2K ().
e R T AR, 2015, 32(2): 493-496.

WANG Shuang, GAO Yan, WANG Jing, et al. Influence factors
on monomer conversion of dental composite resin[J]. Journal of
Biomedical Engineering, 2015, 32(2): 493-496.

Sigusch BW, Volpel A, Braun I, et al. Influence of different light curing
units on the cytotoxicity of various dental composites[ J]. Dent Mater,
2007,23(11): 1342-1348.

Prati C, Chersoni S, Montebugnoli L, et al. Effect of air dentin and
resin-based composite thickness on light intensity reduction[J]. Am J
Dent, 1999, 12(5): 231-234.

Feng L, Suh BI. The effect of curing modes on polymerization
contraction stress of a dual cured composite[ J]. ] Biomed Mater Res B
Appl Biomater, 2006, 76(1): 196-202.

Corekgi B, Irgin C, Halicioglu K, et al. Effects of plasma-emulating light-
emitting diode (LED) versus conventional LED on cytotoxic effects
and polymerization capacity of orthodontic composites[J]. Hum Exp
Toxicol, 2014, 33(10): 1000-1007.

Drost T, Reimann S, Frentzen M, et al. Effectiveness of

photopolymerization in composite resins using a novel 445-nm diode



HiE I S s s i bR akia, &

2677

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

laser in comparison to LED and halogen bulb technology[J]. Lasers
Med Sci, 2019, 34(4): 729-736.

Waclawezyk A, Postek-Stefa 11 ska L, Pietraszewska D, et al. TEGDMA
and UDMA monomers released from composite dental material
polymerized with diode and halogen lamps[J]. Adv Clin Exp Med,
2018, 27(4): 469-476.

Correia AMO, Tribst JPM, Matos ES, et al. Polymerization shrinkage
stresses in different restorative techniques for non-carious cervical
lesions[ J].J Dent, 2018, 76: 68-74.

Bicalho AA, Valdivia AD, Barreto BC, et al. Incremental filling
technique and composite material—Part II- shrinkage and shrinkage
stresses[ J]. Oper Dent, 2014, 39(2): E83-E92.

Rothmund L, Reichl FX, Hickel R, et al. Effect of layer thickness on
the elution of bulk-fill composite components[J]. Dent Mater, 2017,
33(1): 54-62.

Perduns R, Volk J, Schertl P, et al. HEMA modulates the transcription
of genes related to oxidative defense, inflammatory response and
organization of the ECM in human oral cells[J]. Dent Mater, 2019,
35(3): 501-510.

Krifka S, Hiller KA, Spagnuolo G, et al. The influence of glutathione on
redox regulation by antioxidant proteins and apoptosis in macrophages
exposed to 2-hydroxyethyl methacrylate (HEMA)[ J]. Biomaterials,
2012,33(21): 5177-5186.

Di Nisio C, Zara S, Cataldi A, et al. 2-hydroxyethyl methacrylate
inflammatory effects in human gingival fibroblasts[ J]. Int Endod J,
2013, 46(5): 466-476.

Trubiani O, Cataldi A, DE Angelis F, et al. Overexpression of
interleukin-6 and -8, cell growth inhibition and morphological
changes in 2-hydroxyethyl methacrylate-treated human dental pulp
mesenchymal stem cells[ J]. Int Endod J, 2012, 45(1): 19-25.

Schweikl H, Hartmann A, Hiller KA, et al. Inhibition of TEGDMA
and HEMA-induced genotoxicity and cell cycle arrest by
N-acetylcysteine[ J]. Dent Mater, 2007, 23(6): 688-695.

Schweikl H, Petzel C, Bolay C, et al. 2-hydroxyethyl methacrylate-
induced apoptosis through the ATM- and p53-dependent intrinsic
mitochondrial pathway[ J]. Biomaterials, 2014, 35(9): 2890-2904.

Yu JJ, Zhu LX, Zhang ], et al. From the cover: activation of NF-xB-
autophagy axis by 2-hydroxyethyl methacrylate commits dental
mesenchymal cells to apoptosis|[ J]. Toxicol Sci, 2017, 157(1): 100-111.
Schweikl H, Spagnuolo G, Schmalz G. Genetic and cellular toxicology
of dental resin monomers| J]. ] Dent Res, 2006, 85(10): 870-877.

Scott TL, Rangaswamy S, Wicker CA, et al. Repair of oxidative DNA
damage and cancer- recent progress in DNA base excision repair[ J].
Antioxid Redox Signal, 2014, 20(4): 708-726.

Eckhardt A, Miiller P, Miiller KA, et al. Influence of TEGDMA on the

mammalian cell cycle in comparison with chemotherapeutic agents[J].

41.

42.

43.

44,

4S.

46.

47.

48.

49.

S0.

SIL.

S2.

S3.

S4.

Dent Mater, 2010, 26(3): 232-241.

Huang FM, Kuan YH, Lee S, et al. Cytotoxicity and genotoxicity of
triethyleneglycol-dimethacrylate in macrophages involved in DNA damage
and caspases activation[ J]. Environ Toxicol, 2018, 30(5): 581-588.
Batarseh G, Windsor L], Labban NY, et al. Triethylene glycol
dimethacrylate induction of apoptotic proteins in pulp fibroblasts[ J].
Oper Dent, 2014,39(1): E1-E8.

Iwama K, Nakajo S, Aiuchi T, et al. Apoptosis induced by arsenic
trioxide in leukemia U937 cells is dependent on activation of
p38, inactivation of ERK and the Ca*-dependent production of
superoxide|[ J]. Int J Cancer, 2001, 92(4): 518-526.

Gallorini M, Sancilio S, Zara S, et al. Involvement of mitochondrial
signalling pathway in HGFs/S. mitis coculture response to TEGDMA
treatment[ J]. ] Biomed Mater Res A, 2014, 102(11): 3931-3938.
Chang MC, Lin LD, Chuang FH, et al. Carboxylesterase expression in
human dental pulp cells: Role in regulation of BisGMA-induced prostanoid
production and cytotoxicity[ J]. Acta Biomater, 2012, 8(3): 1380-1387.
Chang MC, Lin LD, Chan CP, et al. The effect of BisGMA on
cyclooxygenase-2 expression, PGE2 production and cytotoxicity via
reactive oxygen species- and MEK:ERK-dependent and -independent
pathways| J]. Biomaterials, 2009, 30(25): 4070-4077.

Yano J, Kitamura C, Nishihara T, et al. Apoptosis and survivability of
human dental pulp cells under exposure to Bis-GMA[]J]. J Appl Oral
Sci, 2011, 19(3): 218-222.

Li YC, Kuan YH, Huang FM, et al. The role of DNA damage and
caspase activation in cytotoxicity and genotoxicity of macrophages
induced by bisphenol-A-glycidyldimethacrylate[ J]. Int Endod J, 2012,
45(6): 499-507.

Zhu Y, Gu YX, Mo J]J, et al. N-acetyl cysteine protects human oral
keratinocytes from Bis-GMA-induced apoptosis and cell cycle arrest by
inhibiting reactive oxygen species-mediated mitochondrial dysfunction
and the PI3K: Akt pathway] J]. Toxicol In Vitro, 2015, 29(8): 2089-2101.
Chang HH, Chang MC, Lin LD, et al. The mechanisms of cytotoxicity
of urethane dimethacrylate to Chinese hamster ovary cells[]].
Biomaterials, 2010, 31(27): 6917-6925.

Lim SM, Yap A, Loo C, et al. Comparison of cytotoxicity test models
for evaluating resin-based composites[J]. Hum Exp Toxicol, 2017,
36(4): 339-348.

Kraus D, Wolfgarten M, Enkling N, et al. In-vitro cytocompatibility of
dental resin monomers on osteoblast-like cells[ J]. ] Dent, 2017, 65: 76-82.
Candea Ciurea A, Surlin P, Stratul $I, et al. Evaluation of the
biocompatibility of resin composite-based dental materials with
gingival mesenchymal stromal cells[J]. Microsc Res Tech, 2019,
82(10): 1768-1778.

Yang Y, Reichl FX, Shi J, et al. Cytotoxicity and DNA double-strand

breaks in human gingival fibroblasts exposed to eluates of dental



2678

i PR s B4 ks, 2021, 41(11) https://Icbl.csu.edu.cn

SS.

S6.

57.

S8.

59.

60.

61.

62.

63.

64.

68S.

66.

composites[ J]. Dent Mater, 2018, 34(2): 201-208.

Cebe MA, Cebe F, Cengiz MF, et al. Elution of monomer from

different bulk fill dental composite resins[ J]. Dent Mater, 2015, 31(7):

el41-e149.

Putzeys E, Nys S, Cokic SM, et al. Long-term elution of monomers from

resin-based dental composites[ J]. Dent Mater, 2019, 35(3): 477-48S.

Fujioka-Kobayashi M, Miron RJ, Lussi A, et al. Effect of the degree of

conversion of resin-based composites on cytotoxicity, cell attachment,

and gene expression[ J]. Dent Mater, 2019, 35(8): 1173-1193.

Cokic SM, Duca RC, De Munck J, et al. Saturation reduces in-vitro

leakage of monomers from composites[ J]. Dent Mater, 2018, 34(4):

579-586.

Salehi S, Gwinner F, Mitchell JC, et al. Cytotoxicity of resin composites

containing bioactive glass fillers[ J]. Dent Mater, 2015, 31(2): 195-203.

Cao T, Saw TY, Heng BC, et al. Comparison of different test models for

the assessment of cytotoxicity of composite resins[ J]. J Appl Toxicol,

2005,25(2): 101-108.

Campaner M, Takamiya AS, Bitencourt SB, et al. Biocompatibility and

inflammatory response of conventional and CAD:CAM provisional

restorations| J]. Archives of Oral Biology, 2020, 3(111): 3-23.

TER, B3R 22, ML, =R BEE AL IE AR A R R 2T

AR 20 ML 2R BRE SO S S0 R PR SMIFE (7). 2 0 5 i 5 i s 2

&, 2015,25(7): 408-411.

WANG Li, ZHONG Sulan, YIN Shihai. Effects of three perforation

repair materials on the morphology and adhesion of human

periodontal ligament fibroblasts: An in vitro study[ J]. Chinese Journal

of Conservativa Dentistry, 2015, 25(7): 408-411.

/’\H*ZHH"%, SR, WO, 5. B2 OB 2O B A I 1S

SEML ). ZF R B JA R 247K, 2018, 28(1): 38-41.

LI Xiaopeng, GONG Xu, DAI Taigiang, et al. The effects of the sample

form of the dental materials on the cytotoxicity test results[ J]. Chinese

Journal of Conservativa Dentistry, 2018, 28(1): 38-41.

Schmalz G, Galler KM. Biocompatibility of biomaterials—Lessons

learned and considerations for the design of novel materials[ J]. Dent

Mater, 2017, 33(4): 382-393.

BRTVAR, A NERE. AL RN A A B E AR S P O
JE[J). AR 2 T AR 222K, 1999, 16(1): 86-90.

LIANG Weidong, SHI Yingkang. The research of evaluation the

compatibility of biotic material in cell-culturing method[J]. Journal of

Biomedical Engineering, 1999, 16(1): 86-90.

FREAh, U, BN, G5 25 W A0 M AR A I Ty vk g

JE[J]. HEEE2E, 2016, 36(9): 845-848.

GUO Xiaowei, YAN Min, GONG Haihuan, et al. Progress of in vitro

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

cytotoxicity tests of dental rsin composites[J]. Stomatology, 2016,
36(9): 845-848.

Saw TY, Cao T, Yap AU, et al. Tooth slice organ culture and established
cell line culture models for cytotoxicity assessment of dental
materials[ J]. Toxicol In Vitro, 2005, 19(1): 145-154.

Srivastava S, Gorham SD, Courtney JM. Screening of in vitro cytotoxicity
by the adhesive test[ J]. Biomaterials, 1990, 11(2): 133-137.

Kamalak H, Kamalak A, Taghizadehghalehjoughi A, et al. Cytotoxic
and biological effects of bulk fill composites on rat cortical neuron
cells[ J]. Odontology, 2018, 106(4): 377-388.

Hume WR. A new technique for screening chemical toxicity to the pulp
from dental restorative materials and procedures[J]. J Dent Res, 1985,
64(11): 1322-1325.

Mahdhaoui K, Fournier B, Derbanne MA. Unbound monomers do
diffuse through the dentin barrier[ J]. Dent Mater, 2017, 33(6): 743-751.
Jiang RD, Lin H, Zheng G, et al. In vitro dentin barrier cytotoxicity
testing of some dental restorative materials[ J]. ] Dent, 2017, 58: 28-33.
Lee BS, Jan YD, Huang GS, et al. Effect of dentin bonding agent
diffusing through dentin slices on the reactive oxygen species
production and apoptosis of pulpal cells[J]. J Formos Med Assoc,
2018, 114(4): 339-346.

Quinlan CA, Zisterer DM, Tipton KF, et al. In vitro cytotoxicity of a
composite resin and compomer| J]. Int Endod J, 2002, 35(1): 47-S5.
FEA Y, BREL, RN, 45, SR 1 = 4l O35 5% 10 oF A BT R A 75
PRI IFFE [ ]]. AL RTR 2R (E24 ), 2015, 47(2): 330-335.
JIANG Ruodan, LIN Hong, ZHENG Gang, et al. Dentin barrier
cytotoxicity test with three-dimensional cell cultures[J]. Journal of
Peking University (Health Sciences), 2015, 47(2): 330-335.

Ulker HE, Ulker M, Giimiis HO, et al. Cytotoxicity testing of temporary
luting cements with two- and three-dimensional cultures of bovine dental
pulp-derived cells[ J]. Biomed Res Int, 2013, 2013: 910459.

TARE. RS @RS (M), st NR A I,
2016: 154.

WANG Hanguo. Color atlas of endodontic microsurgery[M]. Beijing:
People's Medical Publishing House, 2016: 154.

AR5 A TREG, 2, S DR SR A R R

IFFEEE(]]

R S AR, 2021, 41(11): 2671-2678. doi: 10.3978/

jissn.2095-6959.2021.11.028

Cite this article as: ZHANG Jingyi, LI Danwei, LEI Yayan. Research
progress in cytotoxicity of oral composite resins[J]. Journal of Clinical
and Pathological Research, 2021, 41(11): 2671-2678. doi: 10.3978/
j.issn.2095-6959.2021.11.028



