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Research progress on the effects of resin adhesives doped with graphene and its derivatives on the mechanical and
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[Abstract] Minimally invasive dental restoration technology based on adhesive properties is a characteristic technology
system for dental defect repair at present. The key to clinical success lies in the durability and stability of the resin-bonded
interface between the composite material and the teeth. Given that the resin-bonded restorations are exposed to the mouth
for an extended period, micro-leakage gradually appears at the edges of the restorations and bacteria and their products en-
ter the prosthesis, which leads to secondary caries. Considering its peculiar structure and special properties, graphene and
its derivatives have attracted the attention of scholars at home and abroad. Their applications in the field of stomatology
have also been widely studied. In this study, we review the research on graphene and its derivatives in the field of dental
bonding. Their applications in dental bonding are also discussed and summarized.
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Tab 1 Advantages and limitations of graphene and its

derivatives in dental adhesives

B L SR PR

AN AR RALEE, PR REOEWE; HUEE, )
HFRIHLRTERE . i Bk 22 s AR R

GO FORNER LR AT e PR AR AR T RUAR A7 B
TIREAL A 5 R RN H R By IR 5 5tk il vy 52 MDY 4

BUBRIERE . HTRTE FIH A L

rGO REDRIPEAER, ATIIRE iR (FRREAE);
et Hreste FIERACR AR B AT e

PP

FG PUATE . WTER TR (LRE  AEWAR AL Bk PR |
Ji GRICR DR iy i

GNP fRERHEFINLMIERE . BT HUWIR (HAHGHEB; &
)3 IR 77

GQD  RHN. SRR RE SR T L%, WEME,
HOEME R, St RN SRR
SR IEHE: HERS RHE 5
B HE AU B2 A 1

A sl S FUAT A D AE 4 R S LB B2 5 T
MIREE TG, ATRESRIE . BRmE M T ZA
K, KDL EUCE bR rERE, PR o
ek, SRR AME . MAN, 1SRRI R LA
HAFER0, R3E HAVTRRE ST, 76 Rz
AU ) IO FET AT B R g, E L AT I 7 22 Bk A
e, ARG R M A% ] A 1) A 2R 0 A R
HARKMAE B, P EA A B,
WFFECRARME A R, = 5 — ik RIF
Prife HUK, SRR S P RS, S 2L
I3 PRI R RE T R, SR AT B B
I BIGR R o WP SR A, (H K AT B I T
Wl w Rt A, BARASREAS AR
PEBAE, (BGRRERTRES | K AT S s 40 il 2
P, BRI BT ST 2 SR BR TR 1 240 i 552 06 w0 8
Pl sz R e riiEE . &5, KA



«574

[ B 1l B 222475 International Journal of Stomatology

2026-07 53(4)

SRR FEMR TR, AT RE 2 RS HE R Y 1 e
LG, SEREART, SmEikrsem. &
Kt B 2 (AT TR i e BRI, HES) A1 S50
T AT HE WA 11 JROR $2% 0T o7 FH A

At RE o VHFRALRAN G+ K.

8 SE 3k
[1] Pashley DH, Tay FR, Breschi L, et al. State of the

(2]

(3]

(4]

(7]

(8]

(9]

(1]

art etch-and-rinse adhesives[J]. Dent Mater, 2011, 27
(1): 1-16.

Breschi L, Mazzoni A, Ruggeri A, et al. Dental ad-
hesion review: aging and stability of the bonded in-
terface[J]. Dent Mater, 2008, 24(1): 90-101.

PR A, M E1, 2505 . S ROR EAD R0 U
MR VERE[T]. WP O s B2 2R, 2010, 45(8): 504-
508.

Chen JH, Xiao YH, Li F. Research progress of anti-
bacterial modification of dental adhesive materials
[J]. Chin J Stomatol, 2010, 45(8): 504-508.
Novoselov KS, Geim AK, Morozov SV, et al. Two-
dimensional gas of massless Dirac fermions in gra-
phene[J]. Nature, 2005, 438(7065): 197-200.

Shulga NN, Shulga IS. Antibacterial properties of
tea[J]. Eurasian Union Sci, 2020, 1(70): 31-33.
Guazzo R, Gardin C, Bellin G, et al. Graphene-ba-
sed nanomaterials for tissue engineering in the den-
tal field[J]. Nanomaterials (Basel), 2018, 8(5): E349.
Huang X, Qi XY, Boey F, et al. Graphene-based
composites[J]. Chem Soc Rev, 2012, 41(2): 666-
686.

Sun C, Huang Y, Shen Q, et al. Embedding two-di-
mensional graphene array in ceramic matrix[J]. Sci
Adv, 2020, 6: eabb1338.

Lund S, Kauppila J, Sirkid S, et al. Fast high-shear
exfoliation of natural flake graphite with tempera-
ture control and high yield[J]. Carbon, 2021, 174:
123-131.

Pereira R, Lins RBE, Lima EFS, et al. Properties of
a dental adhesive containing graphene and DOPA-
modified graphene[J]. Polymers (Basel), 2024, 16
(14): 2081.

Liu S, El-Angbawi A, Rosa V, et al. Physico-me-

chanical properties and bonding performance of gra-

[12]

[13]

[14]

[16]

[17]

[19]

phene-added orthodontic adhesives[J]. J Funct Bio-
mater, 2024, 15(8): 204.

Aliyev E, Filiz V, Khan MM, et al. Structural cha-
racterization of graphene oxide: surface functional
groups and fractionated oxidative debris[J]. Nano-
materials, 2019, 9(8): 1180.

Alshahrani A, Bin-Shuwaish MS, Al-Hamdan RS, et
al. Graphene oxide nano-filler based experimental
dentine adhesive. A SEM/EDX, micro-Raman and
microtensile bond strength analysis[J]. J Appl Bio-
mater Funct Mater, 2020, 18: 2280800020966936.
Bin-Shuwaish MS, Maawadh AM, Al-Hamdan RS,
et al. Influence of graphene oxide filler content on
the dentin bond integrity, degree of conversion and
bond strength of experimental adhesive. A SEM, mi-
cro-Raman, FTIR and microtensile study[J]. Mater
Res Express, 2020, 7(11): 115403.

Kim J, Yim BS, Kim JM, et al. The effects of func-
tionalized graphene nanosheets on the thermal and
mechanical properties of epoxy composites for ani-
sotropic conductive adhesives (ACAs)[J]. Micro-
electron Reliab, 2012, 52(3): 595-602.

Aguiar TR, de Oliveira M, Arrais CA, et al. The ef-
fect of photopolymerization on the degree of conver-
sion, polymerization kinetic, biaxial flexure streng-
th, and modulus of self-adhesive resin cements[J]. J
Prosthet Dent, 2015, 113(2): 128-134.

Khan AA, Al-Khureif AA, Saadaldin SA, et al. Gra-
phene oxide-based experimental silane primers en-
hance shear bond strength between resin composite
and zirconia[J]. Eur J Oral Sci, 2019, 127(6): 570-
576.

Almutairi B, Kattan HF, BinMahfooz AM, et al.
Synergistic effect of graphene oxide/calcium phos-
phate nanofiller in a dentin adhesive on its dentin
bond integrity and degree of conversion. A scanning
electron microscopy, energy dispersive X-ray spec-
troscopy, Fourier transform infrared, micro-Raman,
and bond strength study[J]. Microsc Res Tech, 2021,
84(9): 2082-2094.

AlFawaz YF, Almutairi B, Kattan HF, et al. Dentin
bond integrity of hydroxyapatite containing resin
adhesive enhanced with graphene oxide nano-parti-

cles—an SEM, EDX, micro-raman, and microten-



WRSC , 45 . A AR S OHCAT A B A R R R 0 1 IR e LI g 2 A ) 2 M B S i O AT 0 U e

* 575

(20]

[21]

[22]

[24]

[25]

[26]

(28]

[29]

sile bond strength study[J]. Polymers (Basel), 2020,
12(12): E2978.

Ilie N, Erich Serf6zo N, Prodan D, et al. Synthesis
and performance of experimental resin-based dental
adhesives reinforced with functionalized graphene
and hydroxyapatite fillers[J]. Mater Des, 2022, 221:
11098s.

Liu SB, Hu M, Zeng TH, et al. Lateral dimension-
dependent antibacterial activity of graphene oxide
sheets[J]. Langmuir, 2012, 28(33): 12364-12372.
Pourhajibagher M, Bahador A. Orthodontic adhe-
sive doped with nano-graphene oxide: physico-me-
chanical and antimicrobial properties[J]. Folia Med
(Plovdiv), 2021, 63(3): 413-421.

Pourhajibagher M, Ghorbanzadeh R, Salehi-Vaziri
A, et al. In vitro assessments of antimicrobial poten-
tial and cytotoxicity activity of an orthodontic adhe-
sive doped with nano-graphene oxide[J]. Folia Med
(Plovdiv), 2022, 64(1): 110-116.

Lee SM, Yoo KH, Yoon SY, et al. Enamel anti-de-
mineralization effect of orthodontic adhesive con-
taining bioactive glass and graphene oxide: an in-vi-
tro study[J]. Materials, 2018, 11(9): 1728.

Arslan S, Ekrikaya S, Ildiz N, et al. Evaluation of
the antibacterial activity of dental adhesive contain-
ing biogenic silver nanoparticles decorated nanogra-
phene oxide nanocomposites (Ag@nGO NCs) and
effect on bond strength to dentine[J]. Odontology,
2024, 112(2): 341-354.

Dong Y, Li J, Yang XY. Reactions between gra-
phene oxide sheets cause irreversible agglomeration
[7]. Sci Bull (Beijing), 2022, 67(19): 1943-1945.
Liao C, Li Y, Tjong SC. Graphene nanomaterials:
synthesis, biocompatibility, and cytotoxicity[J]. Int J
Mol Sci, 2018, 19(11): E3564.

Yoon Y, Kye H, Yang WS, et al. Comparing gra-
phene oxide and reduced graphene oxide as blen-
ding materials for polysulfone and polyvinylidene
difluoride membranes[J]. Appl Sci, 2020, 10(6):
2015.

Alqarawi FK, Alkahtany MF, Almadi KH, et al. In-
fluence of different conditioning treatments on the
bond integrity of root dentin to rGO infiltrated den-
tin adhesive. SEM, EDX, FTIR and MicroRaman

[30]

[31]

[32]

[35]

[36]

[39]

study[J]. Polymers (Basel), 2021, 13(10): 1555.
Akram Z, Aati S, Clode P, et al. Formulation of na-
no-graphene doped with nano silver modified dentin
bonding agents with enhanced interfacial stability
and antibiofilm properties[J]. Dent Mater, 2022, 38
(2): 347-362.
Sheng Y, Zhou Y, Tang C, et al. Redispersible redu-
ced graphene oxide prepared in a gradient solvent
system[J]. Nanomaterials (Basel), 2022, 12(12):
1982.
Bellier N, Baipaywad P, Ryu N, et al. Recent bio-
medical advancements in graphene oxide- and re-
duced graphene oxide-based nanocomposite nano-
carriers[J]. Biomater Res, 2022, 26(1): 65.
Lee SM, Yoo KH, Yoon SY, et al. Enamel anti-de-
mineralization effect of orthodontic adhesive con-
taining bioactive glass and graphene oxide: an in-vi-
tro study[J]. Materials, 2018, 11(9): 1728.
Hussein AH, Yassir YA. A novel graphite fluoride/
bioactive glass-containing orthodontic primer with
antibacterial and remineralization properties: an in-
vitro study[J]. J Adhes Dent, 2024, 26: 253-262.
Bregnocchi A, Zanni E, Uccelletti D, et al. Gra-
phene-based dental adhesive with anti-biofilm acti-
vity[J]. J Nanobiotechnology, 2017, 15(1): 89.
Akram Z, Aati S, Shrestha B, et al. Silanization of
nanographene platelets improves interaction with
the dentin bonding resin matrix and enhances inter-
facial bond integrity to dentin[J]. Biomater Sci,
2021, 9(24): 8335-8346.
Chen W, Jin HM, Zhang H, et al. Synergistic effects
of graphene quantum dots and carbodiimide in pro-
moting resin-dentin bond durability[J]. Dent Mater,
2021, 37(10): 1498-1510.
Yin IX, Niu JY, Mei ML, et al. Tooth-binding gra-
phene quantum dots silver nanocomposites for pre-
vention of dental caries[J]. Int J Nanomedicine,
2024, 19: 11195-11212.
Bae G, Cho H, Hong BH. A review on synthesis,
properties, and biomedical applications of graphene
quantum dots (GQDs)[J]. Nanotechnology, 2024, 35
(37): 372001.

(ASCHisE kAR )



