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Collagen cross-linking agents provide strength, reinforcement, and stabilization to the fibrils and, thereby, increase the mechanical properties
of dentin. It can be induced by either physical or chemical reagents. Several natural and synthetic collagen cross-linking agents have been
employed to decrease the degradation of dentin. The use of collagen cross-linking agents in caries affected tooth improves the dentin bonding
durability by stabilization of collagen fibrils and also plays an important role in remineralization. This article provides an overview of various

collagen cross-linking agents and their applications in endodontics.
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INTRODUCTION

Dentin is a complex mineralized tissue, in which organic
components are embedded within the mineral crystallites. It
consists of two phases: An inorganic, and an organic phase
which predominantly type 1 fibrillar collagen, and accounts
for almost 90% of the organic matrix. The collagen molecules
assemble extracellularly to form a complex network of
intra- and inter-microfibrillar cross-links, and the deposition
and dispersion of the mineral, namely, hydroxyapatite, which
tends to be governed by the collagen matrix itself.[!

This collagen cross-linking contributes to the tensile properties
of the dentin matrix.”! The collagen matrix can be degraded
either mechanically or biochemically by physiological and
pathological processes. The degradation of the extracellular
matrix (ECM) plays a critical role in the progression of the
dentin caries, particularly, the solubilization of type I collagen
which is considered the main component of the dentin ECM.

Host-derived enzymes such as endogenous matrix metalloproteinase
(MMP) and cysteine cathepsin in dentin, saliva, and dentinal fluid,
which are activated in the process of caries formation can also
degrade this dentin collagen.” The stabilization and strengthening
of collagen fibrils have been considered as a potential approach
for possibly restoring dentin, which is damaged, by dental caries
and also improves the bond durability of restorations.

The formation of endogenous cross-links contributes to
the stiffness of the dentin collagen. With the application
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of exogenous collagen cross-linkers, there is an additional
formation of inter- and intra-molecular cross-links of the
collagen, thereby strengthening the dentin matrix and
decreasing its biodegradation rate.[! Hence, biomodification
of dentin matrices with cross-linkers is considered a promising
strategy for tissue repairing, and also, a new adjunct in
managing the dentin affected by caries.

TypPes oF CROSS-LINKERS

There are three different types of cross-linkers, they can be
either homobifunctional, heterobifunctional, and photoreactive
cross-linking reagents. Homofunctional has identical reactive
groups at either end and is commonly used in binding
like functional groups, to form intramolecular cross-links.
Heterobifunctional has two different reactive groups and it
is used to link dissimilar functional groups. These reagents
are used to produce multiple intermolecular cross-links and
conjugates using dissimilar biomolecules. Photoreactive cross-
linking reagents are also heterobifunctional cross-linkers that
become reactive only on exposure to ultraviolet or visible
light. This reagent is best used for non-specific bioconjugation.
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CoLLAGEN CROSS-LINKING AGENTS

Collagen cross-linkers are effective in protecting collagen
fibrils from degradation by enhancing the collagen’s chemical
and mechanical properties of dentin.

Both synthetic and naturally derived cross-linkers exhibit
significant effects in biomodification of dentin by their multiple
interactions with the dentin matrix. A stable matrix network
or a durable hybrid layer in dentin bonding could be achieved
with the use of collagen cross-linking agents, where the dentin
collagen fibrils show improved biochemical and biomechanical
properties and their enzymatic biodegradation is also reduced.

Apart from cross-linking effect, some agents even possess
an inhibitory effect on endogenous proteases, such as host-
derived MMPs and cysteine cathepsins, which are responsible
for the degradation of type I collagen in dentin. Hence,
biomodification of dentin matrices with collagen cross-linkers
contributes to a stable matrix network and a durable hybrid
layer in dentin bonding.”

Hence, the use of these cross-linkers affords stabilization,
biodegradation resistance, and strengthening to the collagen
matrix, which is highly significant for its function as a scaffold
substrate for dental adhesive infiltration.%!

CoLLAGEN Cross-LINKERS Usep IN ENDoODONTICS

The sources of cross-linking cross-linkers are as follows:
e Naturally Derived Collagen Cross-Linkers and
e Synthetic Collagen Cross-Linkers.

Naturally derived collagen cross-linkers

Nowadays, many studies have been done on these plant-
derived collagen cross-linkers and proved that to be effective
in enhancing the mechanical properties of dentin and also
controlling its biodegradation by inhibition of proteases.
Dentin biomodification by these naturally derived cross-
linking agents has significant effects on caries prevention
and dentin remineralization, which is a remarkable effect.[”8]
Most of the plant-derived cross-linkers are polyphenolic
flavonoids that contain a phenyl ring bearing a hydroxyl
group with amphiphilic properties. This bi-functionality
accounts for their ability to interact physically with proteins
such as collagen.

The naturally derived collagen cross-linkers are as follows:
Proanthocyanidin (PA) rich agents

Hesperidin (HPN)

Tannic acid (TA)

Genipin (GE)

Riboflavin (RF)

Quercetin

Epigallocatechin 3 gallate (EGCG)

Cashew nutshell liquid

PA rich agents
They are the class of bioflavonoids of naturally occurring
plant metabolites, which are available in fruits, vegetables,

nuts, seeds, and flowers. Plants, most notably apples, maritime
pine bark, cinnamon, Aronia fruit, cocoa beans, grape seed,
and grape skin (procyanidins and prodelphinidins) contain PA.
Cocoa beans contain the highest concentration of PA among
other plant metabolites.

It can bind to proline-rich proteins, such as collagen, thereby
facilitating the enzyme proline hydroxylase activity which
is considered essential for collagen biosynthesis.””! It shows
vast biological activities with good biocompatibility and a
faster reaction rate when compared with synthetic collagen
cross-linkers.

The combined cross-linking potential and anti-collagenolytic
effects of PA are beneficial in preventing the degradation of
dentin collagen within the hybrid layer. Liu et al.l' stated
that the PA biomodification contributed to the stabilization of
the bonding interface in the poorly infiltrated demineralized
dentin at the bottom of the hybrid layer through its mechanical
strengthening.

HPN

HPN is a flavonoid, which is extracted from citrus fruits. The
flavonoid HPN is comprised of the HPN flavanone and the
rutinose disaccharide. It has a wide range of benefits such
as anti-inflammatory, antimicrobial, anticarcinogenic, and
collagen cross-linker and also plays a role in the prevention of
the caries progression, promoting the remineralization process,
and antioxidant effects.!!

Studies have stated that incorporation of 0.5 wt. % HPN
into a simplified total-etch adhesive system could achieve
therapeutic goals through its antibacterial performance without
even compromising the properties of dental adhesives.!'?
Another study also compared HPN, Chlorhexidine, and Grape
seed extract by incorporating these three natural collagen
cross-linkers into the primer of a self-etching adhesive to
determine the resin-dentin bond strength and found that
HPN-incorporated self-etching primer has significantly
improved the immediate bond strength and mechanical
properties of resin-dentin interface when compared with the
other groups.[!¥!

HPN has a promising role as pulp capping material, despite
its acidic nature, longer initial setting time, and lower
radiopacity.l'¥ The chemical bleaching has deleterious
effects on the micro shear bond strength of enamel, and
the use of 10% HPN is recommended to improve the bond
strength.[”]

TA

TA is a naturally occurring collagen cross-linking agent
consisting of a complex mixture of polygalloylglucose
esters, with weak acidity that leads to modification of the
chemical structure of collagen. It is a commercial form of
condensed tannin. In dentistry, it is used as a desensitizing
agent, astringent, and surface treatment for smear layer
removal.l'® TA was reported to increase the modulus of
elasticity of demineralized dentin matrix, where the effect
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was concentration- and time-dependent and the changes to
dentin matrix would be similar to another type I collagen-based
tissues; therefore, the formation of hydrogen bonds by TA is
most likely accountable for the changes to dentin modulus
of elasticity. Apart from increasing the elastic modulus, it
also plays a role in reducing the enzymatic degradation and
increasing resin-dentin bond strength, which demonstrates the
utility of incorporating biomimetic approaches into restorative
the final dentistry.[!”!

Another study compared the TA irrigation on microhardness of
root canal dentin and bond strength of epoxy resin-based sealer
irrigation and stated that TA may compensate for the decrease
in dentin microhardness caused by the irrigation protocol and
also enhance the bond strength of the epoxy resin-based sealer
to root canal dentin.!'®]

GE

GE is a naturally occurring organic compound and a
traditional Chinese herbal medicine is extracted from the
fruit of Gardenia jasminoides. It has been reported to have
several pharmacological functions such as antimicrobial,
antitumor, and anti-inflammatory effects. Furthermore, it
acts as an effective collagen cross-linking agent.!'”? GE has
relatively mild in vitro cytotoxicity. Studies have shown that
GE-treated collagen has increased toughness when compared
to glutaraldehyde (GA)-treated collagen.*”

The study by Kwon et al.[?!l stated that GE-induced
cross-linking of the collagen scaffold exhibits beneficial
roles in attachment, proliferation, and differentiation of
human Dental-Pulp Cells, and when chitosan is associated
with gelatin and microparticulate dentin and GE has
morphological, physicochemical, biological, and antibacterial
characteristics and they can be as a scaffold in regenerative
endodontics.

RF

RF is a water-soluble vitamin, present in daily foods, and
has excellent biocompatibility without any hazards to oral
health. RF is a free-radical-producing agent when photo-
activated, with maximum absorption of peaks at 270, 366,
and 445 nm.

It is a well-known collagen cross-linker, which creates an
excited or triplet state by producing reactive oxygen radicals,
resulting in efficient physical cross-linking of the collagen
network, after the absorption of ultraviolet light A (UVA).>!
It stabilizes the adhesive interface by increasing the durability
of resin-dentin bonds and also inhibits the dentin MMPs when
incorporating the RF/UVA into dentin adhesives.? RF can be
used as a biocompatible pretreatment alternative to improve
bond strength stability of dentin-adhesive interfaces in the
root canal.**

Studies reported that newly developed cross-links after RF/
UVA treatment promoted resistance against the degradation

by acid and enzyme during caries formation. The dentin
when treated with cross-links, that is, after RF/UVA
treatment demonstrated superior mechanical properties.
Hence, it concluded that the RF/UVA treatment might be
clinically effective for preventing root caries as well as root
fracture.!?¢

Another study Daood et al.?! reported that there was a
significant synergistic effect of Vitamin-E TPGS when
combined with RF. It concluded that the synergetic
effect tends to potentiate the RF as a cross-linking agent,
thereby improving the mechanical properties, reducing
their enzymatic degradation, and also inducing the
remineralization process.

Quercetin

Quercetin is the most common flavonol in the diet which is
found in abundance in food and beverages such as broccoli,
onions, tea, apples, and berries. It possesses multiple
functions, including antioxidative, anticarcinogenic, anti-
inflammatory, anti-aggregatory, and vasodilating effects.
It is an effective antimicrobial agent against a broad range
of pathogenic microorganisms, including Enterococcus
faecalis. Studies reported that quercetin-doped adhesive
inhibited the growth of Streptococcus mutans biofilm and
also protects the structural integrity of dentin collagen
from biodegradation by cross-linking the apatite-depleted
collagen.?®!

Another study reported that quercetin stimulated the Alkaline
Phosphatase of MG-63 human osteoblasts activity and also
enhances the differentiation of dental pulp stem cells. Quercetin
is considered the most dentinogenic agent and thereby aiding
in pulpal repair.[*]

Quercetin-containing ethanol irrigants had a bactericidal effect
against E. faecalis biofilms in dentin tubules and maintain the
mechanical strength of demineralized dentin and increases
biodegradation resistance. Hence, quercetin is a safe and
reliable adjunctive root canal irrigant.*

Quercetin inhibits caries formation by two approaches, first
by, lessening the cariogenic pathogen (S. mutans) or its
biofilm and secondly by, promoting the remineralization of
hydroxyapatite. It was reported that quercetin was capable
to inhibit the growth and metabolic activity of S. mutans in a
dose-dependent manner.!

6.5% quercetin improves the lesion hardness and reduces
caries depth and mineral loss. The mechanism is through
keeping the stabilization of the collagen matrix and maintaining
the complexation of surface hydroxyls with calcium ions,
which further contribute to the nucleation and growth of
hydroxyapatite.?

Apart from bacterial inhibition, another function is to prevent
microleakage to avoid the occurrence of secondary root canal
infection. A study by Gupta et al. treated root canals with
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5% sodium hypochlorite followed by quercetin as the final
irrigation and concluded that quercetin irrigation effectively
reduced the microleakage.?)

EGCG

EGCQG, a collagen cross-linking agent, is composed of
polyphenol. It accounts for more than 50% of the green tea
compounds. EGCG is regarded as the most important active
component in antimutagenic, antioxidative, anticarcinogenic,
anti-inflammatory, antimicrobial, antiviral, antihypertensive,
and hypocholestrolemic properties of green tea, in the field of
nutrition, health, and medicine.*

In dentistry, EGCG could be used as a storage medium for
an avulsed tooth. Studies have reported that EGCG enhances
collagen stabilization and inhibits collagenase activity. It
binds to collagen by hydrogen bonding and hydrophobic
interaction and thereby protecting the active site from the
collagenase.!

Another study reported that a final flush with 1 mg/mL EGCG
5 min after using 17% EDTA for 5 min significantly increased
the push-out bond strength of an epoxy resin sealer.®!

Another study characterized the effects of EGCG against
the monoculture planktonic cells of mutans streptococci and
non-mutans streptococci by examining its various activities
and concluded that EGCG has buffer capacity and it inhibits
bacterial acid production by reducing bacterial glucose
uptake (PEP-PTS activity), which together shifts the balance
of the demineralization-remineralization cycle in the oral
environment.>”

In another study, the efficacy of EGCG has tested on
E. faecalis biofilms by exposing 7-day-old biofilm to EGC
and they reported that EGCG is an effective antimicrobial
agent, which acts against both planktonic and biofilm forms of
E. faecalis and also inhibits bacterial growth and suppresses
the expression of specific genes, which are related to virulence
and biofilm formation. This antimicrobial action of EGCG
occurs due to the generation of hydroxyl radical.*

Cashew nut shell liquid

The plant-derived polyphenol cardol/cardanol from cashew nut
shell liquid were tested for dentin-collagen cross-linking, and
they found that cardol and cardanol are non-cytotoxic and these
compounds in low concentrations possess antioxidant effects.
It inhibits MMP-2 and MMP-9, which are similar to the PAs.
Both cardol and cardanol reported having the highest increase
in the stiffness of demineralized dentin and more resistance
to degradation.”

The study compared the effects of natural collagen cross-
linkers incorporation in phosphoric acid etching on dentin
biomodification and reported that cardanol promotes more
stable resin-dentin bond strength with minor nanoleakage after
aging, thereby achieving therapeutic impact without additional
clinical steps. "

Another study reported that cardol shows a positive influence
while intra-radicular biomodification among other agents for
bonding glass-fiber post luting.[ !

Biomodification agents with lower molecular weight (such
as cardanol) attain greater and faster penetration within the
dentin collagen matrix, so this explains why there is the highest
increase in mass and elastic modulus after 1-min application
of cardol and cardanol solutions in the dentin.*”!

Synthetic collagen cross-linking agents

GA

It is a fixative predominantly that cross-links collagen
biomaterials. It contains two aldehyde groups that react with
the amino groups of lysyl or hydrolysyl polypeptide residues in
the collagen, thus forming reducible Schiff base cross-links.?

The study by Maciel et al. demonstrated that exposure to GA
produced an irreversible increase in dentin collagen stiffness.™!
Inhibition of endogenous human dentin MMPs and improved
bond stability was found in the Gluma-treated interface.™*!

GA pretreatment provides affinity sites for hydroxyapatite
nucleation into the collagen, due to the direct introduction
of carbonyl groups; thereby, it induces the mineralization of
collagen, and this pretreatment with GA is considered a potential
strategy to promote the dentin remineralization process.*’!
Further studies are required to check biocompatibility and safe
time-frames concerning application time.

Ethyl-3-[3-dimethylaminopropyl] carbodiimide
hydrochloride (EDC)

EDC is an imide-based zero-length cross-linking agent. The
mechanism lies in the activation of the carboxylic acid groups
of glutamic and aspartic acid residues in peptides.

The treatment with EDC significantly increased the elastic
modulus of dentin and also decreased the degradation rate
of collagen even after a 12-month water storage period, but
the treatment time of 1 h is impossible in clinical practice, so
studies were focused on shortening the application times.¢]

Then, the time was reduced to 30—60 s (shorter treatment time)
and a higher concentration of EDC was used and reported that
EDC was able to inactivate matrix-bound dentin proteinases
and soluble recombinant human MMP-9. The action of EDC
is concentration-dependent.”!

Compared to GA, EDC presents low cytotoxicity as the
released urea derivative in the cross-linker is easily rinsed from
the collagen, thus leaving no residual chemicals, but further
studies are needed to check the biocompatibility of EDC on
pulpal tissues.[*

CoNcLuSION

Synthetic and naturally derived cross-linkers have been found
to have significant effects on stabilizing the dentin matrix
network or providing a durable hybrid layer in dentin bonding,
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even though the mechanism of how they cross-link collagen
varies. Further studies are needed to reduce its side effects and
evaluate its biocompatibility.

REFERENCES

1.

11.
12.
13.

14.

18.

20.

21.

- Journal of Research and Advancement in Dentistry | Volume 13 | Issue 4 | Jul-Aug 2022

Bertassoni LE, Habelitz S, Kinney JH, Marshall SJ, Marshall GW Jr.
Biomechanical perspective on the remineralization of dentin. Caries Res
2009;43:70-7.

Cova A, Breschi L, Nato F, Ruggeri A, Carrilho M, Tjaderhane L,
et al. Effect of UVA-activated riboflavin on dentin bonding. J Dent Res
2011;90:1439-45.

Charadram N, Farahani RM, Harty D, Rathsam C, Swain MV, Hunter N.
Regulation of reactionary dentin formation by odontoblasts in response
to polymicrobial invasion of dentin matrix. Bone 2012;50:265-75.
Aguiar TR, Vidal CM, Phansalkar RS, Todorova I, Napolitano JG,
McAlpine JB, ef al. Dentin biomodification potential depends on
polyphenol source. J Dent Res 2014;93:417-22.

Cai J, Palamara JE, Burrow MF. Effects of Collagen Crosslinkers on
Dentin: A Literature Review. Germany: Springer Science + Business
Media; 2017.

Bedran-Russo AK, Pauli GF, Chen SN, McAlpine J, Castellan CS,
Phansalkar RS, ef al. Dentin biomodification: Strategies, renewable
resources and clinical applications. Dent Mater 2014;30:62-76.

Pavan S, Xie Q, Hara AT, Bedran-Russo AK. Biomimetic approach for
root caries prevention using a proanthocyanidin rich agent. Caries Res
2011;45:443-4.

Xie Q, Bedran-Russo AK, Wu CD. In vitro remineralization effects of
grape seed extract on artificial root caries. ] Dent 2008;36:900-6.

Ku CS, Sathishkumar M, Mun SP. Binding affinity of proanthocyanidin
from waste Pinus radiata bark onto proline-rich bovine achilles tendon
collagen type I. Chemosphere 2007;67:1618-27.

. Liu RR, Fang M, Zhang L, Tang CF, Dou Q, Chen JH. Anti-proteolytic

capacity and bonding durability of proanthocyanidin-bio modified
demineralized dentin matrix. Int J Oral Sci 2014;6:168-74.

Islam SM, Hiraishi N, Nassar M, Sono R, Otsuki M, Takatsura T,
et al. In vitro effect of hesperidin on root dentin collagen and de/re-
mineralization. Dent Mater J 2012;31:362-7.

Ghorab S, Ibraheim A. Effect of hesperidin on antibacterial activity and
adhesive properties of an etch-and-rinse adhesive system. Egypt Dent J
2018;64:3801-12.

Islam S, Hiraishi N, Nassar M, Yiu C, Otsuki M, Tagami J. Effect of
natural cross-linkers incorporation in a self-etching primer on dentin
bond strength. J Dent 2012;40:1052-9.

Abo El-Mal EO, Abu-Seida AM, El Ashry SH. A comparative study
of the physicochemical properties of hesperidin, MTA-Angelus
and calcium hydroxide as pulp capping materials. Saudi Dent J
2019;31:219-227.

. Sultan MS, Elkorashy ME. Influence of natural antioxidants on

microshear bond strength to bleached enamel: Chemical versus laser
assisted bleaching. Egypt Dent J 2017;63:1783-91.

. Bitter NC. Tannic acid for smear layer removal: Pilot study with

scanning electron microscope. J Prosthet Dent 1989;61:503-7.

. Bedran-Russo AK, Yoo KJ, Ema KC, Pashley DH. Mechanical

properties of tannic-acid-treated dentin matrix. J Dent Res
2009;88:807-11.

Ors SA, Aksel H, Eren SK, ZEYBEK D. Effect of tannic acid irrigation
on microhardness of root canal dentin and bond strength of epoxy resin

based sealer. Selcuk Dent J 2019;6:148-54.

. Chang Y, Tsai CC, Liang HC, Sung HW. Reconstruction of the right

ventricular outflow tract with a bovine jugular vein graft fixed with
a naturally occurring crosslinking agent (genipin) in a canine model.
J Thorac Cardiovasc Surg 2001;122:1208-18.

Tsai CC, Huang RN, Sung HW, Liang HC. In vitro evaluation of the
genotoxicity of a naturally occurring crosslinking agent (genipin) for
biologic tissue fixation. ] Biomed Mater Res 2000;52:58-65.

Kwon YS, Lim ES, Kim HM, Hwang YC, Lee KW, Min KS. Genipin,
a cross-linking agent, promotes odontogenic differentiation of human
dental pulp cells. J Endod 2015;41:501-7.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Spoerl E, Mrochen M, Sliney D, Trokel S, Seiler T. Safety of
UVAriboflavin cross-linking of the cornea. Cornea 2007;26:385-9.
Wollensak G, Wilsch M, Spoerl E, Seiler T. Collagen fiber diameter in
the rabbit cornea after collagen crosslinking by riboflavin/UVA. Cornea
2004;23:503-7.

Daood U, Swee Heng C, Neo Chiew Lian J, Fawzy AS. In vitro analysis
of riboflavin-modified, experimental, two-step etch-and-rinse dentin
adhesive: Fourier transform infrared spectroscopy and micro-Raman
studies. Int J Oral Sci 2015;7:110-24.

Altaf A, Santhosh L, Srirekha A, Panchajanya S, Jaykumar T. Effect
of Riboflavin on Push-out Bond Strength between Fiber Post and Root
Dentin using Adhesive Cement-an in vitro Study. J Clin Res Dent;
2019;2:1-5.

Uemura R, Miura J, Ishimoto T, Yagi K, Matsuda Y, Shimizu M, et al.
UVA-activated riboflavin promotes collagen crosslinking to prevent
root caries. Sci Rep 2019;9:1252.

Daood U, Matinlinna JP, Fawzy AS. Synergistic effects of VE-TPGS
and riboflavin in crosslinking of dentin. Dent Mater 2019;35:356-67.
Yang H, Li K, Yan H, Liu S, Wang Y, Huang C. High-performance
therapeutic quercetin-doped adhesive for adhesive-dentin interfaces. Sci
Rep 2017;7:1.

Kim JG, Son KM, Park HC, Zhu T, Kwon JH, Yang HC. Stimulating
effects of quercetin and phenamil on differentiation of human dental
pulp cells. Eur J Oral Sci 2013;121:559-65.

Liu Z, Feng X, Wang X, Yang S, Mao J, Gong S. Quercetin as an
auxiliary endodontic irrigant for root canal treatment: Anti-biofilm and
dentin collagen-stabilizing effects /n vitro. Materials 2021;14:1178.
Patra JK, Kim ES, Oh K, Kim HJ, Kim Y, Back KH. Antibacterial effect
of crude extract and metabolites of phytolacca Americana on pathogens
responsible for periodontal inflammatory diseases and dental caries.
BMC Complement Altern Med 2014;14:1-6.

Epasinghe D, Yiu C, Burrow M. Effect of flavonoids on remineralization
of artificial root caries. Aust Dent J 2016;61:196-202.

Gupta S, Paliwal A, Patel S, Sharma N, Asiri FY, Shah AH. Effect of
Antioxidant on Coronal Seal of Dentin Following Sodium Hypochlorite
and Hydrogen-Peroxide Irrigation. West Indian Med J 2015.

Wolfram S. Effects of green tea and EGCG on cardiovascular and
metabolic health. J Am Coll Nutr 2007;26:373S-8.

Jung TH, Yun JH, Cho AR, Kim CS, Chung WG, Choi SH. Effect of
(-)-epigallocatechin-3-gallate on maintaining the periodontal ligament
cell viability of avulsed teeth: A preliminary study. J Periodontal Implant
Sci 2011;41:10-6.

Pheenithicharoenkul S, Panichuttra A. Epigallocatechin-3-gallate
increased the push out bond strength of an epoxy resin sealer to root
dentin. Dent Mater J 2016;35:888-92.

Han S, Abiko Y, Washio J, Luo Y, Zhang L, Takahashi N. Green tea-
derived epigallocatechin gallate inhibits acid production and promotes
the aggregation of streptococcus mutans and non-mutans streptococci.
Caries Res 2021;55:205-14.

Lee P, Tan KS. Effects of Epigallocatechin gallate against Enterococcus

faecalis biofilm and virulence. Arch Oral Biol 2015;60:393-9.

Moreira MA, Souza NO, Sousa RS, Freitas DQ, Lemos MV, De
Paula DM, et al. Efficacy of new natural biomodification agents from
Anacardiaceae extracts on dentin collagen cross-linking. Dent Mater
2017;33:1103-9.

De-Paula DM, Lomonaco D, Ponte AM, Cordeiro KE, Moreira MM,
Mazzetto SE, et al. Influence of collagen cross-linkers addition in
phosphoric acid on dentin biomodification and bonding of an etch-and-
rinse adhesive. Dent Mater 2020;36:¢e1-8.

Souza NO, Sousa RS, Isolan CP, Moraes RR, Lima GD, Lomonaco
D, et al. Intraradicular dentin biomodification with natural agents for
bonding glass-fiber posts. J Adhes Dent 2021;23:223-30.

Ritter AV, Swift EJ, Yamauchi M. Effects of phosphoric acid
and glutaraldehyde-HEMA on dentin collagen. Eur J Oral Sci
2001;109:348-53.

Maciel KT, Carvalho RM, Ringle RD, Preston CD, Russell CM,
Pashley DH. The effects of acetone, ethanol, HEMA, and air
on the stiffness of human decalcified dentin matrix. J Dent Res
1996;75:1851-8.

Sabatini C, Scheffel DL, Scheffel RH, Agee KA, Rouch K, Takahashi M,




45.

46.

Jayanthi G, ef al.: Cross-linking Agents in Endodontics

et al. Inhibition of endogenous human dentin MMPs by Gluma. Dent J Biomed Mater Res B 2010;94B:250-5.

Mater 2014;30:752-8. 47. Mazzoni A, Apolonio FM, Saboia VP, Santi S, Angeloni V, Checchi V,
Chen CQ, Mao CY, Sun J, Chen Y, Wang W, Pan HH, et al. et al. Carbodiimide inactivation of MMPs and effect on dentin bonding.
Glutaraldehyde-induced remineralization improves the mechanical J Dent Res 2014;93:263-8.

properties and biostability of dentin collagen. Mater Sci Eng C Mater 48. Mazzoni A, Angeloni V, Apolonio FM, Scotti N, Tjaderhane L,
Biol Appl 2016;67:657-65. Tezvergil-Mutluay A, et al. Effect of carbodiimide (EDC) on the
Bedran-Russo AK, Vidal CM, Dos Santos PH, Castellan CS. Long- bond stability of etch-and-rinse adhesive systems. Dent Mater
term effect of carbodiimide on dentin matrix and resin-dentin bonds. 2013;29:1040-7.

m Journal of Research and Advancement in Dentistry | Volume 13 | Issue 4 | Jul-Aug 2022 -




