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Can Carbodiimide (EDC) and Chitosan Cross-linking Agents 
Effect the Longevity of Fiberglass Posts Luted with Different 
Types of Composite Cements to Root Dentin?
Helena C. Assisa / Glauce C. do Nascimentob / Renato Ropertoc / Manoel D. Sousa-Netod / 
Fabiane C. Lopes-Olhêe

Purpose: To evaluate the effect of carbodiimide (EDC) and chitosan (CHI) on the enzymatic activity (EA) and bond 
strength (BS) of different composite cements to root dentin.

Materials and Methods: Ninety (90) maxillary canines were sectioned, standardizing the length of the roots. The roots were 
endodontically treated, prepared, divided into 3 groups according to dentin treatment (distilled water [DW], CHI 0.2 wt%, or 
EDC 0.5M), and further subdivided into 3 subgroups according to composite cement (RelyX ARC [3M Oral Care], Panavia F 
2.0 [Kuraray Noritaki], or RelyX U200 [3M Oral Care]). Of the slices obtained by sectioning, the most cervical of each third 
were subjected to a push-out test and the most apical were subjected to in-situ zymography. Half of the slices were ana-
lyzed immediately, and the other half after 6 months. The results were analyzed with ANOVA or the chi-squared test.

Results: RelyX ARC showed higher BS associated with CHI, while RelyX U200 showed higher BS associated with EDC 
(p = 0.044). For Panavia F 2.0, the treatment did not influence BS (p > 0.05). For the cervical and middle thirds, no differ-
ences were observed between the cements, while the apical third revealed higher BS for RelyX U200 (p < 0.001). The high-
est percentage of adhesive-to-dentin failures was observed for Panavia F 2.0. EDC showed the lowest percentage of 
adhesive-to-dentin failures. According to zymographic analysis, DW and CHI showed greater fluorescence for RelyX ARC, 
while EDC exhibited the lowest fluorescence of all cements (p > 0.05).

Conclusion: The different mechanisms of action of solutions for pre-treatment of intraradicular dentin yielded different re-
sults depending on the adhesive used. EDC resulted in higher bond strength and higher enzyme inhibition for RelyX U200, 
while the treatment with chitosan resulted in higher bond strength and lower enzymatic activity for RelyX ARC. Although 
EDC and chitosan treatments did not influence the bond strength for Panavia F 2.0, both resulted in higher enzyme inhibi-
tion for this composite cement.
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Fiberglass posts are commonly used for the restoration of 
endodontically treated teeth with extensive loss of coronal 

structure48 because their elastic modulus is similar to that of 
dentin. This similarity reduces the transmission of extrinsic 
forces to the dentin walls and consequently minimizes the risk 
of vertical root fractures.44

For adhesive cementation of posts, both conventional com-
posite cements with chemical or dual polymerization and self-
adhesive composite cements can be used. Conventional com-
posite cements are characterized by their association with an 
etch-and-rinse or a self-etch adhesive, which is responsible for 
the bonding of the composite cement to the root dentin23 
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through the formation of a hybrid layer and intratubular tags, 
which result from the infiltration of resinous monomers within 
the exposed collagen fibrils.29 In contrast, self-adhesive com-
posite cements rely on chemical adhesion to the tooth,15 es-
tablished by a phosphoric-acid monomer, which is ionized 
when mixing the composite pastes, and interacts with the hy-
droxyapatite of the mineralized dental tissues.7,35

The stability of intraradicular posts is related to the integrity 
of the post, dentin wall, and cement interfaces.47 The adhesive 
interface with dentin is naturally susceptible to long-term deg-
radation,2,9,28,52 since changes in temperature, humidity, vari-
ous chemical reactions imposed by the oral environment, as 
well as chemical and morphological changes in the tooth struc-
ture interfere in its constitution and alter its resistance.25 In ad-
dition, the presence of remaining filling material on the root 
canal walls, high C-factor, difficult solvent evaporation, and 
limited light transmission to the apical root third (necessary for 
adequate photopolymerization) make the establishment of the 
adhesive interface of intraradicular posts even more com-
plex.3,9 Thus, despite improvements in adhesives in recent de-
cades, a premature decrease in bond strength, and consequent 
reduction in bond durability, is one of the great challenges for 
adhesive dentistry today.28,44,53

The durability of the adhesive interface is directly related to 
masticatory forces, water absorption, and proteolytic enzymes 
from the dentin itself or from exogenous sources such as bac-
teria53 and saliva, in addition to the intrinsic resistance of its 
constituents to degradation processes.22 In this sense, natural 
and synthetic substances with the potential to increase degra-
dation resistance and enzymatic inhibition capacity can con-
tribute to the maintenance of stability and longevity of the ad-
hesive interface between composite cement and root dentin.5 
Thus, different strategies have been proposed to minimize the 
degradation of the adhesive interface over time. These include 
the reinforcement of collagen fibers at the adhesive interface, 
the inhibition or inactivation of endogenous enzymes, or a 
combination of both strategies.31 In this context, synthetic sub-
stances such as carbodiimide (EDC) (1-ethyl-3- 3-dimethylami-
nopropyl carbodiimide hydrochloride) have demonstrated the 
ability to increase long-term bond strength28 by stimulating the 
formation of cross-links that already exist naturally between 
collagen molecules and fibrils, making dentinal collagen more 
resistant to degradation,8 in addition to having the ability to 
inactivate dentin metalloproteinases and cathepsin cysteines.31

Similarly, efforts have been made to improve the biological 
and mechanical properties of collagen by strengthening its ma-
trix through the use of natural solutions. Chitosan is a hydro-
philic biopolymer with a large number of free hydroxyl and 
amino groups.39,50 It is non-toxic, antifungal, antioxidant, anti-
inflammatory, biocompatible, and biodegradable, and is de-
rived from the deacetylation of chitin obtained from the exo-
skeleton of crustaceans; it also has the potential to increase the 
longevity of the bond strength of the adhesive interface to den-
tin.13 Chitosan has the ability to bind to collagen fibrils through 
electrostatic attraction, enveloping them, which increases col-
lagen resistance.38 According to Xiong et al,50 the affinity be-
tween chitosan and collagenase protects collagen fibrils, block-
ing access to metalloproteinases and hindering their actions.

Largely, studies on the effect of natural and synthetic cross-
linking agents yielded results on hybrid layer formation in 
coronal dentin. There are only a few studies regarding the per-
formance of these agents in root dentin, especially when using 
composite cements other than etch-and-rinse, self-etching 
and self-adhesive composite cements.2,4,43 Alonso et al2 found 
that pretreatment with EDC did not weaken the initial or lon-
ger-term (9-month) bond strength of RelyX ARC (3M Oral Care) 
etch-and-rinse composite cement. Similarly, Ghazvehi et al18 
observed that EDC did not decrease the bond strength of Pan-
avia F 2.0 (Kuraray Noritake) self-etching composite cement to 
root dentin. However, Comba et al9 and Shafiei et al43 found 
higher bond strengths after 1 year for Core-X Flow (Dentsply 
Sirona) etch-and-rinse and Clearfil SA (Kuraray Noritake) self-
adhesive composite cements, respectively. This illustrates the 
lack of consensus in the literature on the effect of EDC on the 
bond strength of different types of composite cement to root 
dentin. As for chitosan, the literature contains no previous 
studies which evaluated its effect on the bond strength and 
longevity of the adhesive interface with root dentin. Coronal 
and root dentin have different mechanical properties. Root 
dentin has lower hardness and lower elastic modulus com-
pared to coronal dentin due to the different tubular density,32 
in addition to differences in the presence and concentration of 
metalloproteinases (MMP) -2, -8, -9 and -13.2

Given the natural and synthetic substances which might 
increase the longevity of the adhesive interface, and due to 
the wide variety of composite cements with different mechan-
isms of adhesion to root dentin, this study evaluated the influ-
ence of EDC and chitosan treatment on the bond strength and 
enzymatic activity of different types of composite cements to 
dentin, in addition to evaluating the proteolytic activity of root 
dentin. The null hypotheses tested were: 1. EDC and chitosan 
have no effect on the bond strength of fiberglass posts ce-
mented with different composite cements; 2. EDC and chito-
san have no effect on the proteolytic activity of the dentin im-
mediately and after 6 months; 3. aging has no effect on the 
bond strength and proteolytic activity.

MATERIALS AND METHODS

This study was approved by the Ethics in Research Committee 
of the School of Dentistry of Ribeirão Preto, University of São 
Paulo (CAAE: 02198018.5.0000.5419). To determine the num-
ber of samples necessary, a t-test was calculated using Sigma 
Plot software (Systat Software; San Jose, CA, USA). Consider-
ing a minimum difference of 1.0 MPa, a standard deviation es-
timate of 0.65, a statistical power of 0.9 and a probability level 
of  = 0.05, the estimated number was 10 specimens for each 
group.

Ninety maxillary canines with straight, completely formed 
roots, a single root canal, no calcifications, resorptions, or 
cracks, and a ratio of buccolingual to mesiodistal dimensions 
≤ 1.5 were selected.

After sectioning the crowns and standardizing the root 
length to 16 mm, the root canals were instrumented with Re-
ciproc R50 (VDW; Munich, Germany) and filled using the single-
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cone technique with AH Plus sealer (Dentsply Sirona; Konstanz, 
Germany), according to the manufacturer’s instructions.

After a period of three times the setting time, 12 mm of fill-
ing material was removed with a No. 2 Gates-Glidden drill 
(Dentsply Maillefer; Ballaigues, Switzerland). Then the root ca-
nals were prepared using a drill corresponding to the No. 3 Ex-
acto fiberglass post (Angelus; Londrina, PR, Brazil). The drills 
were replaced after 5 post-space preparations and the 4-mm 
remaining filling material was confirmed by digital radiography. 
The prepared root canals were irrigated with 5 ml of distilled 
water and dried with Capillary Tip aspiration cannulas (Ultra-
dent; South Jordan, UT, USA).

Next, the specimens were randomly divided into three 
groups (n = 30) according to the solution used for dentin treat-
ment: distilled water (control), chitosan 0.2 wt%, and EDC 0.5 
mol/l. Each of these was further divided into three subgroups 
(n = 10) according to the composite cements used for post ce-
mentation: RelyX ARC (3M Oral Care; St Paul, MN, USA), Panavia 
F 2.0 (Kuraray Noritake; Tokyo, Japan), and RelyX U200 (3M Oral 
Care) (Table 1).

The solutions were applied for 60 s using a disposable plastic 
syringe and NaviTip needle (Ultradent, South Jordan, UT, USA). 
The canals were dried with Capillary Tip cannulas and absor-
bent paper cones. Before cementation, the roots were wrapped 
with wax strips to avoid further polymerization of the cement.

For the cementation with RelyX ARC, the radicular dentin 
was conditioned with 35% phosphoric acid (Ultra-Etch, Ultra-
dent, lot D0DRK) for 15 s, followed by washing with 5 ml of dis-
tilled water for 10 s. After moisture control with absorbent 
paper tips, the roots were treated with one of the irrigating so-
lutions. After 60 s, the canals were again dried with absorbent 
paper tips. Then, Adper Single Bond 2 (3M Oral Care, lot 
1922700285) etch-and-rinse adhesive was applied in two con-
secutive layers, followed by evaporation of the solvents using 
a gentle air stream for 10 s (distance of 10 cm). Excess adhesive 

was removed with absorbent paper cones and the material was 
photoactivated for 10 s using an Optilight Max photopolymer-
izer (Dabi Atlante; Ribeirão Preto, SP, Brazil); before use, irradi-
ance was measured with a radiometer (L.E.D. Radiometer, De-
metron Kerr; Orange, CA, USA).

For cementation with Panavia F 2.0, the canals received the 
dentin treatment with the tested solutions prior to applying a 
layer of ED Primer A (Kuraray Noritake) mixed with ED Primer B 
(Kuraray Noritake). The adhesives were applied in the root canals 
and left to act for 30 s. The adhesive excess was removed with 
absorbent paper cones and gentle air streams. For cementation 
with RelyX U200, the root canals were dried with absorbent 
paper cones and the material was inserted into the root canal.

The fiberglass posts were immersed in 70% alcohol for 
10 min, dried, and coated with silane (Angelus; Londrina, Brazil, 
Lot 47285) for 60 s using a microbrush (3M Oral Care). The ce-
ments were handled according to the manufacturer’s instruc-
tions, inserted into the root canal with a size 50 K-file (Dentsply 
Maillefer), and applied to the fiberglass post surface, which was 
then inserted into the root canal using finger pressure. Photo-
activation was performed for 40 s at 1200 mW/cm2 using an 
Optilight Max photopolymerizer. The specimens were stored at 
37°C and 100% humidity for 7 days.

The specimens were then affixed to acrylic resin plates 
using hot glue. The samples were sectioned perpendicular to 
their long axis in the mesiodistal direction with a 0.3-mm dia-
mond disk at 350 rpm, 75 g weight, under constant cooling 
using an Isomet 1000 precision cutting machine (Buehler; Lake 
Bluff, IL, USA). From each root third, three dentin slices 1.0 mm 
(±0.1 mm) thick were obtained. The first two slices of each third 
were used for the push-out test, and the most apical slices of 
each third were used for in-situ zymography. In half of the 
slices of each subgroup, the analyses were performed immedi-
ately, while the other half of each subgroup was stored in dis-
tilled water at 37ºC for six months before analysis.

Table 1  Composition, batch number, and manufacturer of materials used

Material Composition Batch number Manufacturer

RelyX ARC Paste A: bis-GMA, TEG-DMA, zirconia/silica, pigments, tertiary amine and photoinitiator system
Paste B: bis-GMA, TED-GMA, zirconia/silica and benzoyl peroxide 
(filler content ≈ 67.5%)

1910700149 3M Oral Care; 
St Paul, MN, USA

Panavia F 2.0 Paste A: silanized silica particle, silanized colloidal silica, MDP, hydrophilic aliphatic 
dimethacrylate, aromatic hydrophilic dimethacrylate, camphorquinone, catalyst and initiator 
Paste B: silanized barium glass, sodium fluoride, aliphatic hydrophilic dimethacrylate, aromatic 
hydrophilic dimethacrylate and pigment catalysts 
(filler content ≈ 59%)

2D0227 Kuraray Noritake; 
Tokyo, Japan

RelyX U200 Base paste: silane-treated glass powder, 2-propenoic acid, 2-methyl 1,1‘-1- (hydroxymethyl)-1, 
2-ethanodlyl ester, triethylene glycol dimethacrylate (TEG-DMA), silane-treated silica, fiberglass, 
sodium persulfate and per-3,5,5-trimethyl-hexanoate t-butyl
Catalyst paste: silane-treated glass powder, substitute dimethacrylate, silane-treated silica, 
sodium p-toluenesulfonate, 1-benzyl-5-phenyl-baric acid, calcium salts, 1,12-dodecane 
dimethacrylate, calcium hydroxide and titanium dioxide
(filler content ≈ 70%)

2000600565 3M Oral Care
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follows: a) adhesive to dentin, if the intracanal material de-
tached from the dentin; (b) adhesive to composite cement, if 
the fiberglass post detached from the composite cement; (c) 
mixed, when the fiberglass post detached from both dentin 
and composite cement; (d) cohesive in dentin, when dentin 
fracture occurred; (e) cohesive in the fiberglass post, when the 
fiberglass post fractured; (f) mixed, when both the fiberglass 
post and dentin fractured.

In-situ Zymography
In-situ zymography was performed with the objective of de-
tecting gelatinase activity at the adhesive interface formed be-
tween radicular dentin, composite cement, and fiberglass post. 
Each slice was bonded to a microscope slide with cyanoacrylate 
glue (Loctite, Henkel; Itapevi, SP, Brazil), taking care to avoid 
blisters between the slice and glass surface. Then, the slices 
were progressively polished in a polishing machine with 400-, 
600-, 1200- and 2000-grit silicon carbide papers until the final 
thickness was between 0.3 and 0.4 mm. The specimens were 
stored at 4°C for 24 h.

In-situ zymography was performed using DQ-gelatin 
(E12055, Molecular Probes; Eugene, OR, USA) diluted 1:10 in 
Tris-CaCl2 50 M (pH 7.4). Twenty microliters of gelatinous solu-
tion containing fluorescein was applied on the samples, which 
were then incubated in a dark, humid chamber at room tem-
perature for 1 h. Phenanthroline, an MMP inhibitor, and serine 
protease inhibitor PMSF, were used to confirm whether the ac-
tivity at the adhesive interface was due to metalloproteases or 
serineproteases. After incubation, the samples were washed 
3 times with phosphate buffered saline (PBS) and then fixed 
with 4% buffered paraformaldehyde (PFA). The samples were 
covered with coverslips to be examined and photographed 
with a Leica DMR fluorescence microscope (Leica Imaging Sys-
tems), using Leica Qwin software (Leica Imaging Systems).

Photomicrographs were obtained at 1.25X, 5X, and 10X mag-
nifications, with the 5X magnification providing representative 
images of each quadrant of the slices. Gelatin hydrolysis, ob-
served as the intensity of green fluorescence emitted by root 
dentin, was evaluated in pixels per area with ImageJ software 

Push-out Bond Strength Test
Metal bases and metal stems with active tips (1.5, 1.0, and 
0.8 mm) and holes (2.5, 1.5, and 1.2 mm) of different diameters, 
compatible with the restorative material diameter in the cervi-
cal, middle, and apical thirds, were used. The base was coupled 
to the lower portion of an Instron 2519-106 universal testing ma-
chine (Instron; Canton, MA, USA), and the slice was positioned 
with its cervical aspect facing downward in the same direction 
as the hole. The metal stems were attached to the upper portion 
of the testing machine and positioned on the intracanal restora-
tive material. The testing machine was operated at a constant 
speed of 0.5 mm/min until displacement of the fiberglass post.

The force required for the displacement (F) was measured in 
Newtons (N). In order to calculate bond strength (BS), the re-
sulting force was converted to MPa by dividing the force at dis-
placement (F) by the lateral area of the intracanal material (SL). 
To calculate SL, the height (h) of each slice was measured using 
a digital caliper (Digimess Instrumentos de Precisão; São 
Paulo, Brazil), and the radius (major and minor) was measured 
by means of a stereomicroscope (Leica, M165C, Leica Microsys-
tems; Wetzlar, Germany) using Las v4.4 software (Leica Micro-
systems) before the push-out tests.

For this, the following formula was used

SL =  (R + r)   h2 + (R–r)2

where R is the coronal radius of the restorative material, r is the 
apical radius of the restorative material, and h is the height/
thickness of the slice.

From these data, BS was calculated in MPa by dividing the 
force at displacement of the fiberglass post by its lateral area 
(BS = F/SL).

Mode of Failure
After the bond strength test, failure modes were determined 
using a Leica M165C stereomicroscope at 25X magnification. 
The failures were determined in percentages and classified as 

a b c

Fig 1  Zymographic analysis of the adhesive interface. a. RGB color image showing enzymatic activity at the adhesive interface between  
composite cement and root dentin; b. image converted to 8-bit grayscale; c. region of interest (ROI) delimited in red after using the threshold tool.  
p: fiberglass post; c: composite cement; d: radicular dentin.
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(NIH; Bethesda, MD, USA) with an 8-bit grayscale, 23 to 255 
contrast, and a threshold value of 24 to 30 (Fig 1).

Statistical Analysis
The bond strength data were submitted to 3-way ANOVA and 
repeated measures ANOVA, supplemented by Tukey’s post-hoc 
test for multiple comparisons between groups. The possible 
association between the independent variables of the study 
(time of evaluation, dentin treatment, and cement) and the 
type of failure was analyzed using the chi-squared test. The 
proteolytic activity data were submitted to 3-way ANOVA and 
Tukey’s post-hoc test for multiple comparisons between 
groups. Statistical analyses were performed using Jamovi 
v.1.6.23 software (The Jamovi Project; Sydney, Australia), with 
a probability level fixed at 95% for all tests.

RESULTS

Bond Strength Analysis
Three-way ANOVA revealed a difference for the factors cement 
(p < 0.001) and dentin treatment (p < 0.004), and for the interac-
tion of cement x dentin treatment (p < 0.001). However, in terms of 
time of evaluation, no significant difference was found (p = 0.267).

For RelyX ARC, the greatest bond strengths were observed for 
chitosan vs distilled water (p = 0.003). For Panavia F 2.0, there 

was no difference between dentin treatments (p > 0.05). As for 
RelyX U200, the highest bond strength was observed for EDC 
compared to the other treatments (p = 0.029) (Table 2).

With the distilled water treatment, the highest bond 
strengths were observed for RelyX U200 (p = 0.008). Using chi-
tosan, the highest bond strengths were observed for RelyX ARC 
and RelyX U200 (p < 0.001). For EDC, the highest bond strengths 
were observed for RelyX U200 (p = 0.004) (Table 2).

Repeated-measures ANOVA revealed a significant difference 
for the factor root third (p = 0.022) as well as the interaction be-
tween root third and cement (p < 0.001).

For RelyX ARC and Panavia F 2.0, there was no significant 
difference between the root thirds (p > 0.05), while for RelyX 
U200, the highest bond strengths were observed for the apical 
third (p < 0.05) (Table 3).

For the cervical and middle thirds, no significant differences 
were observed between the cements (p > 0.05), while for the 
apical third, the highest bond strengths were observed for 
RelyX U200 (p < 0.001) (Table 3).

Failure-pattern Analysis
The chi-squared test showed that Panavia F 2.0 had a greater 
percentage of adhesive-to-dentin failure compared to RelyX 
ARC and RelyX U200 (p < 0.001). EDC showed a lower percent-
age of adhesive failures to dentin compared to chitosan and 
distilled water (p < 0.001; Table 4).

Table 2  Bond strength means ± SD in MPa for the different dentin treatments and composite cements

Composite cement

Dentin treatment RelyX ARC Panavia F 2.0 RelyX U200

Distilled water 4.4 ± 4.0Bb 3.9 ± 3.7Ab 7.2 ± 5.7Ba

Chitosan 8.0 ± 6.8Aa 2.8 ± 2.8Ab 7.1 ± 5.0Ba

EDC 6.6 ± 5.2ABb 4.1 ± 5.0Ab 10.1 ± 4.6Aa

Different superscript capital letters indicate significant differences between rows and different superscript lowercase letters indicate significant differences between  
columns (Tukey’s test, p < 0.05). n = 10, 30 slices per group, total of 540 slices.

Table 3  Bond strength means ± SD in MPa of composite cements to root dentin by root thirds 

Composite cement

Root thirds RelyX ARC Panavia F 2.0 RelyX U200

Cervical 6.8 ± 6.2Aa 5.8 ± 4.8Aa 7.9 ± 3.7ABa

Middle 5.4 ± 4.8Aa 5.3 ± 4.5Aa 6.3 ± 4.2Ba

Apical 4.6 ± 5.2Ab 5.5 ± 5.4Ab 11.0 ± 7.8Aa 

Different superscript capital letters indicate significant differences between rows and different superscript lowercase letters indicate significant differences between  
columns (Tukey’ test, p < 0.05). n = 10, 30 slices per group, total of 540 slices.
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Proteolytic Activity Analysis
Three-way ANOVA revealed a signficant difference for the fac-
tors cement (p < 0.001) and dentin treatment (p < 0.001), as 
well as for the interaction between cement x dentin treatment 
(p < 0.002).

For RelyX ARC, the lowest number of pixels per fluorescent 
area (ie, lowest fluorescence) was observed for EDC (p < 0.001). 
For Panavia F 2.0 and RelyX U200, the lowest fluorescence was 
observed with both EDC and chitosan (p < 0.001) (Table 5). 

For distilled water, the lowest fluorescence was observed for 
Panavia F 2.0 and RelyX U200 (p < 0.001). For chitosan, the low-
est fluorescence was observed for RelyX U200 (p = 0.008). As for 

EDC, no signficant differences were observed between the ce-
ments (p > 0.05) (Table 5).

Qualitative analysis of in-situ zymography images revealed 
no signficant difference in the adhesive interface initially or 
after six months. However, significant differences were ob-
served between the dentin-treatment solutions associated 
with different composite cements.

With regard to the adhesive interface of the fiberglass posts 
cemented with RelyX ARC, the presence of fluorescence was 
observed in the distilled water group, which is evidence of ge-
latinolytic/collagenolytic activity (Figs 2a and 2b). As for the 
group treated with chitosan (Figs 2c and 2d) and EDC (Figs 2e 

Table 4  Failure mode types after push-out test for dentin treatments and different composite cements (in %)

Composite cement Failure type

Dentin treatment

Water Chitosan EDC

RelyX ARC Ad 28.3 26.7 3.3

Ap 16.7 11.7 53.3

Ma 23.3 33.3 15.0

Cd 18.3 10.0 15.0

Cp 6.7 5.0 1.7

Mc 6.7 13.3 11.7

Panavia F 2.0 Ad 61.7 41.7 16.7

Ap 16.7 26.7 53.3

Ma 15.0 15.0 15.0

Cd 5.0 16.7 11.7

Cp 0.0 0.0 1.7

Mc 1.7 0.0 1.7

RelyX U200 Ad 38.3 30.0 10.0

Ap 21.7 20.0 51.7

Ma 13.3 18.3 25.0

Cd 13.3 20.0 8.3

Cp 6.7 3.3 1.7

Mc 6.7 8.3 3.3

Failure type: Ad: adhesive to dentin; Ap: adhesive to post; Ma: mixed adhesive; Cd: cohesive in dentin; Cp: cohesive in post; Mc: mixed cohesive.

Table 5  Means ± SD in mm2 of the fluorescent area after in-situ zymography for different treatments of dentin and composite 
cements

Composite cement

Dentin treatment RelyX ARC Panavia F 2.0 RelyX U200

Distilled water 1.8 ± 0.8Ab 1.1 ± 0.6Aa 1.0 ± 0.5Aa 

Chitosan 0.8 ± 0.5Ba 0.4 ± 0.3Bab 0.2 ± 0.3Bb

EDC 0.0 ± 0.0Ca 0.0 ± 0.1Ba 0.0 ± 0.0Ba

Different superscript capital letters indicate significant differences between rows and different superscript lowercase letters indicate significant differences between 
columns (Tukey’s test, p < 0.05). n = 2, 6 slices per group, total of 108 slices.
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and 2f), no enzymatic activity was observed (absence of fluor-
escence) at the adhesive interface.

Regarding Panavia F 2.0, for the group treated with distilled 
water, fluorescence was observed at the cement/dentin inter-
face (Figs 3a and 3b). In the group treated with chitosan 
(Figs 3c and 3d) and EDC (Figs 3e and 3f), there was no fluores-
cence at the adhesive interface.

Regarding RelyX U200, for the group treated with distilled 
water (Figs 4a and 4b), fluorescence was observed at the adhesive 
interface. For the group treated with chitosan (Figs 4c and 4d), 
both absence of fluorescence and areas of gelatinolytic/collageno-
lytic activity were observed. In the group treated with EDC (Figs 4e 
and 4f), there was no fluorescence at the adhesive interface.

DISCUSSION

Previous studies demonstrated that long-term loss of the adhe-
sive interface is the most common cause of restoration failure, 
since the bond between dentin and resin composite is con-
stantly subjected to thermal and mechanical challenges.26 The 
characteristics of the dentinal substrate itself, such as struc-
tural and morphological heterogeneity,27 moisture from exuda-
tion of dentinal fluid,12 and collagen degradation due to colla-
genolytic enzymes in root dentin, promote a decrease in bond 

strength over time.54 Thus, it is important to study substances 
for dentin surface treatment that may increase the longevity of 
the bond of the different composite cements, which have dif-
ferent mechanisms of adhesion, to root dentin.

Regarding the methodology, maxillary canines that had a 
single root canal and a buccolingual-to-mesiodistal dimensional 
ratio ≤ 1.536 were selected so that the cross section was as circu-
lar as possible,37 similar to the cross section of the fiberglass 
posts, allowing better adaptation of the adhesive interface.

To evaluate the bond strength of the restorative materials to 
root dentin, the push-out test was used, which makes it possi-
ble to determine the bond strength in the different thirds of the 
root canal.30 For this, bases and metallic stems with active tips 
and holes of compatible diameters were made for each root 
third, in order to facilitate the application of force and more 
evenly distributed shear stresses as close as possible to the 
composite-cement/dentin interface.28,52

Following the push-out test, failure patterns were analyzed 
under a stereomicroscope, and the proteolytic activity of the 
adhesive interface was analyzed using in-situ zymography. In 
this technique, the gelatinous substrate is degraded by active 
gelatinolytic enzymes present in the dentin sample, a process 
detectable by fluorescence microscopy. The fluorescence in-
tensity is directly proportional to the tissue’s proteolytic activ-
ity.2 A protocol adapted from the study by Mazzoni et al34 was 
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Fig 2  Photomicrographs of the adhesive interface of fiberglass posts cemented with RelyX ARC. a. Treatment with distilled water showing gelatinolytic 
activity at the adhesive interface (5X); b. treatment with distilled water showing gelatinolytic activity at the adhesive interface (10X); c. treatment with  
chitosan showing absence of enzyme activity (5X); d. treatment with chitosan showing absence of enzyme activity (10X); e. treatment with EDC  
showing absence of enzyme activity (5X); f. treatment with EDC showing absence of enzyme activity (10X). p: fiberglass post; c: composite cement;  
d: radicular dentin. Yellow asterisks: gelatinolytic activity; yellow arrows: absence of enzyme activity.
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used to allow detection of dentinal proteases, such as matrix 
metalloproteinases (MMPs) and cathepsin cysteines. It is 
known that these enzymes are zinc and calcium dependent, 
regulate physiological and pathological metabolism, are re-
leased during dentin demineralization by acid conditioner or 
acid monomers,31 and are capable of degrading collagen fibers. 
Composite cement infiltrates the collagen-fiber mesh to form 
the adhesive interface28,43 by breaking peptide bonds.20

To allow evaluation of the bond strength longevity and pro-
teolytic activity, accelerated aging was performed by direct ex-
posure of the slices to distilled water,9,28,52 with the aim of lead-
ing to rapid diffusion through the adhesive interface, resulting 
in degradation of the dentinal collagen matrix and resin.27,43

The results showed that for RelyX U200 self-adhesive ce-
ment, dentin treatment with EDC resulted in higher bond 
strength and a lower percentage of adhesive-to-dentin failures 
compared to chitosan and distilled water, as well as lower en-
zymatic activity compared to distilled water (Figs 4e and 4f). 
The latter may be related to the fact that EDC establishes pep-
tide-covalent bonds between proteins, which reduces the mo-
lecular mobility essential for the collagenolytic activity of en-
zymes,33,43 unlike chitosan, which binds to collagen fibrils 
electrostatically.13 The mechanism of protease inhibition by 
EDC occurs through activation of the carboxyl group of glu-
tamic and aspartic acids present in collagen molecules and in 

the active site of MMPs.40 Thus, the low pH of etched dentin 
after performing the acid-etching step of RelyX ARC etch-and-
rinse cement suppresses the ionization of the carboxyl group 
that is activated by EDC, decreasing its effectiveness.1,42 On the 
other hand, RelyX U200 cement is applied over previously un-
etched dentin. Thus, at neutral pH, EDC has greater stability, 
where the carboxylic groups are fully ionized and negatively 
charged,42 resulting in cross-links without residual reactive 
groups.41 This may explain the better performance of RelyX 
U200 cement associated with EDC treatment.

For RelyX ARC, dentin treatment with chitosan resulted in 
higher bond strength compared to EDC and lower enzymatic 
activity compared to distilled water (Figs 2c and 2d). This may 
be related to electrostatic interactions between chitosan and 
collagen fibrils.38 The chitosan interaction is influenced by the 
pH of the dentin environment, which in turn interferes with the 
ionization of chitosan amino groups.14 Thus, after conditioning 
the dentin prior to appyling RelyX ARC cement, the pH be-
comes acidic, so that when chitosan is applied, its amino 
groups are ionized, conferring a positive charge and facilitating 
binding to negatively charged molecules such as collagen, thus 
becoming a bioadhesive compound.10 Since the use of RelyX 
U200 and Panavia F 2.0 cements does not require prior acid 
etching, the neutral pH of the dentin surface at the time of chi-
tosan application means that large amounts of amino groups 
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Fig 3  Photomicrographs of the adhesive interface of fiberglass posts cemented with Panavia F 2.0: a. Treatment with distilled water showing  
gelatinolytic activity at the adhesive interface (5X); b. treatment with distilled water showing gelatinolytic activity at the adhesive interface (10X);  
c. treatment with chitosan showing absence of enzyme activity (5X); d. treatment with chitosan showing absence of enzyme activity (10X);  
e. treatment with EDC showing absence of enzyme activity (5X); f. treatment with EDC showing absence of enzyme activity (10X). p: fiberglass post;  
c: composite cement; d: radicular dentin; yellow asterisks: gelatinolytic activity; yellow arrows: absence of enzyme activity.
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are not ionically charged.39 This interferes with the formation 
of intermolecular bonds with dentinal collagen and decreases 
the mechanical properties of the organic matrix.14 It is impor-
tant to note that the higher enzymatic activity at the adhesive 
interface of RelyX ARC cement in relation to other cements, es-
pecially when associated with distilled water treatment 
(Figs 2a and 2b), is probably related to the presence of a de-
mineralized dentin zone not infiltrated by monomers.21 This 
favors hydrolytic degradation, mediated by the action of water, 
and enzymatic degradation, in which water participates by re-
activating MMPs and cathepsin cysteines previously inactivated 
by deposition of hydroxyapatite crystals.19

Regarding Panavia F 2.0 self-etching cement, dentin treat-
ment with the different solutions did not influence the bond 
strength. However, the pretreatment of dentin with EDC and 
chitosan resulted in lower enzymatic activity (Figs 3c–3f) com-
pared to distilled water, indicating that both solutions im-
proved the quality of the adhesive interface. Unlike RelyX ARC 
cement, the self-etching adhesion mechanism involves simul-
taneous demineralization and infiltration of resinous mono-
mers; thus, no discrepancy is generated between the depth of 
demineralization by acidic monomers and penetration of com-
posite cement, causing fewer gaps.46 However, self-etching 
systems generally contain a higher concentration of hydro-
philic monomers, which increases the permeability of the hy-

brid layer and increases the dissociation of monomers. Hence, 
the use of this type of adhesive also leads to the exposure of 
collagen, which can be degraded hydrolytically through the 
activation of MMPs.27 Therefore, previous studies sought to in-
sert MMP inhibitors into the composition of the self-etching 
adhesive.51 However, changes were observed in the mechani-
cal properties of composite cement, and there was no increase 
in the bond longevity of the adhesive interface.45 Thus, up to 
now, the literature does not conclusively elucidate the degree 
to which MMPs influence self-etching adhesives. The first and 
second null hypotheses of this study were thus rejected.

For RelyX ARC and Panavia F 2.0 cements, the bond 
strengths were statistically similar in all root canal thirds, while 
RelyX U200 cement presented higher bond strengths in the api-
cal third compared to the other cements, demonstrating that 
this material was less influenced by depth and tubular den-
sity.24 According to Ferrari et al,16 the number of dentinal tu-
bules is greater in the cervical third of the roots, gradually de-
creasing in the apical direction. The lower tubular density in 
the apical third implies a greater amount of intertubular dentin 
available for chemical interaction with the cement. Thus, in the 
self-adhesive adhesion mechanism, the bond strength to den-
tin seems to be more related to the amount of available inter-
tubular dentin than to the density of the dentinal tubules,6,17 
which may explain the results obtained.
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Fig 4  Photomicrographs of the adhesive interface of fiberglass posts cemented with RelyX U200: a. Treatment with distilled water showing  
gelatinolytic activity at the adhesive interface (5X); b. treatment with distilled water showing gelatinolytic activity at the adhesive interface (10X);  
c. treatment with chitosan showing absence of enzyme activity (5X); d. treatment with chitosan showing gelatinolytic activity at the adhesive interface 
(10X); e. treatment with EDC showing absence of enzyme activity (5X); f. treatment with EDC showing absence of enzyme activity (10X). p: fiberglass 
post; c: composite cement; d: radicular dentin; yellow asterisks: gelatinolytic activity; yellow arrows: absence of enzyme activity.
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In-vitro research has shown that bond strengths after stor-
age in water generally decrease in the short and long term, due 
to hydrolytic degradation of the components of the adhesive 
interface.11 However, the results of the push-out test showed 
that after six months, there was no significant decrease in the 
bond strengths, suggesting that accelerated aging through di-
rect exposure of the adhesive interface to distilled water for six 
months was not enough to destabilize the adhesive interface 
and significantly decrease the bond strength in the present 
study. It is noteworthy that degradation is a complex process 
that includes the disintegration and dissolution of materials in 
saliva and other types of mechanical, chemical and physical 
events caused by occlusal force and thermal stress, as well as 
enzymatic attacks and effects of pH variation.49 The third null 
hypothesis was accepted.

Considering that the purpose of using cross-linking agents 
is to promote enzymatic inhibition and increase resistance to 
degradation of the adhesive interface, thus contributing to the 
maintenance of bond strength over time, RelyX U200 cement 
performed better when associated with EDC treatment. For 
RelyX ARC cement, dentin treatment with chitosan was shown 
to be beneficial in the formation of the hybrid layer between 
composite cement and root dentin. As for the Panavia F 2.0 ce-
ment, the treatment of dentin with the evaluated solutions did 
not influence the bond strengths; however, both EDC and chi-
tosan reduced the enzymatic activity. 

CONCLUSIONS

For RelyX U200, EDC resulted in higher bond strength, lower 
percentage of adhesive-to-dentin failures, and higher enzyme 
inhibition, while for RelyX ARC, chitosan resulted in higher 
bond strength and lower enzymatic activity. For Panavia F 2.0 
the dentin treatment did not influence the bond strength; how-
ever, EDC and chitosan resulted in lower enzymatic activity. For 
RelyX ARC and Panavia F 2.0, the bond strength was similar in 
all thirds of the root canal, while RelyX U200 showed higher 
bond strength in the apical third. After six months, there was 
no decrease in bond strength. Therefore, it is suggested that 
the different mechanisms of action of the solutions used for 
pretreatment of intraradicular dentin yield different results, 
depending on the type of adhesive used. More studies are 
needed to evaluate the bond strength and proteolytic activity 
for longer periods, in addition to clinical studies to verify the 
behavior of these materials in function and under the influence 
of the oral environment.

ACKNOWLEDGMENT
The authors thank Dr. Eric Nelson Steinbaugh for the English language 
review and suggestions that substantially improved the manuscript.

REFERENCES
1. Abuelenain DA, Neel EAA, Abu-Haimed T. Effects of dentin modifiers on sur-

face and mechanical properties of acid-etched dentin. Int J Adhes Adhes 
2018;81:43–47.

2. Alonso JRL, Basso FG, Scheffel DLS, De-Souza-Costa CA, Hebling J. Effect of 
crosslinkers on bond strength stability of fiber posts to root canal dentin and 
in situ proteolytic activity. J Prosthet Dent 2018;119:494.e1–494.e9.

3. Assis RS, Lopes FC, Roperto R, Silva-Sousa YTC, Brazão EH, Spazzin AO, 
Pereira GK, Alves DM, Saquy PC, Sousa-Neto MD. Bond strength and quality of 
bond interface of multifilament fiberglass posts luted onto flat-oval root ca-
nals without additional dentin wear after biomechanical preparation. J Pros-
thet Dent 2020;124:738.e1–738.e8.

4. Baena E, Cunha SR, Maravić T, Comba A, Paganelli F, Alessandri-Bonetti G, Ce-
ballos L, Tay FR, Breschi L, Mazzoni A. Effect of chitosan as a cross-linker on 
matrix metalloproteinase activity and bond stability with different adhesive 
systems. Mar Drugs 2020;18:1–14.

5. Bedran-Russo AK, Pauli GF, Chen SN, Mcalpine J, Castellan CS, Phansalkar RS, 
Aguiar TR, Vidal CM, Napolitano JG, Nam JW, Leme AA. Dentin biomodifica-
tion: strategies, renewable resources and clinical applications. Dent Mater 
2014;30:62–76.

6. Bitter K, Meyer-Lueckel H, Priehn K, Kanjuparambil JP, Neumann K, Kielbassa 
AM. Effects of luting agent and thermocycling on bond strengths to root canal 
dentine. Int Endod J 2006;39:809–818.

7. Carvalho MFF, Yamauti M, Magalhães CS, Bicalho AA, Soares CJ, Moreira AN. 
Effect of ethanol-wet bonding on porosity and retention of fiberglass post to 
root dentin. Braz Oral Res 2020;34:1–11.

8. Chen W, Jin H, Zhang H, Wu L, Chen G, Shao H, Wang S, He X, Zheng S, Cao CY, 
Li QL. Synergistic effects of graphene quantum dots and carbodiimide in pro-
moting resin-dentin bond durability. Dent Mater 2021;37:1498–1510.

9. Comba A, Scotti N, Mazzoni A, Maravic T, Cunha SR, Tempesta RM, Carossa M, 
Pashley DH, Tay FR, Breschi L. Carbodiimide inactivation of matrix metallo-
proteinases in radicular dentine. J Dent 2019;12:56–62.

10. Curylofo-Zotti FA, Scheffel DLS, Macedo AP, Souza-Gabriel AE, Hebling J, Co-
rona SAM. Effect of Er:YAG laser irradiation and chitosan biomodification on 
the stability of resin/demineralized bovine dentin bond. J Mech Behav 
Biomed Mater 2019;91:220–228.

11. De Munck J, Van Landuyt K, Peumans M, Poitevin A, Lambrechts P, Braem M, 
Van Meerbeek B. A critical review of the durability of adhesion to tooth tissue: 
methods and results. J Dent Res 2005;84:118–132.

12. De Munck J, Van Meerbeek B, Yoshida Y, Inoue S, Vargas M, Suzuki K, Lam-
brechts P, Vanherle G. Four-year water degradation of total-etch adhesives 
bonded to dentin. J Dent Res 2003;82:136–140.

13. Diolosà M, Donati I, Turco G, Cadenaro M, Di Lenarda R, Breschi L, Paoletti S. 
Use of methacrylate-modified chitosan to increase the durability of dentine 
bonding systems. Biomacromolecules 2014;15:4606–4613.

14. Fawzy AS, Nitisusanta LI, Iqbal K, Daood U, Beng LT, Neo J. Chitosan/Ribofla-
vin-modified demineralized dentin as a potential substrate for bonding. J 
Mech Behav Biomed Mater 2013;17:278–289.

15. Ferracane JL, Stansbury JW, Burke FJ. Self-adhesive resin cements – Chemis-
try, properties and clinical considerations. J Oral Rehabil 2011;38:295–314.

16. Ferrari M, Mannocci F, Vichi A, Cagidiaco MC, Mjör IA. Bonding to root canal: 
structural characteristics of the substrate. Am J Dent 2000;13:255–260.

17. Gaston BA, West LA, Liewehr FR, Fernandes C, Pashley DH. Evaluation of re-
gional bond strength of resin cement to endodontic surfaces. J Endod 2001; 
27:321–324.

18. Ghazvehi K, Saffarpour A, Habibzadeh S. Effect of pretreatment with matrix 
metalloproteinase inhibitors on the durability of bond strength of fiber posts 
to radicular dentin. Clin Exp Dent Res 2022;8:893–899.

19. Gu LS, Cai X, Guo JM, Pashley DH, Breschi L, Xu HHK, Wang XY, Tay FR, Niu LN. 
Chitosan-based extrafibrillar demineralization for dentin bonding. J Dent Res 
2019;98:186–193.

20. Hannas AR, Pereira JC, Granjeiro JM, Tjäderhane L. The role of matrix metal-
loproteinases in the oral environment. Acta Odontol Scand 2007;651:1–13.

21. Hass V, Luque-Martinez I, Muñoz MA, Reyes MF, Abuna G, Sinhoreti MA, Liu AY, 
Loguercio AD, Wang Y, Reis A. The effect of proanthocyanidin-containing 10% 
phosphoric acid on bonding properties and MMP inhibition. Dent Mater 
2016;32:468–475.

22. Hebling J, Pashley DH, Tjäderhane L, Tay FR. Chlorhexidine arrests subclinical 
degradation of dentin hybrid layers in vivo. J Dent Res 2005;84:741–746.

23. Hikita K, Van Meerbeek B, De Munck J, Ikeda T, Van Landuyt K, Maida T, Lam-
brechts P, Peumans M. Bonding effectiveness of adhesive luting agents to 
enamel and dentin. Dent Mater 2007;23:71–80.

24. Kahnamouei MA, Mohammadi N, Navimipour EJ, Shakerifar M. Push-out 
bond strength of quartz fibre posts to root canal dentin using total-etch and 
self-adhesive resin cements. Med Oral Patol Oral Cir Bucal 2012;17:337–344.

25. Khabeer A, Ahmed SZ, Zubair M, Faridi MA, Al-Harthi MA. Degree of conversion 
of two self-adhesive resin luting cements through different lengths of fiber 
post. J Oral Sci 2021;63:125–128.

26. Kiuru O, Sinervo J, Vähänikkilä H, Anttonen V, Tjäderhane L. MMP Inhibitors 
and dentin bonding: systematic review and meta-analysis. Int J Dent 2021; 
2021:9949699.



doi: 10.3290/j.jad.b3868623 49

Assis et al

27. Kosan E, Prates-Soares A, Blunck U, Neumann K, Bitter K. Root canal pre-
treatment and adhesive system affect bond strength durability of fiber posts 
ex vivo. Clin Oral Investig 2021;25:6419–6434.

28. Lopes FC, Roperto R, Akkus A, Queiroz AM, Oliveira HF, Sousa-Neto MD. Effect 
of carbodiimide and chlorhexidine on the bond strength longevity of resin ce-
ment to root dentine after radiation therapy. Int Endod J 2020;53:539–552.

29. Maaßen M, Wille S, Kern M. Bond strength of adhesive luting systems to 
human dentin and their durability. J Prosthet Dent 2021;125:182–188.

30. Manicardi CA, Versiani MA, Saquy PC, Pécora JD, Sousa-Neto MD. Influence of 
filling materials on the bonding interface of thin-walled roots reinforced with 
resin and quartz fiber posts. J Endod 2011;37:531–537.

31. Maravic T, Mancuso E, Comba A, Checchi V, Generali L, Mazzitelli C, Josic U, 
Hass V, Reis A, Loguercio AD, Tay FR, Breschi L, Mazzoni A. Dentin cross-link-
ing effect of carbodiimide after 5 years. J Dent Res 2021;100:1090–1098.

32. Maroulakos G, He J, Nagy WW. The post-endodontic adhesive interface: theo-
retical perspectives and potential flaws. J Endod 2018;44:363–371.

33. Mazzoni A, Apolonio FM, Saboia VP, Santi S, Angeloni V, Checchi V, Curci R, Di 
Lenarda R, Tay FR, Pashley DH, Breschi L. Carbodiimide inactivation of MMPs 
and effect on dentin bonding. J Dent Res 2014;93:263–268.

34. Mazzoni A, Nascimento FD, Carrilho M, Tersariol I, Papa V, Tjäderhane L, Di Le-
narda R, Tay FR, Pashley DH, Breschi L. Activity in the hybrid layer detected 
with in situ zymography. J Dent Res 2012;91:467–472.

35. Oguz EI, Hasanreisoglu U, Uctasli S, Özcan M, Kiyan M. Effect of various poly-
merization protocols on the cytotoxicity of conventional and self-adhesive 
resin-based luting cements. Clin Oral Investig 2020;24:1161–1170.

36. Pereira RD, Brito-Júnior M, Leoni GB, Estrela C, De Sousa-Neto MD. Evaluation 
of bond strength in single-cone fillings of canals with different cross-sections. 
Int Endod J 2017;50:177–183.

37. Pereira RD, Valdívia AD, Bicalho AA, Franco SD, Tantbirojn D, Versluis A, Soares 
CJ. Effect of photoactivation timing on the mechanical properties of resin ce-
ments and bond strength of fiberglass post to root dentin. Oper Dent 2015; 
40:206–221.

38. Persadmehr A, Torneck CD, Cvitkovitch DG, Pinto V, Talior I, Kazembe M, Shres-
tha S, Mcculloch CA, Kishen A. Bioactive chitosan nanoparticles and photody-
namic therapy inhibit collagen degradation in vitro. J Endod 2014;40: 703–709.

39. Rabea EI, Badawy ME, Stevens CV, Smagghe G, Steurbaut W. Chitosan as anti-
microbial agent: applications and mode of action. Biomacromolecules 2003; 
4:1457–1465.

40. Scheffel DL, Bianchi L, Soares DG, Basso FG, Sabatini C, De Souza Costa CA, 
Pashley DH, Hebling J. Transdentinal cytotoxicity of carbodiimide (EDC) and 
glutaraldehyde on odontoblast-like cells. Oper Dent 2015;40:44–54.

41. Scheffel DL, Delgado CC, Soares DG, Basso FG, De Souza Costa CA, Pashley 
DH, Hebling J. Increased durability of resin-dentin bonds following cross-link-
ing treatment. Oper Dent 2015;40:533–539.

42. Seseogullari-Dirihan R, Mutluay MM, Tjäderhane L, Breschi L, Pashley DH, Tez-
vergil-Mutluay A. Effect of pH on dentin protease inactivation by carbodiimide. 
Eur J Oral Sci 2017;125:288–293.

43. Shafiei F, Yousefipour B, Mohammadi-Bassir M. Effect of carbodiimide on 
bonding durability of adhesive-cemented fiber posts in root canals. Oper 
Dent 2016;41:432–440.

44. Souza NO, Sousa RS, Isolan CP, Moraes RR, Lima GDS, Lomonaco D, De Paula 
DM, Alves AH, Sabóia VP, Feitosa VP. Intraradicular dentin biomodification with 
natural agents for bonding glass-fiber posts. J Adhes Dent 2021;23:223–230.

45. Strobel S, Hellwig E. The effects of matrix-metallo-proteinases and chlorhexi-
dine on the adhesive bond. Swiss Dent J 2015;125:134–145.

46. Tjäderhane L. Dentin bonding: can we make it last? Oper Dent 2015;40:4-18.

47. Upadhyaya V, Bhargava A, Parkash H, Chuttaranjan B, Kumar V. A finite ele-
ment study of teeth restored with post and core: Effect of design, material, 
and ferrule. Dent Res J 2016;13:233–238.

48. Vieira C, Bachmann L, De Andrade Lima Chaves C, Correa Silva-Sousa YT, Cor-
rea Da Silva SR, Alfredo E. Light transmission and bond strength of glass fiber 
posts submitted to different surface treatments. J Prosthet Dent 2021;125: 
674.e1–674.e7.

49. Villela-Rosa AC, Gonçalves M, Orsi IA, Miani PK. Shear bond strength of self-
etch and total-etch bonding systems at different dentin depths. Braz Oral Res 
2011;25:109–115.

50. Xiong J, Shen L, Jiang Q, Kishen A. Effect of crosslinked chitosan nanoparticles 
on the bonding quality of fiber posts in root canals. J Adhes Dent 2020; 22: 
321–330.

51. Xu J, Li M, Wang W, Wu Z, Wang C, Jin X, Zhang L, Jiang W, Fu B. A novel prime-
&-rinse mode using MDP and MMPs inhibitors improves the dentin bond dura-
bility of self-etch adhesive. J Mech Behav Biomed Mater 2020;104: 103698.

52. Yamin PA, Pereira RD, Lopes FC, Queiroz AM, Oliveira HF, Saquy PC, Sousa-Neto 
MD. Longevity of bond strength of resin cements to root dentine after radiation 
therapy. Int Endod J 2018;51:1301–1312.

53. Yu F, Luo ML, Xu L, Zhou H, Li J, Tay FR, Niu LN, Chen JH. Evaluation of a 
collagen- reactive monomer with advanced bonding durability. J Dent Res 
2020;99: 813–819.

54. Zhang Z, Yu J, Yao C, Yang H, Huang C. New perspective to improve dentin-ad-
hesive interface stability by using dimethyl sulfoxide wet-bonding and epigal-
locatechin-3-gallate. Dent Mater 2020;36:1452–1463.

Clinical relevance: The different mechanisms of action  
of the solutions used for pretreatment of intraradicular 
dentin result in different effects, depending on the type  
of composite cement used. 




