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Effect of Carbodiimide on Bonding
Durability of Adhesive-cemented
Fiber Posts in Root Canals

F Shafiei ® B Yousefipour ® M Mohammadi-Bassir

Clinical Relevance

Pretreatment of root dentin with carbodiimide cross-linker prior to fiber-post adhesive
cementation improves resin-dentin interface durability.

SUMMARY

This study was undertaken to investigate
whether using a protein cross-linker, 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide
(EDC), improves bonding stability of fiber
posts to root dentin using three resin cements.
Sixty human maxillary central incisor roots
were randomly divided into six groups after
endodontic treatment, according to the ce-
ments used with and without EDC pretreat-
ment. In the etch-and-rinse group, 0.3 M EDC
aqueous solution was applied on acid-etched
root dentin prior to Excite DSC/Variolink II for
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post cementation. In the self-etch and self-
adhesive groups, EDC was used on EDTA-
conditioned root space prior to application of
ED Primer II/Panavia F2.0 and Clearfil SA,
respectively. After microslicing the root den-
tin, a push-out bond strength (BS) test was
performed immediately or after one-year of
water storage for each group. Data were ana-
lyzed using three-way analysis of variance and
Tukey tests (¢=0.05). A significant effect of
cement type, time, EDC, and Time X Cement
and Time X EDC interactions were observed
(p<0.001). EDC pretreatment did not affect
immediate bonding of the three cements
(p>0.05). Aging significantly reduced the BS
in all the groups (p<0.001), but EDC groups
exhibited a higher BS compared with the
respective control groups (p<0.001). Despite
the significant effect of aging on decreasing
the BS of fiber post to radicular dentin, EDC
could diminish this effect for the three tested
cements.

INTRODUCTION

Fiber-reinforced composite posts are commonly rec-
ommended to provide retention of the final restora-
tion in endodontically treated teeth due to many
favorable properties.’ In addition to esthetic advan-
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tages, elastic modulus similar to dentin and adhesive
bonding ability of glass fiber posts to root canal
dentin could distribute stress more homogeneously
in the root, reducing risk of vertical root fracture.?>
Despite promising clinical performance of fiber post—
reinforced restorations, loss of post retention has
been described as the most common failure of the
restorations.’* This could be associated with failure
of endodontic treatment.®

In adhesive cementation of fiber posts, establish-
ment of a highly durable bond between resin
cement and root dentin is an essential factor to
provide a coronal seal and adequate retention.!®
Not only is initial bonding to root dentin obtained
with difficulty,™® but also it is exposed to degrada-
tion mechanisms over time.®? One of the most
important mechanisms is the degradation of ex-
posed collagen by matrix metalloproteinases
(MMPs) and cysteine cathepsins at the adhesive
interface in radicular dentin”® similar to coronal
dentin.?!' Chlorhexidine as a nonspecific MMP
and cathepsin inhibitor could prevent dentin bond
degradation.'?>1” Despite reports on the positive
effect of chlorhexidine on the durability of radicular
dentin bonding, the effect has not been confirmed
by some authors.'®1® Water solubility and electro-
static reversible bond of chlorhexidine to collagen
might lead to its slow diffusion from collagen
matrix, resulting in loss of MMP-inhibitory effec-
tiveness within 18-24 months.'%2°

A stable isomer of carbodiimide, 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC), is a
newer nonspecific protein cross-linker with low
cytotoxicity.'>2! It has been shown to be capable of
inactivating the catalytic sites of MMPs and cathep-
sins. This occurs via activating the carboxyl groups
and cross-linking of amino acids, creating new,
stable covalent peptide bonds and the resultant
reduced molecular mobility. The mobility is manda-
tory for collagenolytic activity of the enzymes.%?223
The cross-linking is very rapid due to greater
accessibility of reactive groups of MMPs than of
exposed collagen within a one-minute application
time.?? This mechanism of MMP inhibition could last
much longer than for the matrix-bound mechanism
of chlorhexidine.?* The preservative effect of EDC on
long-term bond strength (BS) of etch-and-rinse
(E&R) adhesives to coronal dentin has been recently
reported.?®

The aim of this study was to test the null
hypothesis that EDC pretreatment of root dentin
has no effect on the bond longevity of fiber post to

radicular dentin luted using different types of
adhesive resin cement.

METHODS AND MATERIALS
Specimen Preparation

Sixty sound human maxillary central incisors with
similar size and anatomic shape as well as straight
roots without cracks were selected and stored in
0.5% chloramine-T solution at 4°C until use. They
were used following informed consent from patients
and approval of the research protocol by the local
ethics committee. The roots were separated from
the crowns in a uniform length of 15 mm, using a
water-cooled diamond saw (D&Z, Berlin, Germany)
at the cementoenamel junction. The roots were
endodontically instrumented at a working length of
1 mm from the apex with K-files (Dentsply Maille-
fer, Ballaigues, Switzerland) up to No. 50 with
saline solution and 2.5% sodium hypochlorite
irrigation. The roots were obturated using AH26
sealer (Dentsply Caulk, Milford, Germany) and
gutta-percha (Aria Dent, Asia Chemi Teb, Tehran,
Iran) and were coronally sealed using light-cured
glass ionomer (Fuji II LC, GC Corporation, Tokyo,
Japan).

The specimens were stored in water for one week
for complete setting. Afterward, post spaces were
prepared to a standardized depth of 10 mm using No.
2 drills from the respective post manufacturer by the
same operator. Cleanliness of root walls and the
remaining 4 mm of gutta-percha at the root end for
apical seal were confirmed by radiographs.

Fiber posts (FRC Postec Plus No. 2, Ivoclar
Vivadent, Schaan, Liechtenstein) were tried in the
canals for a passive fit to the prepared depth. Post
surfaces were cleaned with ethanol, air-dried, and
then silanized.

The specimens were divided into six groups
according to the resin cements and whether EDC
was used (n=10). In three control groups, etch-and-
rinse cement (E&R; Excite DSC/Variolink II,
Ivoclar Vivadent), self-etch cement (SE; ED Primer
II/Panavia F2.0, Kuraray, Osaka, Japan), and self-
adhesive cement (SA; Clearfil SA, Kuraray) were
used according to manufacturers’ instructions
(Table 1). For self-etch and self-adhesive cement,
the root space was irrigated with 1 mL of 18%
EDTA for one minute to remove debris and the
remaining obturating materials, rinsed for one
minute, and dried. In the three experimental
groups, the same cements were used and EDC
pretreatment was included in the adhesive cemen-
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Table 1: Composition and Application Mode of the Used Resin Cement

Resin Cement/ Manufacture
(Lot No.)

Resin
Cement Type

Application Mode

Composition

Excite DSC + Variolink 11, Ivoclar
Vivadent, Schaan, Liechtenstein
(S08885+P72405)

Etch-and-rinse
(E&R)

Phosphoric acid etching for 15 s,
rinsing, gently air drying, applying Excite
DSC for 10 s, removing the excess,
gently drying, cementing post with
mixed Variolink I, light curing for 40 s.

Excite DSC: phosphonic acid
acrylate, dimethacrylates, HEMA,
highly dispersed silicon dioxide,
ethanol, catalysts, stabilizers,
fluoride microbrush: coated with
initiators

Variolink II: Bis-GMA, UDMA,
TEGDMA, barium glass filler,
ytterbium trifluoride, Ba-Al-
fluorosilicate glass, catalyst,
stabilizers, pigments

ED Primer Il + Panavia F2.0; Kuraray,
Osaka, Japan (A: 00198A, B: 00324F +
A: 00588A, B: 00116C)

Self-etch (SE)

Mixing ED primer II, applying for 30 s,
gently drying, cementing with mixed
Panavia F2.0, light curing for 40 s.

ED primer Il: A—HEMA, MDP,
chemical initiator, water, 5-NMSA,;
B—5-NMSA, chemical initiator, water

Paste A: hydrophobic aromatic and
aliphatic dimethacrylate, sodium
aromatic sulfinate, N,N-diethanol-p-
toluidine, functionalized sodium
fluoride; glass paste B: 10-MDP,
hydrophobic aromatic and aliphatic
photoinitiator, dibenzoyl peroxide
dimethacrylate, hydrophilic
dimethacrylate, silanized silica

Clearfil SA; Kuraray, Osaka, Japan Self-adhesive
(00423A) (SA)

Cementing with mixed Clearfil SA and
light curing for 40 s.

Bis-GMA, TEGDMA, MDP, silanated
filler, hydrophobic aromatic and
aliphatic dimethacrylate, benzoyl
peroxide, DL-camphorquinone,
initiator, silanated fillers, surface-
treated, sodium fluoride,
accelerators, pigments

Abbreviations: BisGMA, bisphenol A glycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP, 10-methacryloyloxydecy! dihydrogen phosphate ; 5-NMSA, N-
methacryloyl 5-aminosalicylic acid; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.

tation of the post. In the E&R group, acid-etched
root dentin was pretreated with 0.3 M EDC
aqueous solution (Sigma-Aldrich, St Louis, MO,
USA) for 60 seconds. The bonding procedure was
similar to that of the corresponding control group.
The same EDC pretreatment was used in the
EDTA-conditioned root dentin prior to the applica-
tion of ED primer II in the SE group or prior to SA
cementation.

In each group, the respective cement was
applied on the post surface and to the post space.
The post was immediately seated with a slight
vibratory motion and held under finger pressure.
After removing the excess cement, light polymer-
ization was carried out for 40 seconds at 600 mW/
cm? using a light-curing unit (VIP Junior, Bisco,
Schaumburg, IL, USA) according to the manufac-
turer’s instructions. Finally, a tight coronal seal
was obtained using Fuji II LC. The specimens
were stored in distilled water at 37°C for one
week.

Push-out Test and Failure Mode Analysis

The bonded roots were sectioned into seven 1-mm-
thick slices by using a slow-speed cutting machine
(Mecatome T201 A, Presi, Grenoble, France. In each
root, two slices from each root region (apical, middle,
and coronal) were obtained. The first coronal slice
was not included.

In half of the roots from each group (n=5 roots, 30
slices), the push-out test was performed immediate-
ly. The other half of each group was stored in 37°C
distilled water containing 0.4% sodium azide for one
year before assessing the long-term BS.

The slices were submitted to a compressive load in
a universal testing machine (Zwick, Roell, Ulm,
Germany) at 0.5 mm/min on the center of the post in
an apico-coronal direction until the shear stresses
along the bonded interface dislodged the post.

The load in newtons (N) was divided by the bonded
interface area (mm?). The BS was recorded in MPa
through the formula n (R + r) [h? + (R — r)?]°5,
where R and r represent the coronal and the apical
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Figure 1. Scanning electron micrograph of representative failure
modes. (A and B): Adhesive failure between the resin cement and
dentin, (A): showing no remaining resin on root dentin wall and (B):
showing a gap between the resin cement and dentin (pointer) and a
gap-free interface between the resin cement and post (1, arrow). (C
and D): Mixed failure with the covering cement on the root dentin wall
along with separation from the dentin wall (pointer) and cracks in
dentin (asterisk) and resin cement (arrow). d, dentin; p, post; c,
cement; g, gap.

post radii, respectively, and h is the thickness of the
slice.

Failure Mode Evaluation

All the debonded specimens were assessed under a
stereomicroscope (Carl Zeiss Inc, Oberkochen, Ger-
many) at 40X and categorized as follows: 1) cohesive
failure in the dentin; 2) cohesive failure in the
cement; 3) adhesive failure between the cement and
the dentin; 4) adhesive failure between the cement
and the post; and 5) mixed failures consisting of
combination of two or more failure modes.

The representative specimens of failure modes
were prepared for scanning electron microscopy
(SEM; EM3200, KYKY, Beijing, China) evaluation
of the failure pattern as shown in Figure 1.

Statistical Analysis

Data were statistically analyzed using a three-way
analysis of variance (ANOVA) and Tukey multiple
comparisons. For each time interval, a one-way
ANOVA and Tukey tests were used to compare the
BS from different root regions (a¢=0.05).

RESULTS

The mean push-out BS and standard deviations (SD)
in MPa are presented in Table 2. The effect of cement
type, EDC treatment, time, and interactions be-
tween cement and time and between treatment and
time were significant (p<0.001). Interactions among
all three factors (cement, EDC, time) and between
cement and EDC treatment were not significant
(p>0.05).

SA cement showed a significantly higher immedi-
ate BS compared with those of E&R (p=0.001) and
SE cement (p=0.02). EDC treatment did not inter-
fere with the BS of the three cements (p>0.05).
Regardless of EDC, all the groups exhibited a
significantly lower BS after aging (p<0.001). How-
ever, after aging, the BS of EDC-treated groups was
significantly higher than that of the corresponding
control groups (p<0.001). After aging, there were no
significant differences among the three EDC groups,
but the SE control group exhibited a lower BS
compared with that of the E&R control group
(p=0.017), with no difference from the SA cement
(p=0.59).

The mean BS and SD in MPa from different root
regions are presented in Table 3. In all the groups,
progressively decreasing push-out strengths were
recorded at the coronal, the middle, and the apical
regions, respectively. Among immediate groups, in
E&R (control and EDC), in SE (control), and in SA
(control and EDC), the differences were not statisti-
cally significant (p>0.05). When analyzed regional-
ly, there were no significant differences in

Aging Periods (n=30)

Table 2: Long-Term Bond Strength [Mean (Standard Deviation), MPa] for Resin Cement and EDC Dentin Treatment at Two

Cement Treatment Immediate 1-year Aging p-value*
Variolink Il Control 15.52 (2.7) A? 9.11 (1.9) c <0.001
EDC 15.11 (2.9) A 12.12 (2.1) A <0.001

Panavia F2.0 Control 16.24 (2.4) A8 7.40 (2.1) B 0.001
EDC 16.07 (2.6) AB 13.21 (1.7) A <0.001

Clearfil SA Control 18.33 (2.2) ¢ 8.91 (2) Bc <0.001
EDC 17.92 (2.1) BC 13.50 (2.8) A <0.001

Abbreviation: EDC, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide.

2 Different small cap letters in columns indicate a statistically significant difference at significance level of 0.05.
* A significant difference between immediate and 1-year aged value for each group.
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Table 3: Bond Strength [Mean (Standard Deviation), MPa] for Different Root Regions (n=10)
Cement Treatment Coronal Middle Apical
Immediate 1-year Immediate 1-year Immediate 1-year
Variolink I Control 16.14 (3.1) A,A? 9.90 (1.8) B,o 15.86 (2.83) A,A 9.29 (2.1) C,ae 14.61 (2.6) AB,A 8.26 (2.2) CD,s
EDC 15.99 (3.1) A 13.11 (2.3) A, 15.27 (3.0) Aa 12.01 (2.3) A,as - 14.19 (3.1) A 11.25 (1.8) AB,s
Panavia F2.0 Control 17.50 (2.2) AB,A 8.06 (2.3) B,a (2.5) AB,as 7.59 (2.3) C,a 14.84 (2.8) AB B 6.68 (2.2) C,A
EDC 17.37 (2.6) A,A 13.47 (2.2) Aa (2.6) A,nB 12.38 (2.1) AB,s 14.61 (2.9) AB,s 10.96 (2.1) Ac
Clearfil SA Control 20.20 (2.4) C,a 8.96 (2.0) B,a (2.0 C 8.91 (1.2) C,a 16.17 (2.5) B 8.87 (2.1) D,a
EDC 19.68 (2.3) BC,a  14.30 (3.2) AA (2.4) BC B 13.84(2.8) B,a 16.07 (2.5) AB c 12.62 (2.6) B,a
Abbreviation: EDC, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide.
@ For each interval (immediate and 1-year), different uppercase letters indicate statistically significant difference within each column (different subgroups), and different
small cap letters indicate statistically significant difference within each line (different root regions) (p<0.05).

immediate BS between the control and EDC group
for the three cements in the three root regions
(p>0.05). After aging, the results of comparisons
between the control and EDC group for three
cements in all the root regions were similar to the
results analyzed totally.

The results of failure modes of the six study groups
are reported in Table 4. The majority of failure
modes were mixed failures in immediate groups,
followed by adhesive failures between the post and
cement. After aging, the bond failures were mainly
adhesive between the dentin and cement, except for
EDC groups with predominantly mixed failures.

DISCUSSION

According to the results of this study, despite a
significant reduction of BS after aging in all the
groups, EDC treatment could diminish the loss of BS
with all three cements; as a result, aged EDC-
treated groups exhibited significantly higher BS

compared with the aged nontreated groups (results
of total and regional analysis in Tables 2 and 3).
Therefore, the tested null hypothesis was rejected.
These findings might be attributed to degradation of
both the resin and collagen during the accelerated
aging used in this study via direct water exposure of
microsliced specimens. Sectioning of bonded roots
before water storage might lead to rapid water
diffusion through the small surface area of the
adhesive interface, resulting in a rapid degradation
process.?® This has been used in some studies on
bonding longevity of fiber posts,'®?? whereas the full
lengths of bonded roots have been water-aged in
others.'®1® Long-term water storage and subsequent
exposure of root microslices to dislodging forces
during the push-out test cannot closely mimic
clinical aging conditions and functional loads. How-
ever, this experimental set-up was previously de-
signed to examine the role of anti-MMP agents in
bonding stability of fiber posts to radicular dentin.?

Table 4: Distribution of Failure Mode in the Six Study Groups (n=30)
Groups Aging Condition Failure Mode
1 Cohesive 2 Cohesive 3 Adhesive 4 Adhesive 5 Mixed
in Dentin in Cement in Cement-Dentin in Cement-post

Variolink 1l/Control Immediate 3 1 2 2 22
1 year 1 — 17 — 12

Variolink II/EDC Immediate 4 1 2 3 20
1 year 3 — 10 2 15

Panavia F2.0/Control Immediate 2 1 3 3 21
1 year —_ — 20 1 9

Panavia F2.0/EDC Immediate 5 1 4 1 19
1 year 2 — 9 3 16

Clearfil SA/Control Immediate 6 2 — 2 20
1 year 1 — 14 1 14

Clearfil SA/EDC Immediate 3 1 2 — 24
1 year 3 — 8 4 15

Abbreviation: EDC, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide.
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The beneficial effect of EDC pretreatment on
bonding stability could be attributed to its MMP
inhibitory property. However, the role of collagen
cross-linking and the strengthening effect of EDC in
preventing the loss of bond strength cannot be
completely ruled out, especially in the acid-etched
dentin in the E&R group. A one- to four-hour
treatment time with 0.3 M EDC was previously
reported to be required for a collagen stiffening
effect.?® More recently, Scheffel and others®® dem-
onstrated that 0.5, 1, and 2 M for only 30 seconds
were capable of increasing collagen stiffness, pre-
venting unwinding and subsequent cutting of the
peptide chains by MMPs.?° Also, inactivation of
dentin proteinases in demineralized dentin matrices
in one minute has been recently well documented
using zymographic and colorimetric analyses®!242°
and indirectly using a bonding durability test.?

During E&R or SE bonding procedures, activation
of MMPs and cathepsins cause coronal or radicular
dentin collagen degradation.”!! This activation may
occur by the initial low pH of self-adhesive cements
or their residual unpolymerized acidic mono-
mers. 3152

In the current study, post spaces were irrigated
using EDTA before SA and SE cement application.
This step might be advantageous with respect to the
removal of a thick secondary smear layer and
exposure of dentinal tubules, allowing SA cement
and SE primer to infiltrate sufficiently into the
radicular dentin.?®*3* EDTA pretreatment might be
capable of demineralizing dentin adequately to allow
cleavage of the exposed collagen.?® EDTA was found
to have MMP inhibitory effects.>>3® During bonding
procedures, large amounts of EDTA were removed
from the EDTA-treated dentin by extensive rinsing
with water. Therefore, there was no residual EDTA
to inhibit the activity of MMPs.?® Considering the
water rinsing after EDTA irrigation used in this
study, the adhesive cementation might benefit from
the smear-layer-removing effect of EDTA. The MMP
inhibitory effect of EDC on EDTA-treated root
dentin bonded with SA and SE cement was found
in a similar manner with E&R cement after water
aging. This inhibitory effect was also supported by
failure mode analysis. The number of adhesive
failures between the dentin and cement in aged
EDC-treated groups was less than that in the aged
control groups (Table 4).

It was shown that using a post and resin cement
combination from the same manufacturer could
minimize possible incompatibility between the ma-
terials.?” In the present study, one post type

(Vivadent) was used because the manufacturer of
one of the cements did not have a post system.

Among the three adhesive cements used accord-
ing to different bonding strategies, SA cement
exhibited the highest immediate strength. E&R
and SE cements require adhesive pretreatment.
E&R may exhibit difficulty in the adhesion proce-
dures such as homogeneous etching, complete acid
washing, optimal dentin wetness, complete resin
penetration, uniform application, and solvent
evaporation from the primer/adhesive in narrow
and deep root canal spaces with limited ac-
cess.'?3839 The last two issues are also relevant
for the SE cement. These limitations may explain
the lower immediate bond strength of E&R and SE
cement compared with that of SA cement and
might impair long-term bonding.'?>*%*! SA cement
without pretreatment could solve these problems
and be less sensitive to moisture.*’ SA cement
contains the phosphoric methacrylated monomer
10-methacryloyloxydecyl dihydrogen phosphate
(MDP), with a capacity to form a chemical bond
with hydroxyapatite. Low shrinkage stress of SA
cements in a confined root space with high C-factor
might be a positive property.*’ However, bond
strength of the three cements significantly de-
creased after aging with no significant differences
between the SA and the others. In addition to
collagen degradation, water sorption and hydroly-
sis of hydrophilic ionic resin monomers in the
simplified primer/adhesive could account for the
instability of the adhesive interface. The primer/
adhesive acts as a permeable membrane, facilitat-
ing water movement and accelerating degradation
and leaching of resin components.'?#0:4243 The
relatively high hydrophilic acidic nature of SA
cements®"** might contribute to water uptake and
hydrolytic degradation of the SA-radicular dentin
interface during storage. EDC could not affect the
resin deterioration process. This pretreatment
introduces an additional step to the cementation
procedure. EDC might be incorporated into adhe-
sives, reducing chair time. The effectiveness of
EDC treatment may be adhesive dependent;2%2®
this effect on more hydrophobic adhesive blend
interfaces should be tested.

The results of comparisons made between the
push-out BS of different root regions revealed that
the coronal region had higher BS than the middle
region and the apical region, although the differenc-
es were not statistically significant in all the groups.
A significantly or insignificantly higher BS in the
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coronal region'®'92"45 or comparable BS for the

three regions** was found in the literature.

EDTA irrigation was carried out before SE and SA
cement application to remove the smear layer,
thereby facilitating contact between EDC and the
exposed root dentin in EDC-treated groups. Other
irrigant solutions with antimicrobial effects (ie
sodium hypochlorite and chlorhexidine) have been
suggested before post cementation.*>*® The possible
interactions between these irrigants and EDC might
result in different effects on the longevity of
cemented fiber posts, necessitating further studies.

CONCLUSION

Considering the limitations of the present study,
EDC treatment of root dentin was capable of
improving longevity of the resin-dentin interface
for the three types of resin cements over time.

Regulatory Statement

This study was conducted in accordance with all the
provisions of the local human subjects oversight committee
guidelines and policies of the School of Dental Medicine,
Shiraz University of Medical Sciences in Shiraz, Iran.

Conflict of Interest

The authors of this manuscript certify that they have no
proprietary, financial, or other personal interest of any nature
or kind in any product, service, and/or company that is
presented in this article.

Acknowledgements

The authors thank the Vice-Chancellory of Research Shiraz
University of Medical Sciences for supporting this research
(Grant No. 7524). This article is based on the thesis by Dr
Bahareh Yousefipour. The authors also thank Dr M Vossoughi
of the Dental Research Development Center, of the School of
Dentistry for the statistical analysis.

(Accepted 14 October 2015)

REFERENCES

1. Naumann M, Koelpin M, Beuer F, & Meyer-Lueckel H
(2012) 10-year survival evaluation for glass-fiber-support-
ed postendodontic restoration: A prospective observation-
al clinical study Journal of Endodontics 38(4) 432-435.

2. Plotino G, Grande NM, Bedini R, Pameijer CH, & Somma
F (2007) Flexural properties of endodontic posts and
human root dentin Dental Materials Journal 23(9)
1129-1135.

3. Schwartz RS, & Robbins JW (2004) Post placement and
restoration of endodontically treated teeth Journal of
Endodontics 30(5) 289-301.

4. Ferrari M, Vichi A, Mannocci F, & Mason PN (2000)
Retrospective study of the clinical performance of fiber
posts Journal of Endodontics 13(Special Issue) 9B-13B.

10.

11.

12.

13.

14.

15.

16.

17.

Operative Dentistry

. Bitter K, & Kielbassa AM (2007) Post-endodontic resto-

rations with adhesively luted fiber-reinforced composite
post systems American Journal of Dentistry 20(6)
353-360.

. Mjor IA, Smith MR, Ferrari M, & Mannocci F (2001) The

structure of dentine in the apical region of human teeth
International Endodontic Journal 34(5) 346-353.

. Tay FR, Pashley DH, Loushine RJ, Weller RN, Monticelli

F, & Osorio R (2006) Self-etching adhesives increase
collagenolytic activity in radicular dentin Journal of
Endodontics 32(9) 862-868.

. Santos J, Carrilho M, Tervahartiala T, Sorsa T, Breschi L,

Mazzoni A, Pashley D, Tay F, Ferraz C, & Tjaderhane L
(2009) Determination of matrix metalloproteinases in
human radicular dentin Journal of Endodontics 35(5)
686-689.

. Tersariol IL, Geraldeli S, Minciotti CL, Nascimento FD,

Paakkonen V, Martins MT, Carrilho MR, Pashley DH,
Tay FR, Salo T, & Tjaderhane L (2010) Cysteine
cathepsins in human dentin-pulp complex Journal of
Endodontics 36(3) 475-481.

Mazzoni A, Mannello F, Tay FR, Tonti GA, Papa S,
Mazzotti G, Di Lenarda R, Pashley DH, & Breschi L
(2007) Zymographic analysis and characterization of
MMP-2 and —9 forms in human sound dentin Journal of
Dental Research 86(5) 436-440.

Mazzoni A, Pashley DH, Nishitani Y, Breschi L, Mannello
F, Tjaderhane L, Toledano M, Pashley EL, & Tay FR
(2006) Reactivation of inactivated endogenous proteolytic
activities in phosphoric acid-etched dentine by etch-and-
rinse adhesives Journal of Biomedical Materials Re-
search 27(25) 4470-4476.

Liu Y, Tjaderhane L, Breschi L, Mazzoni A, Li N, Mao J,
Pashley DH, & Tay FR (2011) Limitations in bonding to
dentin and experimental strategies to prevent bond
degradation Journal of Dental Research 90(8) 953-968.

Breschi L, Mazzoni A, Nato F, Carrilho M, Visintini E,
Tjaderhane L, Ruggeri A Jr, Tay FR, Dorigo Ede S, &
Pashley DH (2010) Chlorhexidine stabilizes the adhesive
interface Dental Materials Journal 26(4) 320-325.

Shafiei F, Doozandeh M, & Alavi AA (2011) Effect of resin
coating and chlorhexidine on the microleakage of two
resin cements after storage Journal of Prosthodontics
20(2) 106-112.

Cecchin D, de Almeida JF, Gomes BP, Zaia AA, & Ferraz
CC (2011) Effect of chlorhexidine and ethanol on the
durability of the adhesion of the fiber post relined with
resin composite to the root canal Journal of Endodontics
37(5) 678-683.

Cecchin D, Farina AP, Giacomin M, Vidal Cde M, Carlini-
Junior B, & Ferraz CC (2014) Influence of chlorhexidine
application time on the bond strength between fiber posts
and dentin Journal of Endodontics 40(12) 2045-2048.

Scaffa PM, Vidal CM, Barros N, Gesteira TF, Carmona
AK, Breschi L, Pashley DH, Tjaderhane L, Tersariol IL,
Nascimento FD, & Carrilho MR (2012) Chlorhexidine
inhibits the activity of dental cysteine cathepsins Journal
of Dental Research 91(4) 420-425.

$S900E 98] BIA | £-80-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



Shafiei, Yousefipour & Mohammadi-Bassir: Carbodiimide Effect on Bonding of Fiber Post 439

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Leitune VC, Collares FM, & Werner Samuel SM (2010)
Influence of chlorhexidine application at longitudinal
push-out bond strength of fiber posts Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology 110(5) e77-e81.

Bitter K, Aschendorff L, Neumann K, Blunck U, &
Sterzenbach G (2014) Do chlorhexidine and ethanol
improve bond strength and durability of adhesion of fiber
posts inside the root canal? Clinical Oral Investigations
18(3) 927-934.

Ricci HA, Sanabe ME, de Souza Costa CA, Pashley DH, &
Hebling J (2010) Chlorhexidine increases the longevity of
in vivo resin-dentin bonds European Journal of Oral
Sciences 118(4) 411-416.

Scheffel D, Bianchi L, Soares D, Basso F, Sabatini C, de
Souza Costa C, Pashley D, & Hebling J (2015) Trans-
dentinal cytotoxicity of carbodiimide (EDC) and glutaral-
dehyde on odontoblast-like cells Operative Dentistry 40(1)
44-54.

Tezvergil-Mutluay A, Mutluay MM, Agee KA, Seseogul-
lari-Dirihan R, Hoshika T, Cadenaro M, Breschi L,
Vallittu P, Tay FR, & Pashley DH (2012) Carbodiimide
cross-linking inactivates soluble and matrix-bound MMPs
Journal of Dental Reasearch 91(2) 192-196.

Mazzoni A, Apolonio FM, Saboia VP, Santi S, Angeloni V,
Checchi V, Curci R, Di Lenarda R, Tay FR, Pashley DH, &
Breschi L (2014) Carbodiimide inactivation of MMPs and
effect on dentin bonding Journal of Dental Reasearch
93(3) 263-268.

Scheffel DL, Hebling J, Scheffel RH, Agee K, Turco G, de
Souza Costa CA, & Pashley D (2014) Inactivation of
matrix-bound matrix metalloproteinases by cross-linking
agents in acid-etched dentin Operative Dentistry 39(2)
152-158.

Mazzoni A, Angeloni V, Apolonio FM, Scotti N, Tjader-
hane L, Tezvergil-Mutluay A, Di Lenarda R, Tay FR,
Pashley DH, & Breschi L (2013) Effect of carbodiimide
(EDC) on the bond stability of etch-and-rinse adhesive
systems Dental Materials Journal 29(10) 1040-1047.

Hashimoto M, Ohno H, Sano H, Tay FR, Kaga M, Kudou
Y, Oguchi H, Araki Y, & Kubota M (2002) Micromorpho-
logical changes in resin-dentin bonds after 1 year of water
storage Journal of Biomedical Materials Research 63(3)
306-311.

Zhou J, Yang X, Chen L, Liu X, Ma L, & Tan J (2013) Pre-
treatment of radicular dentin by self-etch primer con-
taining chlorhexidine can improve fiber post bond
durability Dental Materials Journal 32(2) 248-255.

Bedran-Russo AK, Vidal CM, Dos Santos PH, & Castellan
CS (2010) Long-term effect of carbodiimide on dentin
matrix and resin-dentin bonds Journal of Biomedical
Materials Research 94(1) 250-255.

Scheffel DL, Hebling J, Scheffel RH, Agee KA, Cadenaro
M, Turco G, Breschi L, Mazzoni A, Costa CA, & Pashley
DH (2014) Stabilization of dentin matrix after cross-
linking treatments Dental Materials Journal 30(2)
227-233.

Chung L, Dinakarpandian D, Yoshida N, Lauer-Fields
JL, Fields GB, Visse R, & Nagase H (2004) Collagenase

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

unwinds triple-helical collagen prior to peptide bond
hydrolysis EMBO Journal 23(15) 3020-3030.

Luhrs AK, De Munck J, Geurtsen W, & Van Meerbeek B
(2013) Does inhibition of proteolytic activity improve
adhesive luting? European Journal of Oral Sciences
121(2) 121-131.

Stape TH, Menezes MS, Barreto BC, Aguiar FH, Martins
LR, & Quagliatto PS (2012) Influence of matrix metal-
loproteinase synthetic inhibitors on dentin microtensile
bond strength of resin cements Dental Materials Journal
37(4) 386-396.

Gu XH, Mao CY, Liang C, Wang HM, & Kern M (2009)
Does endodontic post space irrigation affect smear layer
removal and bonding effectiveness? European Journal of
Oral Sciences 117(5) 597-603.

Soejima H, Takemoto S, Hattori M, Yoshinari M, Kawada
E, & Oda Y (2013) Effect of adhesive system on retention
in posts comprising fiber post and core resin Dental
Materials Journal 32(4) 659-666.

Osorio R, Yamauti M, Osorio E, Ruiz-Requena ME,
Pashley D, Tay F, & Toledano M (2011) Effect of dentin
etching and chlorhexidine application on metallopro-
teinase-mediated collagen degradation European Journal
of Oral Sciences 119(1) 79-85.

Thompson JM, Agee K, Sidow SJ, McNally K, Lindsey K,
Borke J, Elsalanty M, Tay FR, & Pashley DH (2012)
Inhibition of endogenous dentin matrix metallopro-
teinases by ethylenediaminetetraacetic acid Journal of
Endodontics 38(1) 62-65.

Radovic I, Mazzitelli C, Chieffi N, & Ferrari M (2008)
Evaluation of the adhesion of fiber posts cemented using
different adhesive approaches European Journal of Oral
Sciences 116(6) 557-563.

Chersoni S, Acquaviva GL, Prati C, Ferrari M, Grandini
S, Pashley DH, & Tay FR (2005) In vivo fluid movement
through dentin adhesives in endodontically treated teeth
Journal of Endodontics 84(3) 223-227.

Perdigao J, Gomes G, & Augusto V (2007) The effect of
dowel space on the bond strengths of fiber posts Journal
of Prosthodontics 16(3) 154-164.

Carvalho RM, Pegoraro TA, Tay FR, Pegoraro LF, Silva
NR, & Pashley DH (2004) Adhesive permeability affects
coupling of resin cements that utilise self-etching primers
to dentine Journal of Dentistry 32(1) 55-65.

Sarkis-Onofre R, Skupien JA, Cenci MS, Moraes RR, &
Pereira-Cenci T (2014) The role of resin cement on bond
strength of glass-fiber posts luted into root canals
Operative Dentistry 39(1) e31-e44.

Ito S, Hashimoto M, Wadgaonkar B, Svizero N, Carvalho
RM, Yiu C, Rueggeberg FA, Foulger S, Saito T, Nishitani
Y, Yoshiyama M, Tay FR, & Pashley DH (2005) Effects of
resin hydrophilicity on water sorption and changes in
modulus of elasticity Journal of Biomedical Materials
Research 26(33) 6449-6459.

Hashimoto M, Ito S, Tay FR, Svizero NR, Sano H, Kaga
M, & Pashley DH (2004) Fluid movement across the
resin-dentin interface during and after bonding Journal
of Dental Research 83(11) 843-848.

$S900E 98] BIA | £-80-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



440

44.

45.

Cantoro A, Goracci C, Vichi A, Mazzoni A, Fadda GM, &
Ferrari M (2011) Retentive strength and sealing ability of
new self-adhesive resin cements in fiber post luting
Dental Materials Journal 27(10) e197-e204.

Martinho FC, Carvalho CA, Oliveira LD, de Lacerda Ad,
Xavier AC, Augusto MG, Zanatta RF, & Pucci CR (2015)
Comparison of different dentin pretreatment proto-
cols on the bond strength of glass fiber post using
self-etching adhesive Journal of Endodontics 41(1)
83-87.

46.

47.

48.

Operative Dentistry

Shafiei F, & Memarpour M (2012) Antibacterial activity
in adhesive dentistry: a literature review General Den-
tistry 60(6) e346-356.

Gomes GM, Gomes OM, Reis A, Gomes JC, Loguercio AD,
& Calixto AL (2013) Effect of operator experience on the
outcome of fiber post cementation with different resin
cements Operative Dentistry 38(5) 555-564.

Bitter K, Perdigao J, Exner M, Neumann K, Kielbassa A,
& Sterzenbach G (2012) Reliability of fiber post bonding
to root canal dentin after simulated clinical function
Operative Dentistry 37(4) 397-405.

$S900E 98] BIA | £-80-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



