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ABSTRACT
Aims: To evaluate the regional bond strength of four resin-based luting cements to post space dentin
after irrigating with different irrigant solutions regimens. Materials and Methods: Eighty extracted
human lower premolars were decoronated, instrumented, and obturated. Post space was prepared in
each root, then randomly divided into four groups (n=20) according to the final irrigation regimen for
the post space, Gp.1: distilled water (DW) control; Gp.2: 5.25% NaOCI+DW; Gp.3: 17%EDTA+DW;
Gp.4: 5.25%NaOCl+17% EDTA+DW. Each group was further subdivided into four subgroups (n=5)
according to the luting cements, Gp.(1,2,3,4)A (Vivaglass®Liner); Gp.(1,2,3,4)B (PermaCem®-Dual);
Gp.(1,2,3,4)C (Variolink I1); Gp.(1,2,3,4) D (LuxaCore®Z-Dual), then each post-space was sectioned
horizontally into three slices. A push-out test was performed to measure regional bond strengths and
the fracture modes was evaluated using a stereomicroscope. Results: The use of 5.25% NaOCI+17%
EDTA+DW result in higher bond strength than other treatments. While the control group gives the
lowest. (LuxaCore®Z-Dual) showed the highest bond strength than other resin cements. (Vi-
vaglass®L.iner) gives the lowest bond strength. The regional bond strengths decreased significantly
toward the apical third. The failure mode recorded was mostly adhesive in nature except for groups
(3D,4D) showed some mixed failure at the coronal third. Conclusions: NaOCI+ EDTA flush had a
profound effect on resin bond strength to radicular dentin. (LuxaCore®Z-Dual) composite core build-
up material exhibited the higher regional bond strength to radicular dentin. The regional bond strength
decreased from coronal to apical direction.
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INTRODUCTION
The creation of a strong and stable
bond between luting cements and radicular
dentin will contribute to the clinical per-
formance of luted post.*?
Resin cements have been selected for
their advantageous mechanical and adhe-

Al — Rafidain Dent J
Vol. 13, No2, 2013

sive properties compared with convention-
al luting cements for post cementation.®**

In addition to the traditional smear
layer produced by manually or rotary in-
strumentation of the root canal, the subse-
quent preparation of the post space using
post drills resulted in an additional and


file:///I:/7(1)%20fi/www.rafidaindentj.net

Al-Askary RA

even thicker smear layer composed of de-
bris and sealer/gutta-percha remnants that
has adverse effect on the adhesion to the
radicular dentin.®” Thus, achieving clean
dentinal surfaces after mechanical post
space preparation seems to be a critical
step for optimal post retention particularly
when resin cement is used.®*

Dentin surface treatment with different
irrigation regimens may cause alteration in
the chemical and structural composition of
human dentin, thereby changing its per-
meability and solubility characteristics and
hence affecting the adhesion of materials
to dentin surface.**>"1?

Sodium hypochlorite (NaOCI) and
ethylenediaminetetraacetic acid (EDTA)
are substances usually used during the en-
dodontic treatments.®!? NaOCI used for
their antibacterial and tissue-dissolving
properties for the organic portion of smear
layer.“**® EDTA is a chelating agent that
removes calcium ions to produce dentin
demineralization.®*'?

Adhesion to radicular dentin may be
affected by many factors like the presence
and thickness of endodontic smear layer,
the difficulty of the curing light to reach
many parts of root canal dentin, the gain-
ing of direct vision to the root canal, mois-
ture control and adhesive application, and
the effect of different viscosity of the lut-
ing cements, 4714

Self- adhesive cements introduced in
2002 as a new subgroup of resin cements,
these materials designed with the purpose
of overcoming some limits of both con-
ventional and resin cements. Self-adhesive
cements do not require any pretreatment of
the tooth substrate.®3?

Dual-cure cements were developed to
conciliate the favorable characteristics of
self-cured and light-cured cements by ex-
tended the working time, and capable of
reaching a high degree of conversion in
either the presence or absence of light.®®

Recently, dual-cured resin composite
for core build-up have also been used to
cement prefabricated posts, studies
showed that it is a luting materials with
improved mechanical properties better
than dual-cued resin cements.®**®

The purpose of this in vitro study was
to evaluate the regional bond strength of
four resin-based cements to post-space

dentin after irrigation with sodium hypo-
chlorite and ethylenediaminetetraacetic
acid.

MATERIALS AND METHODS

Eighty extracted human lower premo-
lars of single root canal with no root car-
ies, carious cervical cavities, pre-existing
restorations, root canal treatment, calcified
canals, crack lines, open apices, and re-
sorptive defects and with a round canal
selected for this study. All teeth scaled,
polished, and stored in distilled water at
37°C in an incubator until use. The crown
of each tooth was removed at the cemento-
enamel junction using diamond wheel saw
(KG Sorensen SP, Brazil) under water
coolant to make all canals 14 mm in
length. Then the root canals were ac-
cessed, and the canal lengths were meas-
ured by inserting a size # 15 k- file (MA-
NI, INC. JAPAN ) into each root canal
until the tip of the file was visible at the
apical foramen, the working length was
established 1 mm short of the apex. All
root canals were prepared at the predeter-
mined working length with ProTaper (Ni-
Ti) rotary instruments (Endo-Mate DT,
NSK NAKANISHI, INC., JAPAN) to size
F3 according to the manufacturer’s rec-
ommendations. 2ml of 2.5% NaOCI (FAS
a commercial household bleach, Irag) used
for irrigation between each file size. After
the preparation procedure was complete,
the root canals irrigated with 5 ml of 2.5%
NaOCl, dried with paper points (Dentsply
Maillefer, Switzerland), and obturated us-
ing size F3 single cone gutta-percha
(Dentsply Maillefer, Switzerland). AH
plus root canal sealer (Dentsply, Detrey,
GmbH, Germany) was used which mixed
and handled according to the manufactur-
er's instructions. Excess gutta-percha then
removed with a heated instrument and
cold vertical compaction performed with
endodontic plugger. The canal orifices
sealed with glass-ionomer cement (Voco,
Cuxhaven, Germany). The roots were
stored in distilled water in 100% humidity
at 37°C for 72h.

Eight millimeters segment of gutta-
percha would be removed from each root
canal obturation to prepare the post space
using heated-endodontic Pluggers size 30,
25, 20 (JoHn-Quayle, England) then Peeso
reamers (Dentsply, swiss made, Bal-
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laigres) size 1-3 coupled with slow speed
hand piece (W&H, Strauts, Austria) leav-
ing 5mm of gutta-percha to preserve the
apical seal. Then a rubber stopper placed
on the spreader to verify the depth of the
instrument within the canal and ensure that
5mm of intact gutta-percha remained in
the apical portion of the root canal. Radio-
graphs were taken to check the presence of
any residual gutta-percha and sealer in the
root canal walls along the prepared post
space and to check the remaining 5 mm
gutta-percha using dental x-ray equipment
(Trofy, France). After post-space prepara-
tions were completed, the roots were then
randomly divided into four groups (n=20)
according to the final irrigation regimen
for the prepared post space. Groupl: 5ml

distilled water (DW) as control group.
Group 2: 5ml 5.25% NaOCI followed by
5ml DW. Group 3: 5ml 17% EDTA
(Technical & General LTD. London) fol-
lowed by 5ml DW. Group 4©¢'%: 5m]
5.25% NaOCl followed by 5ml 17%
EDTA followed by 5ml DW. All irrigants
were delivered into the post spaces using a
28-gauge end-exiting needle and a 5 ml
syringe. The EDTA was left in place for
15 sec.® then the post space was flushed
with distilled water and dried using paper
points (Dentsply Maillefer, Switzerland).
Then each group was further subdivided
into four subgroups (n=5) according to the
different dual-cured resin-based luting ma-
terials used. The compositions of the test-
ed materials described in (Table 1).

Table. 1: Composition of the materials used in the present study

Resin based cement and bonding agent Composition
Vivaglass®Liner (Ivoclar, Viva- Powder:
dent/Liechtenstein dual-curing self-adhesive Aluminosilicate glass, Catalyst and pigments.

glass-ionomer resin cement Liquid:
Polyacrylic acid , 2-Hydroxyethyl- methacrylate (HEMA),
Dimethacrylate, Catalyst, Water

PermaCem®-Dual (DMG, Hamburg, Germany)  lonomer glass in a Bis-GMA based matrix of dental resins,
Universal dual-cured compomer Automix ce- activator, catalyst, additives.
ment

Variolink 11 (Ivoclar, Vivadent/
Liechtenstein) Dual-cured resin cement

Past A: Bis-GMA, urethane dimethacrylate (UDMA), trieth-
yleneglycol dimethacrylate (TEGDMA), inorganic filler,
ytterbium trifluoride, initiator, stabilizer.

Past B: Bis-GMA, UDMA, TEGDMA, inorganic filler, yt-
terbium trifluoride, benzoyl peroxide, stabilizer.

LuxaCore®Z-Dual (DMG, Hamburg, Germany)  Barium glass, pyrogenic silicic acid, nano fillers, zirconium
dual-cured Zirconia-reinforced composite resin  oxide in a Bis-GMA-based dental resin matrix

Excite (Ivoclar, Vivadent, Liechtenstein), dual-  2-Hydroxyethyl- methacrylate (HEMA), dimethacrylates,
curd adhesive phosphoric acid acrylate, silicon dioxide, and initiators and

stabilizers in an ethanol solution

The application of each luting material
was done according to the manufacturer’s
instructions. Prior to the application of
luting materials, the external surfaces of
the roots were built-up with resin compo-
site to prevent light passing through the
thin dentin walls to the bonding agent dur-
ing photocuring. Group(1,2,3,4)A: Filled
the post space with Vivaglass®Liner (lvo-
clar, Vivadent/Liechtenstein). The stand-
ard powder/liquid ratio of 1.4 g/1.0 g can
be achieved with a level Vivaglass meas-
uring spoon of powder and one drop of
liquid. Dispense the required amount of
powder and liquid onto the mixing pad.
Divide the powder into two equal parts;
mix the first half with the liquid for 5-10s.
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add the second half of the powder and mix
for another 10-15s. total mixing time
should not exceed 20s. apply the cement
into the post space with a suitable applica-
tor, light-cured for 60s. Group(1,2,3,4)B:
Filled the post space with PermaCem®-
Dual (DMG,Hamgurg, Germany). Applied
two coats of Excite bonding (lvoclar, Vi-
vadent, Liechtenstein) in to post space for
10s. with a brush of compatible size, re-
moved excess adhesive with paper points,
gently air dry, light cured for 20s. apply
the automixed paste with the aid of root
canal tip, remove excess cement with
spatula, light cure for 60s.
Group(1,2,3,4)C: Filled the post space
with Variolink Il (Vivadent, Amherst,
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NY). Applied the Excite bonding as de-
scribe for (group B), dispense the required
amount of past A&B onto the mixing pad,
apply the mixed cement into the post space
with a suitable applicator, remove excess
cement with spatula, light-cured for 60s.
Group(1,2,3,4)D: Filled the post space
with LuxaCore®Z-Dual (DMG,Hamgurg,
Germany). Applied the Excite bonding as
describe for (group B), apply the automix-
ed paste with the aid of root canal tip, re-
move excess cement with spatula, light
cure for 60s. (we don’t use acid etching
with phosphoric acid in this study to ob-
tain the pure effect of each irrigant solu-
tion on radicular dentin). Rather than use a
post, post space filled with the resin ce-
ments to permit evaluation of cement-
dentin bond strengths without the compli-
cations of bond to post versus bond to den-
tin®. Light curing probe was placed at a
right angle to the coronal portion of the
root for 60s using light curing unit (Astra-
lis, Vivadent, Liechtenstein, Germany).
Then 2mm composite core (Tetric, Viva-
dent, Liechtenstein, Germany) build up
was performed on each root to avoid the
risk of coronal leakage.

Each post space was sectioned hori-
zontally into three slices 2 mm in thick-
ness (Figure 1) representing the coronal,
middle, and apical thirds of post space us-
ing diamond wheel saw (KG Sorensen SP,
Brazil) under water coolant.

ﬁ
Figure (1): the prepared sample

The exact thickness of each slice
measured using digital vernia (Metr-iso-
gew.China). The sectioned specimens
mounted on a custom-made jig and the
cement was loaded with a Imm diameter
cylindrical plunger. The plunger tip sized
and positioned to touch only the cement
without stressing the surrounding root ca-
nal walls (Figure 2:a). The load was ap-
plied on the apical aspect of the sectioned

specimens in an apical-coronal direction to
push the cement towards the larger part of
the root slice. Loading performed using a
computer controlled universal testing ma-
chine (TERCO, MT, Sweden) (Figure 2:b)
at a crosshead speed of 1.0 mm/min until
bond failure occurred.

0]
oy

Figure (2): Loading
performed using a com-
puter controlled univer-
sal testing machine
(TERCO, MT, Sweden)

The maximum failure load was rec-
orded in newton and used to calculate the
push-out bond strength in megapascals
(MPa) according to the following formu-
1a®: (6= Fmax/A), where (Fmax) was the
maximum load when dislodgement of the
luting cement was occurred, (A) the effec-
tive adhesive surface area which can be
calculated according to the following for-
mula:® A= a(ri+r)V{(r; - r)? + h%.
Where n=constant 3.14, (r;= larger radius,
r,= smaller radius) the both were measured
using the digital vernia, h=the thickness of
the section in mm. Statistical analyses
were performed using a two-way analysis
of variance (ANOVA) and Duncan's mul-
tiple range test to determine if there were
statistically significant differences among
groups at (p=0.05). All failed specimens
were examined in a stereomicroscope
(Motic, TAIWAN) at X 20 magnification
to classify the modes of failure. Failures
were classified as adhesive (at ce-
ment/dentin interface), cohesive (within
the cement or dentin), or mixed.®?

RESULTS

Two-way ANOVA (Table 2) showed
that there were statistically significant
diferences (p<0.05) among the subgroups
for the factors of final irrigation regimens,
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Table (2): Two-way analysis of variance for the factors of irrigation, resin cements and

Effect of NaOCl and EDTA on the bond strength of resin cements

their interactions at three post space regions

ferent post space regions.

Source DE Type Il Sum of Mean = Sig.
Squares Square
Irrigation 3 380.839 129.946  410.071 .000
Coronal Ce'mer.lt 3 352.853 117.618  379.937 .000
Third IrrigationxCement 9 30.396 3.377 10.910 .000
Error 64 19.813 310
Corrected Total 79 783.901
Irrigation 3 234.701 78.234 85.914 .000
Middle Ce_mer)t 3 238.145 79.382 87.175 .000
Third IrrigationxCement 9 32.731 3.637 3.994 .000
Error 64 58.279 911
Corrected Total 79 563.856
Irrigation 3 85.618 28.539 61.413 .000
Apical Ce_mer]t 3 15.391 5.130 11.039 .000
Third IrrigationxCement 9 12.428 1.381 2.972 .000
Error 64 29.742 465
Corrected Total 79 143.179

DF: Degree of freedom

The mean push out bond strength val-
ues in MPa at three post space regions

F: Calculated F. value

Sig: significant

with Duncan's multiple rang test shown in
(Table 3) and represented in Figures (3-5).

Table (3): The mean and standard deviation of push out bond strengths in MPa of groups
at three post space thirds with Duncan's multiple rang test

Groups N Coronal Middle Apical

Gp.1A (DW+VG) control 5 10.07+0.43%  6.74+0.57° 4.78+0.52°

Gp.1B ( DW+PC) control 5 13.13+0.41%"  7.41+1.16% 5.65+0.23°%
Gp.1C (DW+VL) control 5 12.06+1.00°®  6.860.62° 5.15+0.61%
Gp.1D (DW+LC) control 5 14.22+40.62°  10.27+0.49" 5.35+0.63°*
Gp.2A ( NaOCI+DW+VG) 5 10.33+0.329  7.61+0.90% 5.25+0.19°
Gp.2B ( NaOCI+DW+PC ) 5 13.07+0.45%"  10.03+0.51" 5.54+0,32°%
Gp.2C ( NaOCI+DW+VL ) 5 11.79+1.05™  8.03+0.52° 5.49+0.30°
Gp.2D ( NaOCI+DW+LC) 5 14.25+0.28%  10.48+0.33" 5.20+0.60°%
Gp.3A (EDTA+DW+VG ) 5 11.19+0.22  8.96+0.47" 6.14+0.52°%
Gp.3B (EDTA+DW+PC) 5 16.06+0.26™  13.02+0.77° 7.07+0.67%
Gp.3C (EDTA+DW+VL) 5 13.79+0.87"  9.74%0.64" 6.27+0.37"%
Gp.3D (EDTA+DW+LC) 5 19.19+0.53°  13.84+0.53" 7.12+1.13%°
Gp.4A(NaOCI+EDTA+DW+VG) 5 14.51+0.27*  10.08+0.51" 6.76+0.67"
Gp.4B (NaOCI+EDTA+DW+PC) 5 19.08+0.34*  13.90+0.61° 7.97+0.51%

Gp.AC (NaOCI+EDTA+DW+VL) 5 16.63+0.89°  10.76+0.54° 6.73+0.83"
Gp.4D (NaOCI+EDTA+DW+LC) 5 20.35+0.42*°  14.69+0.40° 8.750.59°%

Total 80 14.36+3.12"  10.15+2.57° 6.20+1.21°

DW= distilled water, NaOCl= sodium hypochlorite, EDTA= ethelyndiamintetraacetic acid,

VG=Vivaglass,

PC=

PermaCem®-Dual,

VL=Variolink I,

LC=Luxacore®Z Dual,

Different letters indicated significant differences in each columen at (p=0.05) , Different num-

bers indicated significant differences in the row at p=(0.05).
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Table (4): The mean and standard deviation of push out bond strengths in MPa at three post
space thirds with Duncan's multiple rang test for the effect of final irrigation regime

Groups N Coronal Middle Apical
DW 20 12.36+1.68° 8.12+2.49° 5.23+0.56°
NaOCIl+DW 20 12.49+1.60° 9.04+1.38% 5.32+0.38°
EDTA+DW 20 15.19+3.07° 11.39+2.20®  6.65+0.81%°
NaOCI+EDTA+DW 20 17.74+2.45% 12.36+2.08% 7.55+1.86°
Total 80 14.48+3.15" 10.23+2.672 6.19+1.34°

DW= distilled water =~ NaOCI= sodium hypochlorite EDTA= ethelyndiamintetraacetic acid
Different letters indicated significant differences in each columen at (p=0.05) , Different
numbers indicated significant differences in the row at p=(0.05).

Irrespective to the final irrigation solu-
tions used, the mean bond strength of each
resin cement at different post space re-
gions with Duncan's multiple rang test
shown in (Table 5). Duncan's multiple
rang test showed that Luxacore®Z Dual

showed the highest bond strength value
compared with the other resin cements in
all thirds. Although, it was not statistically
significant difference from PermaCem®-
Dual bond strength value in the middle
and apical thirds. While Vivaglass®Liner

Al — Rafidain Dent J
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revealed the lowest bond strength in all
thirds but with no statistically significant
difference from the bond strength showed

by Variolink 1l in the middle and apical
thirds.

Table (5): The mean and standard deviation of push out bond strengths in MPa at three
postspace thirds with Duncan's multiple rang test for the effect of resin cement types.

Groups N Coronal Middle Apical (NS)
Vivaglass®Liner 20 11.69+1.74° 8.35+1.42° 5.75+0.88°
PermaCem®-Dual 20 15.52+2.54" 11.09+2.73* 6.51+1.20°

Variolink 11 20 13.55+2.26° 8.85+1.63° 5.76+0.99"
Luxacore®Z Dual 20 17.25+2.84° 12.62+2.06° 6.60+1.21°
Total 80 14.48+3.15" 10.15+2.57* 6.20+1.21°

Different letters indicated significant differences in each columen at (p=0.05) , Different numbers indi-

cated significant differences in the row at p=(0.05).

On the effect of post space region on
push-out bond strength, the coronal third
presented higher mean bond strength then
followed by the middle third, while the
apical third showed the lowest mean bond
strength.

The failure modes recorded were
100% adhesive in nature (Figure 6: a), ex-
cept in the subgroups (3D,4D) in the coro-
nal third showed (4%, 6%) respectively
mixed failure (Figure 6: b,c), no cohesive
failure was observed in the presented
study.

Figure (6): Digital photograph at x20
showing (a) Adhesive failure (b,c)
mixed failure.

DISCUSSION
In the present study, the regional bond
strength of different types of resin cement
to post space dentin after irrigation with
different irrigating solutions regimens
were investigated.

Al — Rafidain Dent J
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In this study, the bond strengths of the
tested resin cements differently affected by
the various irrigation regimens applied.
The wuse of 525% NaOCI+17%
EDTA+DW as irrigation regimen resulted
in higher bond strength value than other
irrigating regimens. Studies®®71%19 jn.
vestigating smear layer removal have
shown that the most effective mean of
smear layer removal involve a combina-
tion of EDTA and NaOCI to remove both
inorganic and organic components in
which it is total removal improves the ad-
aptation of filling materials to the root ca-
nal. Also, studies®®***? show that the
use of EDTA as a final irrigating will pro-
duce a strong resin-dentin bond strength
and this may be due to 3-phase hybridiza-
tion between the collagen fibrils, adhesive
monomer and demineralized hydroxyap-
atite bound to exposed collagen fibril.

In the present study, the control group
showed the lowest bond strength, which
was not significantly difference from that
recorded for NaOCI group. Studies “*'®
showed that distilled water had the highest
surface tension values, whereas those of
NaOCl and EDTA were relatively low
therefore penetrate the dentinal tubule bet-
ter than distilled water.

Problem of NaOCI if used in associa-
tion with resin based material is that its
strong oxidizing properties which leave
dentin surface characterizing by an oxygen
rich layer that cause strong inhibition of
the interfacial polymerization of resin
bonding materials and can significantly
reduce bond strength. The generation of
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oxygen bubbles at the resin-dentin inter-
face may also interfere with resin infiltra-
tion into the tubules and intertubular den-
tin in addition studies show that NaOCI in
high concentration may cause dentin col-
lagen destroyed due to fragmentation of
peptide chain.*®9101213)

In this study, Luxacore®Z Dual ce-
ment showed the excellent bond strength.
Studies *** showed that dual-cured com-
posite resin built-up materials have better
mechanical properties and could resist the
occlusal load and other stresses generated
by chewing force better than dual-cured
resin cements.

Vivaglass®Liner revealed the lowest
bond strength. Studies “*® showed that the
application of self-adhesive resin cement
to radicular dentin does not result in the
formation of hybrid layer or resin tags
when used for post cementation. In addi-
tion, hand mixing produces a lack of con-
sistency in the physical properties of set
materials, also porosities may be induced
by incorporation of air bubbles into the
materials. Studies®” showed that the in-
jection technique used to deliver the luting
cement into the canal produced less air
bubbles and voids in all the samples.

In this study, the coronal third promot-
ed higher bond strengths while the apical
third recorded lowest bond strengths inde-
pendently of the final irrigation regimes
and adhesive cements. Many stud-
ies®781518) racorded reduction of bonding
ability toward apical third of root canal
dentin. This is may be due to the higher
density of dentinal tubules, longer and
greater number of resin tags in the coronal
area as well as better accessibility during
the bonding procedure and benefits largely
from both light and self-curing, as they are
readily accessible to the curing light.
While in deeper regions debris removal,
wet control, and adhesive system applica-
tion are critical because of access that is
more difficult and a possible limitation of
cement flow, reduction in curing light
transmission could account for decrease in
the polymerization of luting cement,
which can contribute to the lower bond
strengths to dentin.

The mode of failure was mostly adhe-
sive in nature, this suggested that interfa-
cial adhesion was the weakest between

dentin and cement, which was in accord-
ance with other published results.@**
CONCLUSIONS

Within the parameters of the current
study, the following conclusions can be
drawn. The use of NaOCIl and EDTA in
combination as a final post space irrigation
can potentially modify the root canal den-
tin and increase the bond strength of resin
cements to radicular dentin. The use of
dual-cured composite resin built-up mate-
rial for post cementation may assure relia-
ble mechanical properties even in deep
regions where light is not available than
resin cements. The regional bond strength
decreased from coronal to apical direction.

The mode of failure was mostly adhesive

in nature.
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