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EFFECT OF DIODE LASER IRRADIATION ON THE BOND
STRENGTH OF FIBER POSTS AFTER ENDODONTIC
RETREATMENT USING DIFFERENT SEALERS

Amira Mohamed Elsharkawy”

ABSTRACT

Purpose: To investigate the effect of diode laser activated irrigation on bond strength between

fiber post and radicular dentin after endodontic retreatment using two different sealers.

Materials and Methods: Seventy-two extracted human maxillary central incisors were
collected, decoronated, endodontically prepared then divided to three groups (n=24) according
to sealer type: GP group: gutta-percha without sealer (control group); AD group: AD sealer; and
BC group: Bioceramic sealer. Specimens were endodontically retreated after 30 days using the
same sealers. 10 mm deep post spaces were prepared in each specimen. Each group was further
sub-divided into three subgroups (n=8) according to post space treatment: irrigated with saline
(Control), (EDTA) and (laser and EDTA). One tooth from each group was selected for SEM
analysis. Posts were cemented, push out tests were performed. Failure modes were analyzed using

a digital microscope.

Results: With all dentin pretreatment protocols, AD group recorded the highest bond strength
mean value followed by GP and BC group respectively, with significant difference (P<0.05) as
demonstrated by two-way ANOVA. However, (Laser+EDTA) recorded the highest bond strength
followed by (EDTA) and (saline) respectively, with significant difference as demonstrated by
three-way ANOVA (P<0.05). There was no-significant difference among root regions (P>0.05).
Predominant failure mode was the mixed type as detected by Chi square test. SEM revealed absence

of smear layer and opened dentinal tubules after (laser and EDTA) treatment.

Conclusions: laser activated irrigation of root dentin significantly improved the bond strength

of fiber post after endodontic retreatment with both sealers.
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INTRODUCTION

Endodontically treated teeth are frequently
restored with fiber post and resin luting cement.
Fiber posts are characterized by good esthetics and
similar modulus of elasticity similar to dentin, so
improving stress distribution of functional loads to
the root canal.!’ One of the major problems of fiber
posts is dislodgement from the root canal. Resin
cements can produce a mono-block with root canal
walls. Therefore, success of a fiber post depends on
proper bond of post to root dentin. ® Previous studies
234 found that endodontic retreatment resulted
in an adverse effect on fiber post push out bond
strength compared to endodontic treatment. Pereira
et al @ found that endodontic retreatment negatively
affected the adhesive resin cement penetration and
consequently the fiber post bond strength. The
inaction of the drills and solvents used to eradicate
the root filling material yields a new smear layer
rich in sealer and gutta-percha remnants plasticized

by the frictional heat, can occlude dentinal tubules.
3.4

Recently, resinous sealers are commonly used,
having the ability to penetrate lateral canals, and
dentinal tubules. These obstructed dentinal tubules,
interfere with the formation of a hybrid layer of
resin cement ,subsequently, reducing the post bond
strength.® Bengoa et al © confirmed the importance
of endodontic sealer assessment before using in a
tooth that will be restored with a fiber post.

Bioceramic sealers are becoming popular
owing to their ability to bond to dentin surface and
formation of hydroxyapatite. Bioceramic sealers are
bioactive, biocompatible, radiopaque, hydrophilic,
have dimensional stability, an alkaline pH, and
antibacterial effect. Moreover, these sealers use
the moisture of dentinal tubules to initiate and
accomplish their setting reactions. This explains the
recent reports about difficult complete removal of

calcium-based sealers using rotary techniques.

Different adhesive systems are available
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Self-adhesive
resin cements were introduced in the market to

for the fiber post cementation.

simplify the cementation process. Self-adhesive
cement’s adhesion mechanism is established on
micromechanical retention and chemical interaction
between monomer acidic groups and hydroxyapatite.
According to the manufacturer, phosphoric acid
molecule in a methacrylate group will react with the
calcium ions of the hard dental tissues, consequently
the cement infiltrate the smear layer and tooth
structure. The interface between the cement and the
dentin could be compromised by thick smear layer
of gutta percha and sealer created along the canal
walls during endodontic retreatment. ®

Several techniques have been proposed to remove
endodontic filling materials, including the use of
endodontic hand files, rotary systems, ultrasonic,
laser, heat and the use of adjunctive solvents. ©
Among these chemical solvents that are used as
irrigants during the biomechanical preparation;
ethylene diamine tetra acetic acid (EDTA) chelates
calcium ions and promotes dentin demineralization
and smear layer removal. ¥

Recently, ultrasonic systems @V and laser
procedures ? are extensively used for root canal
cleanings. The use of these techniques for irrigation
activation is an extra method for smear layer
removal from root canals. Among the new trends in
the laser field is the diode laser device with a wave
length emission at 980 nm, it has shown to be a
highly effective and reliable method in endodontic
treatment due to its antimicrobial effect compared

to the high intensity lasers. ¥

In fact, there is no established retreatment
protocol that confirms complete removal of these
materials and the smear layer from radicular dentin.
Controversies exist regarding whether additional
dentin treatment before post cementation using
diode laser activated irrigation could improve sealer
removal in retreatment cases. ¥

So the aim of the present study was to investigate
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the effect of diode laser activated irradiation on bond
strength between fiber post and radicular dentin after
endodontic retreatment using bioceramic or epoxy-
based sealer. The null hypotheses were: 1) there
would be no difference in bond strength of fiber
post after laser activated irrigation after retreatment
using bioceramic or epoxy-based sealer. 2) There
would be no difference in the push out bond strength
between both sealers used.

MATERIALS AND METHODS

Sample Size Calculation

Based on previous research ¥ sample size of 7
in each group has a 80% power to detect a difference
between means of 4.04 with a significance level
(alpha) of 0.05 (two-tailed) and 95% confidence
intervals. In 80% (the power) of those experiments,
the P value will be less than 0.05 (two-tailed) so the
results will be deemed “statistically significant”. In
the remaining 20% of the experiments, the difference
between means will be deemed “not statistically
significant”. Report created by GraphPad StatMate
2.00.

Specimen preparation: Seventy- two freshly
extracted non-carious human maxillary central
incisors were collected from oral surgery department
in Faculty of dentistry; Cairo University. Teeth
were chosen free from cracks, fractures, internal
resorption. Calculus and soft tissues were removed
from the teeth. All teeth were stored in saline
solution. Teeth were decoronated 2mm above the
CEJ using (Isomet 1000; Buehler, Lake Bluff, IL,
USA). All root canal preparations were completed
by the same operator. Working length was predicted
visually 1mm shorter from the apical foramen.

Protaper universal rotary system (Dentsply,
Maillefer,
Cleaning and shaping using the crown down

Ballaigues, Switzerland) was used
technique in the following order: S1 and S2 are

shaping files used in a brushing motion then
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the finishing files F1, F2, F3 up to finishing F4
file (size 40 with 6% apical taper) using X smart
plus endomotor (Dentsply, Maillefer, Ballaigues,
Switzerland). Torque and speed were fixed
according to the manufacturer instructions (2 N/
cm torque and a constant speed of 300 rpm).
Irrigation was done during treatment first by 5Sml
2.5% sodium hypochlorite for one minute followed
by 5Sml 17 % EDTA ( PREVEST DentPro, India)
for one minute then a final flush with saline for 1
min. Paper points (Dentsply, Maillefer) were used
for root canal drying before obturation. Specimens
were randomly divided in to three groups of 24
specimens each (n=24) according to the sealer used

during obturation:

GP Group (n=24): Gutta percha without sealer
(control).

AD Group (n=24): AD Seal (ADSEAL Meta,
biomed, Korea).

BC Group (n=24): Bio-C Sealer (BIOC)
(Angelus, Londrina, Brazil).

The root canals were obturated with gutta-percha
F4 (Dentsply, Maillefer, Ballaigues, Switzerland)
using lateral compaction technique. Then the root
canal orifices were sealed using flowable composite
(Polofil NHT flow, Voco, Germany). The teeth were
kept in saline solution for 30 days, until retreatment.

Endodontic Retreatment: Using ProTaper
Universal rotary retreatment files, the root canals
of the three groups underwent retreatment. Using
a #2 Gates-Glidden drills (MANI Inc., Tochi-gi,
Japan), 3 mm of the coronal parts of the root canal
walls was removed. Three drops of chloroform
(Merck, Darmstadt, Germany) were dropped inside
each root canal. D1, D2 and D3 files were used
for the removal of the coronal, middle and apical
thirds of the root canal up to the working length,
respectively. Apical patency was maintained by the
use of no#15 C+ (Rogin, Dental , Korea) manual
file then F1, F2 and F3 finishing files were used for
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the final apical preparation. All the steps of similar
irrigation, drying and obturation of the root canals
for each group were repeated as those of the initial
endodontic treatment, using the same sealers. The
root canal orifices were sealed using flowable
composite (Charmcore, Dentkist, Korea). Teeth
were stored for two weeks in saline solution at room
temperature to allow complete sealer setting.

Post space preparation: All specimens
were then fixed in self-cured cylindrical acrylic
blocks (consuming cylinder block former) using
a surveyor to ensure orientation in the long axis
of the root. First, the flowable composite were
removed with high speed hand piece and round bur.
Then the Gutta percha were removed with Gates
Glidden drills #3 to #4 (Dentsply, Maillefer) for
10- mm depth, maintaining 3mm - 4mm of gutta-
percha as an apical seal. After this procedure, the
post spaces were prepared to a depth of 10 mm
with special preparation drills included in post kit
corresponding to the post size (GLASSIX plus,
Nordin, Switzerland), using a low speed hand
piece (Sirona, Germany) attached to bench drilling
machine. Using Sml of saline solution to irrigate the
canal during and after drilling. Followed by post
spaces drying using paper points.

Each group was further sub-divided into three

TABLE (1): Samples grouping:
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subgroups of eight specimens each (n=8) according
to post space treatment before post cementation; all
irrigations were done by the needle gauge no.30 to
penetrate to the apical third of the post space:

Saline (control): Each canal was irrigated using

saline for 1 min. and then dried using paper points.

EDTA: Each canal was irrigated using 17%
EDTA solution (PREVEST DentPro, India) for one
minute, and then canals were irrigated with saline
then dried using paper points.

EDTA +laser: the Diode laser beam ( Wiser,
Doctor Smile, LAMBADA SpA- Italy) emitting
at 980 nm operating in pulsed mode was used for
the activation of the 5 ml EDTA solution, which
was repeatedly injected in the canal by a 30-gauge
needle. During the irrigation, the 300 um radial
optical fiber was inserted into the entire extension of
the post space and irradiated from apical to cervical
axis in spiral movements at a ratio of 2 mm/second.
Five cycles of irradiation with 20 seconds time
intervals between cycles were performed permitting
root cooling between the cycles. The average
power density of the laser at CW was 2.5 W/cm?2.
A useful duty cycle of 50% (50/50 msec activated/
deactivated) was set to pulsed mode with an average
power density of 994 W/cm?. (617

Groups Subgroups Total
Saline EDTA Laser+EDTA
GP (control) GP saline GPEDTA GP laser+EDTA 24
(Gutta-percha without sealer) N=8 N=8 N=8
AD AD saline AD EDTA ADlaser+EDTA 24
(AD sealer) N=8 N=8 N=8
BC BC saline BC EDTA BC laser+EDTA 24
(Bioceramic sealer) N=8 N=8 N=8
Total 72
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Scanning electron microscope:

Nine additional teeth, one tooth designed for
each group, prepared for SEM analysis to perceive
the changes on root canal surfaces after the post
space irrigations. All specimens were channeled
buccolingually using diamond disk and separated
longitudinally with chisel and mallet. One half of
each root was randomly chosen for the scanning.
With a lancet signifying the coronal, middle and
apical thirds. Samples were fixed onto SEM.
Superficial image was scanned using Quanta FEG
250 scanning electron microscope (FEI Company,
USA). SEM settings were:
distance, in-lens detector, excitation voltage of

10.Imm working

10 KV and 3000x magnification for root dentin
interface.

Fiber post cementation: Glass Fiber Posts
(GLASSIX plus, Nordin,
nominated. All posts were cleaned first using 70%

Switzerland) were

alcohol followed by 37% phosphoric acid etching
for 15 sec and then silanized with silane coupling
agent (DentoBond Porcelain Fix, Itena, France) for
60 seconds then dried with an oil free air. RelyX
U200 ( 3M ESPE, Seefeld, Germany) was injected
into the root from the apical end to the entire length
of the root canal. The posts were fixed in place with
stable finger pressure for 10 seconds; microbrush
was used for excess removal then light curing
using light-polymerizing unit (Astralis 3, Ivoclar
Vivadent, Liechtenstein) with 1150-mW/cm? output
for 20 seconds in all directions. Flowable composite
(Charm core, Dentkist, Korea) was used for sealing
the access. Samples were preserved in saline for one
week till push out test.

Push out test: Each root was horizontally
sectioned into 6 slices of 1.0 £ 0.1 mm in thickness
(each 2 slices indicated one third of the root: cervical,
middle, and apical) leave-taking the last 4mm from
the apex using cutting machine. Marks were put
on the coronal side of each slice for recognition
of the coronal side during the pushout test. Push
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out test was completed using computer controlled
materials testing machine (Instron universal testing
machine, model 3345, England ) data calculated
and documented using computer software (bluehill
instron , England). The specimens were loaded with
a 1 mm diameter cylindrical tip in an apical-coronal
direction to push-out the post toward the broader
part of the root slice to avoid the taper restriction.
The cylindrical tip was put to touch only the post,
Figure 1. The loads at failure were documented as
N and the bond strengths were stated in MPa; N was
divided by the area of the bonded interface, which

Fig. (1): Specimen positioned in the universal testing machine.

was calculated using the following formula:

Push out bond strength = F/A where: A = 7 H
(r1+12)

As 1 is the constant 3.14, H = 1.5mm is the
thickness of the slice, r1 is the coronal radius of the
slice and r2 is the apical radius.

Fractographic analysis

After push out test, the slices were observed
under the Digital microscope (U500x Digital
microscope, Guangdong, China). Each sample was
snapped using USB Digital microscope with a built
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in camera connected with a compatible personal
computer using a fixed magnification of (65 X)
to verify the failure mode, which was divided as
follows; adhesive failure between resin cement and
post and/or between adhesive resin cement and
dentin, mixed failure with resin cement covering less
than 50% of the post space, mixed with resin cement
covering more than 50% of the post space, cohesive
failure in dentin ( fracture in dentin), cohesive in
post (fracture in post). Illustrative pictures of the
failure pattern are shown in Figure 7. ®

RESULTS

The results were analyzed using Graph Pad
Instat (Graph Pad, Inc.,USA) software for windows.
A value of P < 0.05 was measured statistically
significant. After homogeneity of variance and
normal distribution of errors had been confirmed,
analysis of variance ANOVA was completed for
comparison between main groups followed by
Tukey’s pairwise if presented significant results.
Also, three-way ANOVA was done to identify
total effect of each variable (main groups, dentin
treatment and region). Chi square test was done
between failure mode patterns. Sample size (n=24/
group) was large enough to discover large effect
sizes for main effects and pair-wise comparisons,
with the satisfactory level of power set at 80% and a
95% confidence level.

Push out bond strength (MPa) test results

The mean values and standard deviation of push
out bond strength test results measured by mega
Pascal (MPa) for all groups as function of dentin
pretreatment applied and radicular region are
summarized in Table (2) and graphically drawn in
Figure (2).

In GP group; it was found that dentin
pretreatment with (Laser+EDTA) recorded the
SD value followed by EDTA
meanwhile, saline treated dentin was recorded the

highest mean =+
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least mean + SD value. The difference between
dentin pretreatment was statistically non-significant
as designated by two-way ANOVA (p >0.05). There
was no significant (P>0.05) difference between
radicular regions, whereas; middle third recorded
the highest bond strength followed by cervical,
while the apical third recorded the lease value.

In AD seal group; (Laser+EDTA) treated dentin
recorded the highest mean + SD value followed
by EDTA, whereas; the saline treated dentin was
recorded the least mean + SD values. The difference
between dentin pretreatment was statistically
significant as designated by two-way ANOVA
(P<0.05). There was no significant (P>0.05)
difference between radicular regions where cervical
third recorded the highest bond strength followed
by the middle, while the apical third recorded the
least value.

In BC group; (Laser+EDTA) treated dentin
recorded the highest mean + SD value followed by
EDTA, while the saline treated dentin was recorded
the least mean + SD values. The difference between
dentin pretreatment was statistically significant as
designated by two-way ANOVA (P<0.05). Also, the
difference between radicular regions was significant
(P<0.05), where cervical third recorded the highest
bond strength followed by middle, while the apical
third recorded the least value.

Interactions of variables

Regarding the main sealer groups without
taking into consideration dentin pretreatment or
radicular region, sealer type influenced push-out
bond strength mean values significantly as proven
by three-way ANOVA (P<0.05), where ADseal
group recorded the highest push-out bond strength
results followed by the GP group while BC group
recorded the least values .

Regarding the dentin pretreatment without
taking into consideration sealer group or radicular

region, dentin pretreatment affected push-
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TABLE (2) Push out bond strength (MPa) results (Mean values+ SDs) for all groups as function of dentin

pretreatment and radicular region.

Dentin pretreatment
Variable Saline EDTA EDTA +Laser
Cervical Middle Apical Cervical Middle Apical Cervical Middle Apical
GPgroup | 3505 452412 | 343141 | 36108 | 449+1.6 | 501£1.2 | 4.46=x1.1 4.50+0.9 | 4.39+09
AD group | 4.1209 42+0.8 3.59+0.6 | 6.18+1.1 6.01x1 5.17+0.8 8.1x1.1 6.9+1.09 7.6x14
BC group | 2.6+0.6 2.2+0.6 1.840.3 | 3.41+0.89 | 2.7+0.74 2.9+0.8 4.2+0.72 3.7+0.8 345+1.2
p value p value p value
0.007* 0.019% 0.0004*
(between sealer group) (between sealer group) (between sealer group)
p value p value p value
. 0.163 ns X 0.996 ns A 0.234 ns
L. (between region) (between region) (between region)
Statistics
GP group 0.3652 ns
p value between dentin
AD group 0.0013*
pretreatment
BC group 0.0008*

*; significant (p < 0.05)

ns; non-significant (p>0.05)

QR NWANUWUANN KL

Push out bond strength (MPa)

Middle

Cervical Apical Cervical

Saline

.

Middle
EDTA

Dentin pretreatment

m GPgroup mADgroup wmBCgroup

Middle

Apical Cervical Apical

EDTA +Laser

J

Fig. (2): Histogram of the mean values of push out bond strength test results measured by mega Pascal (MPa) for all groups as
function of dentin pretreatment applied and radicular region.

out bond strength mean values significantly as
demonstrated by three-way ANOVA (P<0.05),
where (Laser+EDTA) recorded the highest push-
out bond strength followed by EDTA while saline
recorded the least values.

Regarding the three radicular regions, without
taking into consideration the sealer or dentin
treatment, there was a statistically non-significant
difference in push-out bond strength mean values
among the radicular regions for all group as indicated
by three-way ANOVA (P<0.05), where the coronal

region showed the highest push-out bond strength
results followed by the middle third while the apical
regions, recorded the least value.

Results of Fractographic analysis
Failure patterns are presented in Table 3.

In GP group, it was found that samples revealed
predominantly adhesive failure mode between
tooth and resin (40.28%), while mixed failure
(< 50% and >50%) were recorded (31.94% and
6.94% respectively), however, cohesive failure in
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(20.83%) only with no record for adhesive failure

mode between post and resin (0%).

In AD group, it was found that majority of
samples revealed predominantly mixed failure
mode (< 50% and >50%) were (23.61% and 20.83%
respectively), followed by adhesive failure between
tooth and resin (38.89%), whereas, cohesive failure

was (12.5%) only with minor record for adhesive
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failure between post and resin (4.17%).In BC group,
it was found that samples displayed predominantly,
mixed failure mode (< 50% and >50%) were
(27.78% and 26.39% respectively), followed by
adhesive failure between tooth and resin (38.89%),
whereas, cohesive failure was in (6.94%) only with
no record for adhesive failure between post and
resin (0%). The difference in failure mode patterns
between groups was statistically significant as

TABLE (3): Frequent distribution of failure mode patterns (%) for all groups as function of dentin pretreatment

applied and radicular region.

Dentin pretreatment
Variable
Saline EDTA EDTA +Laser
Group | Failure pattern | Cervical | Middle Apical | Cervical | Middle | Apical | Cervical | Middle Apical
Adh P+R (0%) 0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%)
Adh T+R (37.5%) | (62.5%) (50%) (50%) (37.5%) | (37.5%) | (37.5%) (25%) (25%)
GP Mixed < 50% (62.5%) (25%) (37.5%) (25%) (25%) 50%) | (12.5%) | (12.5%) | (37.5%)
rou,
group Missed > 50% (0%) (12.5%) | (12.5%) (0%) (0%) (0%) (12.5%) | (12.5%) | (12.5%)
Cohesive (0%) (0%) (0%) (25%) (37.5%) | (12.5%) | (37.5%) (50%) (25%)
Adh P+R (0%) (12.5%) (0%) (12.5%) (0%) (0%) (0%) (12.5%) (0%)
AD Adh T+R (37.5%) (25%) (37.5%) | (37.5%) (25%) (75%) | (37.5%) | (37.5%) | (37.5%)
group Mixed < 50% (37.5%) (0%) (50%) (12.5%) (715%) | (12.5%) (0%) (0%) (25%)
Missed > 50% (0%) (37.5%) | (12.5%) | (37.5%) (0%) (12.5%) | (37.5%) (25%) (25%)
Cohesive (25%) (25%) 0%) (0%) (0%) (0%) (25%) (25%) (12.5%)
Adh P+R (0%) (0%) (0%) (0%) (0%) 0%) (0%) (0%) 0%)
BC Adh T+R (37.5%) (25%) (37.5%) | (37.5%) | (37.5%) | (15%) | (37.5%) (25%) (37.5%)
group Mixed < 50% (37.5%) (25%) (12.5%) | (37.5%) | (37.5%) | (25%) (0%) (37.5%) | (37.5%)
Missed >50% | (12.5%) | (37.5%) | (37.5%) | (12.5%) | (12.5%) (0%) (62.5%) | (37.5%) (25%)
Cohesive (12.5%) | (12.5%) | (12.5%) | (12.5%) | (12.5%) (0%) (0%) (0%) (0%)
100% )
920%
80%
~ 70%
S 60%
L s0%
S 40%
“  30%
20%
10%
0%
fT = 5 & &/ &g 8 858 |3z =T &8 58 %
s s v 7y g s s T % g s b v o g
: % 3 3 s % & 3 3 § % %§& 3z =3 s
GP group AD group BC group
m Saline Cervical m Saline Middle m Saline Apical m EDTA Cervical m EDTA Middle
m EDTA Apical m EDTA +Laser Cervical m EDTA +Laser Middle m EDTA +Laser Apical
L

J

Fig. (3): Stacked column chart of frequent distribution of failure mode patterns (%) for all groups as function of dentin pretreatment

applied and radicular region.
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Fig. (4): SEM images representative the post spaces in GP group at X3000, treated with: 1. Saline (a: coronal third; b: middle third;
c: apical third), 2. EDTA (d: coronal third; e: middle third; f: apical third), and 3. (Laser +EDTA) (g: coronal third; h:middle
third; i:apical third). a, b and c: The smear layer covering root canal dentin surface in forms of crystals with irregular forms

and shapes. d: Absence of smear layer and slight presence of remnants, opened dentinal tubules. e: Frequent presence of
remnants; smear layer covering the dentin surface, and the dentinal plugs remained . f: Frequent presence of remnants;
thick smear layer covering root canal dentin surface in forms of crystals with irregular forms and shapes. g: Clean dentinal
surface opened dentinal tubules absence of remnants. h: clean dentin surface, opened dentinal tubules, slight presence of
remnants. i: Frequent presence of remnants; smear layer covering the dentin surface, and the dentinal plugs remained.
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Fig. (5): SEM images representative the post spaces in AD group at X3000, treated with: 1. Saline (a: coronal third; b:middle third;
c:apical third), 2. EDTA (d: coronal third; e:middle third; f:apical third), and 3. (laser +EDTA) (g: coronal third; h:middle
third; i:apical third). a: Slight presence of remnants, less smear layer covering the dentin surface. b and ¢: Frequent
presence of remnants, thick smear layer no dentinal tubules are visible. d and e: Absence of smear layer and open dentinal
tubules. f: Slight presence of remnants , absence of smear layer and open dentinal tubules. g, h and i: Slight presence of
remnants absence of smear layer and opened dentinal tubules.
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Fig. (6): SEM images representative the post spaces in BC group at X3000, treated with: 1.Saline (a: coronal third; b:middle third;
c:apical third), 2.EDTA (d: coronal third; e:middle third; f:apical third), and 3.(laser +EDTA) (g: coronal third; h:middle
third; i:apical third). a, b and c¢: Thick smear layer covering root dentin surface. d, e and f : Showing some removal of
smear layer , some of dentinal tubules are partially opened and dentinal plugs remained. g, h and i: Absence of smear layer
and open dentinal tubules.
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proved by Chi square test (P<0.05). Analysis of
the failure modes in the present study revealed no
cohesive failures within the post for all groups.

Interpretation of the Scanning Electron micro-
scope (SEM) examination

Dentin surface of the root canal were examined

by SEM after different surface treatments with;
Saline, EDTA, and (Laser+ EDTA), Figure (4, 5,
and 6).

Amira Mohamed Elsharkawy

In GP group; SEM revealed dense deposits of
smear layer on the dentine surface of the root canal,
and smear lump was found occluding the dentinal
tubules after saline flushing the canal. As well as
after EDTA treatment there was frequent remnants;
smear layer still covering the dentin surface, and
the dentinal plugs persisted. While after (Laser and
EDTA) treatment,clean dentinal surface was noticed,
opened dentinal tubules and absence of remnants

above root dentin. In AD group; SEM presented

Fig. (7): Digital microscope images of failure
mode pattern (X65) a: Adhesive
between resin cement and dentin. b:
Adhesive between post and resin. c:
Mixed more than 50%. d: Mixed less
than 50%. e: Cohesive failure in dentin.
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frequent remnants and thick smear layer with no
visible dentinal tubules after saline pretreatment;
while after EDTA, and (laser and EDTA) treatment,
there was absence of smear layer and there was
opened dentinal tubules. In BC group; SEM
presented a thick smear layer covering root dentin
surface after saline flushing. Whereas, after EDTA
treatment there was some removal of smear layer
but the dentinal plugs remained. However there was
opened dentinal tubules and absence of smear layer
after (laser and EDTA) treatment.

DISCUSSION

The present study evaluated the effect of laser
activated irrigation on bond strength of fiber post
to radicular dentin after endodontic retreatment
using two types of sealers. The results showed that,
laser irradiation with EDTA irrigation improved
significantly the push-out bond strength of fiber post
toradicular dentin after endodontic retreatment using
bioceramic or epoxy-based sealer. Additionally,
epoxy based sealer recorded higher push out bond
strength of fiber post than bioceramic sealer after all
supplementary dentin pretreatment. So the first and
second null hypotheses were rejected.

Bioceramic sealer was selected in the present
study because it is a novel category of high-purity
tricalcium silicate sealer, having specific setting
feature as it consumes the inherent moisture in
dentinal tubules 7. Their exclusive setting activity
and hardness could improve their adhesion and
resistance to dislocation from dentin especially
during the secondary endodontic therapy. ® The
argument on the removal of the bioceramic sealers
during retreatment is a matter of concern among
clinicians. Consequently, attempts must be made
to eradicate sealer deposits from the post space
to boost the bond strength of fiber post and resin
cement to dentinal walls. ¥

Laser parameters applied in this study were
(980nm diode laser, 2.5 W/pulse and 20Hz
frequency for 20 second). These parameters were
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selected simulating clinical conditions'®, which
settled with Gogarkhay et al.’® who described
that diode laser was a safe tool for routine clinical
use. Previous researches ' have emphasized
that the flexible light-conductor fiber, should be
kept in constant motion in the root canal during
irradiation to avoid rise in temperature on the root
surface. For this reason, constant motions were
used in this study. Some authors suggested that the
radiation of diode lasers is poorly absorbed by hard
dental tissues and accordingly permits propagation,
scattering, or diffused transmission of light through
dentin. Laser activated irradiation (LAI) has been
claimed to augment smear layer and dentine debris
eradication from root canal walls. ?® However,
there is still no sufficient data on the sealer removal
after retreatment using laser irradiation.

Posts dimensions were standardized for inves-
tigational control to allow comparison between
groups without bias at the current study.

One of the most important factors affecting the
bond strength of the fiber post to root dentin is the
adhesive cement used; in this study self-adhesive
resin cements have been used to eradicate possible
errors of intra-radicular bonding, simplifying ce-
mentation procedure. ?"

The effect of each sealer on the bond strength of
fiber posts was evaluated by a thin-slice push-out
test, which requires 1-mm-thick root disks. Plunger
size diameter was selected according to root canal
diameter. This method results in more reliable,
reproducible and clinic-like conditions than other
tests. 2

The selection of 17 %EDTA Irrigating solutions
were based on previous studies "*?? of endodontic
protocols used to remove the smear layer before
filling.

With all dentin pretreatment protocols, the
results of the current study demonstrated that the
AD seal group recorded the highest bond strength
mean values of fiber posts, followed by control
group , while BC sealer group recorded the
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least values; the difference between groups was
statistically significant as indicated by two-way
ANOVA (P<0.05). These findings agreed with the
results reported by several studies shown by Chen et
al. @V and Oltra et al. ®. Chen et al ®" investigated
the effect of ultrasound and regular rinsing on smear
layer removal after post space preparation using
different sealers (AH Plus , Apexit Plus and iRoot
SP ), the results showed that AH Plus presented the
easiest removal from the post space, whereas iRoot
SP presented the most difficult removal. Oltra et al
23 examined the retreatability of BioCeramic sealer
as compared with AH Plus with Chloroform solvent.
The results revealed that the BC sealer group had
significantly more residual filling material than
the AH Plus group regardless of whether or not
both sealers were retreated with chloroform. This
notable difference between the sealers might be
attributed to the fact that BC nanoparticle leads to
deeper penetration of the sealer into the dentinal
tubules. @*2» Additionally, presence of the moisture
inside the dentinal tubules activated the reaction
between calcium phosphates and calcium hydoxide
incorporated in the sealer, producing hydroxyl
appetite. ®® This hydroxyl appetites precipitated
with the calcium silicate hydrate phase to produce a
composite like structure reinforcing the set cement
that decreased root dentin adhesion to resin cement
and fiber post !#27,

The results of the present study showed high
bond strength in the AD sealer irrigated with saline
(control), these findings agreed with the results
reported by several studies, ?'*¥ the most probable
explanation might be the fact that the epoxy-based
sealer has no reversing effect on the adhesion of
resin cement. This result supported by Cohen et al.
¥ who reported that epoxy resin, such as AD seal,
does not interfere with the activation of free radicals
in composite resin. Cecchin et al. ® reported that
the high bond strength of resin-based sealers is due
to the presence of epoxy resin in their composition,
which is similar to the composition of the resin
cement.
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On the other hand, the results of the current
study demonstrated that the bond strength improved
significantly after EDTA and (laser and EDTA)
treatment in both sealers. These results come in
accordance with Elnaghy ©” who found that, the
self-adhesively cemented fiber posts after irrigation
of the root dentin with EDTA recorded greater bond
strength than rinsing with distilled water. Elnaghy
also confirmed significantly less smear layer and
opened dentinal tubules after EDTA irrigation
EDTA solution has
great special effects on demineralization of the

compared to other irrigants.

inorganic dentin components, which effects peri-
and intertubular dentin and smear layer removal.
@Y During irrigation, EDTA captures the calcium
ions (Ca+2), each EDTA molecule can bind with
a single calcium ion, until balance occurred, then
no more dissolution. %29 Consequently, increasing
dentin penetrability and empowers direct contact
of the resin cement with the dentinal walls. GV
Moreover, EDTA has the ability to dissolve epoxy
based sealers as reported by Kelea and Koseaglo ©?;
who measured the solubility of six sealers (calcium
hydroxide, polyketone, zinc oxide-eugenol, silicone
and two epoxy resins) in EDTA and NaOCl. Authors
demonstrated that EDTA and NaOCl allowed
solubility of both tested epoxy resin sealers in the
nonsurgical endodontic retreatment. This could be
explaining the higher bond strength resulted from
dentin pretreatment of the post space with EDTA
in ADseal group than BC sealer group. As depicted
from SEM (Figure 5 and 6), SEM examination of
radicular dentin in AD sealer group treated with
17% EDTA revealed, complete removal of the smear
layer and opening the dentinal tubules, while in BC
sealer EDTA group; resulted in partial removal of
smear layer, some of dentinal tubules are partially
opened and the dentinal plugs remained. This is
supported by previous study by Garrib and Camiller
@9 who investigated the effect of 17% EDTA, for
5 min on Total fill Bioceramic sealer. They found
that 17% EDTA affected the structural integrity only
of the sealer.
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The results of the current study verified that
dentin pretreatment of the post space by (Laser
irradiation + EDTA) significantly Improved the bond
strength of fiber post than EDTA irrigation only in
all tested groups verifying the positive effect of the
diode laser. This was associated with the removal of
smear layer, remaining gutta-percha and endodontic
sealers from the radicular dentin ®-*% as shown in
SEM (Figure 4, 5 and 6). The results coincide with
previous study ®¥ who reported the improved bond
strength of fiber posts cemented to the intraradicular
dentine surface previously irradiated with high-
intensity diode laser emitting at 980 nm. Strefezza
et al ©® analyzed the effect of dentin root canal
irradiation - with high intensity diode laser, at 830
nm, operating in continuous or pulsed mode- on
the retention of metal or fiber posts, cemented with
self-etching resin composite (Panavia F) and zinc
phosphate cement (ZnPO4). Authors detected that
the higher bond strength values between cement and
radicular dentin for the irradiated groups, associated
with removal of smear layer and remaining gutta-
percha from the radicular dentine. This result might
be attributed to activation of chemical irrigants
by heating, as they are more efficient at higher
temperature, which increases the rate at which it
softens and dissolves gutta-percha. ¢ Additionally
the laser melts and vaporizes the smear layer from
radicular dentine, resulting in clean root canal
walls. The thermal effect of the radiation penetrates
up to 1 mm into the dentinal walls, permitting a
decontaminating effect on deeper dentine layers.
@ Previous studies *-*” have described the laser
actions in removal the root canal filling materials
which includes a combination of both photothermal
and photoablation effects. The photothermal effect
depends on conversion of the photon energy of laser
to thermal energy. The thermal energy then produces
heat, which subsequently melts filling material in
the root canal, while the photoablation mechanism
was achieved by the water between the laser light
and the irradiated surface, which then produced the
ablation of the gutta-percha material and sealer. ¢
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In GP group, the results presented that the dentin
pretreatment with EDTA was not significantly
improved the bond strength. This could be attributed
to endodontic retreatment step involves the action of
using drills to remove the gutta percha which resulted
in a plasticizing layer of gutta percha and inorganic
components forming a new adherent smear layer
on the canal wall, which can occlude the dentinal
tubules.® Additionally, the chloroform used during
endodontic retreatment probably resulted in a thin
layer of gutta-percha deposited on canal walls that
saturated the root dentin interfering with resin
cement bonding. This finding was supported by
previous study “?. Consequently, cleaning the canal
with EDTA only didn’t remove the gutta percha
remnants from the dentin walls thus, affecting the
bond strength negatively, expressed by low bond
strength of fiber post in this sub-group. As well as
SEM analysis verified our results (Figure 4; e and f)
displayed a heavy depositions and thick smear layer
in middle and apical thirds after EDTA treatment.

Concerning the post push out bond strength at
different root levels with all dentin pretreatment
protocol; it was observed that the coronal region
showed the highest mean push-out bond strength,
followed by the middle while the apical region
recorded the least values with non-significant
differences (P>0.05) between them. This result came
in agreement with other studies “*-*¥ reported non-
significant effect of root canal region bond strength
to dentin in cases of fiber root reinforcement.
Authors explained this result as the dependence of
bond strength on the surface area of intertubular
dentin than to tubule density. *>- 49 On the other
hand, our results contradict previous studies “-#
that detected increased bond strength significantly in
coronal and middle regions than apical one. Authors
attributed this to morphological differences, such as
the reduction in the number, density, and diameter
of dentinal tubules. Another explanation for low
bond strength in the apical third is the difficulty of
complete filling material removal at such deepest
thirds. Therefore, the dentinal tubules of the apical
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area, covered by a filling material, which act as a
mechanical barrier, prevent adhesion, with the intra-
radicular dentin in this region.

Regarding the types of failures found in the
present study, AD sealer group had significantly
higher incidence of mixed followed by adhesive with
minimal cohesive failures. This result was probably
due to significantly higher bond strength values. BC
sealer group demonstrated predominantly mixed
failure mode between tooth and resin followed by
adhesive failure mode, while cohesive failure mode
was minor. This result might be attributed to the
positive effect of complementary dentin pretreatment
in cleaning the canal walls resulting in increased
bond strength of adhesive resin cement with the
radicular dentin.
predominantly adhesive failure mode between tooth
and resin followed by mixed failure mode, with

While GP group demonstrated

minimal presence of cohesive failure existing in
EDTA and (Laser with EDTA) dentin pretreatment
groups. This result was probably due to the weak
bond strength of fiber post due to presence of thick
smear layer in (saline) and (EDTA) pretreated
groups that started to be removed by (laser +EDTA)
treated group. “349

However, this study has some limitations, first;
the samples were not subjected to thermal and
mechanical cyclic loading as these steps simulate
oral masticatory function and teeth aging in clinical
circumstances, second; additional clinical testing is
advised.

CONCLUSIONS

Within the limitation of this study, the following
conclusions were drawn:

1. Supplementary dentin pretreatment with laser
and EDTA before post cementation revealed
improvement in the bond strength of fiber
post to radicular dentin for both epoxy-based
sealer and Bioceramic sealer previously used in
endodontic retreatments.
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2. The type of endodontic sealer used in root canal
filling affected the bond strength of fiber posts
to root dentin.

3. The use of an epoxy resin—based sealer demon-
strated better results than the use of Bioceramic
sealer with all tested dentin pretreatments.

4. Radicular region had no effect on bond strength
of fiber post.
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