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The effect of different intracanal irrigants on the push-out
bond strength of dentin in damaged anterior primary teeth
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This experimental study investigated the effect of different intracanal irrigants on the push-out bond strength of den-
tin in damaged anterior primary teeth. The crowns of 90 anterior primary teeth were sectioned horizontally, | mm
above the cementoenamel junction (CE]). Following canal preparation with K-files, all groups except the negative
control received normal saline irrigation. Canals were then irrigated with either 3% or 5.25% sodium hypochlorite
(NaOCl), 2% or 0.2% chlorhexidine (CHX) solution (except negative and positive controls). The roots were filled with
Metapex material and covered with a calcium hydroxide liner. In root canals, the bond was applied by self-etching
and then light-cured for 20 seconds before canals were restored incrementally with composite. Stereomicroscopes
were used to assess failure patterns. Push-out bond strengths (MPa = SD) were: 3% NaOCI (16.92 £ 5.78), 5.25%
NaOCl (8.96 = 3.55), 2% CHX (14.76 £ 5.56), and 0.2% CHX (7.76 + 2.93). Significant differences were seen
across the irrigants regarding the push-out bond strength of dentin sections (P <0.001). The most frequent failures
were adhesive and cohesive. NaOCI and CHX irrigants increased the push-out bond strength compared to controls.
Compared to controls, both 3% NaOClI and 2% CHX irrigants significantly increased the push-out bond strength of
dentin in non-vital anterior primary teeth.
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INTRODUCTION

Preserving primary teeth is crucial for their role in the develop-
ment and future eruption of permanent teeth. Premature loss of
anterior milk teeth can lead to numerous complications, includ-
ing decreased chewing efficiency, loss of vertical dimension of
occlusion, parafunctional habits, speech problems, malocclusion,
and delays in the development of permanent teeth [1-7]. Early
Childhood Caries often cause premature loss of primary teeth,
potentially resulting in malocclusion, incorrect tongue position-
ing, and speech disorders [8]. The treatment process can be chal-
lenging and disruptive for children and their parents, who may
need to adjust work schedules for multiple dental visits [9].
Dental decay is a major reason for primary tooth loss, and pulp
therapy is a treatment option to prevent tooth loss. For primary
teeth with irreversible pulpitis or necrosis, root canal treatment
(RCT) is required, which involves mechanical cleaning, irriga-
tion, and placement of resorbable fillings [10]. The choice of
irrigation solution in RCT is critical due to its antimicrobial and
tissue-dissolving properties. However, some solutions can weaken
the bond strength of adhesive systems to root dentin, alter struc-

tural components like collagen, and affect mechanical properties
such as bending strength and elastic modulus.

Chlorhexidine gluconate (CHX) 2% is commonly used for root
canal cleanings due to its antimicrobial properties, long-lasting
effect, and low toxicity. CHX rinse solution also helps maintain
the bond strength between resin material and root dentin by pre-
venting the collapse of collagen fibers [8,11-14]. Normal saline is
another widely used irrigation solution for children because it has
no side effects and can be used alongside other irrigants. Sodium
hypochlorite (NaOCI) is frequently used for broad applications in
dental root canal preparation [15-24].

In endodontic infections, preventing the root canal from be-
coming infected is crucial to the success of the root canal treat-
ment, particularly during root resorption or first tooth formation
[25]. There is a need to investigate the effect of varying irrigation
solutions with different concentrations on the bonding of dental
pulp chambers and root canals, especially concerning the bond
strength to dentin. Effective canal cleaning solutions are essen-
tial for disinfecting canals and preparing dentin surfaces for op-
timal bonding with composite materials. Methods such as micro
shear, micro tensile, and push-out tests are used to evaluate bond
strength to dentin walls, with the push-out test yielding results
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more aligned with clinical conditions due to its ability to replicate
fractures parallel to the dentin-bond interface [26-33].

Additionally, certain intracanal coatings have been recom-
mended to reduce bacterial presence. Treatments for trauma-
tized teeth, periapical lesions, revascularization of immature
teeth, apexification, and inflammatory root resorption often uti-
lize intracanal filling materials. Metapex, a material containing
calcium hydroxide, iodoform, and silicone oil medium, is com-
monly used due to its superior antimicrobial effects compared to
simple calcium hydroxide [34-39].

In the present investigation, we examined the impact of
different root canal rinses on the push-out bond strength of
Metapex-filled cervical dentin in the roots of anterior primary
teeth. Understanding these effects is crucial for optimizing dental
treatment strategies in pediatric dentistry, ensuring durable resto-
rations and long-term oral health for young patients.

MATERIAL AND METHODS

Sample preparation and treatment

After crown cutting and pulp tissue harvesting, anterior decidu-
ous (milk) teeth were selected for inclusion in the study. Follow-
ing root canal preparation and cleaning with either NaOCI (at
concentrations of 3% and 5.25%) or CHX (at concentrations of
2% and 0.2%), Metapex filler material was applied. Additionally,
G-Premio bonding and Z250 composite repair were utilized, with
the teeth being cut perpendicular to the longitudinal axis prior to
these applications. The bond strength values were measured in
megapascals (MPa) using an Instron bond strength test machine.
Forces were applied until the moment of failure to determine the
bond strength. To calculate the sample size, Cochran's formula
was used 1n the research (N: sample size, a: first type error, 1-f3:
power of the test, d: margin of error, S: standard deviation):

N=

Research implementation method

Ninety extracted anterior deciduous teeth were evaluated. At
least two-thirds of the root and one-third of the crown length
were required for inclusion. The teeth were randomly divided
into six groups: Group 1: 3% NaOCI, Group 2: 5.25%NaOCl,
Group 3: 2% CHX, Group 4: 0.2% CHX, Group 5: positive
control (Normal saline), and Group 6: Negative control. Teeth
were immersed in 0.5% chloramine T solution and stored at 4°C
for one week before experiments began. Crowns were cut hori-
zontally 1 mm above the cementoenamel junction (CEJ) with a
diamond bur (Teezkavan), and the apex was sealed with a calci-
um hydroxide liner (Figure 1).

Root canal preparation

A 10 ml saline solution was used to wash the root canals of the
teeth after the pulp tissue was removed. Root canals were pre-
pared using a K manual file up to number 45 and a piezo ream-
er size 2 with a diameter of 0.8 mm to shape uniform, parallel
spaces. The roots of each group (except the positive control) were
washed with 5 ml of the assigned washing solution during the
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same period: NaOCI 3%, NaOCI 5.25% (Hyponic 5.25%, Nik-
darman), CHX 2% (Clorex 2%, Nikdarman). Solutions were
prepared by diluting 5.25% NaOCI and 2% CHX with normal
saline to obtain 3% NaOCI and 0.2% CHX.

Filling and bonding

Standardized roots were dried using a paper cone (Dentsply)
number 40 and filled with Metapex material (Metapex, Meta-
dental) using a special syringe head and packing technique (Fig-
ure 2) (following the manufacturer's instructions) and covered
with a calcium hydroxide liner with a thickness of 1 mm (Bisco,
TheraCal).

A short composite post was reinforced using G-Premio
eighth-generation bonding (GC, G-Premio bond) with the self-
etch method. The bond was applied inside the root canal using a
microbrush (Microbrush X, Microbrush, Grafton) in two layers.
After application, the layers were dried for 5 seconds with high
airflow and then cured with an LED light (Bluephase C5, Ivoclar
Vivadent Clinical) for 20 seconds (Figure 3).

Each layer of the Z250 composite (3M ESPE) was applied in
2 mm increments using the incremental technique (Figure 4) and
cured for 40 seconds. The canal was filled up to the CEJ. The
samples were stored in a laboratory oven (Universal Oven, Mem-
mert GmbH) at 100% humidity and 37°C for one week. The
teeth were mounted in a cold-curing acrylic resin block (Caulk,
DENSPLY Maillefer). Abrasive cutting machines were then used
to cut the roots perpendicular to the longitudinal axis, producing
three to four slices of 1 mm thickness from each root.

Forces were applied to samples using a cylindrical stain-
less-steel plunger with different diameters (0.8, 1, and 1.2 mm)
according to the channel size. The samples were mounted on an
Instron device to measure the push-out bond strength. Push-out
forces were applied at a cross-sectional speed of 0.5 mm/min un-
til bond failure occurred. Bond strength was calculated in mega-
pascals by dividing the force in newtons (N) by the bonding area.
The bonded area was calculated using the 2rtrxh relationship. In
this regard, 7 equals 3.14, r is the radius of the intra-radicular
space, and h is the height in mm.

Samples were examined under a stereomicroscope at 30x mag-
nification to identify the type of failure.

o Adheswe failure occurs when the filling material completely
separates from the dentin, leaving the dentin surface free
of any filling material.

*  Coheswe failure occurs within the filling material or dentin
itself. It is classified as cohesive in composite if the failure
occurs within the filling material and cohesive in dentin
if it occurs within the dentin. The dentin surface remains
covered with filling material.

*  Mixed failure: this is a combination of adhesive and cohe-
sive failure patterns, where the filling material covers part
of the dentin surface while other parts are exposed.

Statistical analysis

Data were analyzed using SPSS 0.25 software. The mean and
standard deviation of the push-out bond strength were calculat-
ed for each group. ANOVA was used to compare bond strength
values, with pairwise comparisons conducted using the least
significant differences (LSD) test. Chi-square tests were used to
compare the frequency of failure patterns. A significance level of
0.05 was used for all statistical tests.
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Figure 1. Removing the tooth crown horizontally with a diamond

bur

Figure 2. Metapex root canal filling material

Figure 3. G-Premio generation 8 bonding factor

Figure 4. Z250 composite

RESULTS
Descriptive findings

An experimental laboratory study was conducted on 90 anterior
primary teeth. The root canals of the teeth were washed with
four different solutions: 3% NaOCl, 5.25% NaOCl, 0.2% CHX,
and 2% CHX. Results were compared with positive and negative
control groups. The mean * standard deviation of the push-out
bond strength of dental slices was 16.92 = 5.78 MPa for NaOCl
3%, 8.96 + 3.55 MPa for NaOCl 5.25%, 14.76 £ 5.56 MPa for
CHX 2%, and 7.76 + 2.93 MPa for CHX 0.2%. In the positive
control group, the push-out bond strength was 7.13 £ 3.06 MPa,
while in the negative control group, it was 2.22 £+ 0.86 MPa (Ta-
ble 1 and Figure 5).

Analytical findings

The Kolmogorov-Smirnov and Shapiro-Wilk test was used
to confirm the data followed a normal distribution (P >0.05).
Statistical analyses were therefore conducted using parametric
tests. A one-way analysis of variance (ANOVA) revealed signif-
icant differences in push-out bond strength between the groups
(P <0.001). The negative control group had the lowest aver-
age bond strength values (2.22 MPa), while the highest values
were observed in the 3% NaOCI group (16.92 MPa). Compar-
isons using the LSD test revealed several significant differences.
The CHX group showed a significantly higher average bond
strength than the negative control group by 2% (P < 0.001,
mean difference = -12.54). The average bond strength of the
3% NaOCI group was significantly higher than the negative
control group (P < 0.001, mean difference = -14.69). Similarly,
the 5.25% NaOCI group had significantly higher average bond
strength compared to the negative control group (P < 0.001).
The positive control group also showed significantly higher av-
erage bond strength compared to the negative control group
(P =0.001, mean difference = -4.91). No significant difference
was found between the positive control and 0.2% CHX group.
However, the 2% CHX group had significantly higher average
bond strength than the positive control group (£ < 0.001, mean
difference = -7.62). Significant differences were also observed
between the positive control and 3% NaOCI groups, with the
latter having higher average bond strength (P < 0.001, mean
difference = 9.78). There was no significant difference between
the positive control and 5.25% NaOCI groups in terms of aver-
age push-out bond strength.

In this study, the average push-out bond strength did not sig-
nificantly differ between the 5.25% NaOCI and 0.2% CHX
groups. However, there were significant differences between
the 5.25% NaOCI and 2% CHX groups. The 2% CHX group
had a higher average bond strength compared to the 5.25%
NaOCl group (P = 0.001, mean difference = -5.79). Addition-
ally, substantial differences were found between the 3% NaOCI
and 5.25% NaOCI groups, with the 3% NaOCI group showing
higher average bond strength (P = 0.001, mean difference =
-7.95). Significant differences were observed when comparing
the 0.2% CHX and 3% NaOCI groups, with the 3% NaOCI
group having higher average bond strength (P = 0.001, mean
difference = 9.16). However, there were no significant differ-
ences in the average push-out bond strength between the 3%

NaOCI and 2% CHX groups.
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Table 1. Mean, standard deviation, minimum, and maximum

Table 2. Comparison of push-out bond strength among different

push-out bond strength values (MPa)

Max Min Deviation Mean Group
23.90 4.91 5.78 16.92 NaOCl 3%
14.66 3.84 3.55 8.96 NaOCl 5.25%
23.43 4.86 5.56 14.76 CHX 2%
13.22 3.43 293 7.76 CHX 0.2%
13.97 3.61 3.06 713 Positive control
3.99 1.05 0.86 2.22 Negative control
301

20- u 1

Figure 5. The mean and 95% confidence interval of the mean
push-out bond strength of dentin in anterior primary teeth

washed with different solutions

canal washing solutions

Group 1 Group 2 Mean difference ~ Pvalue
Negative - |

. Positive contro -4.91 0.001
Ncign"’;:g’le CHX 0.2% -5.53 <0.001
chgnif_'c‘)’le CHX 2% 1254 <0.001
Negative | %

el NaOCl 5.25% -6.74 <0.001
Negative 13%

il NaOCl 3% -14.69 <0.001
Positive control CHX 0.2% -0.621 0.67
Positive control CHX 2% -7.62 <0.001
Positive control NaOCl 5.25% -1.83 0.213
Positive control NaOCl 3% -9.78 <0.001

CHX 0.2% CHX 2% 7.01 <0.001
CHX 0.2% NaOCl 5.25% 1.20 0.410
CHX 0.2% NaOCl 3% 9.16 <0.001
CHX 2% NaOCl 5.25% -5.79 <0.001
CHX 2% NaOCl 3% 215 0.143
NaOCl 5.25% NaOCl 3% -7.95 <0.001

Table 3. The frequency and percentage of different fracture
patterns in damaged anterior milk teeth after washing with

Finally, the average bond strength values between the 2%
CHX and 0.2% CHX groups were significantly different, with
the 2% CHX group having higher values (P < 0.001, mean
difference = 7.01) (Table 2).

The fracture patterns observed in the different treatment
groups are summarized in Table 3. In the 3% NaOCI group,
there were two cases (13.2%) of adhesive fracture, five cas-
es (33.4%) of cohesive fracture in dentine, five cases (33.4%)
of cohesive fracture in composite, and three cases (0.20%)
of mixed fracture. The 5.25% NaOCI group had four cases
(26.7%) of adhesive fracture, five cases (33.3%) of cohesive
fracture in dentin, two cases (13.3%) of cohesive fracture in
composite, and four cases (26.7%) of mixed fracture. In the 2%
CHX group, there were three cases (0.20%) of adhesive frac-
ture, four cases (26.7%) of cohesive fracture in dentin, five cases
(32.4%) of cohesive fracture in composite and three cases (0.20
%) of mixed fracture. In the 0.2% CHX group, there were four
cases (26.7%) of adhesive fracture, four cases (26.7%) of cohe-
sive fracture in dentine, four cases (26.7%) of cohesive fracture
in composite and three cases (20.0%) of mixed fracture. In the
negative control group, all the fractures were of adhesive type.
Still, in the positive control group, there were 12 cases (0.80%)
of adhesive-type fractures and three cases (0.20%) of cohesive
fractures. Based on the chi-square test results, significant differ-
ences were found between the groups in terms of failure fre-
quency (P <0.001).

JOURNAL of MEDICINE and LIFE. VOL: 17 ISSUE: 5 MAY 2024

different irrigants

Cohesive  Cohesive

Group ad I;;s;ive dentin  composite M(i:/(?d Tg/ta)nl

> (%) (%) > >
NaOCl 2 5 5 3 15

3% (2/13) (4/33) (4/33) (20) (0/100)
NaOCl 4 5 2 4 15

5.25% (7/26) (4/33) (4/13) (7/26)  (0/100)
o 3 4 5 3 15

S | g (7/26)  (4/32)  (0)  (0/100)
CHX 2/0 4 4 4 3 15

% (7/26) (7/26) (7/26) (20)  (0/100)
Positive 12 0 3 0 15

control (0/80) (0/20) (0/100)
Negative 15 15

control (0/100) e g 9 (0/100)

DISCUSSION

This study found that the push-out bond strength of anterior pri-
mary teeth was increased by NaOCl and CHX irrigants compared
to control groups. The NaOCI 3% and CHX 2% groups showed
the strongest bond strength values. Various factors, such as the type
of tooth, the degree of mineralization of dentin, the amount of
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dentin bonded surfaces, the type of bond strength testing method,
environmental humidity, and test conditions, affect bond strength
in laboratory conditions. However, acid pH, solvent type (water,
ethanol, or acetone), and filler percentage also affect bond strength
values, and these variables have caused bond strength values to
vary widely in existing studies [40-46]. The dentin far from the
pulp 1s more calcified, and because the tubules are different in di-
ameter in other areas of the tooth, they have a higher bond strength
[40]. Morphological differences in dentine affect bond strength.
In order to maintain the function and maintain the tooth until it
can be permanently replaced, pulp-involved milk teeth should be
restored. One of the challenges in composite restorations is the
strength of a composite bond to the enamel or dentin of milk teeth
following endodontic or restorative treatments. The present study
was conducted to determine whether root canal cleaners affect the
push-out bond strength values of dentin roots of damaged anterior
deciduous teeth.

This research found that the strongest push-out bonds were
obtained when the roots of the damaged anterior milk teeth were
washed with 3% NaOCI (mean 16.92 MPa), 2% CHX (mean
14.76 MPa), 5.25% NaOCI (mean 8.96 MPa) and 0.2%, CHX
(mean 7.76 MPa), respectively. In all comparisons, the bond
strength values of different irrigant groups differed significant-
ly from those of the negative control group. A significant differ-
ence was observed between the positive control group and the
CHX 2% and NaOCI 3% groups. In terms of the experimental
groups, the difference between NaOCI 3% and CHX 0.2% was
significant, as was the difference between CHX 2% and CHX
0.2%; 5.5% NaOCI and 3% NaOCl, 5.25 NaOCI, and 2%
CHX. However, there was a significant difference in push-out
bond strength between 5.25% NaOCI and 0.2% CHX irrigants.
There were no differences between the groups treated with 3%
NaOClI and 2% CHX. The dentin samples from the 0.2% CHX
and 5.25% NaOCI groups had lower bond strength values than
those in the 3% NaOCI and 2% CHX groups.

According to Meshki e al. [47], the push-out bond strength of
5% 6™ 7" and 8" generation bonding agents was determined af-
ter composite posts were applied to anterior milk teeth. The study
was conducted in a laboratory setting with 60 extracted anterior
milk teeth that still had at least two-thirds of their root length. In
total-etch and self-etch patterns, the bond strength of the 8"%-gen-
eration bonding agent was significantly higher than the 5", 6", and
7%-generation bonds. The bond strength of the 5%, 6, and 7" gen-
eration bonding agents did not differ significantly. Additionally, the
bond strength of the 8™-generation agents was higher in self-etch
patterns compared to total-etch patterns, suggesting that 8"-gener-
ation bonding agents are effective for bonding composite posts to
dentin in anterior primary teeth [47].

In the present study, the push-out bond strength was relatively
higher when using a 3% sodium hypochlorite washing solution
compared to 2% CHX and 0.2% CHX. Sodium hypochlorite is
the most common root canal washing solution [31,48-51] due to
its excellent properties, including the ability to dissolve organic
content and necrotic tissue in the smear layer [48]. Fibryanto e
al. [49] investigated the effects of washing canals with 5.25% and
2.5% NaOCl on total-etch adhesive bond strength to dentin fol-
lowing the application of nano-filled resin composite and found
that 5.25% NaOCI yielded the highest bond strength values.
However, our study recorded the highest bond strength values for
dentin samples in the 3% NaOCI group [49].

The increase in dentin bond strength due to NaOCl is attribut-
ed to its deproteinization activity. NaOCI dissolves and removes

encapsulated dentin collagen after acid etching, creating miner-
alized dentin surfaces for adhesive resin application. This process
allows adhesive resin to connect directly to dentin without a col-
lagen-reinforced resin layer, known as the hybrid layer [50,51].
However, some researchers argue that NaOCl's removal of col-
lagen fibrils from the dentin surface and prevention of a per-
manent hybrid layer formation may weaken the bond between
adhesive systems and dentin walls, as collagen significantly in-
fluences adhesive adhesion. Uniformity of dentin collagen, par-
ticularly after using root canal cleaning agents, is a critical factor
in bonding failure within the root canal system [52-54]. In the
study of Fibryanto et al. [49], washing the root canal system with
5.25% NaOCI and 2.5% NaOCI caused a decrease in dentin
collagen. In a recent study, despite the weakest collagen staining
in the 5.25% NaOCI group, the highest values of shear bond
strength were observed, indicating that collagen may not improve
the initial adhesion in bonding, which needs further investigation.

The dentin of baby teeth has a high organic content and a
lower mineral content than that of permanent teeth. These dif-
ferences may reduce the strength of the dentin-resin bond in this
substrate and increase the possibility of degradation over time
[55]. Therefore, the preventive effects of matrix metalloprotein-
ase inhibitors may be more pronounced in primary teeth than in
permanent teeth.

In the present study, the push-out bond strength values of
anterior primary teeth dentin after washing with CHX at both
concentrations were lower than those obtained with sodium
hypochlorite. These differences were especially significant com-
pared to the 3% sodium hypochlorite concentration. On the
other hand, the push-out bond strength values of dentin sam-
ples washed with 2% CHX were approximately double those of
samples washed with 0.2% CHX. CHX is a cationic biguanide
with optimal antimicrobial activity at a pH of 5.5 to 7.0. Its anti-
microbial function works by adsorption onto the cell walls of mi-
croorganisms and disruption of their intracellular components.
Several researchers have investigated the effects of pretreatment
with CHX on dentin bond strength, with mixed results regard-
ing whether CHX decreases immediate bond strength [56,57].
Some studies suggest that CHX adsorption by dentin may im-
prove resin penetration into the dentin, although this requires
further evaluation. The binding of CHX to loose and surface
apatites interferes with the performance of primer monomers.
Additionally, dentin contains matrix metalloproteinases (MMPs),
activated by self-etch and total-etch adhesives. Their activity in
the hybrid layer destroys type I collagen and reduces the durabil-
ity of the bond [58].

In laboratory conditions, CHX can inactivate all matrix metal-
loproteinases in dentin at concentrations of 0.02% [59]. CHX
has high substantivity, and this chemical property of CHX in situ
conditions is due to non-specific binding related to its positive
charge, making its effects last longer than the application period.
Therefore, the concentration of CHX might have a limited im-
pact in this context [52,55,60]. However, in this study, the bond
strength values of dentin samples washed with 2% CHX were
significantly higher than those washed with 0.2% CHX. This dis-
crepancy may be related to the specific conditions of the current
research, including the type of bonding agent and the etching
pattern used.

The present study used Metapex filling material to fill root
canals. Research indicated that Metapex can reduce the bond
strength of composite to dentin. This reduction is due to Metapex
residues, which affect bonding by dissolving under exposure to
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adhesive primers containing ethanol and acetone [61]. G-Pre-
mio eighth-generation bonding was utilized in this study using
the self-etch method to prepare root canals in anterior primary
teeth. Eighth-generation bonding agents can be applied using ei-
ther the total-etch or self-etch methods. It has been reported that
the bond strength to dentin in self-etch systems is higher due to
less microleakage and prevention of excessive drying after etch-
ing. For this reason, the self-etch method is preferred to increase
bond strength and reduce microleakage in dentin. Additionally,
self-etch systems are favored for dentin due to its greater sensi-
tivity to decalcification caused by less mineralization and more
tubules. Coonversely, total-etch systems are preferred for enamel
because they remove the smear layer more effectively, although
they may leave a gap between the dentin and the monomer [62].

This research showed that most failures in the washing or posi-
tive control groups were cither adhesive or cohesive failures in the
dentin and composite. Also, in the positive control group (nor-
mal saline), 80% of the failures were adhesive, and in the nega-
tive control group, all the failures were adhesive. In the control
groups, no cases of mixed failures were seen, and in general, the
least failures were of mixed type. The difference in the frequency
of failure patterns in different research is due to the inconsisten-
cy and non-uniformity of the composition and particle size of
the materials, which affects their penetration inside the dentinal
tubules [63].

This research used the push-out method to estimate the bond
strength to the dentin of anterior primary teeth. This test ap-
plies shear forces to the interface between the composite and the
dentin, simulating clinical conditions more accurately than the
linear shear method [64]. This research used a cylindrical stain-
less-steel plunger according to the channel size with dimensions
of 0.8 mm, 1 mm, and 1.2 mm. One limitation of the current
research is that it used only two washing solutions and a single
root canal-filling material. Including a greater variety of washing
solutions and canal-filling materials could provide more compre-
hensive results. Additionally, the research samples were not sub-
jected to long-term aging or thermal cycling, which could influ-
ence the outcomes. Despite efforts to standardize all parameters
in this study, some unavoidable differences in the shape and size
of the roots existed.

CONCLUSION

Irrigant solutions significantly increased the push-out bond
strength of anterior primary teeth compared to the control
groups. The highest bond strength values were observed in the
groups treated with 3% sodium hypochlorite and 2% CHX.
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