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ABSTRACT Objective: This study aimed to compare the effect of
sodium hypochlorite (NaOCl), chlorhexidine (CHX), ethylene diamine
tetra acetic acid (EDTA) and etidronic acid (HEBP) solutions and their
combinations on a push-out bond strength of fiber posts to root canal
dentin and on root dentin microhardness. Material and Methods: Sixty
human maxillary central incisors were sectioned below the cementoe-
namel junction, the roots were endodontically treated and were divided
into 6 groups (n=10) according to the final irrigation protocol: (1) Dis-
tilled water, (2) CHX, (3) HEBP-NaOCl combination, (4) HEBP, (5)
2.5 % NaOCl, (6) 17% EDTA. The fiber posts were then cemented with
self-etching resin cement. Bonded specimens were cut (1-mm-thick),
the first slice of the coronal 3rd was used for dentin microhardness anal-
ysis, and other slices were used for the push-out bond strength test. The
data were statistically analyzed by using Shapiro-Wilk, Oneway
ANOVA, and the Games-Howell test. Results: The lowest microhard-
ness was observed in HEBP-NaOCl and NaOCl (p<0.05). CHX, HEBP,
and EDTA resulted in less reduction in microhardness as compared to
other groups (p<0.05). HEBP-NaOC]l and NaOCl showed significantly
higher mean bond strength to root dentin in the cervical thirds than in
other groups (p<0.05). Conclusion: With regard to the push-out bond
strength of the fiber post to dentin, NaOCl and HEBP-NaOCl increased
bond strength compared to other groups. NaOCl and HEBP-NaOCl
have lower microhardness of dentin. Compared to HEBP, EDTA in-
creases microhardness and does not make a significant difference in
push-out bond strength. Therefore, it is recommended to use HEBP
alone.

Keywords: Etidronic acid; root canal treatment;
sodium hypochlorite

OZET Amag: Bu calismanin amaci, sodyum hipoklorit (NaOCI), klor-
heksidin [chlorhexidine (CHX)], etilen diamin tetra asetik asit (EDTA)
ve etidronik asit (HEBP) soliisyonlarinin fiber postlarin kok kanalia
dentinine baglanma mukavemeti ve kok dentin mikrosertligine etkisini
degerlendirmektir. Gere¢ ve Yontemler: Altmis adet insan {ist ¢ene
santral kesici digi mine sement sinirinin altindan kesilerek, kokler en-
dodontik olarak tedavi edildikten sonra irrigasyon protokoliine gore 6
gruba (n=10) ayrilmustir: (1) Distile su, (2) CHX, (3) HEBP-NaOCl
kombinasyonu, (4) HEBP, (5) %2,5 NaOCl, (6) %17 EDTA. Fiber
postlar self-etch rezin siman ile diglere simante edilmistir ve drnekler-
den 1 mm kalinliginda kesitler alinarak, koronal tigliideki ilk kesit den-
tin mikrosertligi analizi i¢in ve diger kesitler push-out baglanma giicii
testi icin kullanilmistir. Veriler, Shapiro-Wilk, One-way ANOVA,
Games-Howell testi kullanilarak istatistiksel olarak analiz edilmisgtir.
Bulgular: En diisiik mikrosertlik HEBP-NaOC]I ve NaOCl’de gozlen-
mistir (p<0,05). CHX, HEBP ve EDTA, diger gruplara kiyasla mikro-
sertlikte daha az azalma ile sonuglanmistir (p<0,05). Servikal bolgede
HEBP-NaOCIl ve NaOCl, diger gruplara gore anlamli derecede daha
yiiksek baglanma kuvveti gostermistir (p<0,05). Sonugclar: Fiber pos-
tun dentine baglanma kuvvetiyle ilgili olarak, NaOCl ve HEBP-NaOCl,
diger gruplara kiyasla baglanma giiciinii artirmistir. Caligmanin sonug-
lar1 degerlendirildiginde, NaOCl ve HEBP-NaOCl, daha diisiik dentin
mikrosertligine sahip oldugu gorilmistiir. HEBP ile karsilastirildi-
ginda, EDTA kullanimi mikrosertligi artirmis ve push-out baglanma
giictinde 6nemli bir fark olugturmamistir. Bu nedenle HEBP nin tek ba-
sina kullanilmas: tavsiye edilir.

Anahtar Kelimeler: Etidronik asit; kok kanal tedavisi;
sodyum hipoklorit
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Endodontically treated teeth are not similar to
non-restored vital teeth structurally and they necessi-
tate specialized restorative treatment to assist in di-
rect or indirect coronal restoration.'> When treating
these teeth, the use of intraradicular posts, especially
fiber posts, is recommended to ensure longevity of
the upper restoration.? Fiber posts consist of carbon,
quartz, glass, or silica fibers embedded in an epoxy or
methacrylate resin matrix. Fiber posts have led to
great advancements in the restoration of endodonti-
cally treated teeth, especially regarding mechanical
properties, such as a high flexural strength and elas-
ticity modulus similar to that of dentin, minimizing
the transmission of stresses on the root walls and de-
creasing the possibility of fractures.* When clinical
success is evaluated, the longevity of fiber posts de-
pends on their mechanical properties such as mini-
mal transmission of stresses on the root walls and
effective bonding between the post, dentin, and ad-
hesive resin cement.** Various factors can be the
reason for the debonding of fiber posts, for example,
the irrigant used in the arrangement of root canal,
thick smear section, and configuration factor (C-fac-
tor), described as the rate between the bonded and un-
bonded faces in posts arrangement.”!° The presence
of a smear layer may limit the effectiveness of disin-
fectants in the dentinal tubules and affect the adapta-
tion of root canal filling materials to the canal walls.
There is evidence that resin-based cements bond to
thicker smear layers with lower adhesion values.?
High C-factor inside the root canal can threaten the
achievable bond with the radicular dentin and adhe-
sive cement. Unbonded surface during polymeriza-
tion moves and flows, thus reducing shrinkage
stresses. However, because a root canal has little un-
bonded surface area, insufficient stress relief will
occur or it will be more likely to be pulled or sepa-
rated from more bonded areas. Failure of fiber posts
for the most part is the result of separation that mainly
happens throughout the adhesive interface between
post and dentin.’?

The strength of the bond between the fiber post
and dentin plays an important role in the clinical suc-
cess of endodontically treated teeth. Push-out bond-
strength test has been usually used in measuring the
adhesive strength of fiber posts, because the test is
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easy to reproduce and interpret, and it provides a
realistic assessment of bond strength to dentin,
even at low levels.’ Endodontic irrigants used have
effect on the microhardness of root canal dentin,
which in turn might have an influence on adhesion
of sealer to root canal dentin has been reported in
endodontic literature by using Vickers diamond
testing machine.’

The utilization of disinfecting irrigation solu-
tions before bonding procedures can interfere with
the adhesion process, changing the properties of some
hydrophilic resins.'"-'> Residues of these substances
may also impede the deep penetration of the bonding
agent and its intimate contact with dentin, also af-
fecting the adhesion process.!"1? It is recommended to
use sodium hypochlorite (NaOCl) as the final irriga-
tion solution to remove the inorganic components of
the smear layer.!® Ethylene diamine tetraacetic acid
(EDTA), is often used for chelating and applied fol-
lowed by NaOCl to remove the smear layer com-
pletely. However, EDTA treatment weakens dentin
and affects the mechanical integrity of the posts.'* To
resolve these problems, a new chelation agent, Al-
hydroxyethylidene-1, I-bisphosphonate (HEBP), also
called etidronic acid was introduced as a substitute to
EDTA." It affects the structure of dentin less and,
can be mixed with NaOCl solution without impeding
its antimicrobial features.'®'®* Moreover, when com-
pared with the conventional treatment methods such
as EDTA treatment after NaOCl, a mixture of NaOCl
and HEBP solutions may reduce the formation of a
smear layer during root canal instrumentation. The
HEBP-NaOCI solution is also less aggressive on root
dentine compared with EDTA."

Despite its clinical use, there is a lack of knowl-
edge about how HEBP affects the push-out bond
strength (PBS) of fiber posts to the root canal dentin
(RCD). To eliminate this deficiency, the present
study aimed to compare the effect of different root
dentin treatment protocols using HEBP, NaOClI,
chlorhexidine (CHX), EDTA solutions, and HEBP-
NaOCI on PBS of fiber posts and the microhardness
of RCD. The null hypothesis established in this study
is that “none of the canal irrigation solutions used
during treatment affect the attachment of fiber posts
to RCD.”
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I MATERIAL AND METHODS

This study was prepared and implemented according
to the principles of the Declaration of Helsinki. This
study was approved by Istanbul Medipol University
Non-Invasive Clinical Research Ethics Committee
(date: May 4, 2018, no: 10840098-604.01.01-
E.12779). The patients were informed about the sub-
ject of the study. Sixty human maxillary central
incisors with similar root anatomy previously ex-
tracted for periodontal reasons were selected for use
in this study. These teeth were stored in 0.1% thymol
solution at 4°C for 30 days. Teeth were checked for
their suitability for study (light microscope at x20
magnification).

SPECIMEN PREPARATION

The teeth were decoronated with a root length of 16
mm. After the working lengths were determined and
root canals were enlarged with rotary instrument files
(Dentsply Maillefer, Ballaigues, Switzerland) to #50
size, 0.05 taper (F5). After each file, the root canals
were rinsed with 5 mL of 2.5% NaOClI between in-
struments. The canals were dried with paper points
and then obturated with gutta-percha cones
(Dentsply-Maillefer) and sealer (AH-Plus; Dentsply
DeTrey GmbH, Konstanz, Germany) using a lateral
condensation technique. After the completion of en-
dodontic treatment, cervical root canal openings were
filled with a provisional restorative material (Cavit-
G; 3M ESPE AQG, Seefeld, Germany). The samples
were then stored in distilled water-soaked gauze for
1 week at 37°C/100% humidity. A 10 mm deep post
cavity leaving an apical plug of 4 to 5 mm gutta-per-
cha in the canal was prepared using a #2 peeso reamer
(Cytec™ Blanco Post, Hahnenkratt, Konigsbach-
Stein, Germany). The samples were then randomly
divided into 5 experimental groups with a control
group (CG). The post spaces were rinsed with each ir-
rigation solution for a period of 60 s.

Group (n=10) Treatment Solution
1 CG Distilled water (DW)
2 CHX 2.5% NaOCl+DW+2% CHX

3 HEBP-NaOCl 2.5% NaOCI+18%
HEBP-NaOC]I combination 1:1+DW

4 HEBP 2.5% NaOCl+18% HEBP+DW
5 NaOCl 2.5% NaOCl+DW
6 EDTA 2.5% NaOCl+17% EDTA+DW

External surface of the #2 fiber posts was
cleaned with 70% alcohol and DW. Then the speci-
mens were left for air drying. The etching procedure
of root canals was done with 37% phosphoric acid
(3M ESPE) for 15s, then rinsing occurred in water,
and drying was done gently with paper points. Then,
the adhesive system (Single Bond 2, 3M ESPE) was
performed concerning the manufacturer’s instruc-
tions. All posts were cemented with a dual cement
(Rely X Unicem). Light curing was then performed
using a conventional quartz-tungsten-halogen light in
standard mode (1,200 mW/cm? output; Guilin Wood-
pecker Medical Instrument, Guilin, Guangxi, China)
by placing the light tip perpendicularly through the
post for 40 seconds. Samples were incubated in DW
at 37°C for 7 days.

PBS TEST

Precision saw cross sections were taken from the
teeth (IsoMet 2000, Buehler, USA). Teeth were cut 1
mm away from the enamel-cement junction to exam-
ine dentin microhardness and 1.0 mm thick speci-
mens were obtained. Five cervical slices were
obtained from each tooth. The first slice of the coro-
nal root third was used for dentin microhardness anal-
ysis. Remaining four slices were obtained from the
cervical thirds of each root and they were used for
PBS test (Figure 1). A cylindrical plunger tip (I mm
diameter) was attached to the test device and placed
on the sample, only in contact with the fiber pole. The
samples were placed on a metal base. Samples were
pushed out test at 0.5 mm/min crosshead speed using
a universal testing machine (Special Edition, Yildiz
Technical University, Istanbul, Tiirkiye). The adhe-
sion region of each section was calculated by the
specified equation: A= [n (r + R) *h2 + (R-r)2],
where r and R are the smallest and the largest radius
of the fiber pole. Final data are given in Newtons, re-
sults in MPa are obtained.

MICROSCOPIC EVALUATION

The fracture types of the samples were determined
with a stereomicroscope at 40x magnification. Adhe-
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FIGURE 1: Scheme of the specimen positioned on the apparatus for load
application in the universal testing machine (F: Force; P: Plugger; RCF: Root
canal filling; D: Diameter).

sive type: Between the post and the cement. Cohe-
sive type: Between the cement and dentin. Mixed de-
fect (post, cement and dentin) (Olympus SZ61;
Olympus Optical Co., Tokyo, Japan). Electron mi-
croscopy was used to examine fracture types (Jeol
JSM 6360LV, Tokyo, Japan).

DENTIN MICROHARDNESS ANALYSIS

The apical sections of the samples were placed verti-
cally in auto polymerized acrylic resin and the coro-
nal parts became smoother polishing was done with
#400, #500, and #600-grit silicone carbide papers
under distilled water. Then, microhardness tests of
samples were performed with a Vickers microhard-
ness tester (Microhardness tester, Bulut Makine,
Tiirkiye). Three different indentations were per-

formed on each sample at depths of 200 pm from the
side of the canal lumen using a 200-g load and a 20-
sec dwell period.?® These indentations were obtained
for each specimen and were measured and converted
into Vickers hardness.

STATISTICAL ANALYSIS

Statistical Number Cruncher was done with the
Statistics System program. Whether the data were
suitable for normal distribution was examined using
the Shapiro-Wilk test. Oneway ANOVA and Games-
Howell test were used for post hoc evaluations. Fried-
man and Dunn’s test was used for non-normally
distributed variables. p<0.05 was considered signifi-
cant for the significance level of the study.

I RESULTS

The PBS measurements of HEBP-NaOCI cases were
found to be significantly higher than CG, CHX,
HEBP, and EDTA (p<0,05). The PBS measurements
of the cases in the NaOCl were found to be signifi-
cantly higher than those in the CG, CHX, HEBP, and
EDTA (p<0.05) (Table 1, Figure 2, Figure 3).

It was revealed that there was a statistically sig-
nificant difference between the microhardness value
measurements of the samples compared to the groups
(p<0.01). Dunn’s test was performed to determine the
difference and according to its results; microhardness
values of HEBP-NaOCl cases were found to be sig-
nificantly lower than CHX, HEBP, and CG (p<0.05).
The microhardness values of the cases in the NaOCl

TABLE 1: Evaluation of push-out bond strength.

Median (Minimum-maximum)

Push-out bond strength
OrtSS
Control (n=10) 10.7546.29
°CHX (n=10) 12.72+5.09
*HEBP-NaOCl (n=10) 17.67£3.07
9HEBP (n=10) 9.98+3.68
*NaOCl (n=10) 17.69+4.67
'EDTA (n=10) 12.29+4.71
Total (n=60) 13.73+5.55

Post-hoc
a-b-d-f<c-e

p value
8.4 (3.75-21.90) 0.001*
12.7 (3.99-20.32)
18.1(10.87-21.66)
9.40 (5.59-16.14)
17.6 (11.01-31.47)
12.8 (4.79-19.66)

14,6 (3.75-31.47)

Oneway ANOVA & post-hoc Games Howell test; **p<0.01; SS: Standard deviation; CHX: Chlorhexidine; HEBP: Etidronic acid; NaOCI: Sodium hypochlorite; EDTA: Ethylene diamine

tetra acetic acid.
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FIGURE 2: Evaluation of push-out bond strength between groups.
SD: Standard deviation; CHX: Chlorhexidine; HEBP: Etidronic acid; NaOCl:
Sodium hypochlorite; EDTA: Ethylene diamine tetra acetic acid.
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FIGURE 3: Evaluation of push-out bond strength between groups.
CHX: Chlorhexidine; HEBP: Etidronic acid; NaOCI: Sodium hypochlorite;
EDTA: Ethylene diamine tetra acetic acid.

were found to be significantly lower than the cases in
the CHX and HEBP (p<0.05) (Table 2, Figure 4).

I DISCUSSIONS

After the root canal preparation and the arrangement
of the post space, a thicker smear layer is formed in
the canal.?! Therefore, the cementation of fiber posts
is adversely affected. To prevent this, it is very im-
portant to clean the RCD surfaces after arranging the
mechanical post space for ideal post retention, espe-
cially when resin cement is preferred.”? The chemi-
cals used for cleaning cause deterioration in the
chemical and mechanical properties of dentin. In ad-
dition, weakening of dentin microhardness may im-
pair the adhesion and sealing of root canal sealers to
the root dentin walls. The present study revealed that
microhardness values of the NaOCl and HEBP-
NaOCI cases were found to be significantly lower
than others. the reduction of microhardness in NaOCl
and HEBP-NaOCI might also be explained by the
strong demineralizing effects of the mixture, which
may, in turn, cause a reduction in hardness of dentin
and denaturation of collagen fibrils.'*?*?* On the other
hand, CHX and EDTA did not affect microhardness
and, showed similar values to the CG. Akcay and Sen
investigated the effect of EDTA solution on micro-
hardness of root dentin and found that EDTA reduces
microhardness of root dentin.”> EDTA has strong
demineralizing effects, which may in turn cause soft-
ening of the dentin and denaturation of collagen fib-
rils.** Dineshkumar et al. also evaluated root dentin
microhardness using 18% HEBP as the last rinsing
parameter and they found that HEBP-treated root
dentin has the highest microhardness values.*® Simi-
larly, our results showed that HEBP irrigation in-

TABLE 2: The means and standard deviations of the root dentin microhardness values in cervical dentin segments for en-
dodontic irrigation solution treatment groups and control group.

Microhardness

Ort+SS Median (minimum-maximum) p value Post-hoc
2Control 51.84+11.11 52.81(38.6-63.2) 0,004* c<b,da
°CHX 59.22+6.92 61.01 (49.5-65.3) e<b,d
*HEBP-NaOCl 36.19+7.31 32.90 (29.4-48.1)

‘HEBP 65.00+11.56 61.06 (56.0-81.9)
¢NaOCl 39.66+3.07 39.87 (35.8-43.1)
EDTA 45.30+2.84 44.88 (42.4-81.9)

Oneway ANOVA & post-hoc Games Howell test; **p<0.01; SS: Standard deviation; CHX: Chlorhexidine; HEBP: Etidronic acid; NaOCI: Sodium hypochlorite; EDTA: Ethylene diamine

tetra acetic acid.
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Microhardness values
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Control CHX HEBP NaOC| EDTA

FIGURE 4: Evaluation of microhardness values in cervical dentin segments
between groups. CHX: Chlorhexidine; HEBP: Etidronic acid; NaOCI: Sodium
hypochlorite; EDTA: Ethylene diamine tetra acetic acid.

creased the microhardness of the dentin. As CHX,
EDTA and HEBP did not reduce the microhardness
of root dentin, these irrigants can be suggested as
good candidates for irrigation. However, one limita-
tion of our study was the measurement of micro-

-

hardness values regardless of different regions.
Therefore, the relation between microhardness and
PBS values was not analyzed.

HEBP-NaOCI and NaOCI significantly higher
PBS values were obtained in the cervical part com-
pared to CHX, EDTA, HEBP, and CG. This finding
suggest that the use of irrigation solution solutions as
the final irrigation material has a significant effect on
the PBS of the fiber post. This finding can be ex-
plained by the fact that NaOCI disrupts the collagen
structure of dentin in the cervical region, which re-
veals the PBS.?” There were no major discrepancies
among the PBS amounts of the coronal in CHX,
EDTA, and HEBP. This finding suggests that using
these solutions as a final irrigant shows no remark-
able effect on the PBS of the fiber post. No mean-
ingful difference was recorded between the PBS of
the coronal regions in HEBP-NaOCI and NaOCIl.
Moreover, a higher PBS value was detected in the
coronal region in HEBP-NaOClI, according to com-
pare NaOCIl. This finding demonstrates that when

FIGURE 5: Scanning electron microscopy (SEM) images illustrating the types of adhesive, cohesive and mixed fracture patterns. Photographs of a failed spe-
cimens after push-out test. a) The specimen with the type of adhesive failure between root dentin and the luting agent (original magnification X20). b) The spe-
cimen with adhesive fracture type, between post and cement (value of original magnification X20). c) The specimen with cohesive fracture within the post (value
of original magnification X20). d) The specimen with mixed failure (original magnification). Remnants of the luting agents are visible (*).
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NaOCl is used in combination with HEBP, its pene-
tration to the cervical region increases and therefore
it causes the same adhesion values in the coronal re-
gion.

NaOCl also removes mineralization inhibitors
while dissolving organic tissue while releasing smear
tissue.”’*% And this may explain the significantly
lower microhardness of NaOCI. In addition, it was
observed that the use of 2.5% NaOCl as an irrigation
solution significantly increased the Ca/P ratio in
dentin.’! It has a bactericidal effect due to its capa-
bility to precipitate and coagulate bacterial intracel-
lular ingredients.*> Moreover, several solutions have
been advised to take out the inorganic tissue, e.g.
EDTA and HEBP solutions, which are strongly
acidic. Regarding the cervical level, the highest
mean PBS was measured for NaOCI and HEBP-
NaOCl. It is not surprising that NaOCI demonstrated
the highest PBS because the NaOCl is the most ef-
fective irrigant on organic substances. When CHX,
EDTA, and HEBP were used, the PBS stayed similar
to that of CG. Although HEBP decreased the PBS in
the cervical field, this decrease did not make a statis-
tically major difference. NaOCl and HEBP-NaOCl
statistically enhanced the PBS in the cervical region.
Since the number of organic compounds increased in
the cervical region, NaOCl interacted with the colla-
gen structures in this region and increased the PBS.
When inorganic/organic component ratios are con-
sidered, inorganic phase density (hydroxyapatite/HA)
decreases as cervical. The demineralization effect of
the solution depends on several factors such as the
acidity of the solution and the degree of penetration.
Moreover, the strength of the push-out depends on
the binding strength of the resin with the surround-
ing tissues. Regarding PBS to dentin, irrigation pro-
tocols affected the regions differently. The null
hypothesis of “There is no measurable difference in
PBS between groups” was rejected. The present re-
sults showed that the PBS for the cervical root
dentin in NaOCl and HEBP-NaOCI have bigger val-
ues than in the other groups. When push-out values
are evaluated the presented results suggest the use of
NaOCIl and HEBP-NaOCI mixture treatment as
cleaning and chelating agents instead of using the
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CHX, EDTA, and HEBP. In terms of microhard-
ness, HEBP solution more effective solution for ir-
rigation solutions.

According to the observed higher PBS values of
the CHX, NaOCl, and HEBP-NaOCI combination
groups, mixed failure type was predominantly ob-
served (Figure 5). The reduction in adhesive failures
indicates the high quality of the bond when NaOCl
and HEBP-NaOCI were applied. On the other hand,
more adhesive failure was seen in the EDTA and
HEBP than in other groups. Maybe, pretreatment
with silane before bonding would be better to avoid
the adhesive type failure model.

A methodological issue to be noted in connec-
tion with the current study has to do with the parts of
root canals where specimens used for testing. We pre-
ferred to use cervical root portions in the present
study, instead of apical one having sclerotic dentin
effecting the bonding negatively.** Some previous
studies have recommended the use of midroot por-
tions for bond strength testing, especially in oval
shaped root canals.* Because oval shaped root canals
have untouched and uncleaned surfaces in the coro-
nal portion.*> However, as we selected incisor teeth
with straight root canals, we obtained specimens from
coronal root portions.

I CONCLUSIONS

Use of HEBF alone yielded good bond strength of
fiber post to root canal dentin and had no negative ef-
fects on the microhardness of root canal dentin.
Therefore, its use alone is recommended, instead of
its combination use with 1:1 NaOCIl.
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