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Abstract
Background. Endodontic sealers are essential for sealing gutta-percha to the dentin walls. They help to 
ensure that the canal remains free of microorganisms which might lead to infection. In order to perform 
their intended function, the sealers should properly adhere to the dentin walls and remain insoluble when 
set in the canal.

Objectives. The purpose of  this study was to evaluate the bond strength and solubility of  a  novel 
polydimethylsiloxane-gutta-percha calcium silicate-containing root canal sealer (GuttaFlow® bioseal) 
and compare it with the zinc oxide and eugenol sealer (Zical®).

Material and methods. The endodontic sealers used in this study were GuttaFlow bioseal and Zical. The 
bond strength was assessed using push-out bond strength test in 3 root segments: coronal, middle and 
apical. The solubility was tested according to the American National Standards Institute / American Dental 
Association (ANSI/ADA) specification No. 57 at 3 different time intervals: 1, 7 and 14 days.

Results. The push-out bond strength in all root segments was significantly higher in Zical compared to 
GuttaFlow bioseal. The solubility was significantly higher on day 1 and 7 in Zical compared to GuttaFlow 
bioseal, and on day 14, the difference between them was not significant.

Conclusions. Within the limitations of this study, the endodontic sealer GuttaFlow bioseal showed low bond 
strength values compared to Zical. The solubility of the set GuttaFlow bioseal and Zical were both within the 
recommended ANSI/ADA levels.

Key words: solubility, GuttaFlow bioseal, polydimethylsiloxane-guttapercha sealer, calcium silicate-con-
taining sealer, push-out bond strength
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Introduction
Endodontic treatment is a  3-step process consisting 

of  proper cleaning, shaping and obturating the root ca-
nal.1 The most common method of  obturation consists 
in using gutta-percha combined with a sealer.2 The main 
function of the sealer is to fill the spaces between the core 
material and the walls of the root canal in an attempt to 
form a coherent mass of the obturating material. Numer-
ous sealers with different properties are used; one of the 
oldest sealers is the zinc oxide and eugenol sealer, which is 
popular among clinicians, despite its limitations.3 Gutta-
Flow® bioseal (Coltène/Whaledent AG, Altstätten, Swit-
zerland) is a  novel polydimethylsiloxane-gutta-percha 
calcium silicate-containing root canal sealer that obtu-
rates the root canal and has tissue-repairing properties 
due to the presence of calcium silicate.4,5

The bond strength of  the obturating material to the in-
traradicular dentin is an important property to be assessed 
when evaluating an endodontic sealer. The ability of a root 
canal sealer to adhere to the dentin is essential in maintaining 
the integrity of the sealer–dentin interface while undergoing 
mechanical stresses.6–8 It may also be indicative of the ability 
to prevent bacterial microleakage, creating a  favorable en-
vironment for periapical repair and avoiding reinfection.9–11 

Solubility is another crucial property of sealers, because 
it may compromise the quality and success of  the end-
odontic treatment. Low solubility is one of  the require-
ments for endodontic sealers according to the American 
National Standards Institute / American Dental Associa-
tion (ANSI/ADA) specification No. 57.12 

The aim of this study was to assess the bond strength 
and solubility of  a  novel polydimethylsiloxane-gutta-
percha calcium silicate-containing root canal sealer and 
compare it with the zinc oxide and eugenol sealer. 

Material and methods
Two root canal sealers, GuttaFlow bioseal and Zical® 

(Prevest DenPro Ltd., Jammu, India), were tested in this 
study. Table  1 shows the chemical composition of  the 
tested sealers. 

Push-out bond strength test

A total of  14 single-rooted human teeth were used in 
this study. The inclusion criteria for the selected teeth 

were as follows: free from root decay, root fracture or any 
other root defect. The teeth were stored as anonymous 
specimens in 0.1% thymol solution and were used within 
3 months of storage. The teeth were collected on October 
6th from patients undergoing routine dental treatment at 
the Oral and Maxillofacial Department at Modern Science 
and Arts University, Egypt, and kept for research purposes 
with the patient’s prior knowledge before treatment. 

The crowns were removed at the cementoenamel junc-
tion using a  water-cooled precision microsaw (IsoMet® 
4000; Buehler, Lake Bluff, USA). The working length 
was determined using an initial K-file size 15 (Mani Inc., 
Tochigi, Japan) to reach the apical foramen, and then sub-
tracting 1 mm. 

The preparation was carried out using the crown-down 
technique. All root canals were instrumented using Pro-
Taper® rotary Ni-Ti instruments (Dentsply Maillefer, 
Ballaigues, Switzerland), starting with SX (0.19/0.04), fol-
lowed by S1 (0.18/0.02), S2 (0.20/0.04), F1 (0.20/0.07), F2 
(0.25/0.08), and F3 (0.30/0.09). The apical patency was 
checked using a patency file after each file. 

The canals were irrigated after using each instrument 
with 5 mL of a freshly prepared solution of 2.5% sodium 
hypochlorite (NaOCl). Irrigation was performed us-
ing 5-milliliter disposable plastic syringes with 27-gauge 
needle tips placed passively into the canal, up to 3  mm 
from the apical foramen without binding. The canals were 
then dried with sterile paper points and the teeth were 
randomly divided into 2 groups (n = 7). 

A trial fit of the ProTaper universal gutta-percha points 
size F3 was performed in all samples. The sealers were 
freshly prepared according to the manufacturer’s instruc-
tions. Zical was applied to the canal walls with a Lentu-
lo filler, which was then used to coat gutta-percha. The 
sealer-coated gutta-percha was placed in the canal space 
up to the working length. GuttaFlow bioseal was injected 
into the canal space using the tip provided by the manu-
facturer. The master cone was then coated with the sealer 
and seated inside the canal. Excess gutta-percha was re-
moved using a  heat carrier and gutta-percha was verti-
cally compacted at the canal orifice.

The obturated teeth were embedded in chemically-
cured acrylic resin and left to set. On the acrylic resin, the 
coronal, middle and apical thirds were defined and a sec-
tion of 2 mm in thickness was cut from the center of each 
third using a  water-cooled precision microsaw (IsoMet 
4000). This resulted in 3 slices in each sample and 21 slices 
in each group. 

Table 1. Characteristics of the tested endodontic sealers

Commercial name Manufacturer Composition Lot number

GuttaFlow bioseal
Coltène/Whaledent AG, 
Altstätten, Switzerland

gutta-percha powder particles, polydimethylsiloxane, platinum catalyst, zirconium dioxide, 
calcium salicylate, nano-silver particles, coloring, bioactive glass-ceramic

H84160

Zical
Prevest DenPro Ltd.,  

Jammu, India 
powder: zinc oxide, bismuth subcarbonate, barium sulfate, sodium borate, iodoform  

and hydrogenated resin; liquid: eugenol
1521802
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The filling material was then loaded with a stainless steel 
plunger of a  0.9-millimeter diameter. The plunger was 
mounted on the upper part of a universal testing machine 
(model 3345; Instron®, High Wycombe, UK) and the data 
was recorded using computer software (Bluehill® 3, v. 3.3; 
Instron). The tests were conducted at a crosshead speed 
of 0.5 mm/min using a load cell of 500 N.10,13,14

The area under load was calculated as follows:

area = circumference of restoration × thickness.

The push-out value in MPa was calculated from the 
force in N divided by area in mm2.

Solubility test

The solubility test was conducted according to ANSI/
ADA specification No. 57.12 Split ring molds, 1.5-milli-
meter-thick with an inner diameter of 20 mm, were used. 
The rings were filled with the sealers and supported by 
a glass plate covered with a cellophane sheet. They were 
then placed in an incubator (37°C, 95% relative humidity) 
for a  period corresponding to 3  times the setting time. 
The sealers were removed from the mold and weighed 
3 times with an accuracy of 0.001 g. Each specimen was 
suspended from a string of dental floss and the floss was 
fixed to the stopper of  a  glass bottle (~40  mm in dia
meter). The bottle was then filled with 50 mL of distilled 
water pH ~5.8.

The bottles were stored for 1  week in an  incubator 
(37°C, 95% relative humidity). The samples were rinsed 
with distilled water, and then blotted dry with absorbent 
paper. They were placed in desiccators for 24 h, and then 
reweighed. Seven samples for each sealer were tested at 
3 time intervals: 1, 7 and 14 days. The weight loss of each 
sample (initial mass minus final mass), expressed as the 
percentage of the original mass, was recorded as the solu-
bility of the sealer.15

Statistical analysis 

Statistical analysis was performed using the commer-
cially available software program PASW Statistics for 
Windows, v.  18.0 (SPSS Inc., Chicago, USA). Data was  

expressed as mean and standard deviation, and the signif-
icant differences between the groups were compared us-
ing the independent t-test. Within the same sealer group, 
different root segments and different time observations 
were evaluated in terms of push-out bond strength and 
solubility, respectively, using the one-way analysis of vari-
ance (ANOVA), followed by Tukey’s post hoc test when 
ANOVA revealed a significant difference. The level of sig-
nificance was set at p < 0.05.

Results 

The results are presented in Tables 2 and 3. Gutta-
Flow bioseal showed significantly lower push-out bond 
strength in all 3 segments compared to Zical. The apical 
segments in both groups showed higher bond strength, 
followed by the middle and coronal segments, and 
there was no significant difference between the middle 
and coronal segments in Zical (Table  2). GuttaFlow 
bioseal showed lower solubility compared to Zical on 
days 1, 7 and 14, with no significant difference in both 
groups on day 14. In GuttaFlow bioseal there was no 
significant difference in solubility with time, whereas in 
Zical there was a significant increase in solubility after 
14 days (Table 3).

Discussion 
Sealers are of crucial importance in the obturation pro-

cess and can affect the quality of  the endodontic treat-
ment. Zinc oxide and eugenol sealers have represented the 
golden standard in endodontic treatment for many years 
due to their long history of successful use.2,16 Recently, tra-
ditional sealers are being replaced with new sealers with 
more favorable properties; one of these new endodontic 
sealers is GuttaFlow bioseal. It is an intelligent obturating 
material that seals and fills the root canal. Upon contact 
with fluids, the bioactive material provides calcium sili-
cate that forms hydroxyapatite crystals on the surface to 
improve adhesion and provide repair.4,5

In the obturation of  the cleaned and shaped canal, 
the most common technique is cold lateral compaction. 

Table 2. Mean values of push-out bond strength in each root segment [MPa]

Root segment Endodontic sealer Mean ±SD p-value

Coronal
GuttaFlow bioseal 1.690c1 ±0.022

0.000*
Zical 4.254b2 ±0.017

Middle
GuttaFlow bioseal 2.077b1 ±0.129

0.000*
Zical 4.360b2 ±0.022

Apical
GuttaFlow bioseal 2.374a1 ±0.017

0.000*
Zical 7.300a2 ±0.022

SD – standard deviation; * statistically significant; means sharing the same 
superscript letter and number are not significantly different.

Table 3. Mean values of solubility at each observation time [%]

Time Endodontic sealer Mean ±SD p-value

1 day
GuttaFlow bioseal 0.724a1 ±0.081

0.002*
Zical 0.874a2 ±0.036

7 days
GuttaFlow bioseal 0.697a1 ±0.098

0.014*
Zical 0.823a2 ±0.046

14 days
GuttaFlow bioseal 0.661a1 ±0.101

0.068 
Zical 0.749b2 ±0.044

* statistically significant; means sharing the same superscript letter and 
number are not significantly different.
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This technique has limitations, which include the follow-
ing: poor adaptation of  gutta-percha to the canal walls, 
spaces between gutta-percha and the sealer, and the pres-
ence of a large amount of the sealer in the apical region 
due to the inhomogeneous gutta-percha-sealer mass.17  

To help to overcome these limitations, the technique 
used in this study was the single-cone technique. A single 
gutta-percha master cone placed with a  sealer provides 
a final compact mass without spaces.18

Ideal adhesion of  the root canal filling material to the 
root dentin is one of  the main criteria in evaluating the 
clinical efficacy of  the obturation technique.17 It helps 
to maintain the integrity of  the dentin–sealer interface 
by resisting dislodgment and ensuring the proper func-
tion of the restored tooth.4 The adhesion of the obturat-
ing material to the dentin walls is evaluated using bond 
strength testing. One of the most reproducible and reli-
able bond strength testing techniques is the push-out 
method. It simulates shear stresses present during func-
tioning and the fracture of the samples occurs parallel to 
the dentin-bonded surface, making it a  true shear test. 
This testing method also has an added advantage – it al-
lows the evaluation of the bond strength in different root 
segments.14,19,20

In this study, the bond strength of Zical was significant-
ly higher compared to GuttaFlow bioseal in all root seg-
ments. In both materials, the bond strength was the high-
est in the apical segment, followed by medium and the 
lowest bond strength, which was found coronally. The dif-
ference between all segments was statistically significant 
except between the middle and coronal segments in Zical. 
There is no agreement among authors on how the loca-
tion of the root dentin segment affects the bond strength.  
Similarly to this study, Uppalapati and Mandava and 
Sly et al. found that the bond strength increases from the 
coronal to the apical direction.21,22 

The low bond strength values of  GuttaFlow bioseal 
could be due to the presence of calcium silicate in the seal-
er in the absence of moisture.23 According to Nagas et al.,  
mineral trioxide aggregate (MTA), a  calcium silicate-
based material, requires moisture during setting to reach 
high strength values and resist dislodgment forces.24  
Sarkar et al. and Prüllage et al. attributed the low bond 
strength values of the MTA-based sealers in their studies 
to the absence of  phosphate-containing fluid.25,26 Such 
fluids cause the release of the calcium and hydroxyl ions 
from the sealer and upon release of these ions, tag-like 
structures extend into the dentin and increase the adhe-
sion of  these sealers. Another reason for the low bond 
strength of GuttaFlow bioseal could be the low adhesion 
capacity of the tag-like structures produced by calcium 
silicate present in the sealer.27

Another essential property of  endodontic sealers is 
solubility, because if dissolved, they may release chemi-
cals into the periapical tissues, which could trigger 
an  inflammatory response. The dissolution of  the sealer 

may also result in a gap between the root canal dentine 
and the filling material, increasing leakage over time.28,29 
According to ANSI/ADA specification No. 57, the solu-
bility of  set sealers should not exceed 3% mass fraction 
after immersion in water for 24 h.12 In both sealers, the 
solubility did not exceed the recommended amount over 
all tested time periods. The solubility of both sealers was 
the highest on day 1 and decreased on day 7 and 14. Com-
paring the 2 sealers, the solubility of Zical was higher than 
that of GuttaFlow bioseal at all 3 time intervals, but on day 
14, the difference between both groups was not signifi-
cant. The higher solubility of Zical could be related to the 
hydrolysis reaction of the zinc eugenolate, which is essen-
tial for setting. It could also be due to the unreacted euge-
nol escaping from the set cement.30 The solubility of Gut-
taFlow bioseal could result from the presence of calcium 
silicate and its solubility, according to Hoikkala  et  al.15 
Biomineralization requires the dissolution of the sealer to 
provide the solution with ions needed for mineralization. 
Therefore, in the case of GuttaFlow bioseal, the solubility 
could be considered positive to allow ion release and hy-
droxyapatite formation on the dentin surface. 

Conclusions
Within the limitations of  this study, the endodontic 

sealer GuttaFlow bioseal showed low bond strength val-
ues compared to Zical. The solubility of the set GuttaFlow 
bioseal and Zical were both within the recommended 
ANSI/ADA levels. 
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