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INTRODUCTION
Thorough disinfection of the root 
canal system remains a clinical 
challenge, given the complex root 
canal anatomy (1). For this reason, 
inter-appointment dressings (intra-
canal medicaments) are frequently 
used in supplement instrumenta-
tion and irrigation (2). One of the 
key challenges following the place-
ments of intracanal medicament is 

its complete removal. The most common method used to remove intracanal medicament from the 
root canal involves the use of hand or mechanical instruments with syringe-and-needle irrigation 
(3). Irrigant agitation/activation techniques are recommended to improve the activity of irrigation 
solutions and increase the depth of penetration into The Root Canal System (1, 4).

Complete removal of this intracanal medicament is a desirable for filling the root canals, as rem-
nant medicament interferes with sealer penetration into the dentinal tubules (5, 6). Although the 
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• Er,Cr;YSGG laser increased the sealer penetration 
and dislocation resistance of the sealer

• The dentinal tubule penetration and dislocation 
resistance of GuttaFlow Bioseal were influenced by 
the irrigation technique used for removing the in-
tracanal medicament.

HIGHLIGHTS

Objective: To investigate the influence of sonic agitation or laser-activated irrigation techniques on the re-
moval chlorhexidine (CHX) and modified triple antibiotic paste (mTAP) on the sealer penetration depth and 
dislocation resistance of Guttaflow Bioseal.
Methods: Single-rooted mandibular premolars (n=96) were prepared with rotary nickel titanium instru-
ments and randomly divided into two groups (n=48) based on the intracanal medicaments used: Group 1, 
mTAP; Group 2, CHX gel. After 7 days, the specimens in each group were divided into three subgroups (n=16) 
based on the supplementary irrigation technique used to remove the medicaments: laser activated irrigation 
(Er, Cr: YSGG laser, Waterlase MD, Biolase Technology Inc., San Clemente, CA, USA), sonic agitation (EndoActi-
vator, Dentslpy Sirona Endodontics, PA, USA) and syringe-and-needle irrigation (control) techniques. Canals 
were filled with single matched-taper gutta-percha cone and a calcium silicate-based sealer (GuttaFlow® 
Bioseal, Coltène/Whaledent, Langenau, Germany). At the end of three weeks, sealer penetration was investi-
gated using confocal microscopy (n=6), and dislocation resistance was calculated by measuring the push-out 
bond strength (n=10). Statistical analysis was performed using three-way analysis of variance (ANOVA) and 
Tukey post-hoc test (P=0.05).
Results: Laser activated irrigation resulted in significantly higher depth of sealer penetration compared 
to sonic agitation and syringe irrigation (P<0.01). The average sealer penetration depths were recorded as 
846.6 µm, 786.5 µm and 505 µm in the Er,Cr:YSGG laser, EndoActivator and control groups, respectively. The 
mean bond strength obtained in group 3 (syringe-and-needle irrigation) was significantly less than the other 
groups (P<0.05). The mean values were 9.08 in the Er,Cr:YSGG laser group, 8.44 in the EndoActivator group 
and 5.08 in the needle group.
Conclusion: Er,Cr;YSGG laser irrigation to remove the medicaments was advantageous to other irrigation 
techniques in sealer penetration and dislocation resistance of the sealer.

Keywords: Confocal, CHX gel, dentinal tubule penetration, Er,Cr:YSGG laser, EndoActivator, GuttaFlow Bio-
seal, mTAP
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men, and the working length was determined after subtract-
ing 1 mm from this length. The root canals were instrumented 
with ProTaper rotary files (Dentsply Maillefer, Ballaigues, 
Switzerland) up to file F3. At every instrument change, the root 
canals were irrigated with 2 mL of 5.25% sodium hypochlorite 
(NaOCl) solution. Final irrigation was performed using 5 mL of 
17% EDTA for 2 min and 5 mL 5.25% NaOCl for 2 min (13).

The root canals were dried with paper points, and the teeth 
were randomly distributed into two groups (n=48) using 
a computer program (www.random.org), based on the in-
tracanal medicaments used: Group 1, mTAP and Group 2, 
Chlorhexidine (CHX). mTAP was prepared by mixing equal 
proportions of Metronidazole (Nidazol 500 mg tablet, Ulagay, 
Istanbul, Turkey), Ciprofloxacin (Cipro 500 mg tablet, Biofarma, 
Istanbul, Turkey), and Cefaclor (Sanocef 750 mg tablet, Ac-
tavis, Istanbul, Turkey) with 1 mL sterile distilled water to form 
a paste to the mixture used clinically (14). It was entrenched 
into the root canals using a size #30 Lentulo spiral (Dentsply 
Maillefer) until visible at the apical foramen. In the second 
group, 2% CHX gel (Endogel, Itapetininga, SP, Brazil) was in-
jected into the root canals using the special syringe provided 
by the manufacturer. After the medicaments was placed in the 
root canals, the roots of all samples were coated with 2 coats 
of nail varnish.

The orifice was sealed with Cavit (3M ESPE, Seefeld, Germany), 
and the roots were stored at 37°C with 100% humidity for 21 
days. After the incubation period, the specimens were instru-
mented with ProTaper F3 and #30 Hedström files (Dentsply 
Maillefer) using 5 mL of 5.25% NaOCl as the irrigant until no 
medicament was noticeable on the files. Canals were then 
rinsed with 5 mL of 17% EDTA for 2 mins. Then, the specimens 
in both groups were divided into three subgroups according 
to the final irrigation technique used (n=16). Since the tech-
niques vary in their usage parameters, the volume of irrigant 
was standardized, rather than the duration of use.

Subgroup A: Er,Cr:YSGG laser
The root canals were filled with 5.25% NaOCI and activated 
with Er, Cr: YSGG laser (Waterlase MD, Biolase Technology Inc., 
San Clemente, CA, USA) using the RFT2 tip (275 microns in di-
ameter and 21mm length), placed 1 mm short of the working 
length. The parameters of laser used were output power of 2W 
energy, pulse frequency of 20 Hz (pulses per second), using 
10% air and 10% water (2W- 23.15 J/cm2). The canals were radi-
ated from apical area to the coronal area in slow and helicoidal 
movements for 8s. This procedure was repeated until 2mL of 
NaOCl was used.

Subgroup B: Sonic agitation
The root canals were filled with 5.25% NaOCI and agitated 
using the red tip (25/.04) of EndoActivator (Dentsply). The tip 
was placed 2 mm short from the working length. The activa-
tion was performed in 1-minute cycles (10.000 cpm) until 2 mL 
of NaOCl was used.

Subgroup C (control): Syringe-and-needle irrigation
The root canals were irrigated with 5.25% NaOCI using a 
27-gauge closed-end needle (Ayset, Adana, Turkey), placed 
2 mm short of the working length. The needle was moved in 

evidence-based implications of sealer penetration on clinical 
outcomes are weak, from a logical standpoint, sealer penetra-
tion may enhance the seal of root canal fillings (7). Sealer pen-
etration into dentinal tubules might be associated with to the 
penetration of irrigating solutions into the dentinal tubules, 
and thus to its disinfection efficiency. There has been an in-
creasing interest in bioactive sealers such as those based on 
hydraulic calcium silicates.

Guttaflow Bioseal is a new material containing gutta-percha 
and calcium silicate. The effects of GuttaFlow Bioseal on bond 
strength and dentinal tubule penetration (8), and the quality 
of root filling with this material has been previously evaluated 
(9). The impact of remaining intracanal medicaments on the 
adhesion of GuttaFlow Bioseal is still not well-known. Calcium 
hydroxide (CH) is frequently used in endodontics due to its an-
tibacterial effects, organic tissue dissolution abilities and anti-
inflammatory effects (10). However, because infection of the 
root canal system is considered to be polymicrobial, it is not 
possible to sterilize root canals in necrotic teeth using only CH, 
thus antibiotic combinations and chlorhexidine digluconate 
(CHX) have also been suggested for disinfecting root canals 
(11). Triple antibiotic paste removes necrotic pulp tissue, disin-
fects the root canal cavity and creates a suitable environment 
for regenerative treatment (12). The contents of the triple an-
tibiotic paste (TAP) are minoxycline, ciprofloxacin and metron-
idazole. Since minocycline causes discolouration in the tooth, 
cefaclor was added instead and defined as a modified triple 
antibiotic paste (mTAP) (11). Most studies have focused on 
the removal of calcium hydroxide (10). Hence, this laboratory 
study was designed to investigate the dentinal tubule pene-
tration and adhesion of Guttaflow Bioseal after the removal of 
two intracanal medicaments (mTAP and chlorhexidine) with 
three irrigation strategies (syringe-and-needle, sonic agita-
tion and laser assisted irrigation). The null hypothesis was that 
neither the intracanal medicament nor the removal technique 
had a significant influence on the dentinal tubule penetration 
and bond strength of Guttaflow Bioseal.

MATERIALS AND METHODS
Single rooted mandibular premolars (n=96) with completely 
formed roots and closed apices were collected based on a pro-
tocol approved (03/08/2018-03) by the Research Ethics Board 
of University. Patients were informed in detail about the pur-
pose and process of the study. Volunteer patients who signed 
the informed consent form approved by the ethics committee 
were included in the study. The exclusion criteria were caries, 
curved roots, open apices, cracks or previous root canal treat-
ments. A radiograph was taken for each tooth sample to in-
sure no intracanal abnormality (e.g., root resorption, sclerosed 
canal) was present. Roots with less than 10° curvature were 
also selected for standardization. The teeth were cleaned us-
ing curettes to remove the attached soft and hard tissue and 
stored in distilled water with 0.5% thymol until use. Following 
cleaning of the soft tissue debris and calculus from the surface 
of the teeth, the teeth were decoronated with a slow-speed 
diamond saw (Isomet 1000, Buehler, Lake Bluff, IL, USA) under 
water cooling root lengths were standardized to 12 mm. A #15 
K-file (VDW GmbH, Munich, Germany) was inserted into the 
root canal until the tip of the file was visible at the apical fora-
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Cavit, and the specimens were stored at 370 C and 100% hu-
midity for 15 days. The dislocation resistance was measured 
using the push-out bond strength test. The specimens [(n=10) 
per each subgroup] were embedded into resin blocks and sec-
tioned horizontally using an Isomet saw (Buehler, Lake Bluff, 
IL, USA) to obtain 1 mm thick sections from 2, 5 and 8 mm lev-
els from the apex. The thickness of each slice was measured 
using a digital caliper to 0.04 mm accuracy (Mitutoyo, Tokyo, 
Japan). The specimens were subjected to compressive load-
ing using stainless steel plungers of different diameters (0.3 
mm for apical, 0.7 mm for middle and 1.10 mm for coronal), 
in a universal testing machine (Shimadzu Corporation, Kyoto, 
Japan) at a crosshead speed of 1 mm/min (18). The push-out 
force was applied in an apicocoronal direction until bond fail-
ure occurred, which was represented by a sudden drop in load 
deflection. This force was recorded in Newtons. It was then 
converted to MPa by applying the following formula.

Where Push-out bond strength (MPa)=N/A; N=maximum fail-
ure load, A=adhesion area (mm2). The bonding surface area of 
each slice was calculated as: [π (r1+r2)]x[(r1−r2)2+h2]1/2; where 
π is the constant 3.14, r1 and r2 are the smaller and larger radii, 
and h is the thickness of the section in mm (2, 19).

Statistical analysis
The data were first analyzed using the Shapiro–Wilk test to 
verify the assumption of normality. The data were analyzed 
using three-way analysis of variance (ANOVA) and Tukey post-
hoc tests to detect the effects of the independent variables 
(intracanal medicaments, final irrigation techniques, and root 
canal thirds) on penetration depth of the sealer. Additionally, 
the data were analyzed using two-way analysis of variance 
(ANOVA) and Tukey post-hoc tests for push-out assessment, 
considering the intracanal medicaments and its removal tech-
niques as independent variables. All statistical analyses were 
performed using IBMM SPSS Statistics V23 at a significance 
level of 0.05 and a confidence interval of 95%.

short vertical strokes of 2-3 mm amplitude at an approximate 
rate of 100 strokes/min (15). A total of 2 mL of NaOCl was used.

All canals were irrigated with 5 mL distilled water, dried with 
absorbent paper points and prepared for filling. Six specimens 
from each subgroup were allocated to the sealer penetration 
experiment, while 10 specimens were used for the push-out 
bond strength test. All procedures were performed by one ex-
perienced endodontist.

Sealer penetration into dentinal tubules
GuttaFlow® Bioseal (Coltène/Whaledent, Langenau, Germany) 
was mixed with 0.1% Rhodamine B dye (Sigma-Aldrich, St. 
Louis, MO, USA) (16, 20, 25). The stability of the dye mixed 
in the sealer was verified and confirmed in pilot studies. The 
canals were obturated with gutta-percha cones in combina-
tion with the sealer using a single cone technique (8). The root 
canal orifices were sealed with Cavit, and all samples were 
stored at 370 C and 100% humidity for 15 days.

The specimens (n=6) (16) were embedded into resin blocks and 
sectioned horizontally using an Isomet saw (Buehler, Lake Bluff, 
IL, USA) to obtain 1 mm thick sections from 2, 5 and 8-mm levels 
from the apex. The exact thickness of each slice was measured 
using a digital caliper to 0.04 mm accuracy (Mitutoyo, Tokyo, Ja-
pan). Specimens were visualized under confocal laser scanning 
microscope to measure sealer penetration depth into the denti-
nal tubules (17). representative images from each group at coro-
nal and apical thirds are shown in Figure 1. The measurements 
were recorded using the digital ruler of the NIS-Elements Micro-
scope Imaging software (Fig. 2). The data were averaged to carry 
a single value for each section. A single operator analyzed all the 
specimens to rule out any discrepancy.

Measurement of dislocation resistance
The canals were filled with the sealer, and matched gutta-per-
cha cone (ProTaper Universal F3, Dentsply Maillefer) was then 
inserted to the working length. The orifices were sealed with 

Figure 1. Representative confocal laser scanning microscope images from each group at the coronal and apical thirds
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interaction (intracanal medicament, final irrigation technique, 
and root-thirds) were not statistically significant (P=0.97, 0.98 
and 0.99, respectively).

The mean and standard deviations of sealer penetration 
depths according to the various intracanal medicaments, final 
irrigation techniques and the root canal thirds are presented 
in Table 2.

Bond strength to the root canals
The mean and standard deviation of the push-out strength 
values are presented in Table 3. The effect of the final irriga-
tion technique on the bond strength was statistically signifi-
cant (P<0.001) (Table 4). The syringe irrigation group demon-
strated significantly less bond strength values than the other 
groups (P<0.05). The mean values were 9.08 in the Er,Cr:YSGG 
laser group, 8.44 in the EndoActivator group and 5.08 in the 
needle group. The mean bond strength obtained in group 3 
(syringe-and-needle irrigation) was significantly less than the 
other groups (P<0.05).

DISCUSSION
This study investigated the effect of intracanal medicament 
type and technique of removal on the dentinal tubule pen-
etration and dislocation resistance of a bioactive root canal 
sealer. The results showed that laser-assisted irrigation signif-
icantly increased sealer penetration and its dislocation resis-
tance, immaterial of the intracanal medicament used. Hence, 
the null hypothesis is partially rejected.

Their direct effect on sealer penetration or dislocation resis-
tance on the outcomes of root canal treatment are unclear. 
Considering the myriad variables that influence treatment 
outcomes, it may be unrealistic to correlate specific variables 
to success or failure of treatment. It has been reported that TAP 
penetrates deeper into dentinal tubules than calcium hydrox-
ide (20). From a logical standpoint, complete removal of intra-
canal medicaments is recommended for better penetration of 
sealers into dentinal tubules as well its adaptation of sealers to 
dentine walls. This is specifically important for bioactive seal-
ers that form a mineralized interface with biological substrates 
such as dentine (21). Theoretically, sealer penetration into the 
dentinal tubules could improve sealability by increasing the 
surface area contact of filling materials to dentinal walls (7). 
Furthermore, retention of root filling material might be devel-
oped by this mechanical locking. That theory also justifies the 
considerable research body studying the potential of dentinal 

RESULTS

Sealer penetration into the dentinal tubules 
The results of the three-way ANOVA test for sealer penetra-
tion depth are presented (Table 1). The interaction between 
the type of intracanal medicament and the sealer penetration 
values were not statistically significant (P=0.573). The final ir-
rigation technique had a significant influence on sealer pene-
tration (P<0.001). The average sealer penetration depths were 
recorded as 846.6 µm, 786.5 µm and 505 µm in the Er,Cr:YSGG 
laser, EndoActivator and control groups, respectively. The re-
sults showed that Er,Cr;YSGG laser resulted in a greater sealer 
penetration depth than the sonic agitation and syringe irriga-
tion groups, although the difference between the laser group 
and the sonic group was not statistically significant (P>0.05). 
Syringe irrigation resulted in a significantly lesser sealer pen-
etration than the other two groups (P<0.05). There were no 
significant differences in the penetration depth between the 
coronal, middle and apical thirds (P=0.057). Additionally, the 
interactions between the intracanal medicaments/the root-
third, final irrigation technique/the root-thirds and the triple 

Figure 2. The measurements were recorded using the digital ruler of 
the NIS-Elements Microscope Imaging software

TABLE 1. Three-Way ANOVA for the intracanal Medicament, final irrigation technique, root canal third and the effect of their interactions on 
the maximum depth of penetration of the sealer

Source of variation Type III Sum of squares df Mean square F p Partial η2

Medicament 23887.8 1.0 23887.8 0.3 0.573 0.004
Final irrigation technique 2393888.4 2.0 1196944.2 16.1 <0.001 0.263
Root canal third 441799.9 2.0 220899.9 3.0 0.057 0.062
Medicament *Final irrigation 4366.7 2.0 2183.4 0.0 0.971 0.001
Medicament *Root canal third 4564.9 2.0 2282.4 0.0 0.970 0.001
Final irrigation *Root canal third 27881.0 4.0 6970.3 0.1 0.984 0.004
Medicament *Final irrigation *Root canal third 7748.4 4.0 1937.1 0.0 0.999 0.001

df: Degree of freedom, F: Statistic table
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Sealer penetration into dentinal tubules has been evaluated 
using several techniques including scanning electron micros-
copy, stereomicroscopy, confocal laser scanning microscopy, 
microcomputed tomography and spiral computed tomogra-
phy (24). This study used confocal microscopy as it is an easy 
and commonly used approach to visualize and quantify seal-
er penetration based on fluorescence. Although computed 
tomographic approaches are also non-invasive, confocal mi-
croscopic approaches are less demanding in terms of time re-
quired for imaging, reconstruction and analysis.

Sealer penetration was influenced by the irrigation technique, 
but not the intracanal medicament used and the root-third. 
While the root-third had no significant effect on the sealer pen-
etration, the penetration depth in all the groups was higher in 
the coronal-third than in the middle and apical third. The find-
ing that sealer penetration depth was higher in the coronal 
than in the middle and apical region is in accordance with pre-
vious studies (17, 25). Er,Cr:YSGG laser activation resulted in 
significantly higher sealer penetration depth than sonic agita-
tion and syringe irrigation, immaterial of the root third and the 
medicament used. Despite the lack of ample studies on this 
aspect, one report demonstrated greater sealer penetration 
with Er, Cr: YSGG laser than with the EndoActivator (26). The 
reduced sealer penetration in the sonic agitation group may 
be attributed to the poor removal of intracanal medicaments 
from the dentinal walls. Lasers have been shown to be more 

tubule penetration of filling materials. On the other hand, con-
trary to the common belief, the positive correlation between 
tubular dentine sealer penetration and the quality of the root 
filling has not been scientifically established.

Sen et al. (22) reported a lack of correlation between dentine 
sealer penetration and sealability. It was also shown that den-
tinal tubule penetration did not contribute to improved dis-
location resistance for epoxy resin-based sealers (23). Thus, 
measuring sealer penetration as a sole outcome measure is 
insufficient. Therefore, this study used both sealer penetration 
and dislocation resistance as surrogate outcome measures to 
determine the efficacy of the irrigation techniques in remov-
ing the intracanal medicaments.

TABLE 2. The mean and standard deviation of the maximum depth of penetration according to the various intracanal medicaments, final 
irrigation techniques and the root canal thirds

Final irrigation technique Root canal third                                                          Medicament

  mTAP CHX gel Total

Er,Cr:YSGG laser Apical 762.7±236.3 754.1±263.1 758.4±238.5
 Middle 879.8±214.1 884.9±207.7 882.4±201.1
 Coronal 916.0±290.7 882.1±217.0 899.1±245.2
 Total 852.8±243.5 840.4±225.5 846.6±231.4
EndoActivator Apical 718.3±301.1 709.7±87.4 714.0±211.4
 Middle 807.2±228.9 757.5±372.3 782.3±295.8
 Coronal 898.0±219.5 828.2±415.0 863.1±318.6
 Total 807.8±248.9 765.1±310.1 786.5±278.0
Needle Apical 450.0±210.2 392.4±196.7 421.2±196.4
 Middle 496.8±170.5 491.0±236.9 493.9±196.8
 Coronal 619.5±410.1 580.6±387.6 600.1±381.0
 Total 522.1±276.4 488.0±279.9 505.0±274.7
Total Apical 643.6±276.2 618.7±247.9 631.2±259.0
 Middle 727.9±258.2 711.1±313.8 719.5±283.3
 Coronal 811.2±328.6 763.6±356.3 787.4±338.7
 Total 727.6±292.0 697.8±309.3 712.7±299.7

mTAP: Modified triple antibiotic paste, CHX gel: Chlorhexidine gel

TABLE 3. The mean and standard deviation of the push-out bond 
strength values of the experimental groups

Final irrigation technique                   Medicament

 mTAP CHX gel Total

Er,Cr:YSGG laser 9.19±5.32 8.98±4.34 9.08±4.84
EndoActivator 8.61±3.57 8.28±3.51 8.44±3.53
Needle 5.11±2.94 5.05±3.14 5.08±3.03
Total 7.63±4.43 7.44±4.06 7.53±4.25

mTAP: Modified triple antibiotic paste, CHX gel: Chlorhexidine gel

TABLE 4. Two-Way ANOVA for the intracanal medicament and final irrigation technique, and the effect of their interactions on the bond 
strength

Source of variation Type III Sum of squares df Mean square F p Partial η2

Medicament 3.45 1.00 3.45 0.23 0.633 0.001
Final irrigation technique 1094.11 2.00 547.06 36.16 <0.001 0.172
Medicament *Final irrigation technique 1.07 2.00 0.53 0.04 0.965 0.000

df: Degree of freedom, F: Statistic table
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vitro studies are needed to evaluate the effect of using NaOCI 
on sealer penetration in removing CHX gel.

One limitation of this study was that the amount of remaining 
intracanal medicament was not quantified; rather, the surro-
gate outcome measures (sealer penetration and dislocation 
resistance) were measured. Although analyzing the remaining 
medicament would have been interesting, it is more clinically 
relevant to demonstrate the effects of such remnants on the 
subsequent procedure in root canal treatment, i.e., root filling. 
Furthermore, using the same specimens for confocal micro-
scopic analysis and push-out bond strength test would have 
enhanced the robustness of the data. This was not done as our 
pilot studies (data not shown) demonstrated that the bond 
strength of the sealers decreased when mixed with fluores-
cent dye.

CONCLUSION
The dentinal tubule penetration and dislocation resistance of 
GuttaFlow Bioseal were influenced by the final irrigation tech-
niques used to remove intracanal medicaments, but not by the 
type of intracanal medicaments. Er,Cr;YSGG laser significantly 
increased the sealer penetration and dislocation resistance of 
the sealer compared to sonic agitation and syringe-and-nee-
dle irrigation.
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effective in removing the smear layer (26, 27). Thus, it is likely 
that the hydrodynamics induced by the lasers resulted in bet-
ter removal of the intracanal medicament and the smear layer 
from both the dentinal wall and from the dentinal tubules, re-
sulting in a higher sealer penetration.

The difference between the EndoActivator group and syringe-
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