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Abstract
The aim of the present study was to compare the effect of chitosan nanoparticle, QMix, and 17% EDTA on the penetrability 
of a calcium silicate-based sealer into dentinal tubules using a confocal laser scanning microscope (CLSM). Sixty mandibular 
premolar teeth were selected and randomly divided into three groups (n = 20) before root canal preparation according to the 
solution used in the final rinse protocol: chitosan, QMix, and EDTA groups. Twenty teeth of each group were filled with 
a TotalFill BC sealers’ single gutta-percha cone and with 0.1% rhodamine B. The specimens were horizontally sectioned 
at 3 and 5 mm from the apex, and the slices were analyzed in CLSM (4×). Total percentage and maximum depth of sealer 
penetration were measured using confocal laser scanning microscopy with using Image J analysis software. Dentinal tubule’s 
penetration depth, percentage, and area were measured using imaging software. Kruskal–Wallis test was used for statistical 
analysis. The level of significance was set at 5%. Results of Kruskal–Wallis analysis showed that there was a significant dif-
ference in the percentage and depth of sealer penetration among all groups at 3 and 5 mm level sections (P < 0.05). Within 
the groups, the minimum sealer penetration depth was recorded for chitosan nanoparticle group. Greater depth of sealer 
penetration was recorded at 5 mm as compared to 3 mm in all the groups. Within the limitation of the present study, it can 
be concluded that QMix and EDTA promoted sealer penetration superior to that achieved by chitosan nanoparticle.
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Introduction

Previous studies showed that removal of the smear layer 
improved the success and quality of root canal treatment 
by increasing the penetration of root canal sealers into den-
tinal tubules during obturation [1, 2]. Traditionally, sodium 
hypochlorite and ethylene diamine tetra acetic acid (EDTA) 
solution have been used to remove the smear layer [3]. QMix 
(Dentsply Sirona, Baillagues, Switzerland) is a mixture of 
EDTA, chlorhexidine, and detergent. According to previ-
ous research, when QMix was used as the final irrigation 
solution, it removed the smear layer and provided a residual 
antimicrobial effect [4].

Chitosan is a cationic biopolymer obtained from dea-
cetylation of chitin in alkaline media, with biocompatible, 
biodegradable, and environmentally friendly properties [5]. 
Due to its unique physicochemical and biological properties, 
chitosan has many uses, such as pharmaceutical, biotech-
nological, cosmetic, agricultural, biomedical, food process-
ing, and textile applications [6]. In addition, chitosan has 
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pendant-free functional –OH and –NH2 groups on a poly-
mer chain that enable various modifications, which lead to 
improved mechanical strength and chemical stability [7]. 
One important modification using sodium tripolyphosphate 
has led to the production of chitosan nanoparticles. These 
nanoparticles are widely used in biomedical applications and 
drug delivery systems because of their distinctive physico-
chemical properties, such as sensitivity, specificity, and bio-
availability [8]. Chitosan nanoparticles have also been used 
in endodontics due to their antibacterial and smear removal 
properties [9].

Bioceramic-based root canal sealers have advantageous 
physical and biological properties and are therefore com-
monly used. Previous research reported that bioceramic-
based sealers composed of calcium phosphate and calcium 
silicate showed strong hydrophilic properties [10]. Another 
study demonstrated that bioceramic-based sealers had high 
tubular penetration capability, therefore making them suita-
ble for use in obturation procedures [11]. TotalFill BC (FKG 
Dentaire, La-Chaux-de-Fonds, Switzerland) is a bioceramic-
based sealer with high radiopacity. Based on an extensive 
literature search, there appear to be no studies of the effect 
of chitosan nanoparticle solution on dentinal tubule pen-
etration of bioceramic-based root canal sealers. The aim of 
this study was to evaluate the effect of EDTA, QMix, and 
chitosan nanoparticle irrigation solutions on dentinal tubule 
penetration by TotalFill BC root canal sealer using confocal 
laser microscopy (CLSM). The null hypothesis of the study 
was that the different final irrigation solutions would have 
no effect on dentinal tubule penetration by TotalFill BC root 
canal sealer.

Materials and methods

Sample selection

After obtaining the approval of the ethics committee (No: 
2017-82), 60 freshly extracted mandibular premolar teeth 
due to orthodontic reasons with mature apices were included 
in the study. Soft and hard tissues, and debris around the 
teeth were mechanically removed with the aid of a periodon-
tal curette (Hu-Friedy Mfg. Co. Inc., Leimen, Germany). 
Radiographs of mesio-distal and bucco-lingual aspects were 
obtained. Teeth with canal calcification, endodontic treat-
ment, internal or external resorption, fracture, and imma-
ture roots were replaced with new ones. Root had less than 
5 ° curvature and teeth with similar length (19 ± 1 mm) 
were also selected for standardization. The crowns of the 
teeth were removed under water cooling using diamond 
burs (Diatech, Charleston, SC, USA) in the direction of the 
cemento-enamel junction, and samples with a root length of 

12 ± 1 mm were obtained. The selected teeth were stored in 
0.1% thymol solution at 5 °C until used in further studies.

Root canal preparation

A size #10K file (Dentsply Sirona, Baillagues, Switzerland) 
was inserted into the root canal until it was visible in the api-
cal foramen, and the working length of each root canal was 
determined to be 1 mm shorter than this measurement. The 
root canals were prepared using a ProTaper Next NiTi file 
system (Dentsply Sirona) until the apical diameter 40/0.06 
(size 40, 0.06 taper) was obtained. The system was oper-
ated at 300 rpm and 400 g cm−1 torque. A total of 20 ml 
of 6% sodium hypochlorite (CanalPro; Coltene-Whaledent, 
Allstetten, Switzerland) was used throughout the root canal 
preparation. A double-port 31-gauge needle (NaviTip Side-
port; Ultradent Products Inc., South Jordan, UT, USA) was 
used for all irrigations. After rinsing all the canals using 
2-ml distilled water each, the teeth were then randomly 
divided into three groups (n = 20), and the following final 
irrigation procedures were performed:

Group 1: EDTA

In this group, each tooth was irrigated for 60 s with a solu-
tion of 5 ml of 17% EDTA (CanalPro; Coltene-Whaledent) 
in total. To remove the residual irrigation solution after the 
final irrigation, all teeth were irrigated with 2 ml of distilled 
water, and the root canal was dried with paper points (Dia-
Dent Group International Inc., Cheongju, Korea).

Group 2: QMix

In this group, each tooth was irrigated for 60 s with 5 ml of 
QMix solution (Dentsply Sirona) in total. To remove resid-
ual irrigation solution after the final irrigation, all teeth were 
irrigated with 2 ml of distilled water, and the root canal was 
dried with paper points (DiaDent Group International Inc.).

Group 3: Chitosan nanoparticles

Chitosan nanoparticles were prepared according to the lit-
erature [12]. Briefly, 1 g of chitosan was dissolved in 50 ml 
of acetic acid solution at room temperature (2%, w:w) and 
stirred overnight to obtain a clear solution. Freshly prepared 
sodium tripolyphosphate (3 ml, 2% TPP, v/v) was then added 
to the reaction media and stirred for 30 min. At the end of 
the reaction, chitosan particles were separated using cen-
trifugation (10,000 rpm, 10 min) and examined under a scan-
ning electron microscope (JSM-7001F; JEOL, Tokyo, Japan) 
to verify that they had a homogenous structure. SEM images 
indicated that the average dimensions of the chitosan nano-
composite ranged between 71 and 78 nm (Fig. 1).
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Root canal obturation

Total Fill BC Sealer (FKG Dentaire) was mixed with 0.1% 
rhodamine B (Sigma-Aldrich, St. Louis, MO, USA) and 
placed in the canal 1 mm shorter than the working length 
using a 400-rpm lentulo spiral (Dentsply Sirona) for 5 s [13]. 
The canals were then obturated with BC Points (FKG Den-
taire) using the single cone technique. The samples were 
temporarily restored with filling material (Coltosol; Coltene-
Whaledent) and incubated at 37 °C in 100% humidity for 
14 days to allow the root canal sealer to set.

Evaluation of dentinal tubule penetration

The specimens were cut using a 0.4-mm-thick diamond disk 
at low-speed under water cooling (Isomet 1000, Buehler, IL, 
USA). Two sections 1 ± 0.1-mm-thick were obtained a dis-
tance of 3 and 5 mm from the root apex. The sections were 
then polished with silicon carbide abrasive paper to produce 
a smooth surface and eliminate dentinal debris generated 
during the cutting procedures.

All the specimens were mounted onto glass slides and 
examined using a confocal laser microscope (Carl Zeiss 
LSM 510; Carl Zeiss Microscopy, Jena, Germany) at a 
wavelength of 575 nm and 4× magnification, with a zoom 
oil lens. In cases where the entire canal could not be exam-
ined in one image, further partial images were taken and 
then assembled as a single image using Pages software 
(Apple Inc., Cupertino, CA, USA). Digital images were 
imported into Image J analysis software (v. 1.44p; National 
Institutes of Health, Bethesda, MD, USA) to measure 
the total dentinal tubule penetration area. The dentinal 
tubule penetration area was measured in square millim-
eters  (mm2). Each section was evaluated using a Zeiss 
LSM Image Browser, version 4.2.0.121 (Carl Zeiss Micro 

Imaging GmbH 1997–2006) and calibrated measuring 
tool. The maximum depth and total percentage of sealer 
penetration were measured as previously described [14].

Figure 2 shows CLSM images of tooth sections at 3 
and 5  mm levels. The images obtained from confocal 
microscopy were analyzed using Image J analysis soft-
ware (National Institutes of Health). The circumference of 
the root canal wall was outlined and measured using the 
measuring tool available in the software. Areas along the 
canal walls that showed sealer penetration into dentinal 
tubules were then measured. The measured distances were 
divided by the total canal circumference to calculate the 
percentage of the area of canal wall covered by sealer. 
To measure the depth of penetration, the point of deepest 
penetration was measured from the canal wall to the point 
of maximum sealer penetration.

Statistical analysis

The data were first analyzed using the Shapiro–Wilk test 
to verify the assumption of normality. The Kruskal–Wal-
lis test was then performed for statistically analyzing the 
data using SPSS 21.0 (IBM-SPSS Inc., Chicago, IL, USA) 
software. The statistical significance level was set at 5%.

Results

The means and standard deviations of dentinal tubule pen-
etration depths, areas, and percentages at 3 and 5 mm in 
the different groups are shown in Table 1.

Fig. 1  Scanning electron microscopy images of chitosan nanoparticles (a, b) and size of the nanoparticles (a)
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Evaluation of sealer penetration depth

The Kruskal–Wallis analysis showed that the sealer pen-
etration depth at 3 and 5 mm sections in all the groups was 
significantly different (P < 0.05). The penetration depth in all 
the groups was significantly higher in 5 mm sections than 
3 mm sections (P < 0.05). In the between-group comparison, 
the sealer penetration depth was significantly lower in both 
the 3 and 5 mm sections of chitosan group as compared 
with the 3 and 5 mm sections of EDTA and QMix groups 
(P < 0.05).

Evaluation of sealer penetration area

When the intragroup penetration areas were compared, 
in all the groups, the area of sealer penetration was sig-
nificantly higher in the 5 mm section than 3 mm section 
(P < 0.05). In the between-group comparison, the sealer 
penetration area was significantly lower in both the 5 and 
3 mm sections in the chitosan group as compared with that 
in the EDTA and QMix groups.

Fig. 2  CLSM images repre-
sentative of tag formation at 
the sealer–dentine interface 
in apical and coronal sections 
after different irrigation solu-
tions. Longer tags with greater 
density can be observed in the 
specimens irrigated with QMix 
and EDTA solutions. A smaller 
number of tags can also be 
observed in the apical sections 
than in the coronal sections
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Evaluation of sealer penetration percentage

When the percentage of intracanal penetration was com-
pared, the percentage of sealer penetration was significantly 
higher in the 5 mm sections than 3 mm sections in both the 
EDTA and QMix groups (P < 0.05). There was no significant 
difference in the sealer penetration percentage values in the 
5 mm and 3 mm sections in the chitosan group (P > 0.05). 
When the percentage of penetration between groups was 
compared, there was no significant difference in the 5 and 
3 mm sections in the EDTA and QMix group. However, the 
percentage of penetration was lower in both 3 and 5 mm 
sections in the chitosan group as compared with that of the 
other two groups (P ˂ 0.05).

Discussion

Sealer penetration into dentinal tubules is considered a 
positive outcome to prevent bacterial regrowth or bacterial 
inactivation inside tubules [15] and improve sealer retention 
[16]. Therefore, sealer penetration into dentinal tubules is 
considered clinically relevant [17]. Several studies evaluated 
the effect of different final irrigation solutions and proce-
dures on dentinal tubule penetration by root canal sealers 
[16, 18, 19]. However, to the best of our knowledge, there 
have been no studies of the effect of chitosan irrigation solu-
tion on dentinal tubule penetration by root canal sealers. 
Thus, the aim of the present study was to investigate the 
effect of QMix, chitosan, and EDTA solutions on dentinal 
tubule penetration by TotalFill BC sealer.

Jeong et al. [20] reported that there was no significant dif-
ference between the single-cone and warm vertical-compac-
tion technique in terms of bioceramic-based sealer penetra-
tion into dentinal tubules. Also, the application of excessive 
forces during obturation can cause unexpected root fractures. 
Thus, in the present study, to standardize the obturation pres-
sure, the single-cone technique was used.

Light microscopy [21], scanning electron microscopy 
[22], and CLSM [17] have been used to investigate sealer 
penetration into dentinal tubules. CLSM has two main 
advantages: It does not require sample processing, and it sig-
nificantly reduces technical artifacts [14]. In addition, using 
CLSM, the surface below the smear layer can be scanned 
and analyzed [23]. Thus, in the present study, CLSM was 
used.

In CLSM analyses of sealer penetration, the sealer is 
labeled with a specific fluorescent dye. Previous CLSM stud-
ies utilized rhodamine B as an indicator of sealer penetration 
[14]. Rhodamine B dye promotes fluorescence of the sealer 
because CLSM works with high contrast points to iden-
tify the sealers within dentinal tubules [24]. In the present 
study, for fluorescence of the bioceramic sealer, the sealer 
was mixed with Rhodamine B (Sigma-Aldrich), employing 
a similar method to that used by Wiesse et al. [19].

In this study, slices were obtained 3 and 5 mm from the 
root apex to minimize the inclusion of apical deltas and ana-
tomical irregularities that could affect sealer penetration. In 
some of the slices scanned using CLSM, sealer penetration 
into the dentinal tubules was not homogenous. Also, the 
dentinal tubule directions can affect the results. Therefore, 
maximal penetration should not be the only parameter used 
to evaluate sealer penetration. In the present study, three 
parameters (penetration depth, area, and percentage) were 
used to calculate dentinal tubule penetration, employing a 
method similar to that of Gharib et al. [14].

The mineral infiltration zone (MIZ) is a hybrid zone 
where hydroxyapatite recrystallization occurs in dentin 
when calcium silicate-based cement is applied [25]. In the 
present study, some images showed a similar zone when 
interfacial reactions and hydroxyapatite recrystallization 
occurred in dentinal tubules (Fig. 3) [20]. In the present 
study, the images were captured 14 days after obturation to 
allow for dynamic interactions between dentinal tissue and 
the calcium silicate-based sealer. The aforementioned may 
explain the presence of MIZ in the images.

Table 1  Means and standard deviations of dentinal tubule penetration depth (mm), penetration area  (mm2), and penetration percentage (%)

*Different superscripts indicates statistically significant difference at 5% significance level (P < 0.05)

EDTA Chitosan QMix P value

3 mm 5 mm 3 mm 5 mm 3 mm 5 mm

Pen-
etration 
depth 
(mm)

0.583 ± 0.08a 0.869 ± 0.12b 0.362 ± 0.07c 0.416 ± 0.15a 0.542 ± 0.22a 0.754 ± 0.18b < .001

Penetra-
tion area 
 (mm2)

6104.64 ± 1098.72a 13,167.96 ± 2896.95b 2025.66 ± 283.59c 5207.33 ± 989.39a 5927.14 ± 711.25a 12,325.36 ± 2095.30b < .001

Penetra-
tion per-
centage 
(%)

54.52 ± 8.17a 82.85 ± 14.91b 40.93 ± 6.95c 63.00 ± 7.59c 55.95 ± 10.63a 81.75 ± 17.98b < .001
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According to the images obtained in the present study, 
significantly more tubule penetration occurred in the QMix 
and EDTA groups than in the chitosan group. Thus, the 
null hypothesis of the present study was rejected. The abil-
ity of sealers to penetrate into dentinal tubules depends on 
many factors such as the humidity, temperature, and con-
tents of dentinal tubules, as well as physical and chemical 
properties of root canal sealers [15]. In addition, the pres-
ence of the smear layer can act as a barrier and prevent the 
penetration of sealers into dentinal tubules [26]. Addition-
ally, no activation technique was used in the present study. 
Thus, the smear layer removal capacity of the irrigation 
solutions might be reduced.

Previous studies of the smear layer removal efficacy of 
QMix and EDTA solutions reported conflicting results [4, 
27–30]. Some studies found that the smear layer removal 
efficacy of QMix was as effective as that of EDTA [4, 27, 
28]. However, other studies reported that QMix was more 
successful than EDTA in terms of smear layer removal 
efficacy [29, 30]. Jardine et al. [31] compared the effect 
of QMix, BioPure MTAD (Dentsply Sirona), and EDTA 
final solutions on dentinal tubule penetration by AH Plus 
(Dentsply Sirona) sealer. Similar to the results of the pre-
sent study, the authors reported that QMix and EDTA 
had similar effects on sealer penetration. Chaudhry et al. 
[32] reported that the performance of QMix and EDTA 
solutions as regards sealer penetration was the same. The 
increased tubule penetration obtained with the QMix and 
EDTA solutions in the present study might be explained 
by their high smear layer removal ability.

Chitosan nanoparticles are recommended for use in 
endodontic irrigation solutions due to their antimicrobial 
properties and smear removal abilities [33]. To the best of 
our knowledge, no previous studies have evaluated sealer 
penetration of chitosan nanoparticles. Thus, the results of 
the present study cannot be directly compared with those of 
other studies. Previous research reported that the irrigation 
of root canals with chitosan nanoparticle solution for 3 min 
effectively removed the smear layer from root canals [9]. 
According to the results of the current study, less tubule 
penetration occurred in the chitosan group than in the EDTA 
and QMix groups. This result might be explained by the 
reduced smear removal ability of chitosan nanoparticles as 
compared with that of QMix and EDTA.

Sealer penetration was found to be greater in the bucco-
lingual direction compared with the mesio-distal direction, 
and this finding is in line with that of a previous study [21]. 
The reason may be related to a phenomenon called the ‘‘but-
terfly effect,’’ a butterfly like appearance seen on the root 
cross-sections that occurs as a result of increased sclerosis 
along the tubules located on the mesial and distal sides of 
the canal lumen. This effect is common in the single-rooted 
teeth of humans in a wide range of ages [34, 35].

In the present study, the slices in all groups showed lower 
penetration depths, areas, and percentages in the 3-mm 
regions than 5-mm regions. Previous studies also reported 
decreased tubule penetration values in coronal areas as com-
pared with apical thirds [14, 36, 37]. Areas of sclerotic den-
tin are more common in the apical third [38]. In addition, 
the diameters of tubules in the apical third are smaller than 

Fig. 3  CLSM images representative the mineral infiltration zone. Apical section of chitosan nanoparticle solution (a) and apical section of QMix 
solution (b)
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those in the middle and coronal third, and the apical third 
has a lower number of tubules than the middle and coronal 
third [27]. Furthermore, it is more difficult to remove the 
smear layer from the apical third than middle and coronal 
third because of reduced irrigant delivery [29]. These fac-
tors might have influenced the findings of the present study.

The results of the current study are clinically relevant 
because both the area and depth of tubule penetration by 
sealers affect filling of the root canal system and prevent 
reinfection [15, 36]. On the other hand, a previous study 
showed that sealer penetration into dentinal tubules was not 
directly associated with the apical seal [39]. Root dentin 
may contain tubule areas across its entire circumference, in 
addition to areas of tubules with unipolar, bipolar, tripolar, 
and tetrapolar distributions, or even show a total absence of 
tubules. The major limitation of the present study was that 
it was impossible to standardize the amount and distribution 
of sclerotic dentin. Irregular secondary dentin may influence 
sealer penetration. As reported previously, careful sample 
selection does not guarantee a homogeneous dentin pattern 
among specimens [31]. One of the other limitations of pre-
sent study was that both of the solutions contain EDTA. 
Thus, further researches might be beneficial to investigate 
the effect of different irrigation solutions on bioceramic-
based sealers.

Conclusion

Within the limitations of the present study, it can be con-
cluded that QMix and EDTA promoted sealer penetra-
tion and that the level of penetration was superior to that 
achieved by chitosan nanoparticles.
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