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Abstract: The aim of this comparative study is to analyze the efficacy of EndoVac and Endoactivator 
endodontic irrigation systems for removing the endodontic smear layer present in the coronal, 
middle, and apical root third of the root canal system (RCS) and the isthmus from mesial roots from 
the first lower molar teeth using micro-computed tomography (micro-CT) analysis. The study was 
performed on 40 mesial roots that were randomly assigned to the following groups: Group A, 
EndoVac endodontic irrigation system (EV) (n = 10); Group B, Endoactivator endodontic irrigation 
system (EA) (n = 10); Group C, Root canal systems performed with F2 ProTaper Gold endodontic 
rotary system but not irrigated (Positive control) (n = 10); Group D, Root canal systems not 
performed or irrigated (Negative control) (n = 10). The samples were exposed to micro-CT analysis 
and the mesial roots were segmented using an advanced image segmentation technique based on 
partial differential equations (ROI: 10 × 10 × 10 mm) and the root canal systems and isthmus were 
reconstructed at a resolution of 25 microns per voxel. The EA study group showed statistically 
significant different residual endodontic smear layer volume (0.48 ± 0.24 mm3) compared to the EV 
study group (0.18 ± 0.15 mm3) (p = 0.016). The EV endodontic irrigation system performed a higher 
smear layer removal at coronal and middle root thirds, compared to the EA endodontic irrigation 
system; however, the EA endodontic irrigation system performed a higher smear layer removal at 
the apical root third, compared to the EV endodontic irrigation system. 

Keywords: micro-computed tomography; non-surgical endodontic retreatment; smear layer 
removal; isthmus; EndoVac; Endoactivator 
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1. Introduction 

The most widely used endodontic irrigating solution is sodium hypochlorite (NaOCl), which 
acts as a bactericide agent and dissolves the organic tissue present in the root canal system (RCS); 
however, it is not effective in endodontic smear layer removal. Chelating irrigants, such as 
ethylenediaminetetraacetic acid (EDTA), have shown their effectiveness in endodontic smear layer 
removal and improving RCS disinfection [1,2]. During root canal surgery, the application of 
endodontic instruments onto the dentinal root canal walls produces hard tissue debris deposition 
within the RCS, which may contain bacterial cells [1]. It can also interfere with the endodontic 
irrigation agents and root canal filling materials of the RCS, preventing RCS disinfection and sealing, 
especially in anatomically complex areas, such as the isthmus areas in mesial roots of lower molar 
teeth [2,3]. Isthmus areas are considered an important anatomical feature because they can contain 
smear layer remains of dental pulp tissue, necrotic tissues, and microorganisms, which can promote 
root canal re-infection after treatment [4]. Tahmasbi et al. reported a prevalence of isthmus areas in 
the mesial root from the first lower molar teeth of 65.7% [5], whereas Kim et al. reported a frequency 
range from 20% to 70% [6]. The isthmus, according to its anatomical characteristics, is classified into 
five categories: Type I—There are two separate root canals, but union does not appear. Type II—An 
isthmus between the two separate root canals is observed. Type III—There are three root canals 
connected by an isthmus. Type IV—There are two elongated root canals connected in the center. Type 
V—There is a single, very wide and elongated root canal [4,7]. 

Traditionally, disinfection of the RCS has been performed by means of a passive irrigation 
procedure through endodontic irrigation syringes. However, this disinfection approach has 
demonstrated limited efficacy to clean the apical third of the RCS and the anatomical irregularities of 
the RCS, such as the isthmus. Therefore, new approaches have been developed to improve the 
cleaning capability of traditional disinfection procedures. The Endoactivator (Dentsply Maillefer, 
Ballaigues, Switzerland) endodontic irrigation system can promote the penetration of the irrigant 
agent within the dentinal tubules of the RCS by means of continuous sonic movement [8]. The 
EndoVac (Dentsply Maillefer, Ballaigues, Switzerland) endodontic irrigation system can also safely 
reduce the bacterial load present in the RCS, ensuring the presence of the irrigant agent in the apical 
third of the RCS and also preventing vapor lock formation, which avoids disinfection of the irrigant 
agent in the apical portion of the RCS [9,10]. The device allows for constantly renewed NaOCl 
irrigation throughout the root canal system by means of a negative apical pressure system. Two 
cannulas allow this flow of NaOCl: a macro cannula that introduces the NaOCl irrigation agent at 
the access cavity, and a micro cannula located in the apical constriction that aspirates the NaOCl 
irrigation agent and evacuates it from the RCS. 

The aim of the present study is to compare the efficacy of the EndoVac and Endoactivator 
endodontic irrigation systems for removing the endodontic smear layer present in the coronal, 
middle, and apical root third of the RCS and the isthmus from mesial roots from first lower molar 
teeth using micro-CT analysis, with a null hypothesis (H0). This hypothesis determines that there 
would exist no difference between the EndoVac and Endoactivator endodontic irrigation systems for 
removing the endodontic smear layer present in the coronal, middle, and apical root third of the RCS 
and the isthmus from mesial roots from first lower molar teeth using micro-CT analysis. 

2. Experimental Section 

2.1. Study Design 

A total of 40 first lower molar teeth with two canals and isthmus in the mesial root and extracted 
for periodontal reasons, with mature roots, absence of previous root canal treatment, calcium 
metamorphosis, and root resorptions were selected. This study was performed at the Department of 
Stomatology of the University of Valencia (Valencia, Spain), between February and July 2019. A 
randomized controlled experimental trial was performed attending to the German Ethics 
Committee′s statement for the use of organic tissues in medical research, which was approved by the 
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University of Valencia Ethics Committee (process no. 12151). All of the patients were informed and 
consented to transfer their teeth for the study. 

2.2. Experimental Procedure 

The crowns of the teeth were removed between 1 mm and 3 mm under the cement–enamel 
junction to standardize dental samples to 10 mm in length. The teeth were submitted to digital 
radiography in both buccolingual and mesiodistal directions to assess the RCS anatomy. The working 
length (WL) of the RCS was determined using an operative microscope at 12 × magnification (Zeiss 
Dental Microscope, Oberkochen, Germany) until the emergence of a size 8 K-file (Dentsply Maillefer, 
Ballaigues, Switzerland) was visible at the apical foramen of the RCS. Then, the samples were 
randomly placed (Epidat 4.1, Galicia, Spain) into the following study groups: Group A, EndoVac 
endodontic irrigation system (Dentsply Maillefer, Baillagues, Switzerland) (EV) (n = 10); Group B, 
Endoactivator endodontic irrigation system (Dentsply Maillefer, Ballaigues, Switzerland) (EA) (n = 
10); Group C, RCS performed with F2 ProTaper Gold endodontic rotary system (Dentsply Maillefer, 
Baillagues, Switzerland) but not irrigated (Positive control) (n = 10); Group D, RCS not performed or 
irrigated (Negative control) (n = 10). 

The RCSs were randomly assigned to the above-mentioned study and control groups. Surgery 
for the EV and EA study groups and Positive control group was performed by using the ProTaper 
Gold endodontic rotary system up to an F2 endodontic rotary file (Dentsply Maillefer, Ballaigues, 
Switzerland), using a 6:1 reduction handpiece (X-Smart plus, Dentsply Maillefer, Ballaigues, 
Switzerland) at 300 rpm and 2 N/cm torque, according to the manufacturer’s recommendations. The 
RCSs randomly assigned to the EV study group were irrigated with 5 mL of 5.25% NaOCl (Clorox, 
Oakland, CA, USA) with a 0.3-mm-diameter endodontic needle (Miraject Endo Luer, Hager and 
Werken, Duisburg, Germany) inserted 1 mm into the WL. Furthermore, the disinfection of the RCS 
was improved by using the Endoactivator endodontic irrigation system (Dentsply Maillefer, 
Ballaigues, Switzerland) between each endodontic file of the sequence. The final irrigation procedure 
was performed with 5 mL of 17% ethylenediaminetetraacetic acid (EDTA) (SmearClear, SybronEndo, 
CA, USA), 5 mL of 5.25% NaOCl, and 5 mL of sterile saline solution (Braun®, Melsungen, Germany). 
However, the RCSs randomly assigned to the EA study group were irrigated with 5 mL of 5.25% 
NaOCl (Clorox, Oakland, CA, USA) with a 0.3-mm-diameter endodontic needle (Miraject Endo Luer, 
Hager and Werken, Duisburg, Germany) inserted 1 mm into the WL. Furthermore, the disinfection 
of the RCS was improved by using the EndoVac endodontic irrigation system (Dentsply Maillefer, 
Ballaigues, Switzerland) between each endodontic file of the sequence. The final irrigation procedure 
was performed with 5 mL of 17% EDTA (SmearClear, SybronEndo, CA, USA), left in the canal for 1 
min with 5 mL of 5.25% activated NaOCl, and 5 mL of sterile saline solution (Braun®, Melsungen, 
Germany). Then, the RCSs randomly assigned to the EV and EA study groups were dried with sterile 
paper points (Dentsply Maillefer, Ballaigues, Switzerland) and the teeth were then stored in an 
incubator (mco-18aic, Sanyo, Moriguchi, Osaka, Japan) (37 °C, 100% relative humidity). The RCSs 
randomly assigned to the Negative control group were neither shaped nor cleaned with irrigation 
solutions. All of the root canal treatments were performed by a single clinician. 

2.3. Micro-CT Scanning 

A micro-CT scan (Micro-CAT II, Siemens Preclinical Solutions, Knoxville, TN, USA) was 
performed to the RCS to analyze the residual smear layer volume present in the coronal, middle, and 
apical third of the RCS and the isthmus, the RCS volume, and the relationship between them at 
coronal, middle, and apical third of the RCS and at the interradicular isthmus with the following 
exposure parameters: 90 kV, 88 µA, isotropic resolution of 50 µm, and 360° rotation. The tomographic 
three-dimensional images containing the entire tooth had a total of 512 slices, with isotropic 50 
microns voxel size and a resolution of 512 × 512 pixels per slice. The isthmus presence was analyzed 
on the micro-CT scan (Micro-CAT II, Siemens Preclinical Solutions, Knoxville, TN, USA) at coronal, 
middle, and apical third of the root canal system (Figure 1). 
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Figure 1. Analysis of the isthmus presence on the transversal cross sections of the coronal, middle, 
and apical third of the RCS of (A) Negative control group, (B) Positive control group, (C) EndoVac 
endodontic irrigation system (EV) study group, and (D) Endoactivator endodontic irrigation system 
(EA) study group. 

2.4. Measurement Procedure 

The analysis of the endodontic smear layer present in the coronal, middle, and apical third of 
the RCS and the isthmus was performed through image processing software (ImageJ, National 
Institutes of Health, Bethesda, MD, USA) after defining and segmenting the mesial root (ROI: 10 × 10 
× 10 mm) of the dental samples. Next, the segmented mesial roots were reconstructed at a resolution 
of 25 microns per voxel (Quantum 3.0, San Jose, CA, USA). Then, the RCSs forming on the segmented 
mesial roots were divided using an advanced image segmentation technique based on partial 
differential equations (Level Sets, National Institutes of Health, Bethesda, MD, USA) which allow 
progressive differentiation between neighboring pixels and define the anatomy of the RCS (Figure 
1). The algorithm is manually initialized in the first slice of the axial view of the volume, where the 
user draws a contour outside, but close to, the channel. The segmentation technique method then 
deforms the contour towards the inside, until convergence is reached (i.e., the channel is segmented 
for the first slice). Then, the calculated contour is expanded by a fixed number of pixels (i.e., 6 pixels) 
as initialization for the next slice, where segmentation technique is applied again. This process is 
iteratively applied for every axial slice of the volume, until the whole channel is segmented in 3D. 
Once the channel has been retrieved, the tooth debris inside the channel is segmented by thresholding 
the volume of interest (i.e., interior of the channel). Small particles are eliminated from the debris’ 
segmentation mask as a final denoising step. The resulting segmentation mask may be manually 
edited, by adding or deleting objects, in order to correct for possible inaccuracies in the automatic 
segmentation. Finally, tooth debris volume, total channel volume, and the ratio between both are 
calculated for apical, medial and coronal sections of the tooth. 

Then, the residual endodontic smear layers present in the coronal, middle, and apical third of 
the RCS and the isthmus were segmented by thresholding the volume of interest (Figure 2A–D). 
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Figure 2. Reconstructed three-dimensional micro-CT images of (A) Negative control group, (B) 
Positive control group, (C) EV study group, and (D) EA study group. Residual smear layer volume 
present in the coronal, middle, and apical third of the root canal system (RCS) and the isthmus (red). 

Finally, the residual smear layer volume present in the coronal, middle, and apical third of the 
root canal system and at the interradicular isthmus, the root canal system volume, and the 
relationship between them at the coronal, middle, and apical third of the root canal system and the 
isthmus were analyzed and compared by a blinded examiner (Amira 5.2 software, Thermo Fisher 
Scientific, Bilbao, Spain). 

2.5. Statistical Tests 

The variables of interest were registered for statistical analysis (SPSS 22.00, Microsoft Inc, 
Redmond, WA, USA). The mean, median, and standard deviation (SD) were used to perform the 
descriptive statistical analysis for the quantitative variables. A comparative analysis was performed 
by comparing the median residual endodontic smear layer volume present in the coronal, middle, 
and apical third of the RCS and the isthmus (mm3), the root canal system volume (mm3), and the 
relationship between them at coronal, middle, and apical third of the RCS and the isthmus (%) 
between the EndoVac and Endoactivator endodontic irrigation systems and Positive and Negative 
control groups using ANOVA and Kruskal–Wallis tests—p < 0.05—was considered statistically 
significant. 

3. Results 

The mean, median, and SD values of the residual endodontic smear layer volume present in the 
coronal, middle, and apical third of the RCS and the isthmus (mm3) are presented in Table 1 and 
Figure 3A–C. 
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Table 1. Descriptive analysis of the residual endodontic smear layer present in the coronal, middle, 
and apical third of the RCS and the isthmus (mm3) of the study groups. 

  EV EA Positive Control Negative Control 

Coronal third 

n 10 10 10 10 
Mean 0.18 0.48 0.42 0.21 

Median 0.15 0.52 0.42 0.15 
SD 0.15 0.24 0.26 0.15 

Minimum 0.00 0.12 0.03 0.01 
Maximum 0.40 0.79 0.84 0.48 

Middle third 

n 10 10 10 10 
Mean 0.24 0.41 0.37 0.18 

Median 0.22 0.42 0.35 0.13 
SD 0.26 0.32 0.29 0.18 

Minimum 0.01 0.00 0.01 0.04 
Maximum 0.90 0.89 0.84 0.58 

Apical third 

n 10 10 10 10 
Mean 0.17 0.09 0.12 0.05 

Median 0.10 0.08 0.13 0.04 
SD 0.18 0.06 0.08 0.05 

Minimum 0.01 0.01 0.01 0.00 
Maximum 0.51 0.18 0.25 0.15 

The ANOVA test revealed statistically significant differences between the residual endodontic 
smear layer volume of the RCSs randomly assigned to the Positive control group at the coronal root 
third (0.42 ± 0.26 mm3), compared to the EV study group (0.18 ± 0.15 mm3) (p = 0.030) and Negative 
control group (0.21 ± 0.15 mm3) (p = 0.026). Furthermore, the Kruskal–Wallis test showed statistically 
significant differences between the residual endodontic smear layer volume of the RCSs randomly 
assigned to the EA study group (0.48 ± 0.24 mm3), compared to EV study group (0.18 ± 0.15 mm3) (p 
= 0.016) and Negative control group (0.21 ± 0.15 mm3) (p = 0.014) (Table 1, Figure 3A). However, the 
Kruskal–Wallis test did not show statistically significant differences between the study groups 
regarding the residual endodontic smear layer volume at the middle root third (p = 0.172) (Table 1, 
Figure 3B) or the apical root third (p = 0.079) (Table 1, Figure 3C). 

 
Figure 3. Box plot of the residual endodontic smear layer present in the coronal (A), middle (B), and 
apical third (C) of the RCS and the isthmus (mm3) of the study groups. 

The mean, median, and SD values of the root canal system volume in the coronal, middle, and 
apical third of the RCS and the isthmus (mm3) are presented in Table 2 and Figure 4A–C. 
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Table 2. Descriptive analysis of the residual endodontic smear layer present in the coronal, middle, 
and apical third of the RCS and the isthmus (mm3) of the study groups. 

  EV EA Positive Control Negative Control 

Coronal third 

n 10 10 10 10 
Mean 5.74 6.25 5.90 1.73 

Median 5.04 6.42 5.28 1.82 
SD 2.24 1.60 2.62 1.17 

Minimum 2.03 3.87 3.25 0.37 
Maximum 9.04 8.55 9.02 9.04 

Middle third 

n 10 10 10 10 
Mean 3.23 4.10 3.01 1.06 

Median 3.08 3.98 2.95 0.96 
SD 1.26 1.57 1.31 0.76 

Minimum 1.17 1.99 1.58 0.31 
Maximum 5.15 6.91 4.76 2.87 

Apical third 

n 10 10 10 10 
Mean 2.1 1.94 1.78 0.60 

Median 0.10 0.08 0.13 0.04 
SD 0.88 0.92 1.26 0.49 

Minimum 0.78 1.07 0.50 0.14 
Maximum 3.52 4.02 3.97 4.02 

The Kruskal–Wallis test revealed statistically significant differences between the RCS volume of 
the root canals systems randomly assigned to the Negative control group at the coronal root third 
(1.82 ± 1.17 mm3), compared to the EV study group (5.04 ± 2.24 mm3) (p = 0.016), EA study group (6.42 
± 1.60 mm3) (p = 0.011), and Positive control group (5.28 ± 2.62 mm3) (p = 0.019) (Table 2, Figure 4A). 
The Kruskal–Wallis test revealed also statistically significant differences between the RCS volume of 
the RCSs randomly assigned to the Negative control group at the middle root third (0.96 ± 0.76 mm3), 
compared to the EV study group (3.08 ± 1.26 mm3) (p = 0.023), EA study group (3.98 ± 1.57 mm3) (p = 
0.014), and Positive control group (2.95 ± 1.31 mm3) (p = 0.019) (Table 2, Figure 4B). In addition, the 
Kruskal–Wallis test revealed statistically significant differences between the RCS volume of the RCSs 
randomly assigned to the Negative control group at the apical root third (0.04 ± 0.49 mm3), compared 
to the EV study group (0.10 ± 0.88 mm3) (p = 0.023) and EA study group (0.08 ± 0.92 mm3) (p = 0.032). 
However, there were no statistically significant differences between the RCS volume of the EV and 
EA study groups (p = 1.000) (Table 2, Figure 4C). 

 
Figure 4. Box plot of the root canal system volume in the coronal (A), middle (B), and apical third (C) 
of the RCS and the isthmus (mm3) of the study groups. 

The mean, median, and SD values of the relationship between the residual endodontic smear 
layer volume and the RCS volume at coronal, middle, and apical third of the RCS and the isthmus 
(%) are displayed in Table 3 and Figure 5A–C. 
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Table 3. Descriptive analysis of the relationship between the residual endodontic smear layer volume 
and the root canal system volume at coronal, middle, and apical third of the RCS and the isthmus (%) 
of the study groups. 

  EV EA Positive Control Negative Control 

Coronal third 

n 10 10 10 10 
Mean 3.72 7.63 7.94 10.31 

Median 2.41 8.50 8.30 9.22 
SD 3.35 3.38 4.17 7.90 

Minimum 0.00 2.23 0.92 2.70 
Maximum 10.06 11.59 14.20 27.75 

Middle third 

n 10 10 10 10 
Mean 7.97 9.11 13.40 17.70 

Median 5.56 9.66 16.97 16.13 
SD 8.62 5.44 9.56 12.89 

Minimum 0.31 0.00 0.54 4.52 
Maximum 23.87 17.21 30.43 47.54 

Apical third 

n 10 10 10 10 
Mean 7.41 5.18 8.29 11.84 

Median 6.94 5.26 5.04 6.22 
SD 5.55 3.23 7.78 12.78 

Minimum 0.35 0.43 1.37 0.34 
Maximum 14.49 10.28 26.23 40.54 

The ANOVA test revealed statistically significant differences between the relationship between 
the residual endodontic smear layer volume and the RCS volume of the root canal systems randomly 
assigned to the Negative control group at the coronal root third (10.31 ± 9.22%), compared to the EV 
study group (3.72 ± 3.35%) (p = 0.029) (Table 3, Figure 5A). However, there were no statistically 
significant differences between the study groups regarding the relationship between the residual 
endodontic smear layer volume and the RCS volume at middle root third (p = 0.105) (Table 3, Figure 
5B), or the apical root third (p = 0.780) (Table 3, Figure 5C). 

 
Figure 5. Box plot of the relationship between the residual endodontic smear layer volume and RCS 
volume in the coronal (A), middle (B), and apical third (C) of the RCS and the isthmus (mm3) of the 
study groups. 

Briefly, the coronal and middle root thirds of the RCSs randomly assigned to the EA study group 
showed higher residual endodontic smear layer volume than the EV RCSs randomly assigned to the 
EA study group; however, the volumes of the RCSs randomly assigned to the EA study group were 
also higher than the RCSs randomly assigned to the EV study group. By contrast, the apical root third 
of the RCSs randomly assigned to the EV study group showed higher residual endodontic smear 
layer volume than the EA RCSs randomly assigned to the EA study group; however, the volume of 
the RCSs randomly assigned to the EV study group were also higher than the RCSs randomly 
assigned to the EA study group. Hence, the relationship between the residual endodontic smear layer 
volume and the RCS volume showed a higher ratio relative to the EA study group at coronal and 
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middle root thirds, but a higher ratio related to the EA study group at the middle third. In conclusion, 
the EV endodontic irrigation system provided higher smear layer removal at coronal and middle root 
thirds, compared to EA endodontic irrigation system; however, the EA endodontic irrigation system 
provided higher smear layer removal at the apical root third, compared to EV endodontic irrigation 
system. 

4. Discussion 

The results presented in this study reject the null hypothesis (H0) that determines that there 
would be no differences between the EndoVac and Endoactivator endodontic irrigation systems for 
removing the endodontic smear layer present in the coronal, middle, and apical third of the RCS and 
the isthmus. 

This study analyzed the endodontic smear layer removal capacity of two endodontic irrigation 
systems in the RCS and the isthmus from mesial roots of first lower molar teeth by means of micro-
CT analysis [9]. The endodontic smear layer removal has been previously analyzed by Scanning 
Electron Microscope [11,12] and Confocal Laser Scanning Microscopy [13]; however, these 
measurement procedures require the longitudinal section of the dental root, only a limited region of 
the RCS can be analyzed, and does not allow for the measurement of the endodontic smear layer 
volume [14]. Micro-CT analysis allows an accurate 3D measurement technology to quantify the 
endodontic smear layer volume in the RCS; however, micro-CT cannot detect the remaining soft 
tissue and requires tooth extraction as well as the previously described measurement procedures 
[15,16]. Few articles have reported the use of micro-CT technology to analyze the endodontic smear 
layer removal in the RCS of mesial roots from lower molar teeth and especially containing isthmus 
[11,17]. 

It has been reported that the smear layer can contain inorganic dentin debris and organic cells, 
such as parts of the odontoblastic process, bacterial cells, and necrotic pulp tissue; therefore, it is very 
important to analyze the ability to remove smear layer from irrigation systems to prevent secondary 
endodontic infections and facilitate sealing of root canal systems. [18]. It has been reported that 130 
µm of NaOCl can be introduced into the dentinal tubules [19], while Enterococcus faecalis can penetrate 
up to a depth of 151 µm and attach to collagen fibers present [20], leaving bacteria harbored in deeper 
layers, isthmus, accessory canals, anastomoses, and fins [21,22]. Furthermore, endodontic smear layer 
formation during RCS surgery can cause blockage of dentinal tubules and isthmus, avoiding the 
effect of NaOCl inside the RCS [23]. Sjögren et al. reported that negative microbiological cultures 
obtained from the RCS show a root canal treatment success rate close to 94%. However, positive 
microbiological cultures reduce endodontic success rate to 68% [24]. Hence, the elimination of the 
pathogenic microflora from the RCS is a determinant factor in the outcome of the endodontic therapy. 
Chelating solutions have created soluble calcium chelates in contact with calcium ions from root 
dentin to remove the endodontic smear layer, improving the efficacy of NaOCl inside the RCS [25]. 
Furthermore, supplemental irrigation procedures after root canal preparation with chelating agents, 
passive ultrasonic irrigation [13,26], sonic irrigation [27], and apical negative-pressure procedures 
[13] have been shown to improve the endodontic smear layer removal of the canal walls and also 
increase endodontic sealer penetration into the dentinal tubules and isthmus. However, few reports 
have been performed comparing sonic irrigation and apical negative pressure. Overall, in this study 
the mean endodontic smear layer removal of the EA and EV study groups was reduced from the 
coronal to the apical root thirds, perhaps because the dentinal tubules reduce its number and 
diameter toward the apical root third [11] and due to the sclerotic dentin present at the apical root 
third, which shows a higher resistance to irrigant solutions to remove the smear layer and also to 
endodontic sealer penetration [9]. This agrees with previous studies, which showed that irrigating 
solutions are less effective in the apical root third [13]. Although the endodontic irrigation systems 
showed a statistically significant decrease in the endodontic smear layer volume of the RCS and the 
isthmus from the mesial root of first lower molar teeth (p < 0.05), none of them were able to remove 
completely the endodontic smear layer present in the coronal, middle, and apical root third of the 
RCS and the isthmus. These findings are consistent with previous studies [10,15,28], which 
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highlighted the relevance of the endodontic irrigant systems to remove endodontic smear layer 
formation during RCS preparation, especially in areas of anatomical irregularities that cannot be 
removed with current techniques available [16]. Therefore, this study proposes the development of 
new endodontic smear layer removal protocols suitable for optimizing and improving the cleaning 
of the most irregular regions of the RCS and the isthmus from the mesial roots of first lower molar 
teeth. 

The EndoVac endodontic irrigation system comprises an alternative irrigation regimen that 
involves apical negative pressure and uses a master tip to deliver the irrigant agent into the pulp 
chamber, while microcannulas are used throughout the entire RCS [29]. Zeliha et al. reported that the 
EndoVac endodontic irrigation system improved the apical root third disinfection of the RCS because 
the microcannula allows for the presence of the irrigating solution at the apical region [30]. However, 
the Endoactivator endodontic irrigation system has been demonstrated to improve coronal and 
middle root third disinfection of the RCS due to the movement of the Endoactivator tip at coronal 
and middle root third of the RCS that allows for the penetration of the irrigating solution in the 
dentinal tubules [20,31,32]. In addition, the EndoVac endodontic irrigation system has reported a 
mean reduction rate of the smear layer volume in the RCS and isthmus of the mesial roots of first 
lower molar teeth of 2.12% [8] and 3.4% [33]. 

5. Conclusions 

Within the limitations of this study, the results show that the endodontic smear layer removal 
depends on the endodontic irrigation system used and the location in the RCS and the isthmus from 
mesial roots of first lower molar teeth. The Endoactivator endodontic irrigation system achieves a 
higher endodontic smear layer removal in the coronal and middle root thirds of the RCS and the 
isthmus from mesial roots of first lower molar teeth compared to the EndoVac endodontic irrigation 
system, which allows for a similar endodontic smear layer removal in the coronal, middle, and apical 
root thirds of the RCS and the isthmus from mesial roots of first lower molar teeth. 
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