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Abstract 

Objectives:  The purpose of this study is to evaluate the 

effectiveness of the different irrigation systems and 

irrigants on the removal of the smear layer after 

instrumentation.  

Methods: Ninety freshly extracted, single-rooted 

mandibular premolars prepared using NI-TI rotary files 

and subjected to different irrigation regimens Group 1: 

Endo Vac with NaOCl. Group 2: NaoCl/EDTA. Group 3: 

NaoCl/Citric acid Group.  4: Endo Activator with NaOCl 

Group 5: Endo Activator with NaOCl/EDTA Group 6:  

Endo Activator with NaOCl/Citric acid Group 7: 27 

Gauge closed-end needle with NaOCl Group 8: 27 Gauge 

closed-end needle with NaOCl/EDTA Group 9: 27 

Gauge closed-end needle with NaOCl/Citric acid. The 

roots were split longitudinally, and then SEM images 

were taken to evaluate the amount of residual SR. 

Results: There is no statistically significant difference 

present between the cleaning efficiency of Endovac and 

Endoactivator in the coronal and middle location but 

statistically significant difference present in the apical 

region (p<0.05). There is a statistically significant 
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difference present in various irrigant solutions. (p<0.05)  

NaOCl+EDTA, and NaOCl+citric acid irrigation 

sequence groups showed better smear layer removal 

when compared to NaOCl alone.  

Conclusion: None of the irrigation systems or solutions 

eradicate the smear layer. Endovac performed better in 

the apical third when compared to Endoactivator and 

needle irrigation regarding the smear layer removal. 

Among the irrigation solutions, NaOCl alone has the 

least smear layer removal efficacy when compared to and 

NaOCl+Citric acid, NaOCl+EDTA irrigation sequence 

groups.  

Keywords: Conventional Needle Irrigation, Endovac, 

Endoactivator, Scanning Electron Microscopy, Smear 

Layer. 

Introduction 

An endodontic treatment aims to achieve complete 

disinfection of the root canal system and to prevent 

reinfection by proper instrumentation, irrigation, and 

three-dimensional obturation. Endodontic 

instrumentation techniques produce an amorphous layer 

known as the smear layer, on root canal walls.1 It consists 

of organic and inorganic particles that range in size from 

0.5 μm to 15 μm, which includes residues of dentine, 

pulp tissue, and odontoblastic processes and in infected 

teeth, Micro-organisms; and their by‑products.1 If the 

smear layer is present during biomechanical preparation, 

it may affect the success of the root canal treatment. 

Microorganisms remaining in the smear layer after the 

instrumentation of an infected root canal space can 

survive and reinfect the root canals.2 The smear layer has 

also shown to hinder the penetration of intracanal 

disinfectants and sealers 3,4,5 into dentinal tubules. It has 

the potential of compromising the seal of the root 

filling.6,7 An intact smear layer may prevent initial 

bacterial penetration of dentinal tubules. Degradation of 

the smear layer after treatment may contribute to leakage 

and reinfection of the root canal space.8 Removal of the 

smear layer reduced the leakage of bacteria through the 

root canal system after a root filling.9 Irrigation is an 

essential part of root canal debridement along with the 

instrumentation. It allows for cleaning beyond what 

might be achieved by root canal instrumentation alone. 10 

it helps by killing microorganisms, flushing debris, 

lubricating the root canal system and, also by removing 

the smear layer from the root canal system.11 

Unfortunately, no irrigating solution is capable of 

removing the organic and inorganic elements of the 

smear layer.  Sodium hypochlorite 11 is not able to 

completely dissolve the mineral components of dentin 

debris.  The final irrigation sequence with [EDTA] and 

sodium hypochlorite [NaOCl] will remove the inorganic 

as well as organic ingredients of the smear layer.12 Citric 

acid may also be used for smear layer removal as it is a 

chelating agent like EDTA. Concentrations ranging from 

1% to 50% have been investigated.12 Wayman et al.  

showed that the use of 10% citric acid and 2.5% NaOCl 

is a beneficial approach for smear layer removal.13 

Hulsmann et al. stated that smear layer removal is less 

predictable in the apical region as compared with the 

coronal and middle third of the root.12 smaller apical 

canal dimensions hindering the penetration of irrigants 

and resulting in limited contact between the canal wall 

and the irrigants. A vapor lock that results in trapped air 

in the apical third of the root canals might hinder the 

exchange of irrigants and affect their debridement 

efficacy.14 The ability of irrigants to reach the apical 

portion of the canal depends on the size of mechanical 

instrumentation, canal anatomy, and delivery system.15 

For optimal effectiveness, irrigants must have direct 

contact with the entire root canal wall.16 Therefore, 

different manual and mechanical agitation techniques 
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have been proposed to deliver the irrigants into the apical 

area of the root canal. The traditional needle irrigation 

technique delivers solutions no more than 0.1 to 1mm 

beyond the needle tip.17 Needle irrigation is insufficient 

for complete cleaning of the complex anatomy of the root 

canal system, which consists of lateral canals, isthmuses, 

fins, and accessory canals. The Endoactivator (Dentsply 

Tulsa Dental, Tulsa, OK, USA) is a sonically driven 

irrigant activation system designed to produce vigorous 

intra-canal fluid agitation, that increase the efficacy of 

irrigation better than a traditional needle.19 Endovac 

(Discus Dental, Culver City, CA), a negative pressure 

irrigation system, is safe and effective, especially within 

the apical zone of the root canal. The purpose of this 

study is to evaluate the effectiveness of the EndoVac, 

Endoactivator, and conventional needle irrigation by 

using NaOCl, Citric acid, and EDTA on smear layer 

removal. 

Materials and Methods 

Ninety extracted single-rooted mandibular premolars, 

without internal or external resorption, caries, and cracks, 

are selected for this study.  External surfaces of the teeth 

were debrided with a hand scaler. All teeth were stored in 

physiological saline at room temperature until use. All 

the selected teeth were decoronated at cement- enamel 

junction and sectioned to 13mm in length. The working 

length was determined by deducting 1 mm from the 

length recorded when a10 K file (Mani, Tochigi, Japan) 

placed through the apical foramen. All the canals were 

instrumented with rotary nickel-titanium pro-taper files 

(Dentsply Maillerfer, Switzerland) Sx to F3 using a crown 

down technique and irrigated. Irrigation with 2 mL of 5% 

NaOCl between every file change, using a plastic syringe 

with a 27 gauge closed‑end needle (Kerrhawe, Bioggio, 

Switzerland). The samples were randomly divided into 

nine groups based on different irrigation systems and 

irrigants used for smear layer removal (n=10) Group 1: 

The canals were irrigated by using the EndoVac system 

(Discus Dental, Culver City, CA) in which micro‑cycles 

were used. The micro‑cannula was placed at the WL and 

was repositioned regularly 2 mm up and down in the 

canal. This constant active irrigation was used during the 

first cycle, with 4 mL of 5% NaOCl. The active irrigation 

was followed by a second passive cycle, with 4 mL of 

5% NaOCl. Group 2:   The same protocol for irrigation 

was followed as for group 1, but this group underwent a 

further active cycle micro‑irrigation with EDTA. The 

first cycle used 4 mL of 5% NaOCl, the second cycle 4 

mL of 17% EDTA, and the third cycle 4 mL of 5% 

NaOCl. Group 3: The same protocol for irrigation was 

followed as for Group 1, but this group underwent a 

further active cycle micro‑irrigation with citric acid. The 

first cycle used 4 mL of 5% NaOCl, the second cycle 4 

mL of 10% citric acid, and the third cycle 4 mL of 5% 

NaOCl. Group 4: 4 mL of 5% NaOCl solution was 

infused into the canal by using a closed‑end needle, and 

then the solution sonically activated by using the 

appropriate bits (30.04) of the EndoActivator 

system(Dentsply Tulsa Dental, Tulsa, OK, USA ) The tip 

was left free.  It could reach up to 2 mm from working 

length. The EndoActivator device was used with ''up and 

down'' short vertical movements with an oscillation of 2-

3 mm for 30 seconds. Finally, a rinse of 4 mL of 5% 

NaOCl was applied with a closed‑end needle. Group 5: 4 

mL of 5% NaOCl and then 4 mL of 15% EDTA were 

each activated for by using the polymer tip (30.04) of the 

EndoActivator system. The tip was left free and could 

reach up to 2 mm from working length. The 

EndoActivator device was used with ‘‘up and down’’ 

short vertical movements with an oscillation of 2-3 mm 

for 30 seconds. Finally, a rinse of 4 mL of 5% NaOCl 

was applied with a closed‑end needle. Group 6: 4 mL of 
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5% NaOCl and then 4 mL 10% citric acid were each 

activated by using polymer tip (30.04) of the 

EndoActivator system. The tip was left free and could 

reach up to 2 mm from working length. The 

EndoActivator device was used with ‘‘up and down’’ 

short vertical movements with an oscillation of 2-3 mm 

for 30 seconds. Finally, a rinse of 4 mL of 5% NaOCl 

was applied with a closed‑end needle. Group 7: Each 

canal was irrigated with 4 mL of 5% NaOCl by using a 

closed‑end needle that was inserted to the deepest apical 

point possible without binding, and then this procedure 

was repeated. Group 8:  The final irrigation sequence was 

4 mL of 5% NaOCl, 4 mL of 17% EDTA, and 4 mL of 

5% NaOCl, which were applied using a closed‑end 

needle that was inserted to the deepest apical point 

possible without binding. Group 9: The final irrigation 

sequence was 4 mL of 5% NaOCl, 4 mL of 10% citric 

acid, and 4 mL of 5% NaOCl, which were applied using 

a closed‑end needle that was inserted to the deepest 

apical point possible without binding. 

Specimen Preparation for Scanning Electron 

Microscope Imaging 

All the teeth were grooved vertically on the buccal and 

lingual surface of the root, using a water‑cooled diamond 

bur. The roots were then split with a surgical chisel, 

which resulted in a mesial and distal half for each canal. 

The canal halves were sputter-coated and viewed with an 

SEM.(LEO Evo 40X VP; Carl Zeiss AG, Oberkochen, 

Germany)  Digital images at ×2000 were taken at the 

center of coronal, middle, and apical thirds of each root 

canal for evaluation of the smear layer removal. The 

SEM images were scored by using the criteria reported 

by Torabinejad et al. 1. No smear layer: absence of any 

smear layer on the root surface, with open and clean 

dentinal tubules. 2. Moderate smear layer: absence of the 

smear layer on the surface, with dentinal tubules laden 

with the smear layer. 3. A large amount of the smear 

layer: complete coverage of the root canal walls with the 

smear layer, with the dentinal tubules laden with debris. 

Data were analyzed using SPSS version 23 

Results 

Normality distribution testing by Shapiro-Wilk test the 

test of normality distribution showed non-normal 

distribution so, non-parametric tests like Kruskal Wallis 

and Mann Whitney U test were done. The level of 

statistical significance was set to p < 0.05. There were 

statistically significant differences (P < 0.05) in the 

results for removal of the Smear Layer(SR) among the 

irrigant activation devices (table 2). Endovac has superior 

cleaning efficacy at the apical third when compared to 

Endoactivator and needle irrigation. There were 

statistically significant differences (P < 0.05) in the 

results for removal of the SR among the irrigants (table 

3), EDTA + Sodium hypochlorite irrigation sequence has 

the best cleaning efficacy at apical, middle third of root 

canal followed by Sodium hypochlorite + Citric acid 

irrigation. Sodium hypochlorite alone has the least 

cleaning efficacy at all levels of the root canal. .  The 

results for each of the groups in the study are shown 

in table 3 in the form of the percentage distribution of the 

SR. None of the irrigation system or solution eliminates 

smear layer. 

Table 1: Frequency distribution according to Scores in various groups 

Group Location 1.0 2.0 3.0 

N % N % N % 

1.0 Coronal 0 0.0 5 50.0 5 50.0 

Middle 0.0 0.0 3 30.0 7 70.0 
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Table 2: Inter equipment comparison of the efficacy  

**-Statistically highly significant (p<0.001) 

 

 

Apical 0 0.0 0 0 10 100.0 

2.0 Coronal 8 80.0 2 20.0 0 0 

Middle 0 0 8 80.0 2 20.0 

Apical 0 0.0 4 40.0 6 60.0 

3.0 Coronal 8 80.0 2 20.0 0 0.0 

Middle 0 0.0 8 80.0 2 20.0 

Apical 0 0.0 1 10.0 9 90.0 

4.0 Coronal 0 0.0 5 50.0 5 50.0 

Middle 0 0.0 3 30.0 7 70.0 

Apical 0 0.0 0 0.0 10 100.0 

5.0 Coronal 9 90.0 1 10.0 0 0.0 

Middle 0 0.0 9 90.0 1 10.0 

Apical 0 0.0 0 0.0 10 100.0 

6.0 Coronal 8 80.0 2 20.0 0 0.0 

Middle 0 0.0 8 80.0 2 20.0 

Apical 6 60.0 0 0.0 10 100.0 

7.0 Coronal 1 10.0 3 30.0 6 60.0 

Middle 0 0.0 3 30.0 7 70.0 

Apical 0 0.0 0 0.0 10 100.0 

8.0 Coronal 2 20.0 8 80.0 0 0.0 

Middle 0 0.0 4 40.0 6 60.0 

Apical 0 0.0 0 0.0 10 100.0 

9.0 Coronal 2 20.0 7 70.0 1 10.0 

Middle 0 0.0 3 30.0 7 70.0 

Apical 0 0.0 0 0.0 10 100.0 

Group Mean Rank Mean Rank Mean Rank 

Endovac 38.50 41.50 38.45 

Endoactivator 49.00 44.50 46.07 

Side vented needle 49.00 50.50 51.98 

H value 15.012 8.063 8.471 

p-value 0.001* 0.018* 0.014* 
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Table 3: Inter irrigation solution comparison of cleaning efficiency 

Irrigant Coronal Middle Apical 

Mean Rank Mean Rank Mean Rank 

Sodium hypochlorite 51.50 56.50 68.65 

EDTA + Sodium hypochlorite 32.88 38.50 42.70 

Sodium hypochlorite + Citric acid 34.97 41.50 42.30 

P value 0.033* 0.004* <0.001* 

*-significant (p<0.05),  

Discussion 

In the present study, the effectiveness of the EndoVac 

system, and the Endovac, needle irrigation and irrigants 

NaOCl, EDTA & Citric acid about smear layer removal 

is analyzed. The SR is produced on root canal walls 

during the process of root canal preparation. Although 

there has been no consensus on the subject, it is 

suggested that this layer should be removed to provide 

better disinfection of canal and root canal sealer 

adaptation. 1,13 Removal of the SR can be accomplished 

by the effective irrigation techniques with the use of 

irrigation solutions that dissolve both organic and 

inorganic components of the layer.14 The ability to clean 

the root canal efficiently depends on both the method and 

the irrigation solutions used. The various irrigating 

solutions like NaOCl, EDTA, and Citric acid are used in 

the study with the supporting results of Teixeira et al. 20.  

Study which showed that the alternate use of EDTA and 

NaOCl is an efficient method for removal of the organic 

and inorganic parts of smear layer. Citric acid may also 

be used for the smear layer removal that is supported by 

the study of Di Lenarda et al., Which showed no or a 

negligible difference in smear layer removal obtained by 

citric acid and EDTA.21 Final irrigation groups with 17% 

EDTA followed by 5% NaOCl and 10 % citric acid 

followed by 5% NaOCl showed better results than 

irrigation with 5%NaOCl alone, which is following the 

previous studies.22,23 Endovac provided the best results in 

the apical third when compared to Endoactivator and 

needle irrigation. Concerning smear layer removal, this is 

following the other studies. 24,25 EndoActivator works on 

the principle of hydrodynamic agitation of irrigant, but 

acoustic micro streaming can only occur in a liquid 

phase. Therefore, once a sonic activated tip leaves the 

irrigant and enters the apical vapor lock, acoustic micro 

streaming and cavitation become physically impossible.24 

For the EndoVac group, the effectiveness of the EndoVac 

system in producing clean canals might be attributed to 

its apical negative pressure approach.26 The apical 

negative pressure pulls the irrigant down the canal walls 

towards the apex, creating a rapid turbulent current force 

towards the terminus of the micro cannula. The orifices 

of the micro cannula evacuate debris from the closed end 

of the canal systems. This mechanism helps to overcome 

the vapor lock, thus enabling effective irrigation.26 

contradictory results to the study have Endoactivator 

performed the best cleansing action in all root canal 

thirds according to Raffaella Castagnola et al.27 The 

cleansing action of Endovac is similar to Endoactivator at 

the coronal and middle third of the root canals, which is 

following the studies 24,25 contradictory to this study is 

Endoactivator performed the best cleansing action in all 

root canal third.27 The EndoVac system removed more 

smear layer in the apical, middle, and coronal third than 

conventional irrigation (p < 0.05). Needle irrigation is 

following the author27 because the flushing action of 

syringe irrigation is relatively weak and is dependent not 
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only on the anatomy of the root canal but also on the 

depth of placement and the diameter of the needle. It has 

been shown that irrigants can only progress 1 mm beyond 

the tip of the needle28 present study results are in partial 

agreement with Abarajithan et al.29 They found 

significant differences [p < 0.05] in the reduction of the 

smear layer only in the apical third of teeth rinsed with 

the EndoVac system compared with conventional 

irrigation. However, no significant difference was 

reported in the coronal and middle thirds. Concerning the 

smear layer removal the performance of Endoactivator is 

better than needle irrigation in the coronal and middle 

third but showed similar results at apical third this is in 

partial agreement with the results of coinciding with the 

results of uroj torres. 30 

Conclusion 

1. None of the irrigation system or solution eradicates 

smear layer.  

2. Endovac performed better in the apical third when 

compared to Endoactivator and needle irrigation          

regarding the smear layer removal. 

3. Endoactivator showed comparable performance to 

Endovac in the coronal and middle thirds. 

4. Needle irrigation method has the least overall smear 

layer removal efficacy.  

5. Among the irrigation solutions, NaOCl alone has the 

least smear layer removal efficacy when compared to   

and NaOCl+Citric acid, NaOCl+EDTA irrigation 

sequence groups. 

6. NaOCl+ Citric acid irrigation sequence comparable 

efficacy of smear layer removal to the 

NaOCl+EDTA irrigation sequence. 
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