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Abstract 

Aim: The present study aimed to evaluate the cleaning efficacy of Brush File as an irrigation activation tool 

compared to Passive Ultrasonic Irrigation and conventional syringe and needle irrigation without activation in 

terms of smear layer and debris removal in single-rooted teeth. 

Subjects and methods: 36 single-rooted premolars with single root-canal system were used, Root apices were 

sealed to simulate the in-vivo conditions. Instrumentation was done using Wave-one gold reciprocating system, 

then teeth were assigned randomly into three groups (n=12) according to the final irrigation protocol, group (1): 

Brush File (BF), group (2): Passive ultrasonic irrigation (PUI), group (3): Conventional irrigation with no 

activation (CI). Longitudinal splitting of teeth for Scanning Electron Microscope (SEM) imaging, Parente’s 

scoring system was used for evaluation. Data were analyzed using Kruskal-Wallis and Mann-Whitney tests, with 

significance level set at (p < 0.05). 

Results: The inter-group comparison showed that both BF and PUI groups removed smear layer and debris better 

than CI group at all root-canal thirds, with no significant difference between them (p > 0.05). For the intra-group 

comparison, no significant difference between the three root thirds in both BF group and CI group (P > 0.05). 

Regarding PUI, apical third showed the highest smear layer scores (P = 0.013), while the coronal third showed 

higher debris scores than middle third (P = 0.05). 

Conclusion: No activation protocol completely removed smear layer and debris, Brush file showed great 

cleaning efficacy for both smear layer and debris at all root-canal thirds that were comparable to PUI. 

 

 

Keywords: smear layer removal, canal cleanliness, Brush File, Passive ultrasonic activation (PUI), irrigation 

activation, Scanning electron microscope. 
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Introduction 

The key elements for successful and predictable 

root canal treatment are both Cleaning and 

shaping1. Over the years, many advances were 

developed to obtain faster, safer and predictable 

preparation in the field of instrumentation, 

however, no single instrument alone can prepare 

the root canal space 2. Since not all root canal 

systems are just round straight tunnels, instead 

they have complex anatomy varying from being 

oval, and irregular to having isthmuses, 

ramifications, lateral and accessory canals 

which hinder the irrigant penetration to these 

difficult-to-reach areas 3. Together with the 

resulting organic and inorganic debris from 

mechanical preparation attached to the walls and 

packed into the dentinal tubules the role of 

irrigation is essential,  beneficial and critical in 

root canal treatment success 4. 

These irrigation solutions need to be in direct 

contact with the canal walls for effective action. 

It was claimed that irrigation with conventional 

needle showed ineffective results since fluid 

exchange occurs only just beyond the needle tip 
5. Besides, the vapor-lock effect present apically 

in closed tunnels hinders irrigant replenishment 

and efficacy in the apical part 6. Consequently, 

different techniques and delivery devices were 

proposed aiming to enhance irrigant flow, 

exchange, distribution and efficacy in the root 

canal treatment 7,8. 

Among the different agitation techniques 

proposed, Passive ultrasonic irrigation (PUI) 

being the most used technique. A non-cutting 

irrigation agitation protocol that depends on 

acoustic stream transmitted to the irrigant with 

its cavitation effect resulted from oscillation of 

a file or smooth wire in the root canal using 

ultrasonic waves which will disrupt the vapor 

lock 9. 

Recently, a new tool called “Brush File Max” 

was introduced to enhance the efficacy of the 

irrigation. It is designed by twisting 6 strands of 

stainless-steel wires, these bristles will open as 

brushes when the instrument rotates in the canal 

activating the irrigation solution. This technique 

-according to the manufacturer- enhances 

cleaning hard-to-reach areas and improves 

debris/smear layer removal. It is 25 mm in 

length, with a 0.27 mm tip size and works with 

speed range 600 to 4000 rpm and torque value 

0.05 to1 N.cm.  

Up to the date, no studies were found assessing 

the Brush File as irrigation activation tool and 

its effectiveness on smear layer removal and 

canal cleanliness. 

Thus, the aim of this study was to evaluate the 

efficiency of the Brush File (BF) compared to 

passive ultrasonic irrigation (PUI) as irrigation 

activation techniques on smear layer removal 

and canal cleanliness in single rooted teeth.  

 

Subjects and Methods 

 

Sample size  

Based on the previous study of Caron et al., 

2010 10 and using 80% power and 5% 

significance level thirty-six single rooted 

mandibular premolars were utilized in this 

study and divided into three groups each 

containing twelve samples. 

Sample preparation 

Pre-operative radiographs were taken from 

buccolingual and mesiodistal aspects to assess 

the presence of a single patent canal and the 

absence of internal resorption and confirm 

fulfilling eligibility criteria without any 

complexities or defects. The external root 

surfaces of the teeth were cleaned with a curette 

to remove calculus and periodontal tissues and 

then placed in 5.25% NaOCl for 30 minutes to 

remove soft tissue debris. Then, the teeth were 

stored in sterile saline till use. The teeth were 

decoronated using a low-speed diamond disc 

(Dental Fix, Canada) to obtain 16 mm uniform 

root lengths. Access cavity was refined using 

Endo-z bur (Dentsply Maillefer, Ballaigues, 

Switzerland) with High-speed handpiece under 

copious irrigation. K-file size #10 was inserted 

in the canal to check patency then working 

length was adjusted using K-file #15 to a 
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standardized working length of 15 mm. The 

apices were sealed by pink wax and embedded 

in Gypsum blocks by two-thirds of their lengths 

to prevent extrusion of the irrigation solution 

and simulate in-vivo conditions. The root 

canals were instrumented by Wave One Gold 

reciprocating system (DENTSPLY Sirona, 

U.S.). The small file (20.07) was used to the full 

W.L. to facilitate the progression of the primary 

file (26.07). Then, completing the canal 

preparation up to the medium file (35.06) using 

the E-connect S wireless endo-motor 

(Eighteeth, China) with counter-clockwise 

angle of 150o and clockwise one of 30o. In all 

groups, the canals were irrigated with 3 ml of 

freshly prepared 2.6% sodium hypochlorite 

solution as an irrigation solution after each file 

using a 30-gauge side vented needle (Rayblue, 

India) with the tip placed 1 mm shorter from the 

working length. Canal patency was retained by 

using #10 K-file between each rotary file.  

According to the final irrigation agitation 

regimen, specimens were randomly divided 

into three main groups (n=12). 

Experimental groups distribution  

❖Brush File group (BF): the canals were 

irrigated with 3 mL 2.6% NaOCl that was 

activated for one minute using Brush File (NPP 

“SOVA”, RUSSIA) in an intermittent way 

activating each 1 mL of solution for 20 seconds. 

A single use file of 25 mm length and 0.27 tip 

size with zero taper, designed by 

counterclockwise twisting of 6 strands of 

stainless-steel wires. These bristles will open as 

brushes when the instrument rotates in the canal 

activating the irrigation solution achieving an 

un-paralleled cleaning and scrubbing action. 

Insertion of the BF to the WL followed by 

gentle and slow lengthwise movements at 

rotation speed of 1000 rpm in clockwise 

direction and torque value 1 N.cm. according to 

manufacturer’s instructions. Then, the canals 

were flushed with 2.5 mL of saline and irrigated 

with 3 mL of 17% EDTA (Prevest DenPro, 

India) that was activated with BF for 1 min. as 

mentioned. Finally, the canals were rinsed with 

2.5 mL saline and dried with paper points 

(META BIOMED, Korea) Size 35/06. 

❖Passive ultrasonic irrigation group (PUI): the 

canals were irrigated with 3 mL 2.6% NaOCl 

where PUI was used to activate it with the 

woodpecker ultrasonic system and a U-file 

(Woodpecker, China) size #25. A Niti 

ultrasonic activation tip with K-file design, 33 

mm in length and 0.02 taper. The tip was 

inserted into the canal 1 mm short of the WL, 

set at medium power setting (3W-20W) and the 

irrigant was ultrasonically activated for one 

minute in an intermittent way activating each 1 

mL of solution for 20 seconds. The file was kept 

as centered as possible to minimize contact with 

the canal walls, as any contact with the canal 

wall could dampen the oscillatory motion of the 

file. Then the canal was flushed with 2.5 mL of 

saline and irrigated with 3 mL of 17% EDTA 

that was activated for 1 minute with PUI as 

mentioned. Finally, the canals were rinsed with 

2.5 mL saline and dried with paper points Size 

35/06. 

❖Conventional irrigation with no activation 

(CI) group: it is the control group in which the 

canal was irrigated with 3 mL 2.6% NaOCl left 

in situ for one minute then flushed with 2.5 mL 

saline and filled again with 3 mL of 17% EDTA 

for one minute. Finally, the canals were rinsed 

with 2.5 mL saline and dried with paper points 

Size 35/06. 

Outcome assessment 

A Moist cotton pellet was placed in the canal 

opening before cutting off the grooves to 

prevent entrance of any debris formed during 

sectioning. Gypsum molds were then divided 

into two halves via chisel and mallet to facilitate 

preparation of the specimens for longitudinal 

splitting. Two longitudinal grooves were 

prepared on the buccal and lingual surfaces 

with a diamond disk to facilitate splitting of the 

roots. The grooves stopped just before the 

canal, then, chisel and mallet were used to 

complete the longitudinal splitting of the 

specimens into two halves. The split tooth was 
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then removed from the gypsum mold by a 

tweezer for subsequent examination of the two 

halves of each specimen under dental operating 

microscope (DOM) under 16x magnification 

for selection of the most representative half for 

SEM evaluation. The selected halves were then 

dehydrated and stored in sealed Eppendorf 

tubes. The root splits were then observed for 

residual debris and smear layer using SEM 

analysis (FEI Company, Hillsboro, Oregon, 

USA). The coronal, middle, and apical thirds of 

the root canal were examined individually in 

each specimen. Parente et al.11 scoring system 

was used for assessment of the resultant photo-

micrographs. 

Scoring system for assessment of smear layer 

removal (Parente et al., 2010) 

• Score 1: Smear layer is completely absent. 

Most tubules are patent and debris-free (coronal 

third and middle third) or occluded with 

sclerotic casts (apical third). 

• Score 2: Smear layer covering <25% of the 

canal wall. Dentinal tubule orifices, when 

identified, may be reduced in dimensions owing 

to partial or complete occlusion by debris. 

• Score 3: Smear layer is evident in 25–50% of 

the canal surface. Dentinal tubule orifices, 

when identified, may be reduced in dimensions 

owing to partial or complete occlusion by 

debris. 

• Score 4: Smear layer is evident in 50–75% of 

the canal surface. Dentinal tubule orifices, 

when identified, may be reduced in dimensions 

owing to partial or complete occlusion by 

debris. 

• Score 5: Smear layer covering 75–100% of the 

canal surface. Dentinal tubule orifices, when 

identified, may be reduced in dimensions owing 

to partial or complete occlusion by debris. 

Scoring system for assessment of canal 

cleanliness (Parente et al., 2010) 

• Score 1: clean canal wall, only very few debris 

particles. 

• Score 2: few small conglomerations. 

• Score 3: many conglomerations, <50% of the 

canal wall covered. 

• Score 4: >50% of the canal wall covered with 

conglomerations. 

• Score 5: complete cover of the canal walls 

with conglomerations.  

Statistical analysis  

Data were presented as mean, standard 

deviation, median and range. Between-group 

comparisons were conducted using Kruskal 

Wallis test followed by Mann Whitney U test 

for pairwise comparisons. Within-group 

comparisons were conducted using Friedman’s 

test followed by Wilcoxon’s signed rank test for 

pairwise comparisons. Significance level for 

statistical tests was set at p < 0.05. Statistical 

analysis was performed using SPSS software. 

Results 

Inter-groups comparison in the current study 

revealed that CI group had significantly higher 

smear layer and debris scores than BF and PUI at all 

root thirds, with no significant difference between 

BF and PUI groups (P > 0.05) (tables 1&2) (Fig. 

1&3).  
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Table (1): descriptive statistics and the results of Kruskal Wallis test and Mann – Whitney U post hoc 

test for comparison of the Smear layer scores between the three groups: 

  BF PUI CI p-value 

Coronal Mean (SD) 1.58b (0.67) 1.75b B (0.45) 2.75a (0.62) 
<0.001* 

 Median (Range) 1.5 (1 - 3) 2 (1 - 2) 2 (2 - 4) 

Middle Mean (SD) 1.67b (0.49) 1.92b B (0.51) 2.67a (0.49) 
<0.001* 

 Median (Range) 2 (1 - 2) 2 (1 - 3) 2 (2 - 3) 

Apical Mean (SD) 2.0b (0.6) 2.33b A (0.49) 3.08a (0.67) 
0.001* 

 Median (Range) 2 (1 - 3) 2 (2 - 3) 2 (2 - 4) 

p-value  0.331 0.013* 0.223  

 *Significant at p<0.05 

**Different small letters in the same row indicate significant difference between groups  

*** Different capital letters in the same column indicate significant difference between three root-canal 

thirds within same group 

 

Table (2): descriptive statistics and the results of Kruskal Wallis test and Mann – Whitney U post hoc 

test for comparison of the debris scores between the three groups: 

  BF PUI CI p-value 

Coronal Mean (SD) 1.75b (0.75) 1.67b B (0.65) 3.0a (0.6) 
<0.001* 

 Median (Range) 2 (1 - 3) 2 (1 - 3) 2 (2 - 4) 

Middle Mean (SD) 1.33b (0.49) 1.17b A (0.39) 3.0a (0.85) 
<0.001* 

 Median (Range) 1 (1 - 2) 1 (1 - 2) 1 (2 - 5) 

Apical Mean (SD) 1.33b (0.49) 1.42b BA (0.51) 3.25a (1.06) 
<0.001* 

 Median (Range) 1 (1 - 2) 1 (1 - 2) 1 (2 - 5) 

p-value  0.228 0.05* 0.999  

*Significant at p<0.05 

**Different small letters in the same row indicate significant difference between groups  

*** Different capital letters in the same column indicate significant difference between three root-canal 

thirds within same group 
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Fig. (1): Bar charts representing the mean smear layer and debris scores between the three groups 

Intra-groups comparison showed no significant 

difference in the smear layer and debris scores 

between the three root-canal thirds for both BF 

and CI groups. While for PUI intra-group 

comparison, revealed a significantly higher 

smear layer score in the apical third than that of 

the middle third and the coronal third, with no 

significant difference between the coronal and 

the middle thirds (Table 1). Regarding the 

debris scores, it revealed a significantly higher 

debris score in the coronal third than the middle 

third, with no significant difference between the 

apical third and both the middle and coronal 

thirds (Table 2) (Fig. 2&3)

  

Fig. (2) Line charts representing the change in smear layer and debris scores within each group 
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Figure (3): SEM photomicrographs representing the three groups at coronal, middle and apical 

thirds under 1000x magnification power showing residual smear layer and debris after final 

irrigation protocol 

     Discussion 

Chemo-mechanical preparation involving 

both cleaning and shaping of the root canal 

system to receive a 3D-obturation and 

achieving a fluid-tight seal is the key 

element for successful and predictable 

endodontic treatment 1–3. However, many 

challenges resulted in a shift in the role of 

“shaping” from being mainly a debridement 

function to a concept of being more as a 

radicular access for the irrigation to the 

complex root canal system 12–21. 

Unfortunately, Conventional irrigation 

technique using syringe and needle can only 

deliver the irrigants to just beyond the 

needle tip 5,22. So, different irrigant delivery 

devices and activation techniques were 

introduced to overcome these limitations 

and increase the efficacy of endodontic 

irrigation 8,23–25.  



Halaby et al. 

682 
 

The aim of this in-vitro study was to 

evaluate the efficacy of brush file as an 

irrigation activation tool compared to 

passive ultrasonic irrigation and 

conventional irrigation with no activation in 

terms of Smear layer removal and canal 

cleanliness in single-rooted premolars with 

single oval canals. 

To ensure standardization, Single-rooted 

mandibular premolars with oval straight 

canals showing type I Vertucci’s canal 

configuration were chosen 26–29 and then 

decoronated to a uniform length of 16 mm 
30–32. 

The root apices were sealed with soft 

modeling wax and embedded into gypsum 

molds creating the fluid-tight seal of closed 

canal system in order to simulate the in-vivo 

clinical conditions 6,11,33,34. 

The canals were prepared using Wave One 

Gold single file reciprocating system that 

showed better cyclic fatigue resistance, 

better centering ability and less 

transportation compared to multi-file 

continuous rotation systems 35–37. However, 

they resulted in more debris and smear layer 

formation and more apical packing of debris 

along the dentinal tubules presenting a 

beneficial point to assess in our study by 

different irrigation activation regimens 38–40. 

Canals were prepared up to the medium file 

size #35 taper 6%, which was proven to be 

the adequate apical preparation size and 

canal taper to facilitate deeper insertion of 

irrigation needle, more efficient irrigant 

replacement apically and effective reverse 

flow of irrigant coronally 22,41–45.  

For irrigant delivery, 30-Gauge Side-vented 

needle was used and placed 1 mm from the 

working length, being the most efficient 

diameter for apical cleaning and allowing 

safe irrigant exchange apically compared to 

open-ended needles 46–48. 

NaOCl irrigation is known for its excellent 

antimicrobial action, effectiveness against 

bacterial biofilms and organic tissue 

dissolving ability 49,50. However, in the final 

irrigation protocol, A chelating agent such 

as EDTA was used for its inorganic tissue 

removal ability in order to effectively 

eradicate the smear layer 51,52. So, Alternate 

application of 2.6% NaOCl followed by 

17% EDTA 7,53–56 for 1 minute whether 

activated or not, which was proven to be the 

most effective time regarding debris 

removal and dentinal tubules exposure 57, 

and to avoid the erosive effect of EDTA on 

dentinal walls 58–60. Normal saline was used 

between NaOCl and EDTA to prevent 

interactions between irrigants and was the 

last irrigation solution in all groups 61.  

PUI is the mostly used supplementary 

irrigation agitation method 62. Its action is 

based on acoustic microstreaming and 

subsequent cavitation effect by formation 

and implosion of vapor bubbles 24,63,64, that 

does not occur only at the file tip but along 

the length of the file and up to 2mm beyond 

the tip and at the entrance of lateral canals 

and isthmi 65,66.  

U-file Niti ultrasonic tip of K-file design 

with size #25 and 0.02 taper was used in this 

study and inserted into the canal 1 mm short 

of the W.L. 63,64,67. The ultrasonic tip was 

kept as centered as possible to minimize 

contact with the canal walls, as any contact 

of the oscillating tip with the canal wall will 

not only results in damping effect on 

oscillation, streaming and resultant 

cavitation but also, lead to debris and smear 

layer production during this final activation 

step as concluded by Rius et al., 2020 68.  

Activation was performed in an intermittent 

activation technique with the delivery of 

fresh irrigants in between, allowing repeated 

start-up of oscillation and microstreaming, 

and permits continuous irrigant 

replenishment compared to the 

uninterrupted techniques 61. 

The ultrasonic tip was used in dynamic 

motion with up and down movements to 

enhance its efficacy specially apically 

compared to the static protocol either 
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apically or per third as concluded by Vivan 

et al., 2016 69. 

 Sixty seconds application time was proven 

by Plazza et al., 2022 57 to be adequative and 

the most effective in removing debris and 

opening dentinal tubules compared to longer 

cycles which was explained by the absence 

of solution renovation and new debris 

formation. 

For outcome assessment, Environmental 

SEM was used due to its capacity to offer 

indiscriminate view of surface topography 70 

and the ability to take images of the 

specimens without the need for prior sample 

preparation with conductive coating, which 

allows easier procedural steps and avoids 

the samples distortion preserving the 

original state of the material eliminating any 

artifacts 71. The 1000x magnification was 

chosen as it provides wide surface area 

together with fine details 72.  

Parente’s scoring system was preferred for 

being clear, detailed, easy to apply and 

provides two separate 5-point scoring 

systems for each smear layer and debris and 

for being more reproducible 11.  

The result of our study showed that, 

regarding the inter-group comparison, BF 

and PUI groups significantly decreased 

smear layer and resulted in significant canal 

cleanliness at all root-canal thirds when 

compared to CI. These results came in 

accordance with previous studies that 

concluded that PUI and other mechanical 

activation techniques improved the canal 

cleanliness by increasing the irrigant 

movement inside the canal and the 

accompanied shear stresses on the canal 
62,73–80.  

No significant difference regarding the 

smear layer and debris score at all examined 

thirds was found between the BF group and 

the PUI group. Up to the date of this 

research, no studies were found evaluating 

the efficacy of Brush file as irrigant 

activation tool. However, the results came 

comparable to previous results found by 

Neelakantan et al., 2018 81 which showed 

that Finisher Gentlefile Brush (File with the 

same design as Brush File Max) was 

effective in improving canal cleanliness 

compared to CI. And also by Nguyen et al., 

2019 82 who concluded that Gentlefile Brush 

was equivalent to PUI in the coronal and 

middle thirds, and superior to PUI in the 

apical third regarding root-canal filling 

material removal . 

The results of intra-group comparison of BF 

group showed no significant difference 

between the three root-canal thirds 

regarding both smear layer and debris 

scores. From the obtained results of our 

study together with the previously 

conducted studies assessing efficacy of Files 

of similar design, BF is proven to be an 

efficient adjunctive agitation tool in 

improving canal cleanliness and smear layer 

removal at all root-canal thirds even apically 

which is the most challenging part in the root 

canal treatment.  

The intra-group comparison results of PUI 

regarding smear layer removal showed that 

PUI significantly removed smear layer in 

coronal and middle thirds better than the 

apical. These results came confirmatory to 

previous studies that evaluated the efficacy 

of PUI at different root canal thirds 76,83–85. 

However, our results are different from 

Ahmad Ali et al., 2023 86 that found no 

significant difference between the three root 

canal thirds after using 5.25% NaOCl with 

31-gauge irrigation needle.  

While for the PUI debris scores, the coronal 

third showed significantly higher debris 

score compared to the middle third, with no 

significant difference between apical third 

and both the middle and the coronal thirds. 

These results were also concluded by Haupt 

et al., 2020 44 and Plazza et al., 2022 are in 

disagreement with what was concluded by 

Titato et al., 2018 and Urban et al., 2017 78,87 

that canal cleanliness and debris removal 
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increased significantly from apical to 

coronal.  

Regarding the apical third, the decrease in 

canal diameter from coronal to apical 

supposedly increases and augments the 

shear stresses from the acoustic streaming 

and cavitation applied on the walls 63. 

However, this decrease in diameter puts 

more risks on the ultrasonic tip to contact the 

canal walls accidently 68 and also limits the 

volume and the exchange of the irrigant 78. 

Added to these factors, the vapor-lock effect 

presents apically limiting fluid exchange 

apically. These challenges caused the 

variability in apical third results, which was 

inferior to coronal and middle thirds 

regarding smear layer score but equivalent 

to them in the debris scores. 

 

Conclusion: 

1- No irrigation activation technique was 

capable of complete elimination of the 

smear layer and debris.  

2- Regardless the final irrigation agitation 

technique, the effectiveness of smear layer 

removal and canal cleanliness decreases 

while moving from the coronal to the 

apical thirds of the root canal.  

3- Brush File and PUI irrigation activation 

protocols were more efficient than 

conventional irrigation technique without 

activation regarding smear layer removal 

and canal cleanliness.  

4- Brush File as irrigation agitation tool was 

an effective irrigant activation technique at 

all root-canal thirds, it was as efficient as 

PUI regarding smear layer removal and 

canal cleanliness. 
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