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The purpose of this study was to examine the effectiveness of recent 

irrigant activation methods on cleanliness of the root canals and 

removal of the smear layer.  

Materials and Methods:Thirty single-rooted human mandibular 

premolars with single straight canals were used in this study. Root 

canals were mechanically prepared using Path files then BT race 

system till size (#35/0.04). Teeth were randomly divided into 3 groups, 
according to the irrigatnt activation method used. Control group 

(conventional irrigation) and two experimental groups according to the 

method used for irrigant activation in the root canal, EDDY group and 

XP endo finisher group (n = 10).Then teeth were split vertically to be 

prepared for SEM examination. The root canals were 

photomicrographed at magnification of 6000X to assess the presence of 

smear layer in coronal, middle, and apical thirds. Results showed 

significant increase of  remaining smear layer at the apical third in all 

groups in comparison to middle and coronal thirds. Eddy and Xp endo 

finisher succeeded in removal of smear layer specially at the middle 

and apical third with significant difference than the conventional 

method without activation. There was non significant difference 
between Eddy and XP endo finisher in removal of smear layer at the 

middle and apical thirds.  

Conclusion: New irrigant activation systems improves the removal of 

smear layer than the traditional syringe method. 

 
Copy Right, IJAR, 2020,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
During root canal procedures, cleaning and shaping of the root canals is considered one of the most important 

procedures which greatly affects the outcome of the endodontic treatment.  Smear layer is formed on the walls of the 

root canals during cleaning and shaping, this amorphous irregular layer is formed of organic pulpal remnants and 

inorganic dentinal debris accumulate which adhere onto the radicular canal wall.(1) It has been reported that the 

smear layer seal the dentinal tubules and hinder the penetration of intracanalirrigants , disinfectants and sealers into 

the dentinal tubules,(2) which may lead to compromising the seal of canal filling and increase the microleakage, it 

was also found that presence of this infected layer loaded with bacteria in the dentinal tubules , decrease the success 
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rate of the root canal treatment. Smear layer is formed either when hand or rotary instruments are used in canal 

preparation.(3,4) 

 

Different researches recommended removing the smear layer for better sealing of theobturation material to the canal 

wall.
(5)

 Different irrigating solutions and devices have been used for better removal of the smear layer, the most 

commonly used irrigating solution in endodontics is sodium hypochlorite (NaOCl),  the common protocol for 
removal of smear layer includes the use of sodium hypochlorite (NaOCl) followed by ethylenediaminetetraacetic 

acid (EDTA) because EDTA is a calcium-chelating agent, which is highly  efficient in removal of the smear layer.(6) 

 

XP-Endo finisher, is a new NiTi rotary file, it is semi-circular in shape with a 3mm diameter. It was claimed that it 

has the ability to fit into the complex morphology of the rootcanals to clean it and remove the smear layer from the 

curved narrow canals. Being formed of NiTimake it able to change its shape and fit into any complex canal 

morphology andclean the irregularities and fins (7) 

 

At low temperature (20°), the XP- file is in martensite phase so it is straight. When entered into the root canal at 

body temperature (37°), it changes to austenite phase considering its molecular memory. On cooling, it transforms 

back to the martensite phase and it returns to its straight form.(8,9) 

 
Recently, EDDY (VDW, Germany), a new sonic powered system for activation of the  irrigation was introduced, it 

is formed of  flexible polyamide, which can be used with different root canals with complex morphology to perform 

adequate cleaning.(10) 

 

EDDY is a disposable, sterile, noncutting tip where air scaler is used for its activation with 5000 to 6000 Hz. So the 

aim of the current study was to examin the effectiveness of these recent irrigant activation methods on cleanliness of 

the root canals and removal of the smear layer. (11) 

 

Materials and Methods:- 
Teeth selection: 

Thirty single-rooted human mandibular premolars with single straight canals and fully formed roots, extracted for 

periodontal reasons were collected and used in this study. Inclusion criteria were permanent teeth, intact apices, no 

previous root canal treatment , curvatures less than 30°, according to Schneider’s classification. Exclusion criteria 

were root caries, cracks, and fracture lines. Mesiodistal and buccolingual radiographs were taken to confirm a single 

straight canal and canal space, excluding calcified root canals. The root lengths were standardized to 15mm by 

decoronation, using a high-speed, water-cooled diamond disc. The tooth length was obtained by introducing #10 K-

file (DentsplyMaillefer, Ballaigues, Switzerland) into the canal to the point of displaying its tip at the apical 

foramen. The working length was obtained by subtracting 1 mm from the tooth length. To simulate clinical 
conditions, the apical region of each root was sealed with a layer of OpalDam Green gingival barrier (Ultradent 

Products Inc,USA), avoiding extrusion of the irrigating solutions.  

 

Chemomechanical preparation of the root canals: 
Glide path was done using PathFiles (PF) (DentsplyMaillefer, USA). PF #1 ‘purple’ (13/0.02) then PF #2 ‘white’ 

(16/0.02) and PF #3 ‘yellow’ (19/0.02) were used at WL by using an endodontic engine ‘X-Smart Plus’ 

(DentsplyMaillefer, USA) at the suggested setting ‘300 rpm & 5 Ncm. 

Mechanical preparation was done using, BT1 (#10/0.06),BT2 (#35/0.00) and BT3 (#35/0.04). 

 

Specimens were randomly divided into 3 groups, control group (conventional irrigation) and two experimental 

groups according to the method used for irrigant activation in the root canal, EDDY group and XP endo finisher 
group (n = 10). Root canal instrumentation was performed by the same operator. In between files, canals were 

irrigated with 2 mL of 2.6% NaOCl using a 5-mL syringe and 30-gauge double-side port NaviTip (Ultradent 

Products Inc, South Jordan, USA) calibrated to stop -2 mm from the WL. After finishing chemomechanical 

preparation, 17% EDTA (Ultradent Products Inc, South Jordan, USA) was agitated inside the canals as follows: 

 

Group 1 (n=10) Final rinse with 17% EDTA and no agitation was performed.  Group 2 (n=10) Final rinse with 17% 

EDTA and agitation using XP endo Finisher file at 800 rpm for 60 seconds. Group 3 (n=10) Final rinse with 17% 

EDTA agitation was performed using EDDY of size 25/.04.which was activated with 5000 to 6000 Hz, using air 

scaler hand piece.   
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Preparation for scanning electron microscopic examination: 

Scanning electron microscopy (SEM) was used to evaluate the efficacy of removal of the smear layer of final 

irrigants. On the buccal and lingual surfaces of the root, longitudinal grooves were made using a diamond disc and 

were divided into two halves. One randomly chosen half of each specimen was coded and subjected to increasing 

concentrations of ethanol (25%, 50%, 75%, and 100%), mounted on aluminum holder, sputter coated with gold and 

then examined with SEM (JEOL-JSM- 6610LV, Tokyo, Japan) at 20 kV. The root canals were photomicrographed 
at magnification of 6,000X to assess the presence of a smear layer in coronal, middle, and apical thirds. Two blinded 

and previously calibrated observers scored the images employing the following criteria, 1 = no smear layer, all 

dentinal tubules open; 2 = small amount of smear layer, some dentinal tubules open; 3 = homogeneous smear layer 

covering the root canal wall, only few dentinal tubules open; 4 = complete root canal wall covered by a 

homogeneous smear layer, no open dentinal tubules; and 5 = heavy, inhomogeneous smear layer covering the 

complete root canal wall. 

 

Then data were collected and statistically analysed. 

 

Statistical analysis: 

Kruskal Wallis test was used to compare between different tested groups and different root sections followed by 

Mann-Whitney U test for multiple comparison with Dunn Bonferroni correction (α=0.05) (IBM SPSS, Version 23, 
Armonk, NY, USA). 

 

Results:- 
For the coronal section, results showed insignificant difference between tested groups (p=0.727), for the Middle and 

Apical section, Eddy group and XP showed a significant lower smear layer score compared to Control group 

(p=0.005 and <0.001, respectively). 
 

For control group, coronal section showed a significant lower smear layer scores compared to middle and apical 

sections. For Eddy group, results showed insignificant different between coronal and middle sections. Apical section 

showed significant higher smear layer scores compared to both coronal and middle. For XP group, coronal section 

showed a significantly lower smear layer scores compared to the apical section. 

 

Table (1):- Smear layer scoring of different tested groups.  

 Control EDDY XP-endo finisher p-value 

Scores 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5  

Coronal 8 2 0 0 0a 9 1 0 0 0a 9 1 0 0 0a 0.727 NS 

Middle 2 4 4 0 0Ab 7 3 0 0 0Ba 8 2 0 0 0Bab 0.005* 

Apical 0 0 3 7 0Ab 1 5 4 0 0Bb 4 5 1 0 0Bb <0.001* 

p-value <0.001* <0.001* 0.034*  

 

Different uppercase letter within each row indicates significant different.  

Different lowercase letter within each column indicates significant different.  

*=significant, NS=Non-significant 

 

 
Fig. (1):- Bar chart showing the smear layer score percentage of tested groups. 
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 Fig.(2):- Photomicrographs (x6000) of remaining smear layer of the 3 tested groups( Control, XP endo finisher and 

EDDY) at the middle and apical thirds of the root canal. 

 

Discussion:- 
Success of root canal treatment depends on proper disinfection of the root canal and removal of microbes and 

infected tissues out of the canal. The goal of root canal treatment is to remove inflamed and infected pulp tissue 

from the root canals. This is performed by chemomechanicalpreparation , using endodontic files and irrigating 

solutions, where endodontic files help shaping of the canals and removal of the main bulk of infected pulp tissue 

remnants.(12) 

 

The most commonly used irrigating solution is NaOCl because of its antibacterial action and ability to dissolve pulp 

tissue remnants, in addition to removal of the organic part of the smear layer.(13) 

 
During root canal preparation, smear layer is formed on the root canal wall. It is formed of a superficial layer & a 

deeper part embedded inside the dentinal tubules. This layer harbors bacteria and infected pulp tissue. It interferes 

with the performance of irrigating solution, preventing direct contact between the irrigant and microorganisms inside 

the canals and dentinal tubules. Some researches recommend the removal of smear layer before obturation to 

improve the bonding between the sealer and the root canal wall.(14) 

 

Different irrigating solutions are used to remove this layer as EDTA, citric acid, MTAD and Q-mix. These irrigants 

are acid based, so they are used to remove the inorganic part of smear layer.(15) 

 

Root canal system has complex anatomy, as it is formed of fens, isthmus and lateral canals. These areas can never be 

reached and cleaned by the endodontic files, so the root canal surface at these areas of the root canal system retains 
pulp tissue remnants and microorganisms which are difficult to be reached and cleaned even with the most 

innovative instruments for canal preparation. These infected areas may affect the prognosis and success rate of the 

root canal treatment. The only material which can reach these areas is the irrigating solution, so irrigating solutions 

have a great role in chemical cleaning and disinfection of these inaccessible areas, and help dissolving the pulp 

tissue remnants and microorganisms hidden there, improving the prognosis of root canal treatment.(16) 

 

Syringe irrigation is used to deliver the irrigating solution to the root canal, but this doesn’t insure reaching of the 

irrigating solution to all parts of the canal, specially the apical third, where apical vapour lock is formed. The apical 

vapour lock is an air bubble entrapped at the end of micro channels (root canals) at the distal end of irrigant delivery, 

preventing direct contact between this irrigant and walls of the apical part of the root canal, preventing the irrigating 

solution from performing its action at this part of the canal.(17) Size of canal preparation is another factor which 

affects the extension and action of irrigating solution, so in this study root canals were prepared to size #35/0.04. 
This size insure deeper penetration of the irrigation needle reaching the apical part of the canal,(18, 19)while the taper 

of the canal affects the flow & amount of irrigating solution, improving root canal debridement. (20) Irrigating 

solutions need an activation method to help reaching inaccessible areas of the root canals as isthmus, fins and to 
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break the apical vapour lock. Irrigant activation helps direct contact of the irrigant with different parts of the canal 

and improve the irrigant performance.(21) 

 

In the current study, both Xp endo finisher and Eddy groups created cleaner surface and less smear layer at the 

middle and apical thirds of the root canal walls, in comparison to the control group where no irrigant activation 

methods were used.(22, 23) 
 

Xp endo finisher depends on shape memory of the Niti alloy, as it has a sickle curved shape when entered into the 

root canal at body temperature (37°) (austenitic phase) which allows it to contact the root canal walls and pushing 

the irrigant to the inaccessible areas and apical third of the canal. This unique shape with the non cutting flutes help 

scrubbing of the smear layer on the dentin walls without causing any changes to the dentin shape, so help cleaning 

of the canal walls and removal of smear layer. When XP endo finisher  cools down(20o) it becomes straight 

(martensitic phase).(22, 24) 

 

Eddy is a sonic activated polyamide tips, which causes 3 dimensional movement of the irrigating solution by 

acoustic streaming and cavitation. It helps penetration of the irrigant to the inaccessible areas and apical third of the 

canal to clean it and help removal of the smear layer.(11, 25) 

 
In this study both Xp endo finisher and Eddy improved the action of irrigating solutions on removal of smear layer 

specially at the middle and apical thirds of the canal in comparison to the traditional syringe irrigation without 

activation, where the irrigant couldn’t completely remove smear layer specially at the apical third of the canals. (11, 22, 

25) 

 

Regardless the use of irrigant activation method or not, it is evident that the amount of smear layer remaining at the 

coronal third was less than that at the middle and apical thirds in all groups. It was found that the amount of smear 

layer  remaining after mechanical preparation increases as we go more apical in all groups, this could be due to the 

decrease in root canal diameter at the apical third than the coronal third and less flow of the irrigating solution at the 

apical part than the coronal, so the root canal wall was subjected to less amount of irrigating solution.(19, 26)The 

formation of apical lock also may interfere with the flow of irrigant to the end of the canal. In this study, Xp endo 
finisher and Eddy showed less remaining smear layer at the apical part because of their action in disruption of the 

apical vapour lock, also continuous rotation of XP-endo finisher and acoustic streaming created by Eddy caused 

more flow of the irrigating solution scrubbing the smear layer and removing it.(11, 24, 25) 

Under the conditions of the current study, it can be concluded that using an activation method as XP endo finisher or 

Eddy with the irrigating solution,  improves the removal of smear layer. Both of them succeeded in obtaining more 

clean root canal surface than the traditional syringe irrigation method alone. It is difficult to obtain clean root canal 

surface specially at the apical third without using an activation method. 
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