COMPARATIVE EVALUATION OF IRRIGANT ACTIVATION SYSTEMS FOR SMEAR LAYER REMOVAL IN THE APICAL THIRD OF ROOT CANALS : A SEM ANALYSIS
[bookmark: _GoBack]Background: The smear layer is a surface film of debris that remains on dentin or other tooth surfaces, such as enamel or cementum, after instrumentation with either rotary instruments or endodontic files.Sodium hypochlorite is the gold standard in endodontic irrigation, but it does not remove the inorganic components of the smear layer. Twin Kleen, a mild chelating agent based on 1-Hydroxyethylidene-1,1-Diphosphonic Acid (HEBP), enhances debris removal and prevents smear layer formation, allowing for simplified irrigation as a single solution. Researchers have developed activation devices to improve the delivery of irrigant to the working length.
Aim: The study aimed to evaluate and compare the efficacy of different  irrigation activation systems: manual, sonic, ultrasonic and Laser activation on the removal of smear layer from the apical third of instrumented root canal using Scanning electron microscope.
Method: Thirty two single rooted teeth were prepared with the help of Neo endo S files .Copious irrigation was done using twinkleen (HEBP+3% NaOCl) in between instrumentation. All the specimens were randomly divided into 4 equal groups according to the method of activation used: group 1 (n = 8) manual agitation; group 2 (n = 8) sonic activation; group 3 (n = 8) ultrasonic activation; and group 4 (n = 8) laser activation. Samples were then sectioned and sent for SEM examination. In all groups, canals were rinsed with saline to rinse off the residual irrigants and dried with paper points.
Statistical analysis: One-way ANOVA test followed by Sceffe’s Post hoc test was used to compare the significant difference between 4 groups
Results: All the four groups removed the smear layer and the laser group showed the best smear layer removing capability compared to other groups but this was significant only with respect to group (MDA) and group 2 (sonic activation) (p<0.05). The study mainly showed that sonic activation efficiently removed the smear layer in the apical third of the root canal. Groups I (MDA) and III (Ultrasonic) had more residual smear layer on the canal walls than sonic activation, but this was only significant with respect to the MDA group. A probable explanation for irrigant activation providing cleaner canals is that higher frequency results in higher flow velocity, which aids in the efficient removal of debris. 
Conclusions: Within the limitations of the study, all the activation systems were able to remove the smear layer from the apical third of the root canal with laser showing the best result followed by sonic, ultrasonic and manual dynamic agitation.
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INTRODUCTION:
Root canal treatment aims to effectively clean and seal the canal system, preventing bacterial infiltration post-treatment 1. Disinfection of the root canal system is crucial for the success of endodontic treatment as it significantly reduces pathogens 2. However, root canal preparation alone cannot effectively decrease bacterial count in the root canal system, and all nickel-titanium files leave a smear layer along the root canal walls 3. Therefore, irrigants and activation are essential for cleaning and disinfecting the root canal system. Recent designs of endodontic instruments have variable tapers, giving improved shaping ability. Nickel-Titanium rotary instruments can be used to rapidly and safely open the main root canals, creating deep space to permit full permeation of irrigant solutions (Singla et al., 2021).

Sodium hypochlorite solution is one of the most potent and widely used irrigation solutions due to its antibacterial properties, ability to eliminate and dissolve residual and infected dental pulp, lubricating properties, low cost, and availability 4. However, it lacks specific properties, such as the capacity to remove the smear layer. Twin Kleen is a mild chelating agent, 1-Hydroxyethylidene-1,1-Diphosphonic Acid (HEBP), which exhibits short-term compatibility with sodium hypochlorite. The combination eliminates debris impaction in the anatomical irregularity. The combination also reduces AHTD (Accumulated Hard Tissue Debris) and inhibits smear layer formation during rotary instrumentation. Mixing Tween Kleen and sodium hypochlorite, one can avoid the irrigation sequence and use the combination as a single irrigating solution. Twin Kleen serves as an antimicrobial remedy, moderate chelating agent, proteolytic agent, lubricant, and smear layer preventer that might be added to endodontic irrigating solutions throughout root canal instrumentation in addition to a last rinse solution (Kottur et al., 2025). Previous research suggests that while HEBP as a standalone irrigant does not surpass the antimicrobial efficacy of established agents like sodium hypochlorite or EDTA, it demonstrates comparable disinfection capabilities (Shetty et al., 2024).

The smear layer is a surface film of debris that remains on dentin or other tooth surfaces, such as enamel or cementum, after instrumentation with either rotary instruments or endodontic files. Many researchers assume that the smear layer prevents bacterial or toxin entry by altering dentinal permeability (5,6). While some authors believe that this loosely adherent smear layer should be completely removed from the surface of the root canal wall because it can harbour bacteria and provide an avenue for leakage, it also limits disinfection of the dentinal tubules by preventing irrigants and medicaments from penetrating deep into the tubules (7,8). Because of these toxic and undesirable effects of the smear layer, the probability of inadequate disinfection and reinfection increases, leading to failure of the endodontic treatment, making smear layer removal critical in order to obtain the desired outcome.

According to studies, root canal instrumentation induces higher smear layer development on root canal walls in the apical third. To achieve optimal efficacy of irrigants, an excellent irrigation delivery system is necessary that will transport them with appropriate flow and volume to the working length to be effective in debriding the entire canal system9. Based on studies, irrespective of the arrangement of instrumentation and irrigation, the efficiency of the irrigating solution in prepared root canals remains limited (10,11). As a result, improving irrigation methods during root canal treatment is critical to achieving higher cleaning efficiency in a very complex area.
There are novel devices that activate the irrigants and enhance their penetration and disinfection efficacy in the root canal system.Therefore, this study was planned to evaluate and compare in vitro the efficacy of various  irrigation activation methods—MDA, sonic, ultrasonic, and laser—on the removal of smear layer from the apical third of instrumented root canals using a scanning electron microscope.
MATERIALS AND METHODS
The study protocol was approved by the ethical committee of Sri Hasanamba Dental College And Hospital, Hassan. 32 human mandibular first premolars which were extracted for periodontal or orthodontic purposes, having single straight canals without bi/trifurcation were included. Fractured teeth, carious teeth, teeth with internal or external resorption and teeth with hypoplasia were excluded.

Specimen preparation 
All the specimens were cleaned of superficial debris, calculus, tissue tags and stored in normal saline They were then decoronated below the cemento-enamel junction using a diamond disk to leave a root of 12mm in length. A size 10 K file was then introduced into the canal until it was visible at the apical foramen and the working length was determined by reducing 1mm from the total root length. 
All root canals were prepared with rotary Ni-ti instruments (Neo-Endo S) with a pre-determined working length till size 6%25. Copious irrigation was done using twin kleen(3%NaOCl+HEBP)  in between instrumentation. 

Irrigation Protocol 
The thirty-two specimens were then randomly divided into four experimental groups with 8 samples each and were treated as follows: 
1. Group I : MDA 
After preparing the canal as mentioned above, canals were irrigated with 1.5mL of Twin Kleen and   manual agitation using master cone with an up-and-down motion at 2mm amplitude at a frequency of 100 strokes for approximately 1  min . 
2. Group II : SONIC ACTIVATION
Canals were irrigated with 1.5mL of Twin Kleen, and the medium-sized tip (# 25 ISO) was attached to the sonic activator and used 2mm short of the working length with pumping motion for 30 sec for 2 cycles at high speed. Fresh irrigant was introduced in between cycles. 
3. Group III : ULTRASONIC ACTIVATION 
Endo 3 Ultrasonic Endo Activate Device(# 25 size tip) was used Canals were irrigated with 1.5mL of Twin Kleen, and the tip was held stationary 2mm short of the working length for 2 cycles of 30 seconds each with 1.5mL of Twin Kleen in each cycle. 
4. Group IV : LASER ACTIVATION
After filling the root canal with Twin Kleen, diode laser (980 nm, 2 W, 200 μm tip) was used for 6 cycles of 10 seconds each. During lasing the laser was held stationary 2mm short of the working length for the first 2 seconds in each lasing period and then withdrawn at the rate of 1mm s-1 for the remaining 8 seconds. 
In all groups canals were rinsed with saline to rinse off the residual irrigants and dried with paper points.

Evaluation 
All samples from the four groups were split longitudinally by first creating grooves on the buccal and lingual side without entering the lumen using a diamond disk and then a chisel was used to split the samples into two halves to give a total of 64 halves. One of the two halves in which the apical third was prominently visible was examined under a scanning electron microscope for debris and smear layer coverage at 1500X. Photographs were taken from the apical third and were graded from 0 to 3  by blinded observers as follows: 
0. No smear layer, open dentinal tubules, smear layer completely removed or melted. 
1. Moderate smear layer, outlines of dentinal tubules observable, removed or melted in some areas. 
2.A Thin smear layer covering the surface outline of the dentinal tubules which were not discernible, and the location of the tubule will be indicated by a crack, scattered laser, removed or melting. 
3. Heavy smear layer, outlines of tubules obliterated, no visible smear layer removed or melting. 

The data was then statistically analyzed using a One-way ANOVA test followed by Scheffe’s Post hoc test was be used to compare the significant differences between the 4 groups

RESULTS 
The scores given by two blinded observers are given in Table 1 and Table 2: 
Table 1: Scores given by the blinded Observer 1
	GROUP 1
(MANUAL)
	GROUP 2
(SONIC)
	GROUP 3
(ULTRA SONIC)
	GROUP 4
(LASER)

	1
	2
	2
	0

	2
	0
	1
	1

	0
	1
	0
	0

	3
	1
	1
	0

	3
	2
	0
	1

	2
	1
	2
	0

	1
	0
	1
	2

	2
	0
	1
	0



Table 2: Scores given by the blinded Observer 2
	GROUP 1
(MANUAL)
	GROUP 2
(SONIC)
	GROUP 3
(ULTRA SONIC)
	GROUP 4
(LASER)

	2
	0
	1
	0

	0
	2
	0
	0

	1
	1
	0
	0

	3
	1
	2
	0

	3
	0
	0
	1

	3
	1
	2
	0

	1
	2
	0
	1

	2
	0
	1
	0



As Per One-Way ANOVA, there is a significant difference between the groups. As per Post Hoc Scheffe Test, there is a significant difference between Group 1 and Group 2, and Group 1 and Group 3, Group 1 and Group 4, and Group 2 and Group 4. The Laser group showed the minimum smear layer remaining or maximal removal of smear layer in the apical third of the root canal followed by sonic, ultrasonic, and MDA groups.  Maximum remaining smear layer was found in the MDA group.(table 3) On pairwise comparison laser was found to be the best in removal of smear layer compared to ultrasonic activation but the value was not statistically significant. MDA group showed maximum remaining smear layer which was found to be statistically significant when compared to all other groups (p < 0.05). There was also a significant difference in the remaining smear layer between the sonic group and laser group (p < 0.05).
	Groups
	Count
	Average
	SD
	F
	P-value
	F crit

	G1 - Manual
	8
	3.625
	1.923
	5.938
	0.003
	2.947

	G2 - Sonic
	8
	1.75
	0.707
	
	
	

	G3-Ultra Sonic
	8
	1.75
	1.488
	
	
	

	G4-Laser
	8
	0.75
	0.365
	
	
	



As Per One-Way ANOVA, There is a significant difference between the groups
	Groups
	Average
	SD
	T Value
	P Value

	G1 - Manual
	3.625
	1.923
	2.589
	0.021

	G2 - Sonic
	1.75
	0.707
	 
	 

	 
	
	
	
	 

	G1 - Manual
	3.625
	1.923
	2.181
	0.047

	G3-Ultra Sonic
	1.75
	1.488
	 
	 

	 
	
	
	
	 

	G1 - Manual
	3.625
	1.923
	4.155
	0.001

	G4-Laser
	0.75
	0.365
	 
	 

	 
	
	
	
	 

	G2 - Sonic
	1.75
	0.707
	0.000
	1.000

	G3-Ultra Sonic
	1.75
	1.488
	 
	 

	 
	
	
	
	 

	G2 - Sonic
	1.75
	0.707
	3.554
	0.003

	G4-Laser
	0.75
	0.365
	 
	 

	 
	
	
	
	 

	G3-Ultra Sonic
	1.75
	1.488
	1.846
	0.086

	G4-Laser
	0.75
	0.365
	 
	 



AS per the  Post Hoc Scheffe Test, there is a significant difference between Group 1 and Group 2, and Group 1 and Group 3, Group 1 and Group 4, Group 2 and Group 4

  


DISCUSSION:
Using a scanning electron microscope, this in vitro study compared and evaluated how well various irrigation systems removed the smear layer from the apical third of the root canal system. The study was conducted under strict and uniform conditions to minimise bias and confounding factors. To ensure consistent apical enlargement, samples of each group were enlarged to a size of 6% 25. The time and volume of irrigant used during and after biomechanical preparation were standardised to 1 min and 3 ml, respectively, and the tip of the agitation system was kept 2 mm short of the apex for all samples.

The apical portion of the root canal was examined because of the significant smear layer accumulation there and the inability of the conventional needle delivery device to deliver the irrigant 1 mm beyond the tip. Since the studies have shown that the removal of the smear layer is much easier in the coronal and middle thirds due to improved irrigant administration, only the apical third was assessed in this study (9,10,11).

Previous studies have employed a variety of scoring schemes, ranging from basic criteria like "debris present or absent" (12,13) to capricious three-, four-, five-, or seven-point scoring schemes (14-17). Scores can be expressed as a percentage of the root surface occupied or as the amount of debris or smear layer per root level or canal 18. Although they are rarely reported, repeatability tests of some kind should be carried out due to the subjective nature of the grading. The SEM pictures used in this experiment were reviewed by two blinded observers using the criteria published by Takeda et al. 19 in 1998, due to their simplicity, clarity, and ease of scoring. 

In order to eliminate the smear layer during or after root canal instrumentation, irrigants with the ability to dissolve both organic and inorganic components are required. The organic part of the infected root canal is effectively removed with the most often used irrigant, 1-7% NaOCl. However, its ability to remove smear layers from instrumented root canal walls has been demonstrated to be insufficient 20. Many authors have determined that employing NaOCl during or after instrumentation produces superficially clean canal walls with the smear layer (10,21). In the current study, the MDA group had the largest mean remaining smear layer on the canal walls, which was statistically significant when compared to the other groups, in accordance with previous research.

Twin Kleen, also known as Single Step - Chelation and Irrigation, is a mild chelating agent based on HEBP that enhances debris removal and prevents smear layer formation, allowing for simplified irrigation using a single solution. It provided superior dentinal tubule disinfection than the Sodium Hypochlorite- Ethylenediaminetetraacetic Acid (NaOCl-EDTA)  combination 22.The main difference between HEBP and disodium EDTA is that HEBP is a mild alkaline chelator that functions in the pH range of 10.8-12.2, whereas disodium EDTA operates at a lower pH (1,23). NaOCl is more compatible with HEBP than with EDTA because HEBP is a non-nitrogenous chelator containing phosphorus instead of nitrogen. In NaOCl, chlorine carries a positive charge and attacks the electrophilic centres of nitrogen atoms. Phosphorus is less electronegative than nitrogen, which makes it less likely to react with NaOCl 24. In addition, final irrigation with Twin Kleen resulted in greater sealer penetration than EDTA34.

The present study showed that sonic activation efficiently removed the smear layer in the apical third of the root canal. Groups I (MDA) and III (Ultrasonic) had more residual smear layer on the canal walls than sonic activation, but this was only significant with respect to the MDA group. A probable explanation for irrigant activation providing cleaner canals is that higher frequency results in higher flow velocity, which aids in the efficient removal of debris 25. The findings are consistent with a study conducted by Mathew et al 26. to assess antimicrobial efficacy, in which EndoActivator outperformed conventional needle irrigation, as well as a study conducted by Manuele Macini et al.27, in which EndoActivator effectively removed the smear layer in the apical third of the root canal when compared to ultrasonic activation.

The results of this study revealed that ultrasonic activation was more effective in removing smear layers than the MDA group (Group I), which was significant. Laser and sonic activation had higher cleaning efficacy in terms of smear layer removal than ultrasonics. The findings are consistent with the majority of previous research in which lasers were found to be effective in removing the smear layer from root canals, due to cavitation and subablative laser settings that do not damage the canal wall 28.Ultrasonic activation causes an undesired damping effect, particularly when the instrument comes into contact with the lateral walls of a formed canal, which is absent in sonics (29,30).

Due to the compactness and low cost, recently introduced laser techniques and devices have gained popularity. It is appropriate for endodontic treatment since its wavelength is in the infrared range, and thin and flexible fibres can be used. Previous research has demonstrated the bactericidal properties of 810-nm and 980-nm diode lasers 31 . Because of the benefits indicated above, we used a diode laser with a 200 nm fibre tip to agitate the irrigant in our investigation. 

The diode laser parameters chosen for this study were based on the known threshold laser settings required to induce agitation, cavitation, and shockwaves. The present study demonstrated that laser efficiently eliminated the smear layer in the apical third of the root canal with the lowest remaining smear layer score. The findings are consistent with prior work conducted by Manfred Langemann et al.32 and Kottur A.A et al.33, in which a diode laser effectively eradicated the smear layer. This result can be attributed to the warming of the irrigant solution as well as the physical agitation of the fluid, which improves debridement by agitating the solution with shear forces and hydraulic stresses.

CONCLUSION:
1. Within the limitations of the study it can be inferred that Laser showed the best result in removing smear layer from the apical part of root canal and on pairwise comparison, it showed significant smear layer removing capability when compared to MDA and sonic group but was found to be non-significant when compared with other agitation systems. 
2. Twin kleen(NaOCl+HEBP) can be a potential alternative to the conventional use of (NaOCl+EDTA) combination as an irrigant.
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TWIN KLEEN irrigant preparation:
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