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Background: Eliminating microorganisms from the root canal system is crucial for successful 

treatment. Rotary nickel-titanium systems have revolutionized endodontics, but their ability to 

reduce microbial counts within dentinal tubules remains under-researched. Proper apical size 

selection is crucial for cleaning without compromising radicular dentine. Removal of smear layer is 

crucial as it obstructs disinfectant penetration. To enhance traditional irrigation, photodynamic 

therapy utilizing photosensitizers and lasers, presents a novel antimicrobial approach. This research 

aims to explore the correlation between different final apical preparation sizes combined with 

photodynamic therapy in smear layer removal, utilizing SEM on extracted molars. Methods: Forty-

two decontaminated human mandibular first molars were divided into four groups based on different 

apical size preparations. All groups were prepared with different apical preparation sizes. All groups 

underwent photo-activated disinfection along with standard irrigation. A diode laser, combined with 

a photosensitizer, was used for smear layer removal, followed by SEM assessment. SEM images 

were evaluated for smear layer removal in the apical third using established criteria. Data analysis 

employed One Way Anova. Results: Group-3 proved most effective in smear layer removal, while 

group 1 was the least effective. Both group 1 and Group-2 showed similar, minimal removal rates. 

The control group had a significant presence of smear layer. Statistical analysis revealed significant 

differences in smear layer removal efficacy across the groups, with a p-value<0.05. Conclusion: 

Photodynamic therapy effectively removes smear layer in apical third of the root when sufficiently 

prepared, serving as a valuable adjunct to conventional regimen. 
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INTRODUCTION 

Persistence of vast microbial populations and 

intricate anatomical challenges within the root canal 

system poses a significant threat to the success of 

endodontic therapy.1 Endodontics has been 

revolutionized with the introduction of rotary 

nickel-titanium (NiTi) systems.2 Innovations in 

instrument design and variations in taper have been 

introduced to bolster safety and enhance the flare 

during preparations.3 However, the effectiveness of 

these advancements in reducing root canal micro 

flora remains underexplored.2–7 Canal preparation, 

be it manual or rotary creates a lot of shattered 

mineralized residue known as the smear layer.8 

Clearing the smear layer off the root canal walls 

encourage the creation of a good apical plug and 

maintains impervious seal after canal obturation.7,9 

This study underscores the critical role of the final 

apical size in facilitating the penetration of irrigants 

and optimizing root canal treatment outcomes. 

While mechanical instrumentation aid 

disinfectants to access infected regions, it is found 

ineffective in apical third of the root due to apical 

ramifications leading to orthograde retreatments and 

apicectomies.10 No single solution exhibits the ideal 

properties of an irrigant required for smear layer 

elimination. The pairing of NaOCl and EDTA is 

commonly employed as the standard irrigation 

method in clinical settings.9 Emerging technologies, 

such as Laser assisted irrigation and Photoactivated 

Disinfection (PAD), outperform traditional 

irrigation in removing the smear layer.11,12 Studies 

endorse the application of high power lasers to 

enhance the agitation of the irrigant within the canal 

but with potential risks, including tissue damage, 

ankylosis and resorption.9,13 Laser technology can 

reach areas of the canal that are hard to access and 
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seal the openings of dentinal tubules particularly in 

the apical third of the root canal, where traditional 

irrigation methods often fall short in penetration.9,14 

Photoactivated Disinfection (PAD), is an emerging 

antimicrobial technique that uses non-toxic 

photosensitizers and a low-power laser to produce 

reactive oxygen species. This photochemical 

reaction disrupts biofilms and enhances 

antimicrobial action. However, the influence of 

apical preparation sizes on PDT's effectiveness 

remains unclear, necessitating further 

investigation.15 According to Bao P et.al, Er:YAG 

laser-activated irrigation techniques, have 

demonstrated significant antibiofilm efficacy in 

apical artificial grooves and dentinal tubules. Keskin 

G in their study elaborated that PDT could be an 

effective supplemental treatment during endodontic 

therapy. Karoglu G also in their study reported that 

PDT protocols provide promising results in 

decreasing intra-canal antimicrobial loads. 

Although effective results of PDT as an adjunctive 

step during endodontic treatment has been 

explained, the existing literature provide limited 

insights into the interplay between final apical 

preparation sizes and the effectiveness of 

antimicrobial photodynamic therapy (PDT) in root 

canal disinfection. This study addresses this gap by 

investigating whether varying apical preparation 

sizes impact the efficacy of PDT in eliminating 

microbial biofilms and improving root canal 

disinfection outcomes. This study further aims to 

investigate the correlation between different final 

apical preparation sizes of root canals and the 

effectiveness of photodynamic therapy along with the 

standard protocol, in removing the smear layer at the 

apical third of mandibular molars using scanning 

electron microscopy (SEM). 

MATERIAL AND METHODS 

The study was an experimental study conducted at 

Hamdard University Dental Hospital following 

approval from the Institutional Review Board (IRB), 

with the assigned approval number 1132-03-24. A set 

of 42 recently extracted humans mandibular first 

molars were included in the study through convenient 

sampling, having undergone extraction due to 

periodontal disease. Written informed consent was 

obtained from all patients prior to tooth extraction, 

ensuring their voluntary participation in the study and 

explaining the purpose and use of their extracted teeth 

for research purposes. The teeth underwent a 

decontamination process involving immersion in a 

5.25% sodium hypochlorite (NaOCl) solution for one 

hour which is cited in multiple studies for achieving 

optimal decontamination without compromising the 

structural integrity of teeth preserving a balance 

between efficacy and preservation of the specimen 

which is neutralized by rinsing with normal saline. 

Radiographic scrutiny was performed utilizing 

periapical radiographs. Digital radiographs were 

chosen for their superior image clarity, ease of 

manipulation (e.g., magnification and contrast 

adjustment), and ability to provide detailed 

visualization of the internal structures of the teeth was 

conducted to exclude teeth exhibiting cracks, fractures, 

resorption, calcification, or open apices. The 

radiographic evaluations were conducted by an 

experienced endodontist with more than 10 years of 

clinical expertise in radiographic interpretation. Then 

chamber opening was executed, establishing a straight-

line access. Canal patency was verified using a size 10 

K-file. (Dentsply). The working length was set, 

maintaining 1mm short from the estimated length 

using radiograph which was verified by apex locator. 

Teeth failing to meet specific criteria such as the apical 

foramen not being centrally located, an apical 

constriction diameter exceeding file size 15, or canals 

exhibiting more than a 25-degree curvature, were 

excluded from the study. Schneider’s method was used 

to measure the angle formed between a line drawn 

along the long axis of the canal and a line drawn from 

the point of curvature to the apex. A template was used 

to standardize the angle and depth of cutting. A 

preoperative radiograph was used to calculate the 

angle. Root length standardization was achieved 

through recoronation using a diamond disc (SP 1600 

Microtome, Leica, Nu Block, Germany) with water 

cooling where depth of cutting was determined using 

cement-enamel junction (CEJ) as anatomical 

landmark. Canal debridement was carried out with 

normal saline irrigation, facilitated by a 27-gauge 

needle. 

Following tooth coding, the teeth were 

prepared using a size 15# k-file (Dentsply Maillefer, 

Switzerland). For the control group, teeth were chosen 

randomly without rotary instrumentation. Initial canal 

preparation was done using a size 15# K-file for glide 

path establishment. Manual instrumentation was 

performed using only hand files without rotary 

instrumentation. Progressively larger files were used to 

incrementally shape the canal, reducing the working 

length by 0.5 mm for each successive fill using step 

back technique. Irrigation was performed between 

each instrument to ensure debris removal and maintain 

canal cleanliness. Teeth were randomly assigned to a 

control group (no rotary instrumentation) or divided 

into three experimental groups (n=11each). 

Experimental groups underwent crown-down 

instrumentation with Pro Taper rotary files and an X-

Smart motor controller, following manufacturer 

guidelines. Coronal pre-flaring was performed using 

an SX file (0.19). Instrumentation utilized the crown-
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down technique with protaper rotary files (Dentsply 

Tulsa) and an X-Smart motor controller (Dentsply 

Maillefer, Switzerland), as per the manufacturer's 

guidelines. Pre-flaring of the coronal portion was 

conducted using SX (0.19) for all experimental groups. 

Group-1: 

The root canals received a 10 ml irrigation of 1% 

NaOCl using 28-gauge needles (Max I-Probe, USA) 

after each instrumentation for a duration of 1 minute 

to ensure sufficient time for the irrigant to act on the 

root canal walls, promoting effective disinfection and 

debris removal. This duration allows the irrigant to 

penetrate the intricate anatomy of the canal, dissolve 

organic tissues, and remove smear layers, enhancing 

the efficacy of subsequent instrumentation and 

reducing microbial load. Briefly explaining this 

provides clarity on how the chosen duration balances 

efficiency with practicality in a clinical or 

experimental setting. For the concluding irrigation 

step, 10 ml of 1% NaOCl combined with 

photoactivated disinfection was used. The procedure 

was finalized up to F1 (20/07). 

Group-2: 

The root canals received a 10 ml irrigation of 1% 

NaOCl using 28-gauge needles (Max I-Probe, USA) 

after each instrumentation for a duration of 1 minute. 

For the concluding irrigation step, 10 ml of 1% 

NaOCl combined with photoactivated disinfection 

was used. The procedure was finalized up to F2 

(25/08). 

Group-3: 

The root canals received a 10 ml irrigation of 1% NaOCL 

using 28-gauge needles (Max I-probe, USA) after each 

instrumentation for a duration of 1 minute. For the final 

irrigation step, 10 ml of 1% NaOCL combined with 

photoactivated disinfection was utilized. The procedure 

was completed up to F3 (30/09). 

Group-4 (Control): 

Manual instrumentation (MI) was combined with 

photo activated disinfection. 

Following the final irrigation, the canals were 

flushed with 5 ml of distilled water. Then a diode laser 

(Lasotronix) with an exogenous photo disinfectant 

laser fiber tip was used in a canal filled with a 

photosensitizer methylene blue (PAD SMART 

solution). For root canal disinfection, a 635nm 

wavelength, at 40mw continuous wave mode was 

employed. Following a two-minute period, laser 

irradiation was initiated. To maintain precision in 

measurement, a normal hand file stopper was utilized, 

with the laser fiber tip measured. The fiber tip, 

positioned 1 mm short of the working length, was 

carefully inserted into the canal with the laser off. 

Once inside, the laser was activated, and the fiber tip 

was moved outward from the apical to coronal ends in 

a circular motion at a speed of 2 mm per second. This 

constituted one cycle, which lasted for 60 seconds. 

The process was repeated four times, with a 20-second 

pause between each cycle. Following this, the canal 

was rinsed with distilled water to remove the 

photoactivated disinfectant.15,16 

Following the cleaning and shaping process, 

paper points from Braseller (Savannah, USA) were 

used for drying the canals. Cotton pellets were used to 

seal the canal orifices, ensuring no debris entered 

during root sectioning. Longitudinal grooves were 

made on the buccal and lingual sides of the root using 

a diamond wire saw from MTI Corporation 

(Richmond, USA). These grooves did not penetrate 

the canal space. The roots were then bisected along 

their bucco-lingual axis using a bi-beveled chisel and 

mallet, resulting in two symmetrical halves without 

altering the inner surface. 

All specimens underwent scanning electron 

microscopy (SEM) analysis. They were immersed in 

2% glutaraldehyde for 24 hours. After a 1-hour 

osmium tetroxide treatment, samples were desiccated 

for 24 hours, mounted on metal stubs, and coated with 

a 20μ layer of gold. SEM photomicrographs were 

taken using backscatter mode on an XL30 microscope 

from Philips (Holland) and analyzed under 2500× 

magnification. Two blinded endodontic specialists 

assessed the debris and smear layer in the apical third 

of each root section, scoring them based on the criteria 

set by Schäfer and Schlingemann mentioned in Table 

3.17 

The data was organized and processed using 

SPSS software v 23, The one-way ANOVA test was 

employed to assess differences in score percentages 

across the apical thirds. Tukey multiple comparison 

test was used to analyze mean scores of different 

groups. A significance level of 0.05 was established 

for the test. 

RESULTS 

Two observers monitored the removal rate of the 

smear layer. The smear layer scores are detailed in 

Table 1, while Figure 1 displays the distribution of 

these scores. Figure 2 showcases SEM 

photomicrographs representing each group. 

According to the results deduced using one-way 

ANOVA, group-3 (F3+ CI+PAD) treated specimens 

displayed highest mean scores (3.64±0.50) of SL 

removal (score-1) from the canal. However, group-1 

(F1+ CI+ PAD) exhibited the lowest mean scores 

(1.27±0.47) i.e. (score-3) among all the investigational 

groups. Intergroup comparison analysis revealed that 

group-1 (F1+CI+PAD) and group-2 (F2+CI+PAD) 

presented the lowest and comparable SL removal from 

the canal wall, i.e., (score1). It was also observed that 

group-3 demonstrated effective and comparable 

values of SL elimination from the canal. (p>0.05) 
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Photomicrographs from the control group (group-4) 

consistently showed a dense smear layer in the apical 

thirds. Notably, there were significant differences 

observed among the groups, with a p-value of <0.05. 

 

Table-1: Mean Comparison of Scores using One 

Way ANOVA 
Experimental groups Mean ± SD p-value ¥ 

Group-1: F1(20/07) + CI+ PAD  1.27±0.47 b  

<0.05* 
Group-2: F2(25/08) + CI+ PAD 2.73±1.10 b 

Group-3: F3 (30/09)+ CI+PAD 3.64±0.50 a  

Group-4: MI+ CI+PAD (Control) 2.91±0.94 a  

Conventional irrigation (CI), Photo-activated disinfection (PAD) 

¥ Showing significant difference among study group (ANOVA) 
* Different superscript small alphabets denote statistically 

significant difference (Tukey multiple comparison test) 

 

Table-2: The smear layer score frequency for 

different groups. 
Groups Score 1 Score 2 Score3 Score 4 

 n (%) 

Group-1: (F1+ CI+ PAD) 0 5 5 1 

Group-2: (F2+ CI+ PAD) 3 7 1 0 

Group-3: (F3+ CI+ PAD) 10 1 0 0 

Group-4: ( MI+CI ) 0 0 2 9 

Table-3: Smear layer removal by Schäfer and 

Schlingemann: 

Score 0 No smear layer removed 

Score 1 Minimal smear layer removed <25% 

dentinal tubules open 

Score 2 Moderate l smear layer removed >50% 

dentinal tubules open. 

Score 3 Maximum smear layer removed >75% 

dentinal tubules open  

 

 
Figure 1: Distribution of smear layer scores 

 
Figure 2: SEM photomicrographs scoring of each 

group (a) F1 

 

 
Figure 2: SEM photomicrographs scoring of each 

group (b) F2 

 

 
Figure 2: SEM photomicrographs scoring of each 

group (c) F3 

DISCUSSION 

In contemporary root canal disinfection, lasers are 

increasingly utilized alongside traditional chemo-

mechanical methods. The versatility of lasers in 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8417544/figure/JDS-22-162-g001.tif/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8417544/figure/JDS-22-162-g002.tif/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8417544/figure/JDS-22-162-g002.tif/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8417544/figure/JDS-22-162-g002.tif/
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dentistry extends beyond root canal therapy to include 

tasks like caries detection, employing tools such as 

Diagnodent for diagnosing pulpal blood flow, treating 

dentinal hypersensitivity, performing pulp capping 

and pulpotomy procedures, removing smear layers, 

sterilizing root canals, preparing teeth for treatment, 

etching enamel, performing gingivectomy procedures, 

bleaching, disinfecting periodontal pockets, removing 

calculus, and sensitizing the root canal with lasers.18 In 

1986, Zakariasen and colleagues were the first to 

demonstrate the efficacy of lasers in endodontics, 

showing that lasers could effectively kill bacteria on 

root canal surfaces and penetrate deep into dentin 

layers.19 While high power lasers are effective in 

bacterial elimination by generating heat in a dose-

dependent manner they can also inadvertently inflict 

damage, including dentin charring, root ankylosis, 

cementum dissolution, root resorption, and 

periradicular necrosis.19 Several factors can impact the 

effectiveness of the disinfection process, including 

canal preparation, canal morphology, disinfectant 

solutions, temperature, and laser settings like 

activation duration, pulse frequency, wavelength, 

power density, and energy.20 The selected 

parameters—canal preparation, morphology, 

disinfectant solutions, temperature, and laser settings 

(activation duration, pulse frequency, wavelength, 

power density, and energy)—are critical for ensuring 

the effectiveness of the disinfection process. Each factor 

contributes to the proper delivery and performance of 

the disinfectant, while laser settings influence energy 

distribution and safety. These choices enhance the 

study’s validity by controlling variables, simulating 

clinical conditions, reducing bias, and ensuring reliable, 

reproducible results. This study highlights the 

influence of photodynamic therapy with low power 

lasers when used as an adjunct to conventional 

irrigation in the apical third of mandibular first molars. 

Findings of this study suggest the correlation between 

the final apical preparation size and the removal of the 

smear layer in the apical third of mandibular first 

molars. The comparison was made between 

photodynamic therapy and different apical preparation 

sizes. The findings indicate that the application of 

Photodynamic Therapy (PDT) alongside preparing the 

apical third of the canal to size F3 results in superior 

removal of the smear layer and better outcomes 

compared to other approaches. 

The findings suggested that low level laser 

therapy can also enhance disinfection in tooth root 

canals if prepared sufficiently at the root apex, even 

though the impact of such combinations hasn't been 

extensively explored across different parameters. The 

utilization of high power laser assisted irrigation for 

complete canal disinfection has sparked discussions 

due to the significant thermal effects linked to their 

use. Besides the detrimental effects of elevated 

temperatures on apical tissues, Matsouka et al. have 

reported the occurrence of cracks in dentin walls.21 

This study, however, examines a fresh approach 

involving Photodynamic Therapy (PDT) which 

utilizes low power lasers exhibit encouraging 

antimicrobial effects in laboratory experiments even in 

apical third of the root if prepared sufficiently.22  

Unlike lasers, PDT avoids typical 

complications by using a light source of lower 

intensity and a cleaning process based on 

photochemical reactions. The settings for power, 

wavelength, and duration of the laser were determined 

based on prior research.23 In this study, as in several 

prior studies, methylene blue (MB) served as the 

photosensitizer for PDT.24 Previous researches have 

dismissed concerns about the cytotoxicity of this 

material. Methylene blue possess molecular 

characteristics that allow it to penetrate gram-negative 

bacteria via porin-protein channels in the outer 

membrane.25  

In this research, SEM was employed to 

assess the outcomes. The detailed magnification 

capability of SEM facilitated precise examination of 

dentin tubules, making it a commonly utilized method 

in smear layer studies.19 The study's results indicated 

that PDT effectively removed the smear layer while 

simultaneously cleansed the canal. Compared to the 

samples where traditional endodontic therapy was 

commenced with manual instrumentation, PDT 

proved to be notably more efficient in samples which 

were prepared through rotary instrumentation. The 

ability to eliminate the smear layer more predictably 

in the apical third of the root through rotary 

instrumentation enhances PDT's antimicrobial 

efficacy within the canal space. Earlier studies had 

advocated for PDT as a supplementary treatment 

method. Garcez et al. employed NaOCl and EDTA 

prior to PDT and found that this combined approach 

substantially enhanced the efficacy of PDT. This 

observation is in line with the conclusions of a 

systematic review by Cherpa et al.19  

Previous research has shown the efficacy 

of various irrigants like NaOCl, EDTA, maleic acid, 

citric acid, and MTAD. In a study by Dalton et al., they 

observed that after irrigation with sterile saline, 72% 

of treated teeth retained a positive bacterial culture. 

Chemical irrigation in root canal treatment is more 

predictable in coronal and middle thirds.26 

Additionally, combinations involving lasers have also 

been demonstrated to be effective in coronal and 

middle thirds of the root.27–29 EDTA and GA solutions 

were found to be more effective in removing the smear 

layer in the coronal and middle thirds of the canal as 

compared to the apical region.30 As a universal 

protocol, many studies have employed 2.5% NaOCl 
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and 17% EDTA.5,31 NaOCl and EDTA is seen to be 

routinely effective in removing dense smear layer in 

coronal and middle sections as confirmed by the 

previous studies but fails to treat apical third of the 

canal effectively where resides colonies of resistant 

bacterial species.32 The apical third of the canal is 

often left untreated due to its complex anatomy, which 

makes it challenging to effectively clean and disinfect 

using traditional methods. Additionally, this region is 

often less accessible to instruments and irrigants, 

making complete removal of debris and 

microorganisms more difficult to achieve.  

However, this study consumed EDTA and 

NaOCl along with PDT for the apical third of the root 

with efficient results. Use of PDT as an adjunct to 

conventional regimen was able to eliminate the smear 

layer from the canal in this section. The findings of this 

study align with those of Rathakrishnan et al., 

indicating that NaOCl and EDTA alone were not fully 

effective in removing the smear layer from the apical 

third of the root canal thus justifies the need of an 

adjunct treatment.33 While the conventional approach 

effectively eliminates the smear layer from the coronal 

and middle portions of the root canal, it struggles to 

address the smear layer in the apical third due to the 

vapor lock phenomenon. This vapor lock arises from 

the canal's closed and narrower terminal end, 

inhibiting the proper circulation of irrigating 

solutions.34 Gulabivala et al. suggested that the 

inadequate cleansing of the apical region might be 

attributed to the insufficient penetration of the needle 

tip and the formation of a stagnation plane beyond the 

tip. To address this issue, several studies have 

proposed different solutions. One effective method to 

enhance the efficacy of irrigants in the apical third 

involves the use of ultrasonic agitation.35 To reach the 

apices of the root sufficient preparation is required for 

unimpeded access to the root end. Therefore, apical 

gauging holds utmost importance during cleaning and 

shaping to ensure superior disinfection throughout the 

entire root canal. The selection of the most suitable 

final apical size is important that thoroughly cleans the 

canal and at the same time leaves sufficient radicular 

dentine available without introducing erosion or 

vertical root fractures. In this study cleaning and 

shaping was ended upto apical size F1, F2 and F3 in 

experimental groups where F3 has shown better results 

when treated with PDT and conventional regimen. 

CONCLUSION 

This study underscores the significant potential of 

photodynamic therapy (PDT) as a treatment protocol 

for enhancing smear layer removal and optimizing root 

canal disinfection. Laser-treated samples with the 

widest apical preparation sizes demonstrated the most 

effective smear layer removal, highlighting the superior 

efficacy of combining PDT with an appropriately wide 

apical preparation. In contrast, laser-treated samples 

with the smallest apical preparation sizes exhibited 

limited smear layer removal, with intergroup analysis 

revealing comparable but less effective outcomes for 

these groups. Notably, samples with wider apical 

preparations consistently outperformed other groups in 

smear layer elimination, particularly in the apical third. 

Control group photomicrographs consistently displayed 

a dense smear layer, reinforcing the necessity for 

advanced treatment protocols such as PDT. Further 

research is essential to refine PDT parameters and 

establish their efficacy across a variety of clinical 

conditions, paving the way for improved outcomes in 

endodontic treatment. 

Limitations of the study 

The study's findings are limited to in vitro conditions, 

which may not fully replicate the complex and 

dynamic environment of the human root canal system 

in vivo. Also the samples used in the study may be 

limited, which could affect the generalizability and 

statistical power of the results. Variations in apical 

preparation sizes could influence SL removal and 

require further standardization. The study did not 

evaluate the long-term impact of smear layer removal 

on treatment success. Addressing these limitations in 

future studies will strengthen the evidence base and 

contribute to a more comprehensive understanding of 

the potential role and effectiveness of photodynamic 

therapy in endodontic treatment. 

Financial support & sponsorship 

Nil 

Conflicts of interest 

There are no conflicts of interest. 

AUTHORS’ CONTRIBUTION 

HH: Conceptualization, literature search, write-up. FI: 

Data collection, literature search, write-up. HS: Write-

up. AR: Data analysis, data interpretation. CK: Write-

up. MH: Proof reading, write-up. SAA: Proof reading. 

REFERENCES 
1. Kaiwar A, Usha HL, Meena N, Ashwini P, Murthy CS. The 

efficiency of root canal disinfection using a diode laser: In 
vitro: study. Indian J Dent Res 2013;24(1):14–8. 

2. Peralta-Mamani M, Rios D, Duarte MAH, Junior JFS, 

Honorio HM. Manual vs. rotary instrumentation in endodontic 

treatment of permanent teeth: A systematic review and meta-

analysis. Am J Dent 2019;32(6):311–24. 

3. Bergmans L, Van Cleynenbreugel J, Wevers M, Lambrechts 
PJ. Mechanical root canal preparation with NiTi rotary 

instruments: rationale, performance and safety. Status report 

for the American Journal of Dentistry. Am J Dent 
2001;14(5):324–3. 

4. Zehnder M. Root canal irrigants. J Endod 2006;32(5):389–98. 

5. da Costa Lima GA, Aguiar CM, Câmara AC, Alves LC, Dos 
Santos FA, do Nascimento AE. Comparison of smear layer 

removal using the Nd: YAG laser, ultrasound, ProTaper 



J Ayub Med Coll Abbottabad 2024;36(4 Suppl 1) 

916 

Universal system, and CanalBrush methods: an in vitro study. 

J Endod 2015;41(3):400–4. 

6. McDonald RE, Avery DR, Dean JA. Treatment of deep caries, 

vital pulp exposure, and pulpless teeth. Mcdonald Avery's 
Dent Child Adolesc 2010;9:343–65. 

7. Demiryürek EÖ, Kalyoncuoğlu E, Duran E, Çoban AY, Çaycı 

YT. Efficacy of different instrumentation techniques on 
reducing Enterococcus faecalis infection in experimentally 

infected root canals. J Dent Sci 2014;9(1):23–8. 

8. Violich D, Chandler NP. The smear layer in endodontics–a 
review. Int Endod J 2010;43(1):2–15. 

9. Ghasemi N, Torabi ZS. The Effect of Photodynamic Therapy on the 

Smear Layer Removal: a Scanning Electron Microscopic Study. J 
Dent 2021;22(3):162. 

10. Young G, Parashos P, Messer HJ. The principles of techniques for 

cleaning root canals. Aust Dent J 2007;52:S52–63. 
11. Blank-Gonçalves LM, Nabeshima CK, Martins GH, de Lima 

Machado ME. Qualitative analysis of the removal of the smear layer 

in the apical third of curved roots: conventional irrigation versus 
activation systems. J Endod 2011;37(9):1268–71. 

12. Abraham S, Vaswani SD, Najan HB, Mehta DL, Kamble AB, 

Chaudhari SD. Scanning electron microscopic evaluation of smear 
layer removal at the apical third of root canals using diode laser, 

endoActivator, and ultrasonics with chitosan: An in vitro study. J 

Conserv Dent 2019;22(2):149. 
13. Udart M, Stock K, Graser R, Hibst RJ. Inactivation of bacteria by 

high-power 940 nm laser irradiation. Med Laser Appl 
2011;26(4):166–71. 

14. Parirokh M, Eghbal MJ, Asgary S, Ghoddusi J, Stowe S, Forghani 

F, et al. Effect of 808nm diode laser irradiation on root canal walls 
after smear layer removal: A scanning electron microscope study. 

Iran Endod J 2007;2(2):37. 

15. Olivi M, Raponi G, Palaia G, Berlutti F, Olivi G, Valentini E, et al. 
Disinfection of root canals with laser-activated irrigation, 

photoactivated disinfection, and combined laser techniques: an ex 

vivo preliminary study. Photobiomodulation Photomed Laser Surg 
2021;39(1):62–9. 

16. Lee MT, Bird PS, Walsh LJ. Photo‐activated disinfection of the root 

canal: a new role for lasers in endodontics. Aust Endod J 

2004;30(3):93–8. 

17. Schäfer E, Schlingemann RJ. Efficiency of rotary nickel–titanium 

K3 instruments compared with stainless steel hand K-Flexofile. Part 
2. Cleaning effectiveness and shaping ability in severely curved root 

canals of extracted teeth. Int Endod J 2003;36(3):208. 

18. Kimura Y, Wilder-Smith P, Yonaga K, Matsumoto KJ. Treatment 
of dentine hypersensitivity by lasers: a review. J Clin Preiodontol 

Rev Artic 2000;27(10):715–21. 

19. Martins MR. Efficacy of the Er, Cr: YSGG laser in the Laser 
Assisted Endodontic Treatment: Blind Randomized Clinical Trial: 

(Doctoral dissertation, Universidade do Porto (Portugal)); 2016. 

20. Blakimé A, Henriques B, Silva FS, Teughels W, Özcan M, Souza 
JC. Smear layer removal and bacteria eradication from tooth root 

canals by Erbium lasers irradiation. Laser Dent Sci 2023;7(4):167–

93. 
21. Arslan H, Akcay M, Capar I, Saygili G, Gok T, Ertas HJ. An in vitro 

comparison of irrigation using photon‐initiated photoacoustic 

streaming, ultrasonic, sonic and needle techniques in removing 

calcium hydroxide. Int Endod J 2015;48(3):246–51. 

22. Zand V, Milani AS, Amini M, Barhaghi MHS, Lotfi M, Rikhtegaran 

S, et al. Antimicrobial efficacy of photodynamic therapy and 
sodium hypochlorite on monoculture biofilms of Enterococcus 

faecalis at different stages of development. Photomed Laser Surg 

2014;32(5):245–51. 
23. Pirnat S. Versatility of an 810 nm diode laser in dentistry: an 

overview. J Laser Health Acad 2007;4(2):1–9. 

24. Strazzi-Sahyon HB, Banci HA, Maltarollo TFH, Martinez CMT, 
Rocha EA, Figueiredo RB, et al. The impact of methylene blue 

photosensitizer, aPDT and a calcium hydroxide-based paste on the 

physicochemical and mechanical characteristics of root canal dentin 
and the bonding interface of fiberglass posts. J Photochem Photobiol 

B 2024;253:112878. 

25. Sabino CP. Antimicrobial photodynamic inactivation mediated by 
methylene blue: analysis of inactivation kinetics and biochemical 

mechanisms: (Doctoral dissertation, Universidade de São Paulo) 

2021. 
26. Dalton BC, Ørstavik D, Phillips C, Pettiette M, Trope M. Bacterial 

reduction with nickel-titanium rotary instrumentation. J Endod 

1998;24(11):763–7. 
27. Manu U. Compact effect of EDTA, EGTA, Citric Acid and MTAD 

solutions on Smear Layer Removal and Microhardness on 

instrumented Root Canal Dentin: An In Vitro study: Sree 
Mookambika Institute of Dental Sciences, Kanyakumari; 2013. 

28. Praveen M. A Comparative Evaluation of Intra-Radicular Smear 
Removal Efficacy of Chitosan, 17% EDTA and 10% Citric Acid 

used as Final Rinse in Irrigation Protocols: A field Emission 

Scanning Electron Microscopic study: JKK Nattraja Dental College 
and Hospital, Komarapalayam; 2016. 

29. del Carpio-Perochena AE, Bramante CM, Duarte MA, Cavenago 

BC, Villas-Boas MH, Graeff MS, et al. Biofilm dissolution and 
cleaning ability of different irrigant solutions on intraorally infected 

dentin. J Endod 2011;37(8):1134–8. 

30. Çobancı F, Kaya S, Adıgüzel Ö. Smear layer removal efficacy of 
various irrigation solutions with an ultrasonic activation system: an 

in vitro study. Turkish Endod J 2023;8(1):20–4. 

31. Pintor AVB, Dos Santos MRM, Ferreira DM, Barcelos R, Primo 

LG, Maia LC. Does smear layer removal influence root canal 

therapy outcome? A systematic review. J Clin Pediatr Dent 

2016;40(1):1–7. 
32. Darrag AJ. Effectiveness of different final irrigation solutions on 

smear layer removal in intraradicular dentin. Tanta Dent J 

2014;11(2):93–9. 
33. Akshaya V. Comparing The Ability Of Two Herbal Irrigants On 

Smear Layer Removal Against 2.5% Sodium Hypochlorite And 

Chlorinedioxide-a SEM Analysis: Ragas Dental College and 
Hospital, Chennai; 2020. 

34. Boutsioukis C, Kastrinakis E, Lambrianidis T, Verhaagen B, 

Versluis M, van der Sluis LW. Formation and removal of apical 
vapor lock during syringe irrigation: a combined experimental and 

Computational Fluid Dynamics approach. Int Endod J 

2014;47(2):191–201. 
35. Park E, Shen Y, Haapasalo MJ. Irrigation of the apical root canal. 

Endod Top 2012;27(1):54–73. 

 

Submitted: March 30, 2024 Revised: November 9, 2024 Accepted: December 4, 2024 

Address for Correspondence: 
Dr. Hina Hammad, Hamdard University Dental Hospital, Karachi-Pakistan 

Cell: +92 316 224 2229 

Email: hina.hammad@hamdard.edu.pk 


