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ABSTRACT

AIM: To compare and evaluate the effect of different irrigation techniques i.e., conventional irrigation done
using side-vented needle, passive ultrasonic irrigation (PUI), and laser assisted irrigation (LAI) on sealer
penetration.

MATERIALS AND METHODS: A total of 30 single rooted mandibular premolars will be taken. Access cavity
will be prepared and root canals will be cleaned and instrumented till working length 1 mm short of the apex.
The samples will be randomly assigned into three experimental groups based on the final irrigation technique
used. Group I: Irrigation using side vented needle; Group Il: PUI; Group Ill: LAL All the samples will be
obturated using AH plus sealer and the sections will be observed under confocal laser scanning microscope to
evaluate the maximum depth of sealer penetration at 3mm, 5mm and 7mm levels. Statistical analysis will be
done by using one way ANOVA and Tukey’s post-hoc test to compare the maximum depth of sealer penetration.
RESULT: In the all three groups, coronal third (sections at 7mm from root apex) showed the highest
penetration depth of irrigant. Laser activation (Group 3) showed the highest penetration depth in all the three
sections when compared with manual and passive ultrasonic irrigant activation. One-way analysis of variance
and post hoc test showed there were significantly high differences among all the three groups and also at all
three levels (P < 0.05).

CONCLUSION: Diode laser—assisted irrigant activation technique had better penetration depth in all the three
aspects of root dentin.

KEY WORDS:Root Canal Irrigation, Passive ultrasonic irrigation, Laser activated irrigation, Confocal laser
scanning microscope.
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l. INTRODUCTION

The main goal of root canal treatment is to eliminate the microorganisms particularly in the apical third
area and to prevent re-infection. In order to achieve these goals the instrumentation must be combined with
adequate irrigation. Therefore, different irrigation methods have been proposed to deliver the irrigant to the
remote areas of the root canal. The dentinal tubular penetration depth of sealer is an important factor for
successful root canal treatment.

The root canal system is highly complex with extra canals, lateral canals, communications and multiple
portal of exit. Micro-CT studies showed that more than 35 to 40 % of root canal surface remains untouched by
instruments after cleaning and shaping procedures. For irrigation to be effective, it needs to penetrate such
portions of the root canal.

Various endodontic irrigants are used effectively to disinfect these root canal complexities and dentinal
tubules in root dentin. Among the endodontic irrigants, sodium hypochlorite can penetrate into the dentinal
tubules up to 300 um.[5] The penetration of sodium hypochlorite into the root dentin depends on its time,
concentration, temperature, and activation technique.[6,7]

Endodontic irrigants can be activated by manual irrigation activation and irrigant activation using
various devices such as sonic, ultrasonic, apical negative pressure irrigant system,[7] and plastic rotary files.[8]
There are evidence in literature that ultrasonic agitation can increase the penetration depth of irrigant even in the
apical third of root canal.[9] Dental lasers have unique properties such as photochemical, photoacoustic, and
photothermal effects.[10] Various properties of lasers such as smear layer removal, disinfection of root canal,
and postoperative pain management have been studied in literature.[11] But very limited research has been
performed on diode laser as irrigant activation. Thus, the aim of this study was to compare and evaluate the
penetration depth of irrigant after using manual, passive ultrasonic, and diode laser—assisted irrigant activation
technique.
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1. MATERIALS AND METHODS

This in-vitro study was conducted in D A Pandu Memorial R V Dental College after ethical approval
from the Institutional Review Board.

A total of 30 permanent mandibular premolars extracted due to periodontal/orthodontic reasons was
used in this study. The presence of single canal was verified radiographically. Teeth with immature apex,
radicular resorption or an endodontic filling was rejected. Teeth were immersed in 4% NaOCI for 2hrs and any
visible calculus was removed ultrasonically.

Access cavity was prepared by using No. 2 endodontic access bur. Working length was established by
inserting a size 10 K file until the file tip appeared at the apical foramen and then subtracting 1mm from this
length. Biomechanical preparation was done using step-back preparation. The apical preparation was done up to
size 40 K- file and then step back was done. Recapitulation was achieved to the estimated working length by
using size 15 K-files. During cleaning and shaping the protocol followed for irrigation included 3ml of 5.25%
NaOCl, 3ml of 17% EDTA followed by 3ml of 5.25% NaOCI using a 27 gauge irrigation needle.

Experimental Groups

The specimens was broadly divided into three groups based on the final irrigation technique used.
GROUP I : Conventional irrigation using side vented needle

GROURP 1 : Passive ultrasonic Irrigation (PUI)

GROURP 111 : Laser Assisted Irrigation (LAI)

Obturation of the root canals

The sealer was manipulated consistently with the manufacturer’s instructions. For analysis under the
CLSM, sealer was labeled with Rhodamine B dye to an approximate concentration of 0.1%. The sealer was
placed with size 30 Lentulo spiral within the root canals keeping it 1 mm above the working length, and size F3
master gutta-percha cone was coated with sealer and placed within canal at working length. The root canals
were then obturated with the lateral compaction technique using an endodontic finger spreader and accessory
gutta-percha cones with a 0.02 taper until the entire length of the root canal was filled. Excess gutta-percha was
removed employing a heated plugger, and vertical compaction was performed 1 mm below the orifice level;
then, the teeth were sealed with a temporary cement barrier and stored in an incubator at 37°C at 100%
humidity to allow the complete set of the sealer.

EVALUATION

The sectioning of the samples were done after 1 week. For examining of sealer penetration depth, each
specimen was sectioned perpendicular to its long axis with a diamond disc at 7 mm, 5 mm, and 3 mm from the
root apex using a diamond disk (Horico Dental, Berlin) with a slow-speed (25,000 rpm) handpiece under the
copious amount of water coolant to avoid friction. The specimens were then mounted onto glass slides, and the
sample thickness submitted to CLSM was approximately 1.0 £ 0.1 mm thick.

Penetration depth measurement

All the sections were examined under CLSM (Leica TCS SP8, Germany) at x20 magnification with a
wavelength of 514 nm. Sealer penetration depth into the dentinal tubules was measured by Adobe Photoshop
CS3 using the method described by Bolles et al. [14] Using a ruler tool on the LSM Image Browser software,
the sealer penetration depth was measured in micrometers (um) and the depth of sealer penetration was
recorded.

STATISTICAL ANALYSIS:

The sample size has been estimated using the GPower software v. 3.1.9.7.Considering the effect size to
be measured (f) at 60% [Based on the results from the previous study done by Tushar Kanti Majumdar et al,
2021], power of the study at 80% and the alpha error at 5%, the total sample size needed was 30. Each study
group comprised of 10 samples [10 samples x 3 groups = 30 samples]

One-way ANOVA test followed by Tukey’s Post hoc test were used to compare the mean Depth of
Sealer Penetration between the 3 study groups. The level of significance [P-Value] was set at P<0.05.

1. RESULTS
In the all three groups, coronal third (sections at 7mm from root apex) showed the highest penetration
depth of irrigant. Laser activation (Group 3) showed the highest penetration depth in all the three sections when
compared with manual and passive ultrasonic irrigant activation. One-way analysis of variance and post hoc test
showed there were significantly high differences among all the three groups and also at all three levels
(P < 0.05). Representative pictures from each group are below.
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IV.  DISCUSSION

The main aim of root canal treatment is to seal the root canal system to prevent re-infection [14]. The
components of root canal filling includes a hard core like gutta percha and a sealer to better adapt the root canal
filling material to the canal wall [15]. The sealer root canal wall interface is essential for the sealing of the root
canal system as the sealer can fill the irregularities within the root canal wall and the dentinal tubules which

cannot be filled by gutta percha alone [16-18].
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This study evaluated and compared the effect of different irrigation methods on sealer penetration.
There are many factors which influence the penetration of irrigants in the apical third of the root canal. One of
the factors is the final apical preparation size. An apical preparation of ISO size 40 is adequate to accommodate
sufficient irrigant volume.[19,20] Therefore, in the present study apical preparation size was standardized to a
size 40/0.02. A closed end model was used to simulate the clinical procedures by sealing the apical foramen
with glue.

Another factor which influences the penetration of irrigants in the apical third is the irrigant delivery
method. In the present study, manual irrigation using side vented needle, PUI, and LAI was used to evaluate the
sealer penetration in the apical third of the root canal.

In this study, CLSM was used to evaluate the penetration of the root canal. In contrast to SEM, CLSM
allows the penetration of the root canal sealer to be evaluated in three dimensions, resulting in less artefacts in
images than other methods.[24] Tedesco et al reported that CLSM allows better evaluation of the penetration of
root canal sealer compared to SEM.

In CLSM analysis, a fluorescent dye is needed to ensure the sealer is visible. Previous studies have
reported that Rhodamine B does not change the physical properties of sealer. [14,20] Therefore, in this study,
Rhodamine B was added to the sealer to show its penetration into the dentinal tubules under CLSM. In this
study, the penetration percentage of root canal sealer was higher in the coronal sections than the apical sections
in all groups.

The regional differences between apical and coronal divisions can be explained by the increasing
complexity of the root canal anatomy, the decrease in the number of dentinal tubules, the narrowing of the
dentinal tubules towards the apical, and the increase in tubular sclerosis in the apical part. Research using SEM
analysis also revealed that the apical section contained a greater amount of smear layer than the coronal section
after various irrigation activation methods[20]. Therefore, further removal of the smear layer and debris in the
coronal region may have allowed more sealer to penetrate into the coronal tubules. Another possible
explanation for the regional differences may be that air can be compressed in the dentine surfaces when gutta-
percha is inserted into the channel so that the sealer moves in the reverse direction and contact between the
sealer and dentine is reduced [14,28].

To increase the penetration of root canal sealer into the dentinal tubules, it is advisable to activate
irrigation solutions using different techniques and devices[2,12]. Of the various methods, Diode laser—assisted
irrigant activation clearly showed the highest amount of penetration depth into the root dentin. This study is in
concurrence with previous studies conducted using diode laser and various irrigants. The reason behind the
better performance of diode laser is on account of its mode of delivery, the 200 um fiber optic tip with length of
14 mm. When passive ultrasonic irrigant activation and laser—assisted activation are compared, penetration
depth in ultrasonic group was found to be lesser than that of laser group. This could be attributed to the shorter
contact time between ultrasonic file and root canal.

A limitation of the present study is the fact that the root canals were filled immediately after canal
preparation because this is not always possible in a clinical setting, and intracanal medicament may be
necessary in intermediate sessions. Over the course of several treatment visits, sealer penetration may reduce as
it is not possible to remove all the medicament from the root canal.[14,32]

V.  CLINICAL SIGNIFICANCE

Various anatomical complexities of dentin may limit the irrigant penetration into the dentinal tubules.

«  The average number of dentinal tubules (in an area of 1 mm? was similar in coronal zone (46,798 +
10,644) and apical zone (45,192 + 10,888), while in the middle zone they were lower in number (30,940 +
7,651).

* In the coronal zone, dentinal tubules had a greater diameter (4.32 m) than the middle zone (3.74 um) and
the apical zone (1.73 um).

« And hence the tubules are more densely packed in the apical zone. Therefore the removal of debris and
penetration of irrigant in the apical zone was difficult and more crucial for the successful treatment
outcome.

VI. CONCLUSION
Irrigation is crucial for disinfection and the quality of obturation.Under the limitations of the study it
was concluded that diode laser activated irrigation showed highest depth of sealer penetration followed by
passive ultrasonic irrigation and irrigation using side vented needle respectively. However the damage to
periodontal ligament and alveolar socket could be reduced by lower power settings and prolonging the time of
activation.

DOI: 10.9790/0853-2301104448 www.iosrjournals.org 47 | Page



Comparative Evaluation Of Efficacy Of Three Irrigating Methods In Endodontic Treatment.......

1.
2.

[31.
[4].

[5].
[6].

7.
[8].
[9].

[10].

[11].

[12].
[13].
[14].
[15].
[16].
[17].
[18].

[19].

[20].
[21].

[22].

[23].
[24].

[25].
[26].

[27].

[28].
[29].

[30].
[31].

[32].

REFERENCES

Ahuja P., Nandini S, Ballal S, Velmurugan N. Effectiveness Of Four Different Final Irrigation Activation Techniques On Smear
Layer Removal In Curved Root Canals: A Scanning Electron Microscopy Study. J Dent (Tehran) 2014,11:1-9

Virdee Ss, Seymour Dw, Farnell D, Bhamra G, Bhakta S. Efficacy Of Irrigant Activation Techniques In Removing Intracanal
Smear Layer And Debris From Mature Permanent Teeth: A Systematic Review And Meta-Analysis. Int Endod J 2018;51:605-621.
Violich Dr, Chandler Np. The Smear Layer In Endodontics - A Review. Int Endod J 2010,43-2-15.

Capar Id, Aydinbelge Ha. Effectiveness Of Various Irrigation Activa- Tion Protocols And The Self-Adjusting File System On
Smear Layer And Debris Removal. Scanning 2014,36:640-647.

Ramamoorthi S, Nivedhitha Ms, Divyanand Mj. Comparative Evalu- Ation Of Postoperative Pain After Using Endodontic Needle
And Endo- Activator During Root Canal Irrigation: A Randomised Controlled Trial. Aust Endod J 2015:41:78-87

Andrabi Sm, Kumar A, Mishra Sk, Tewari Rk, Alam S, Siddiqui S. Effect Of Manual Dynamic Activation On Smear Layer
Removal Efficacy Of Ethylenediaminetetraacetic Acid And Smearclear. An In Vitro Scan- Ning Electron Microscopic Study. Aust
Endod J 2013:39:131-136.

Bolles Ja, He J, Svoboda Kk, Schneiderman E, Glickman Gn. Com- Parison Of Vibringe, Endoactivator, And Needle Irrigation On
Sealer Penetration In Extracted Human Teeth. J Endod 2013;39:708-711.

Urban K, Donnermeyer D, Schéfer E, Birklein S. Canal Cleanliness Using Different Irrigation Activation Systems: A Sem
Evaluation. Clin Oral Investig 2017,21-2681-2687

Tay Fr, Gu Ls, Schoeffel Gj, Et Al. Effect Of Vapor Lock On Root Canal Debridement By Using A Side-Vented Needle For Gant
Delivery. J Endod 2010:36:745-750,

Akman M. Akbulut Mb, Aydinbelge Ha. Belli S. Comparison Of Different Irrigation Activation Regimens And Conventional
Irrigation Techniques For The Removal Of Modified Triple Antibiotic Paste From Root Canals. J Endod 2015;41:720-724.

Conde Aj, Estevez R, Lorofio G, Valencia De Pablo O, Rossi-Fedele G, Cisneros R. Effect Of Sonic And Ultrasonic Activation On
Organic Tissue Dissolution From Simulated Grooves In Root Canals Using Sodium Hypochlorite And Edta. Int Endod J
2017,50:976-982.

Machado R, Cruz Atg, De Araujo Bmm, Klemz Aa, Klug Hp, Da Silva Neto Ux. Tubular Dentin Sealer Penetration After Different
Final Irrigation Protocols: A Confocal Laser Scanning Microscopy Study. Microse Res Tech 2018:81:649-654.

El Hachem R, Le Brun G, Le Jeune B, Pellen F, Khalil 1, Abboud M. Influence Of The Endo Activator Irrigation System On
Dentinal Tubule Penetration Of A Novel Tricalcium Silicate-Based Sealer. Dent J (Basel) 2018:6:45.

Russell A, Friedlander L, Chandler N. Sealer Penetration And Adaptation In Root Canals With The Butterfly Effect. Aust Endod J
2018;44-225-234.

Celikten B, Uzuntas Cf, Orhan Al, Et Al. Evaluation Of Root Canal Sealer Filling Quality Using A Single-Cone Technique In Oval
Shaped Canals: An In Vitro Micro-Ct Study. Scanning 2016,38:133-140.

Al-Ali M, Sathorn C, Parashos P. Root Canal Debridement Efficacy Of Different Final Irrigation Protocols. Int Endod J
2012,45:898-906.

Balguerie E, VVan Der Sluis I., Vallaeys K, Gurgel-Georgelin M, Die-Mer F. Sealer Penetration And Adaptation In The Dentinal
Tubules:

A Scanning Electron Microscopic Study. J Endod 2011;37:1576-1579. 18. Chandra Ss, Shankar P, Indira R. Depth Of Penetration
Of Four Resin Sealers Into Radicular Dentinal Tubules: A Confocal Microscopic Study. J Endod 2012,38:1412-1416.

Tedesco M, Chain Mc, Bortoluzzi Ea, Da Fonseca Roberti Garcia L, Alves Amh, Teixeira Cs. Comparison Of Two Observational
Methods, Scanning Electron And Confocal Laser Scanning Microscopies, In The Adhesive Interface Analysis Of Endodontic
Sealers To Root Dentine. Clin Oral Investig 2018,22:2353-2361.

Kara Tuncer A, Tuncer S. Effect Of Different Final Irrigation Solutions On Dentinal Tubule Penetration Depth And Percentage Of
Root Canal Sealer. J Endod 2012;38:860-863.

Oliveira Kv, Silva Bm, Leonardi Dp, Et Al. Effectiveness Of Different Final Irrigation Techniques And Placement Of Endodontic
Sealer Into Dentinal Tubules. Braz Oral Res 2017;31:E114.

Akcay M, Arslan H, Durmus N, Mese M, Capar Id. Dentinal Tubule Penetration Of Ah Plus, Iroot Sp, Mta Fillapex, And Guttaflow
Bioseal Root Canal Sealers After Different Final Irrigation Procedures: A Con- Focal Microscopic Study. Lasers Surg Med
2016;48:70-76

Generali L, Cavani F, Serena V. Pettenati C, Righi E, Bertoldi C. Effect Of Different Irrigation Systems On Sealer Penetration Into
Den- Tinal Tubules. J Endod 2017:43:652-656.

Gu Y, Perinpanayagam H, Kum DJ, et al. Effect of different agita- tion techniques on the penetration of irrigant and sealer into
dentinal tubules. Photomed Laser Surg 2017:35:71-77.

MeMichael GE, Primus CM, Opperman LA. Dentinal tubule penetra- tion of tricalcium silicate sealers. J Endod 2016,42:632-636
Rédig T. Déllmann S, Konietschke F, Drebenstedt S, Hilsmann M. Effectiveness of different irrigant agitation techniques on
debris and smear layer removal in curved root canals: A scanning electron microscopy study. J Endod 2010:36:1983-1987.

Moon YM, Shon WJ, Baek SH, Bae KS, Kum KY, Lee W. Effect of final irrigation regimen on sealer penetration in curved root
canals. J Endod 2010;36:732-736.

Mutal L, Gani O. Presence of pores and vacuoles in set endodontic sealers. Int Endod J 2005:38:690-696.

Akcay M, Arslan H, Durmus N, Mese M, Capar ID. Dentinal tubule penetration of AH plus, iRoot SP, MTA fillapex, and guttaflow
bioseal root canal sealers after different final irrigation procedures: A confocal microscopic study. Lasers Surg Med 2016;48:70 6.
Collado Gonzélez M, Tomas Catala CJ, Ofiate Sanchez RE, Moraleda JM, Rodriguez Lozano FJ. Cytotoxicity of GuttaFlow
Bioseal, GuttaFlow2, MTA fillapex, and AH plus on human periodontal ligament stem cells. J Endod 2017;43:816 22.

Tanomaru Filho M, Torres FF, Chavez Andrade GM, de Almeida M, Navarro LG, Steier L, et al. Physicochemical properties and
volumetric change of silicone/bioactive glass and calcium Silicate based endodontic sealers. J Endod 2017;43:2097 101.

Arikatla SK, Chalasani U, Mandava J, Yelisela RK. Interfacial adaptation and penetration depth of bioceramic endodontic sealers. J
Conserv Dent 2018;21:373 7

DOI: 10.9790/0853-2301104448 www.iosrjournals.org 48 | Page



