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A. Problem statement  The smear layer consists of organic and inorganic 

components, such as vital or necrotic pulp tissue, 

microorganisms, salivary components, blood cells, 

and dentinal debris. It has an amorphous and 

irregular appearance and consists of two separate 

layers. 

 The smear layer should be removed from the surface 

of the canal wall because it not only harbours bacteria 

but also reduce dentin permeability by preventing 

penetration of root canal sealers into the dentinal 

tubules. Thus it can act as a barrier between the 

obturating materials and root canal wall that may 

interfere with the formation of an appropriate seal.1 

 

Photodynamic therapy (PDT) has been recommended 

as an adjunctive procedure which acts as bactericidal 

in the root canal system after standard endodontic 

debridement. It involves the use of a photosensitizer 

(e.g. methylene blue dye) that is activated by light in 

the presence of oxygen. Photosensitizer binds to 

bacterial membrane surface and enters into the 

cytoplasm.2 

 

Sonic driven irrigant activation system that uses non 

dentine cutting polymer tips in a portable hand piece 

to vigorously agitate solutions during root canal 

debridement.7 

 

Etidronic acid (HEBP) is a bisphosphonate. Although it 

is a weak chelator, it has the ability to remove the 

smear layer from the root canal. Because of its weak 

chelation, it does not damage dentin surface 

compared to EDTA. HEBP can be used in combination 

with NaOCl without a change in its chemical 

composition, providing effective root canal 

disinfection.6 

 

Different techniques and irrigant delivery device have 

been proposed to increase the flow and distribution 

of irrigating solution within the root canal system.  

Thus this study focuses on evaluation of 

photodynamic therapy and sonic irrigant activation 

on the dentinal tubule sealer penetration. 

  

B. Rationale Evaluation of photodynamic therapy and sonic 

activation of irrigants on   depth of   sealer 

penetration into dentinal tubule.  

C. Novelty The present study is intended to compare sealer 

penetration with photodynamic therapy and sonic 



activation of irrigants. 

D. Expected outcome and 

application 

The photodynamic therapy might have more depth of 

sealer penetration compared to sonic activation of 

irrigants. 

3 Research question(s) Is there any significant difference between 

photodynamic therapy and sonic activation of 

irrigants in sealer penetration into dentinal tubules? 

4 Research hypothesis (es), if any There will be statistically significant differences 

between photodynamic therapy and sonic activation 

of irrigants on sealer penetration 

5 Objectives of the Study: 

A. Primary objective(s) 

 

 

 

B. Secondary objective(s) 

To evaluate depth of sealer penetration into dentinal 

tubule with photodynamic therapy and sonic 

activation of irrigants. 

 

To compare the depth of sealer penetration into 

dentinal tubule. 

6 1. Review of literature 1. A study by Gül Keskin et al(2021) on 

efficacy of   

Antimicrobial  photodynamic  therapy and 

Er,Cr:YSGG laser-activated irrigation on 

dentinal tubule penetration of MTA-based 

root canal sealer. The results were 

statistically analyzed. The result showed 

that maximum penetration depth of the 

PDT group was significantly higher than 

that of the other groups in all three levels 

of root sections (p<0.05). The Er,Cr:YSGG  

(LAI) group  lowest  penetrated  area 

percentage in the middle and coronal third 

of the root (p<0.05). The C500 (PDT) and 

LAI groups were more effective in 

removing the smear layer than the control 

and MB50 groups. The study concluded 

aPDT could enhance the penetration of 

MTA-based root canal sealer into dentin 

tubules.3 

 

2. A study by Marilia Menezes et al on 

Effect of photodynamic therapy and non-

thermal plasma, root canal filling adhesion 

and sealer penetration Sixty single-rooted 

premolars were used. The teeth were 

prepared using a crown-down technique. 

NaOCl and EDTA were used for irrigation 

and smear layer removal, respectively. The 

root canals were divided into three groups: 

control, PDT, and NTP. After treatments, 

the roots were filled using gutta-percha 

and either AH Plus (AHP) or MTA Fillapex 

https://pubmed.ncbi.nlm.nih.gov/?term=Keskin+G&cauthor_id=34666196
https://pubmed.ncbi.nlm.nih.gov/?term=Menezes+M&cauthor_id=28877278


(MTAF) sealers. Samples were sectioned at 

4, 8, and 12 mm from the apex (1-mm 

slices) and analyzed by the push-out bond 

strength test (adhesion) and 

sealer penetration. Data were statistically 

evaluated using Kruskal-Wallis, Dunn's, 

and Spearman's tests.  

The results showed that maximum 

,mean penetration, and  penetrated area 

were statistically higher in the control 

group than in the PDT and NTP groups. 

the study concluded that PDT and 

plasma therapy affected the adhesion 

and sealer penetration of root canals filled 

with AH Plus and MTA Fillapex and there is 

no positive correlation between adhesion 

and sealer penetration.4   

 

3.A  study  by  Zeliha  Uğur  Aydin  et al             

on efficiency of a 

new    sonic   powered   irrigation  system 

named  EDDY (VDW, Munich, Germany),  

passive ultrasonic  irrigation (PUI) and 

conventional needle  irrigation (CNI) in 

root canal  sealer  penetration. The  results 

showed that in the EDDY group, 

the  penetration  depth was higher 

compared to the CNI group in the apical 

and middle sections and compared to the 

PUI group in the apical section (P ˂ 0.05). 

The penetration area in the EDDY group 

was higher compared to the CNI group in 

all sections and compared to the PUI 

group in the coronal section (P ˂ 0.05). 

The percentage of penetration was higher 

in the EDDY group compared to the CNI 

group in all sections and compared to the 

PUI group in the coronal section (P ˂ 

0.05).5   

 

                                                                                                                                                                                                                                                                                                                                                                                                                                

4. A study by Ammar EID et al investigated the 

sealing ability of Bioroot RCS and AH Plus 

sealers. 50mandibular premolars recently 

extracted, single-rooted, were selected. The 

samples were randomly divided in 2 equal 

groups (n = 25) for obturation: BioRoot sealer 

(Group 1) and AH Plus sealer (Group 2). 

Fifteen teeth of each group were prepared for 

https://pubmed.ncbi.nlm.nih.gov/?term=U%C4%9Fur+Aydin+Z&cauthor_id=34219444


microleakage evaluation. The teeth were 

cleared using teeth clearing technique, then 

the teeth were examined by a stereo 

microscope (20x magnification) for evaluation 

of the linear dye penetration at the tooth 

materials interface. The other 10 teeth of each 

group were prepared to evaluate the void 

percentages at 2 mm from the apex and in 

order to observe and analyze the presence of 

intra-tubule tags. Data were statistically 

compared by One-way Analysis of Variance 

test. Results showed that BioRoot sealed the 

root canal better compared to AH Plus Sealer. 

The study concluded that showed  Bioroot 

RCS has a good apical sealing-ability when it 

was used in a single cone technique 

comparing to AH Plus sealer in the mandibular 

premolar with one canal.8   

 

 

 

 

`7 3. Methodology  

A. Study design In-vitro study 

B. Study participants (human, 

animals or both) 

Not applicable 

i. Inclusion criteria 

 

 

ii. Exclusion criteria 

 

 

iii. Withdrawal criteria, if any (trial-

related  

therapy, follow-up and 

documentation are terminated 

prematurely as it is indicated to 

ensure safety of the 

participants)   

 

iv. Rescue criteria, if applicable 

(starting symptomatic therapy 

either to control symptoms of 

disease or to overcome lack of 

adequate efficacy of the study 

drug or placebo)                  

                                                   

v. Number of groups to be 

 Single rooted human tooth with mature apex  

 

 decayed tooth ,crack tooth , root resorption, 

tooth with curved root 

 

 N/A 

 

 

 

 

 

 

 

 N/A 

 

 

 

 

 

 

 There are 6 groups in this study as follows 

            group 1- NaOCl 



studied, identify groups with 

definition 

            group 2- NaOCl + PDT laser 

            group 3- NaOCl  + sonic activation 

            group 4- etidronic acid, 

            group 5- etidronic acid + PDT laser 

            group 6- etidronic acid + sonic activation 

 

C. Sampling  

a. Sampling population 

 

 

b. Sample size calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Sampling technique 

 

90 extracted single rooted human tooth with mature 

apex  

 

Means - Hypothesis testing for means (equal 

variances)  

Standard deviation in group I = 43.43  

Standard deviation in group II = 35.3  

Mean difference = 46.12  

Effect size = 1.17159913628858  

Alpha Error(%) = 5  

Power(%)= 90  

sided = 2  

Required sample size per group = 15  

 

Note:  

Considering the standard deviation of 43.43 & 35.3 

and mean difference as 46.12 from the pilot 

study/parent article, the calculated effect size came 

up to 1.1715. With 5% Alpha error and 90% Power; 

the calculated sample size came up to 15 per group 

 

 

N/A 

D. Randomization details (for 

interventional studies)- 

Intervention details with 

standardization techniques (drugs 

/ devices / invasive procedures / 

noninvasive procedures / others) 

- 

E. Ethical Clearance from the 

Institution’s Ethics Committee 

Obtained? (Copy to be Attached) 

- 

F. Study procedure Tooth Preparation   

 

90 extracted non-carious single-rooted mandibular 

premolar human teeth with straight canals will be 

used in this study. Before the experiment, root 

surfaces of all specimens will be cleaned mechanically 

and ultrasonically. The crowns of the teeth will be  

decoronated at the cemento-enamel junction with a 

high-speed diamond disc under water irrigation. The 

canals will be instrumented by the crown down 



technique up to ProTaper F3. The working length will 

be determined 1 mm shorter from the anatomical 

apical foramen. Total number of samples will be  

randomly divided into six groups (n = 15) based on 

the irrigation regimen 

 

PDT parameter  and  procedure  

 

 The root canals will be filled with photosensitizer and 

will be  allowed to stand for 2 mins in the root canal ( 

pre- irradiation time). Root canals will be  irradiated 

with 810 nm width +/- 10nm diode laser (indilase 

diode laser) for 120 sec. Optical fiber will be  initially 

inserted up to the working length, and spiral 

movements, from apical to coronal, will be performed 

to allow adequate distribution of light throughout the 

root canal. 

 

group 1- root canals irrigated with 3% NaOCl for 

3mins  and the root canals are flushed with sterile 

saline 

 

group 2-  root canal irrigated with NaOCL followed by 

PDT then final flush by sterile saline. 

 

 group 3 - NaOCL  activated with sonic device( Sonic 

Endo System, Glows) 

 

group 4 - root canals irrigated with etidronic acid 

(Tween Kleen) for 3 mins and the root canals are 

flushed with 5 mL of sterile saline. 

 

group 5 - root canals irrigated with etidronic acid 

followed by PDT then final flush by sterile saline. 

 

group 6 – etidronic acid activated with sonic device. 

 

THE Bioroot RCS (Septodont, Saint Maur DES Fosses, 

France) sealer will be mixed with 0.1% rhodamine B. 

The endodontic sealer will be applied in the canal and 

single cone obturation will be done. The specimens 

will be stored at 37o C and 100% humidity for seven 

days to allow the sealer to set. A 1 mm thick 

horizontal slice will be prepared from coronal middle 

and apical portion of the root using a diamond disc 

under water cooling and apical 3mm is discarded. The 

coronal surfaces of the slices will be polished to 

eliminate dentin debris generated during the cutting 

procedures and to produce highly reflective surface. 



 

Sealer penetration 

 

All the slices will be examined using confocal laser 

scanning microscope (CLSM). Four images from 

different area of each section will be taken and 

maximum penetration depth of the sealer in each 

image will be measured in micrometers. Mean depth 

of each section will be calculated. 

 

(NOTE- Non-availability of any material may 

necessitate a replacement by other material) 

G. Data collection methods including 

settings and periodicity 

 The penetration depth of the sealer will be measured 

in micrometers. Mean depth of each section is 

calculated. 

 

 

H. List of statistical tests to be used 

for data analysis 

Statistical Analysis:  

Continuous variables will be represented by mean 

and standard deviation values, while qualitative data 

will be represented by frequency and percentage. 

One-way ANOVA and Turkeys Posthoc analysis will be 

applied to determine whether there are any 

statistically significant differences between the means 

of three or more independent (unrelated) groups. 

 
I. If it’s a Clinical Trial: Clinical Trials 

Registry of India or equivalent 

registration number to be 

mentioned 

N/A 



8 4. List risks and benefits of the study There are no known risks involved in the study 

however this study may help the clinician to choose 

effective irrigation system 
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