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PART B – TECHNICAL DETAILS 

1 Title of the dissertation Comparative Evaluation of push out bond strength of glass fibre 

post to root canal dentine pretreated with Chlorhexidine, 

Proanthocyanidin, Riboflavin/Chitosan: An In Vitro Study  

 

2 Introduction  

A. Problem statement Endodontically treated teeth with inadequate sound tooth 

structure require post and core restoration. A post plays the 

pivotal role of retaining the core restoration and crown. It also 

redistributes the stresses down onto the root, thereby reducing 

the risk of coronal fracture. The failure of fiber post is 

multifactorial. One of the key reasons being debonding     Even 

after advancements in material sciences several reasons of 

failure of fibre posts prevail viz, adhesive, cohesive, mixed failure 

at different interfaces     Achieving efficient and stable bond 

between composite resin cement and dentin still remains a 

challenge in adhesive dentistry.  

B. Rationale Heterogeneous composition and hydrophilic characteristics of 

dentine are two of its main drawbacks as a bonding substrate. 

Degradation of collagen by matrix-bound proteases, including 

matrix metalloproteinases (MMPs) and cysteine cathepsins, 

poses a significant obstacle to dentine bonding. The bond 

strength and durability may be improved by pretreating the 

bonding substrate with substances that prevent MMP action, 

such as chlorhexidine     Two compounds that can promote 

collagen cross linkages and are utilised to boost bond strength 



and durability are proanthocyanidin and chitosan       Riboflavin, 

functions as an MMP inhibitor as well as collagen crosslinker      

 

C. Novelty  Chlorhexidine is a matrix metalloproteinase inhibitor that 

strongly inhibits the proteolytic activities of MMP- 2,8 

and 9.  

  

 Proanthocyanidins are oligomeric flavonoids found in 

fruits  and nuts which have shown to improve the 

biomechanical properties and bio stability of 

demineralised dentin matrix by stimulating interfibrillar, 

intrafibrillar, inter-microfibrillar cross links in collagen 

matrix.   

 

 Riboflavin is a compound that has ability to produce free 

radicals when photoactivated with diode laser helping in 

collagen cross linking and inactivating matrix 

metalloproteinase 9. In addition to cross linking, 

reinforcement of collagen can be achieved by 

incorporating biopolymers such as chitosan that can be 

cross linked with collagen fibrils. Incorporation of 

chitosan improves the biological and mechanical 

properties of collagen.    

 

The present study is intended to evaluate and compare the 

effect of root canal dentine pretreatment with chlorhexidine, 

proanthocyanidin, riboflavin/chitosan on the push out bond 

strength of glass fiber. Subsequently, analysis of the mode 

of failure. 

D. Expected outcome and 

application 

Chlorhexidine, Proanthocyanidin, Riboflavin/ Chitosan 

pretreatments are expected to exhibit higher bond strength 

than without any pretreatment modality. If this surface 

treatment performs well in the push out bond strength test it 

might be an important milestone in dentistry.  

 



3 Research question(s) Whether Chlorhexidine, Proanthocyanidin, Riboflavin/Chitosan 

pretreatment will provide better push out bond strength to 

dentine compared to that without any pretreatment?  

 

4 Research hypothesis (es), if 

any 

  Chlorhexidine pretreatment will elicit better dentine 

bonding at resin dentine interface.  

 Proanthocyanidin pretreatment will elicit better dentine 

bonding at resin dentin interface.  

 Riboflavin/Chitosan pretreatment will elicit better 

dentine bonding at resin dentine interface. 

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary 

objective(s) 

  

A. To determine the push out bond strengths of root canal 

dentine pretreated with:  

 Chlorhexidine 2%   

 Proanthocyanidin 6.5%   

 1% Riboflavin/Chitosan    

B.  

i. To  compare the push out bond strengths of root canal 

dentine pretreated with:  

Chlorhexidine 2%  

Proanthcyanidin 6.5%  

1% Riboflavin/Chitosan   

ii. To determine the predominant mode of failure:  

 Adhesive failure between cement and dentine/ 

cement and fiber post  

 Mixed failure  

 Cohesive failure within cement/dentin/fiber post 

 

 

6 1. Review of literature  A research was conducted by Douglas Ceccdin et al. 

(2015),in his study conducted to investigate the effects 

of proanthocyanidin rich extract on bond strength and 

stability of fiber post adhesion to root dentine using 

total etch and self etch resin cements. It elicited results 

showing pretreatment with Grape seed extract preserves 



the bond strength of fibre post to root dentine for a year 

regardless of Grape seed extract concentration and the 

adhesive system used. This indicates that Grape seed 

extract can be used as a biocompatible pretreatment 

alternative to improve bond strength stability of dentin 

adhesive interfaces in root canals     

 

 Rani Samyukta Gajjela et al. (2017) found that 

pretreating the dentine surface with 2% chlorhexidine, 

6.5%  Grape seed extract, and 1% riboflavin/chitosan 

significantly improved the microtensile bond strength of 

resin composite to dentine utilizing a self adhesive in 

their study for comparative evaluation of the same. The 

study showed chlorhexidine gave the best result 

followed by grape seed extract and riboflavin/chitosan. 

Thus, the recommendation of dentine pretreatment with 

collagen crosslinkers was proved to be a successful 

chairside procedure     

  

  A study was conducted by M. Durski et al. (2018) to 

assess the immediate and long term effect of 

Chlorhexidine treatment on root canal dentine. It was 

found that treatment with chlorhexidine prior to 

cementation increased the value of bond strength and 

provided a long-term result. Self adhesive cement 

provides higher push out bond strength under such 

conditions in all thirds compared to total  etch cements 

was also a significant finding      

 

 Gabrielle de Carli et al. (2018) performed a study that 

investigated the effects of proanthocyanidin rich extract 

on mechanical properties of demineralised  dentine 

matrix and bond strength and stability of the adhesion 

of fiber post to root dentine. The study proved that 

grape seed extract had a strong cross-linking capability 

for the dentin extracellular matrix and might be 

recommended as a root canal post space irrigant before 

using self-adhesive resin cement for post cementation. 

After a year of water storage, the bonding strength 

between fibre posts and root dentin luting using self-

adhesive remained constant      

 

 

 A study was conducted to evaluate efficacy of chitosan 

as post space irrigant in comparison to EDTA and normal 

saline. Chitosan as a post space irrigant has a favourable 



effect on the bond strength of glass fibre posts luted 

with self-adhesive resin cements, according to Dalia Ali 

Ahmed Moukarav and Shams Waaz Amgad Ali's 

conclusion from 2020      

  

 According to research by Arumugam Keerthivasan et al. 

(2021) on single rooted teeth to evaluate the push out 

bond strength of glass fibre post to root dentine 

pretreated with 6.5% proanthocyanidin and 0.02% 

phytosphingosine both increased the post bond 

strength of the fibre post to dentine when compared to 

control. according to research by Arumugam 

Keerthivasan et al. (2021). As a result, it was concluded 

that using 0.02% Phytosphingosine and 6.5% 

Proanthocyanidin is equally effective in enhancing the 

adhesion of fibre post to dentine     

7 2. Methodology  

 

 

A. Study design Comparative, In Vitro  

 

B. Study participants 

(human, animals or 

both) 

N/A 

i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, if 

any (trial-related 

therapy, follow-up 

and documentation 

are terminated 

prematurely as it is 

i. Inclusion criteria: Single rooted mandibular premolars with 

single canals, mature apices, straight canals and round cross 

sections extracted for orthodontic and periodontal purposes 

with root length ≥14mm. 

 

ii. Exclusion criteria: Presence of resorption, caries, root fractures 

or previous endodontic treatment.  

 



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 studied, identify 

groups with definition 

iii. Withdrawal criteria: N/A 

  

  

iv. Rescue criteria: N/A  

  

  

  

  

   

  

  

 

v. 

Group I: No pretreatment  

Group II: Pretreatment with 2% Chlorhexidine  

Group III: Pretreatment with 6.5% Proanthocyanidin  

Group IV: Pretreatment with 1% Riboflavin/Chitosan  

 

C. Sampling  

a. Sampling 

population  

b. Sample size 

calculation 

c. Sampling 

technique 

  

 a. Sampling population: 

 Total sample size is 68  

68 caries free single rooted premolars with single canals, round 

cross sections were selected.    

 

 b. Sample size calculation:  

 The sample size is estimated based on the following push out 

bond strength values:  

 Group A (Control) 9.25±2.88 

 Group C (6.5% Proanthocyanidin treated) 12.15±3.16   

Both values at middle third of root  

These values were obtained from the following reference:   

 Arumugam Keerthivasan, Justin Ardhra, Sampath Vidhya, 

L Vijay Amirtharaj, Kothandaraman Rajkumar, Mahalaxmi 

Sekar- Push out bond strength of a glass fiber post to 

root dentine pretreated with Proanthocyanidin and 

phytosphingosine- An in vitro study; published in the 

European Endodontic Journal on 26th April, 2021    

Sample size estimation was done using N Master 2.0 sample 

size estimation software as follows:  

    Assumptions:    

Two means- Hypothesis testing for two means (equal variances)  

  



Standard deviation in group I = 2.88  

Standard deviation in group II = 3.16  

Mean difference = 2.90  

Effect size = 0.96 

Alpha error (%) = 5  

Beta error (%) = 20  

Power(%) = 80 

Sided = 2  

Required sample size per group = 17   

 

Since there are 4 groups in the study, final minimum sample size 

is 68 (17 per group)  

 

Formula for sample size estimation :  

           
 

 
               

Sp= pooled standard deviation  

  = Mean difference   

       

 c.  

N/A 

  

 

 

D. Randomization details 

(for interventional 

studies)- Intervention 

details with 

standardization 

techniques (drugs / 

devices / invasive 

procedures / 

noninvasive procedures 

/ others) 

N/A  

 

E. Ethical Clearance from 

the Institution’s Ethics 

Committee Obtained? 

(Copy to be Attached) 

Yes  

IEC. No. 2022/P/CONS/90 



F. Study procedure MATERIALS:   

 0.1% thymol 

 3% Sodium hypochlorite solution (Prime dental products 

private limited) 

 17% EDTA solution -Dent Wash (Prime dental products 

private limited) 

 F3 Gutta-percha cones -Dia-ProT Plus (DiaDent) 

 AH plus sealer (Dentsply) 

 Distilled water  

 Etchant- 37% Phosphoric acid gel Eco-Etch (Ivoclar 

Vivadent) 

 Chlorhexidine 2% solution -Dentochlor (Ammdent) 

 Proanthocyanidin powder -Grape seed extract  (Healthy 

Hey Nutrition) 

 Riboflavin powder -Vitamin B2 Riboflavin (Zenith 

Nutrition) 

 Chitosan powder (Everest Biotech) 

 Diode laser (IndiLase) 

 Silane coupling agent -Silano (Angelus) 

 Glass fibre post -Reforpost Fibre glass by Angelus) 

 Adhesive -ParaBond Adhesive A and B (Coltene) 

 Resin cement -ParaCore (Coltene) 

     

  

  

 

METHODOLOGY:   

 

A sample size was calculated to be 68 (17 per group)   

 

For this study, 68 single rooted premolars with mature apices, 

straight canals, round cross sections extracted for orthodontic 

and periodontal reasons not having caries, resorption, root 

fractures or previous endodontic treatment will be selected and 

stored in 0.1% thymol solution until use.  

 

Preparation of solutions:   

  

Preparation of 6.5% Proanthocyanidin solution 

6.5g grape seed derived Proanthocyanidin powder will be 

weighed using a digital weighing balance and dissolved in 

100ml of distilled water to make a 6.5% Proanthocyanidin 

solution.  

  

Riboflavin and Chitosan modification   

1g of riboflavin in form of powder will collected from the 



capsules and dissolved in 100ml of distilled water.   

1g of chitosan in the form of powder will be dissolved in 100ml 

of distilled water.  

Then Chitosan will be added to riboflavin at 20% v/v ratio.   

 

Specimen preparation:   

    

Teeth will be decoronated at the cemento-enamel junction and 

the root length will be standardized to 14mm using diamond 

disc under water coolant.    

  

A size 10K file will be used to establish patency to working 

length at 1mm short of the apex. Cleaning and shaping will be 

done upto working length using rotary Niti files following 

sequences S1, S2, F1, F2 and F3 according to manufacturer's 

instructions. Canals will be  irrigated with 5ml of 3% NaOCl 

between each change of instrument. Following instrumentation, 

the smear layer removal will be done  using  5ml of 17% EDTA. 

Then the canal will be irrigated with 3% of NaOCl and finally 

with normal saline. Root canals will be obturated using F3 gutta-

percha cones and AH plus sealer.   

Post space will be prepared with upto #3 peeso reamer, 

retaining the apical 5mm of gutta-percha. The smear layer will 

be removed using 5ml of 17% EDTA and the post space will be 

etched with 37% phosphoric acid. The etchant will be rinsed off 

with water and the excess water will be dried with paper points.   

 

Specimens will be randomly assigned to 4 groups (n=17) based 

on the pretreatment of root canal dentine as follows:  

Group I- No pretreatment  

Group II- 2% Chlorhexidine 5ml for 60 seconds 

Group III- 6.5% Proanthocyanidin 5ml for 5mins with 

intermittent agitation. 

Group IV- 1% Riboflavin/ Chitosan for 2mins and photoactivated 

for 20 seconds with diode laser at a wavelength of 660nm with 

150 mW power and 23.43 J/    power density.   

At the end of the pretreatment all the solutions will be rinsed off  

and the canals will be dried with paper points.   

  

The surface of posts will be cleaned with alcohol, dried with air,   

then silane coupling agent will be applied with disposable 

applicators. It will be left in place for 1minute and gently dried 

with air. Adhesive A will be mixed with adhesive B in a ratio of 1: 

1. In all groups, adhesive will be applied onto root canal, excess 

will be removed by a paper point and gentle stream of air. The 

dual cure resin cement will be placed into the root canal by a 



curved mixing tip for precise application. Simultaneously glass 

fibre post will be coated with the resin cement and cemented 

into the root canal and light cured for 20 seconds. The samples 

were later stored in humidifier for 24 hours.    

  

Push out bond strength testing:   

 

Horizontal sections will be made at coronal and middle thirds of 

the root using diamond disc under water coolant to obtain 2mm 

thick slices. The push out bond strength of the glass fibre post 

to the root dentine was measured using a universal testing 

machine in apico-coronal direction. The post segments were 

loaded with a 1mm diameter plunger. A constant load of 

0.5mm/min was applied only to the post surface, until a bond 

failure occurred at one of the interfaces.   

  

After the push out test failure modes of 6 specimen from each 

group on both surfaces were evaluated by a single operator 

under stereo microscope at 45x magnification and classified as 

follows :   

A=  adhesive failure between dentine and resin cement  

B= cohesive failures within the post  

M= mixed failures (between the dentine-resin cement and 

between the post cement)  

C= cohesive failures in dentine  

D= cohesive failures in resin cement 

 

G. Data collection 

methods including 

settings and periodicity 

 The data for push out bond strengths will be collected in 

Megapascals (Mpa)  for each section of tooth.   

 The data for failure mode will be collected for each 

section by viewing under stereomicroscope. 

H. List of statistical tests to 

be used for data 

analysis 

Descriptive statistics:  

 Mean and standard deviation will be calculated for each 

group at coronal, middle, apical thirds for push out bond 

strengths   

 Type of failure in form and percentage in each group  

 

Inferential statistics:   

 Overall Comparison: ANOVA (Analysis of variance) will 



be applied to compare the means between the four 

groups.  

 Pairwise Comparison will be done by Post-hoc 

Bonferroni test  

P value of less than 0.05 will be considered as statistically 

significant.    

 

I. If it’s a Clinical Trial: 

Clinical Trials Registry of 

India or equivalent 

registration number to 

be mentioned 

N/A 

8 3. List risks and benefits of the 

study 

 Results of this study will help to know whether the 

claimed materials are actually better for pretreatment as 

compared to no pretreatment practiced regularly.    

 Which is the best among these materials.   

 There are no risks involved in this study.  
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Patient Information Sheet   

 

  

The teeth extracted for your treatment purpose will be used in our study. These Extracted teeth will 

be sent to the SDM Central Research Laboratory for conducting the research. Participation in the 

study will be entirely on your own will. Your identity will not be revealed and full confidentiality will 

be assured. This study is for research purpose only. No charges will be applicable for participation 

in the study. Your participation will be appreciated.  

  

  

  

  

  

  

 For any further clarification kindly contact:  

 Dr. Sayantani Saha 

 Post graduate student,   

Department of Conservative Dentistry & Endodontics,   

SDM College of Dental Sciences and Hospital Dharwad,   

Karnataka 580009   

Contact Number : 7044140975   

Email id : sayantanisaha1996@gmail.com 
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Informed consent form 

  

  

 Name of the participant:  

  

 Date:   

 

 Age:    

 

Sex: M/F   

  

Address:    

  

 

(i) I confirm that I have read and understood the information sheet dated                                       

for the above study and have had the opportunity to ask questions.   

(ii) I understand that my identity will not be revealed in any information released to third parties or 

published.   

(iii) I agree not to restrict the use of any data or photograph or results that arise from this study 

provided such a use is only for scientific purpose(s).   

(iv) I agree to take part in the above study.    

  

 

Signature of the participant:   

  

 

 Signature of the principal investigator:   

  

 

 Dr. Sayantani Saha  

 Masters of Dental Surgery,   

Department of Conservative Dentistry & Endodontics,  

 SDM College of Dental Sciences and Hospital   

Contact Number: 7044140975  

Email id: sayantanisaha1996@gmail.com 
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I, Dr. Sayantani Saha, the undersigned voluntarily and unreservedly agree that 

the research project titled Comparative evaluation of push out bond strength 

of glass fibre post to root canal dentine pretreated with Chlorhexidine, 

Proanthocyanidin, Riboflavin/Chitosan: An In Vitro Study conducted in the 

Department of Conservative Dentistry and Endodontics will follow the below 

mentioned guidelines whenever the research is sent for publication or 

presentation. 

 

 The name of the Institute and University will always be mentioned/acknowledged 

as SDM College of Dental Sciences and Hospital, a constituent unit of Shri 

Dharmasthala Manjunatheswara University. 

 The name of the guide and any person having contributed for the study or 

manuscript preparation will be mentioned appropriately. 

 The author(s) for a publication arising out of the research project will be listed as 

per ICMJE guidelines (http://www.icmje.org/recommendations/browse/roles-

and-responsibilities/defining-the-role-of-authors-and-contributors.html). 

 A co-author/guide employed at the SDMCDS&H should preferably be the 

corresponding author for publication if and when I am not associated with the 

SDMCDS&H. 

 The above mentioned criteria will be applicable for the publication or 

presentation of not only the complete study but also for a part or section of the 

study.                                                                                             

Place: Dharwad, Karnataka                                                                                                                                                                                                                                          

Date: 29th July 2022                                                                     Signature 






