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Abstract: 

Introduction: The present study was planned to evaluate the effectiveness of Glyde File Prep TM used in conjunction with 

NaOCI irrigation in the removal of smear layer produced during root canal instrumentation.  

Methodology: 60 extracted mature human teeth with single canals were selected. Access opening was done and working length 

was established, cleansing and shaping was done upto size 60 with K – flex files with conventional step back technique. 

Specimens were divided into 15 sets of 4 teeth each.  

Observations: Under the SEM evaluation both at the higher magnifications of 1000X and 3000X , it was demonstrated that at 

the cervical and middle canal levels, there was significantly cleaner appearance in EDTA group compared to NaOCl group. Also 

coronal and middle thirds of Glyde had much less smear layer compared to the respective levels in NaOCl group. However, the 

difference was not consistent at the apical levels.  There was a significant difference in the canal cleanliness between the apical 

levels of liquid EDTA group compared to both Glyde groups. 

Results and conclusion: It can be concluded that gel preparations of EDTA are not as effective in smear layer removal as liquid 

EDTA preparations 
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INTRODUCTION 

Root canal shaping can be predictably and efficiently 

attained with advanced instrumentation technology, 

effective cleaning of the entire root canal system can 

only be attained by chemomechanical means. Sodium 

hypochlorite (NaOCl) irrigant used at varying 

concentration ranging from 0.5 to 5.25% has been 

widely accepted as an adjunct to improve cleaning 

due to its antiseptic property and organic tissue-

dissolving capability. Nevertheless, it has been 

observed that NaOCl alone is ineffective in the 

removal of the smear layer that consists of organic 

and inorganic debris, formed on the root canal wall 

and/or occluding the dentinal tubular openings after 

instrumentation. Ethylene diamine tetraacetic acid 

(EDTA) is a chelating agent for inorganic divalent 

cations including calcium ions forming soluble 

calcium chelates (Grossman 1988). It is known to aid 

in the removal of inorganic components of the smear 

layer formed on the root canal walls  in addition to its 

bactericidal effect due to the susceptibility to 

disinfectants and antibiotics brought about by 

chelating cations from the outer membrane of 

bacteria. Consequently, the currently recognized 
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effective irrigation regime to accomplish smear-free 

canals comprises a high volume final flush of the root 

canal with 17% EDTA followed by NaOCl 

GlydeTM File Prep (Dentsply Maillefer, Ballaigues, 

Switzerland) gel is a root canal conditioner consisting 

of 15%EDTA and 10% carbamide peroxide in an 

aqueous base. It has the internal bleaching effect 

enhanced by oxidation of carbamide peroxide. This 

gel-like preparation is claimed to facilitate 

endodontic shaping and cleansing presumably due to 

the adjunctive effect of EDTA on the smear layer and 

effervescence when it reacts with the sodium 

hypochlorite through oxygen release from the 

carbamide peroxide theoretically allowing dentinal 

shavings and pulpal remnants to be readily removed. 

Urea peroxide has antibacterial properties and retains 

its antibacterial effect in the presence of blood. The 

aim of this study was to evaluate the effectiveness of 

Glyde File Prep used in conjunction with NaOCl 

irrigation in the removal of smear layer produced 

during root canal instrumentation. 

MATERIALS AND METHODS 

The study comprised sixty extracted mature human 

teeth with single canals of curvature less than 30º and 

with no previous root canal treatment and were 

collected and stored in 10% formo-saline. These teeth 

were included based on uniform root length of 

approximately 16 mm measured from the lowest 

level of the CEJ to the root apices, as well as the 

uniform root and canal width based on radiographic 

measurement in the bucco-lingual and mesio-distal 

dimensions and the subsequent initial apical file size 

of size 20. Sample preparation was done by removing 

adherent soft tissue mechanically without damaging 

the root surface. Inspection was further carried out to 

ensure there were no cracks, fractures or areas of root 

resorption. The teeth were distributed into 15 sets of 

four teeth with each tooth randomly assigned to one 

of the three different irrigation regimes. Each group 

was then stored in a sealed container containing 0.9% 

saline, incubated at 37ºC and maintained at100% 

humidity between each experimental stage. Root 

canal chemo-mechanical instrumentation was 

initiated by coronal access cavity preparation in a 

conventional manner and the working length 

established 1mm from the major apical foramen. 

Root canal preparation was completed using a step-

back technique with K-Flex files (Kerr/Sybron, 

Romulus, MI, USA) commencing with an initial 

apical file of size 20 to a master apical file of size 60. 

Cervical step-back flare to file size100 was carried 

out to allow accommodation of a fine finger spreader 

(Kerr/Sybron) to within 2 mm of the working length. 

Root canal irrigation was carried out with a 26-gauge 

needle placed at the cervical third of the canal length 

according to the three regimens described below and 

thereafter dried with sterile absorbent paper points 

and the access cavity sealed with cotton pellet and 

Cavit (3M ESPE, Seefeld, Germany). 

Irrigation regimen 

Group 1 (positive control): Routine irrigation with 

0.5 mL of 1% NaOCl after each file and an additional 

final irrigation of 10 mL NaOCl at the completion of 

instrumentation. 

Group 2 (negative control): Routine irrigation with 

0.5 mL of 1% NaOCl after each file and an additional 

final gradual irrigation of 10 mL of 17%EDTA 

(REDTA) at the completion of instrumentation. 

Group 3 (experimental group): Routine irrigation 

with 0.5 mL of 1% NaOCl after each file coated with 

GlydeTM File Prep and an additional final irrigation of 

10 ml NaOCl at the completion of instrumentation. 

Group 4 (experimental group): Routine irrigation 

with 0.5 mL of 1% NaOCl after each file and final 
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insertion of the paper point coated with GlydeTM 

File Prep in apical third for 3 minutes and an 

additional final irrigation of 10 ml NaOCl at the 

completion of instrumentation. 

Stereomicroscopic evaluation  

 After storage for 24 hours, the teeth were grooved 

vertically with diamond sectioning discs on the 

buccal and lingual surfaces under high power suction. 

These were then cleaned and dried prior to being split 

longitudinally with a chisel and a mallet into two 

halves. Ten sets of the samples were designated for 

light microscopic evaluation. Both halves of each 

split tooth were divided into cervical, middle and 

apical thirds measured from the cemento-enamel 

junction to the terminus of the apical preparation, 

using an indelible pencil. All sections were stained 

with 1% methylene blue (David Bull 

Laboratories,Warwick, UK) for 2 min prior to being 

rinsed with 0.9%saline and left to bench dry. The 

stained sections were then attached to individual 

glass slides using beading wax, coded and randomly 

arranged for blind evaluation. Scoring for the 

presence of smear layer for both halves of the split 

teeth was carried out visually for the cervical, middle 

and apical thirds using a light stereomicroscope 

(Olympus stereomicroscope) at 40x and 70X 

magnifications. 

Stereomicroscopic grading of the specimens  

Samples were graded according to the rating scale 

from 1-3. 

Scale 1- indicating a clean canal with no or very little 

debris present; 

Scale 2 -for debris present in less than half the 

evaluated canal region  

Scale 3 -for debris occupying more than half the 

evaluated canal region. 

 

Scanning electron microscopic evaluation 

The remaining five sets of teeth were technically 

prepared for evaluation using scanning electron 

microscopy (SEM)  

The SEM photomicrographs of the topography of the 

canal walls at three levels, namely the cervical, 

middle and apical thirds, were then taken in the 

middle of each region where the cross-section of the 

dentinal tubules were captured. The evaluation was 

carried out without the knowledge of specimen at 

1000x and 3000x magnifications for the presence or 

absence of smear layer. 

SEM grading of the specimens 

Qualitative analysis of the canal cleanliness was 

based on the rating system developed by Rome et al. 

(1985):  

Score 0 = no smear layer with opened dentinal 

tubules free of debris  

Score 1 = smear layer present only in the apertures of 

the dentinal tubules  

Score 2 = thin smear layer covering the root canal 

surface and dentinal tubular apertures  

Score 3 = heavy smear layer masking dentinal tubular 

apertures  

OBSERVATIONS AND RESULTS  

The Mean debris scores in the cervical, middle and 

apical third levels among the four groups at different 

magnifications are presented in Tables 1-4. The 

results of the Light microscopic evaluation at 

magnifications 40X (Table 1) and 70X (Table 2) 

were consistent showing no significant differences 

between the degree of cleanliness at different canal 

levels within each group, though there was a trend of 

a higher debris score at the apical third. In addition, it 

was observed that the degree of cleanliness between 

EDTA group and Glyde groups was not significantly 

different at coronal and middle canal level. However, 
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EDTA and Glyde groups were significantly cleaner 

than NaOCl group both at magnifications 40X and 

70X. 

Under the SEM evaluation both at the higher 

magnifications of 1000X and 3000X (Tables 3and 4), 

it was demonstrated that at the cervical and middle 

canal levels, there was significantly cleaner 

appearance in EDTA group compared to NaOCl 

group. Also coronal and middle thirds of Glyde had 

much less smear layer compared to the respective 

levels in NaOCl group. However, the difference was 

not consistent at the apical levels.  There was a 

significant difference in the canal cleanliness 

between the apical levels of liquid EDTA group 

compared to both Glyde groups. 

DISCUSSION 

One of the greatest challenges of the root canal 

treatment is the effective chemomechanical 

preparation of the root canal in order to eliminate 

pulp remnants, bacteria, smear layer, predentine and 

other organic material and achieve an adequate 

obturation.1Ideal root canal irrigant should prevent 

formation of smear layer during instrumentation or 

dissolve the latter once it has formed, have a broad 

antimicrobial spectrum, allow penetration of 

antimicrobial agents present in solution into the 

dentinal tubules and have minimal effect on physical 

properties of the tooth in addition to dissolving 

necrotic pulp tissue remnants and disinfecting root 

canal system and dentinal tubules.2 

In the present study, sodium hypochlorite and EDTA 

was used although large number of agents have been 

used as root canal irrigants in the past, including 

acids like citric and phosphoric acid, alkaline 

solutions like sodium hypochlorite and sodium 

hydroxide, oxidative agents like hydrogen peroxide 

and glyoxide, normal saline, local anaesthetic 

solutions, ultrasonics and lasers, none of which have 

been totally effective or have received total 

acceptance.Sodium hypochlorite is used in 

endodontics for two main purposes: (i) to dissolve 

pulp tissue, and (ii) to destroy bacteria.9 In 

endodontics, concentrations of 0.5% to 5.25% are 

regularly used.  Even a 0.5% concentration is 

considered by some to be too toxic for wound care.3,4  

There was no significant difference in the ability of 

the three different concentrations to kill bacteria.5 

The higher the concentration of sodium hypochlorite, 

the greater would be the deleterious effects on 

dentine like reduction of the elastic modulus and the 

flexural strength.6 

Ultrasonic activation of sodium hypochlorite has also 

been advocated, as this would “accelerate chemical 

reactions, create acoustic streaming and cavitational 

effects, and achieve a superior cleansing action”7 

Ethylenediaminetetraacetic acid (EDTA) is an 

irrigant commonly used to remove the smear layer at 

the end of root canal preparation. McComb and 

Smith were the first investigators to show that 

REDTA (a commercial brand of EDTA) can remove 

the smear layer.8 Goldman et al showed that when 

used alone, REDTA removed the inorganic portion 

and left an organic layer intact in the tubules.9 

The common concentrations used are 15–17% 

disodium EDTA.10 With use of 15% EDTA at pH 

7.3, with an added detergent, there was 20–30 µm 

penetration by EDTA as shown by a zone of 

demineralisation using polarised light microscopy, 

after only five minutes. This zone of demineralisation 

did not increase beyond 50 µm, even when used over 

a long period. There was a clear demarcation line. 

This shows that EDTA did not diffusely penetrate 

into tubules but rather there was a self-limiting 

reaction.  A 5-minute exposure of the root canal to 
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EDTA would remove the smear layer and open the 

dentinal tubules to a depth of 20–30 µm.11 

This  study evaluated the effectiveness of smear layer 

removal associated with the use of GlydeTM File Prep 

in conjunction with 1% NaOCl irrigation during root 

canal instrumentation (group 3 and group 4 ) 

compared to two other regimes using NaOCl 

irrigation alone (group 1) and NaOCl irrigation with 

EDTA as a final flush (group 2). For optimal 

comparison of the efficiency of different irrigation 

regimes, measures were taken in the inclusion criteria 

and the study designed to ensure standardized canal 

size and canal curvature and the extent of canal 

enlargement, as well as the volume of irrigant 

delivered using a conventional needle. Although it 

was not the intention of the current study to compare 

the two evaluation methods using light and scanning 

electron microscopy, the combined evaluation results 

were assumed to provide more comprehensive 

information on the degree of canal cleanliness than 

when only one approach was used.  

It might be that the effervescence produced from the 

reaction between carbamide peroxide within GlydeTM 

File Prep and NaOCl resulted in bubbles occupying 

the already limited space available as well as 

preventing fresh NaOCl from reaching the apical 

canals by their coronal physical movement.15 The 

apical canal region has been shown to be difficult to 

clean and this was also illustrated in our study.  

E.D.T.A. in liquid form showed greater effectiveness 

in the removal of the smear layer. The best cleansing 

at all levels of the canal was achieved in those groups 

of teeth in which fluid E.D.T.A. was used. The use of 

viscous substances to facilitate chemo−mechanical 

shaping of the canals proved to be advantageous in 

the coronal and middle regions of the canal.The 

combination of GlydeTM and NaClO showed the 

worst results in the present study for removal of 

smear layer in the apical third. 

 CONCLUSIONS 

The following conclusions can be drawn from the 

present study - 

1. The effectiveness of smear layer removal from the 

instrumented canals by GlydeTM File Prep was not as 

clean as with final flush of 10 mL 17% REDTA.  

2. Both irrigating regimes produced cleaner root 

canals than the groups irrigated with sodium 

hypochlorite solution alone. Root canal irrigation 

with 1% sodium hypochlorite alone did not remove 

smear layer effectively from the instrumented canals 

at all levels.  

3. GlydeTM File Prep can not remove the smear layer 

as effectively as 17% REDTA from all the levels of 

root canal. None of the irrigation regimes except 17% 

REDTA was able to remove the smear layer in the 

apical region.  

4. GlydeTM File Prep when applied with paper points 

at the end of root canal preparation was also not as 

effective in removing smear layer from the apical 

canal region as liquid17% REDTA. 

 It can be concluded from the present study that gel 

preparations of EDTA are not as effective in smear 

layer removal as liquid EDTA preparations. 
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TABLE 1: CANAL CLEANLINESS COMPARISON AT 40X MAGNIFICATION  

Group 

 

Level 

 

Mean 

score 

Standard 

error 

      Intertooth      Intertooth        Intertooth      Intratooth  

Vs   level   p-

value 

Vs   level   p-

value 

Vs    level    p- 

value 

Vs    level      p-

value 

   1 

 

 

Cervical 

Middle  

Apical 

1.60 

1.90 

1.70 

.221 

.277 

.213 

2   Cervical   

.033* 

2    Middle    

.011* 

2    Apical     

.310 

3    Cervical   

.111 

3    Middle    

.003* 

3    Apical      

.125 

4     Cervical      

.886 

4      Middle        

.257 

4      Apical       

1.000 

1       Middle     

1.000 

1       Apical      

1.000 

1      Cervical    

1.000 

  *Significant at 0.05 level. Bonferroni multiple comparisons, adjustment for multiple comparisons was applied   

TABLE 2: CANAL TABLE 2: CLEANLINESS COMPARISON AT 100X MAGNIFICATION  

Group 

 

Level 

 

Mean 

score 

Standard 

error 

      Intertooth      Intertooth        Intertooth      Intratooth  

Vs   level   p-

value 

Vs   level   p-

value 

Vs    level    p- 

value 

Vs    level      p-

value 

   2 

 

 

Cervical 

Middle  

Apical 

1.40 

1.20 

1.60 

.163 

.133 

.221 

1     Cervical   

.501 

1      Middle  

.023* 

1      Apical   

.013* 

3    Cervical  

1.000 

3     Middle   

1.000 

3     Apical    

1.000 

4     Cervical     

1.000 

4      Middle       

.370 

4       Apical      

1.000 

2      Middle      

1.000 

2      Apical         

.361 

2      Cervical    

1.000 

      *Significant at 0.05 level. Bonferroni multiple comparisons, adjustment for multiple comparisons was applied 

TABLE 3: CANAL CLEANLINESS COMPARISON AT 1000X MAGNIFICATION 

Group 

 

Level 

 

Mean 

score 

Standard 

error 

      Intertooth      Intertooth        Intertooth      Intratooth  

Vs   level   p-

value 

Vs   level   p-

value 

Vs    level    p- 

value 

Vs    level      p-

value 

   3 

 

 

Cervical 

Middle  

Apical 

1.20 

1.60 

3.00 

.490 

.510 

.000 

1    Cervical    

.077 

1     Middle   

1.000 

1     Apical    

1.000 

2    Cervical    

.775 

2     Middle   

1.000 

2      Apical   

.018* 

4     Cervical     

1.000 

4      Middle      

1.000 

4       Apical        

.919 

3      Middle      

1.000 

3      Apical       

.027* 

3     Cervical       

.096 

       *Significant at 0.05 level. Bonferroni multiple comparisons, adjustment for multiple comparisons was applied     
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TABLE 4: CANAL CLEANLINESS COMPARISON AT 3000X MAGNIFICATION  

Group 

 

Level 

 

Mean 

score 

Standard 

error 

      Intertooth      Intertooth        Intertooth      Intratooth  

Vs   level   p-

value 

Vs   level   p-

value 

Vs    level    p- 

value 

Vs    level      p-

value 

   4 

 

 

Cervical 

Middle  

Apical 

1.00 

1.40 

2.00 

.316 

.245 

.316 

1    Cervical  

.008* 

1     Middle     

.165 

1     Apical    

1.000 

2     Cervical   

.081 

2      Middle    

.165 

2      Apical     

.900 

3    Cervical      

1.000 

3     Middle       

1.000 

3      Apical       

1.000 

4     Middle       

1.000 

4      Apical         

.525 

4     Cervical      

.100 

      *Significant at 0.05 level. Bonferroni multiple comparisons, adjustment for multiple comparisons was applied    

 

 

 

 

Apical region in SEM micrograph of group 1 (hypochlorite group) 

Apical region in SEM micrograph of group 3(Glyde
TM

 group) 

Apical region in SEM micrograph of group 2 (17% liquid REDTA group)  

Apical region in SEM micrograph of group 4(Glyde
TM

 applied with paper point) 
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