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Abstract

The study aimed to compare the effectiveness of Horse Gram as a final irrigant with 17% EDTA,
17% EDTAC, and 10% Citric Acid for smear layer removal under a scanning electron
microscope. 75 extracted single-rooted anterior teeth were divided into five groups and irrigated
with test irrigants. The samples were observed under a scanning electron microscope (SEM) and
scored using a scoring system. Results showed that 17% EDTA provided the best results in smear
layer removal in the coronal, middle, and apical third, followed by 17% EDTAC. 10% Citric Acid
and Horse Gram showed similar results, especially in the middle third. Herbal medicines in
endodontics are becoming more popular due to their safety and minimal side effects.
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INTRODUCTION

Root canal therapy is a complex process that involves accurate diagnosis, appropriate instrumentation,
irrigation, and three-dimensional obturation of the root canal system. The formation of a smear layer during
endodontic instrumentation is crucial for achieving perfect sealing of the root canal system. Irrigation is one
of the best methods to eliminate the smear layer from the root canal, allowing better penetration of irrigants
into the dentinal tubules, better flow of cement sealer through empty spaces, and better adhesion between the
obturating material and the dentinal wall.

Sodium hypochlorite (NaOCI) is the most widely used chemical solution in biomechanical preparation of the
root canal system. However, it alone does not effectively remove the smear layer, so its association with
chelating agents is necessary. The demineralizing effect of chelators acts indistinguishably on the smear layer
and the root dentin, resulting in exposure of collagen and decrease of dentin microhardness. The greatest

reduction in microhardness of the most superficial layer of dentin of the root canal lumen is desired.

The use of EDTA in endodontics was introduced by Nygaard-Ostby B (1957), which is recommended to

remove the smear layer and organic tissue in the canal. EDTA solution acts only through direct contact with
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the substrate, so a surface modifier like Cetavlon or Cetrimide are required to reduce the surface tension of
the liquid and improve the action of EDTA. This association is now known as EDTAC, a quaternary

ammonium bromide used to reduce surface tension and increase irrigant penetration in dentinal tubules.

Citric Acid is another addition to the irrigation regime, equally efficient and more effective in removing the
smear layer from the surface of the middle and coronal third of the root canal. High concentrations (25-50%)
of Citric Acid are more effective than EDTA in removing calcium ions from dentine. However, 1% Citric

Acid has a low pH, which may have an irritant effect on the periapical tissues.

Horse Gram (Dolichous Biflorus) beans are legumes of the tropics and subtropics grown mostly under dry
land agriculture in several parts of South India. They are rich in iron, calcium, molybdenum, polyphenols, and
have high antioxidant capacity. In recent years, the isolation and utilization of potential antioxidants from
legumes including Horse Gram has achieved high attention as it decreases the risk of intestinal diseases,

diabetes, coronary heart disease, and prevention of dental caries.

This study aims to compare the efficacy of Horse Gram in smear layer removal compared to other irrigants
such as EDTA, EDTAC, and Citric Acid.

MATERIALS AND METHOD

This study involved 75 single rooted teeth that were extracted using a crown down technique. The teeth were
removed from the root surface using hand scaling instruments, and then debrided with a soft brush. The teeth
were then immersed in 3% sodium hypochlorite (NaOCI) for 30 minutes and mechanically debrided. Before
the study, all teeth were decoronated at a fixed length of 14 mm from the anatomical apex using a diamond

disc.

Canal instrumentation was performed using crown down technique using Protaper universal rotary system.
Coronal preflaring was performed with Sx orifice shaper, and working length was determined by passing a
#10 K-type endodontic file into the root canal until it was visible at the apical foramen. Root canals were
prepared to the working length using S1, S2, and F1, F2 while irrigating with a 26 G open-ended beveled

needle using 5ml of 3% sodium hypochlorite after each file. Recapitulation with smaller files was done during
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subsequent steps followed by final irrigation using 5ml of 3% sodium hypochlorite solution.

The solutions used for this study were freshly prepared in the Department of Chemistry at Punjab University,
Chandigarh. These solutions included 17% EDTAC, 10% Citric Acid, Horse Gram seeds, and distilled water.
The samples were randomly assigned to five groups based on their final rinsing, each containing fifteen

samples.

The root canals were dried with paper points, and the coronal openings were blocked with cotton pellets to
prevent foreign material entry. Sectioning of the teeth was done with a diamond disc, and the sections were
split into three parts: cervical third, middle third, and apical third. These sections were dehydrated by dipping
them into 50, 75, and 100% ethyl alcohol for 24 hours, and coated with a thin conductive metal film.

The specimens were ready for observation under a scanning electron microscope (SEM) and
photomicrographs were obtained in x1000 magnification. Quantitative analysis was performed using Image-

Pro Premier 9.1 software.

RESULTS

The study aimed to compare the efficacy of Horse Gram as a final irrigant with 17% EDTA, 17% EDTAC,
and 10% Citric Acid for smear layer removal under a scanning electron microscope. Test specimens were
divided into 5 groups of 15 each. The quantitative SEM evaluation was performed using computerized image
analysis, with 24 squares divided into 6 parts each using CoreIDRAW12. The percentage of open dentinal
tubules was calculated using a formula: A = 76-100% of open dentinal tubules (completely-uniform), B =
51%-75% (moderately-uniform), C= 26%- 50% (mildly-uniform), and D= 0%- 25% (non-uniform).

Quantitative analysis was performed using Image-Pro Premier 9.1 software, and the open tubules/total dentinal

ratio was calculated using the formula: Open dentinal tubules x100

Results showed that Horse Gram was the most effective in removing smear layer, followed by Horse Gram
and Distilled Water. The middle third showed the most effective treatment, followed by Horse Gram and
Distilled Water. The apical third showed the least effective treatment, with Horse Gram showing the least

effectiveness. The study concluded that Horse Gram is a suitable irrigant for removing smear layer removal.
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DISCUSSION

The study aimed to compare the efficacy of Horse Gram as a final irrigant with 17% EDTA, 17% EDTAC,
and 10% Citric Acid for smear layer removal under scanning electron microscope. The results showed a down
trend in open dentinal tubules from coronal third to apical third, which is consistent with previous work. The
coronal and middle portions of the canal are wide enough for proper backflow of irrigants, resulting in better

smear layer removal than the apical third.

The apical third of the root canal system is particularly difficult to clean due to the complexity of the root
canal morphology, making irrigant delivery and activation less effective. Recapitulation with a K-file after
flushing improved irrigant penetration. In Group 1, Distilled Water was completely ineffective (0%) in
removing the smear layer from all three regions, as it showed a heavy smear layer throughout the entire length
of the root canal. This finding supports previous findings by Paul ML (2013).

In Group 2, 17% EDTA as a final rinse was completely effective in removing the smear layer in coronal third
(97.33%) and had good results in middle third (87.53%). It showed better results in apical third (57.4%) than
other groups. In Group 3, 17% EDTAC as a final rinse was also completely effective in removing the smear
layer in coronal third (98.8%), but less effective than 17% EDTA in middle (82.5%) and apical third (44.13%).

This finding supports previous work showing that reducing surface tension does not improve the effectiveness
of EDTA. The lesser efficiency of EDTAC to remove calcium ions from dentin could be responsible for this

finding. Recapitulation with a K-file after flushing improved irrigant penetration.

In a study, 10% Citric Acid was found to be effective in removing smear layer in the coronal third (92.7%),
but less effective in the middle (56.5%) and apical third (30.9%). The study found that Citric Acid alone or a
combination of concentrations of 10, 25, and 50% Citric Acid was more effective than NaOCI alone in

removing the smear layer from the surface of the instrumented canal.

In the present study, the instrumented canals irrigated with 10% Citric Acid showed canal surfaces almost free
of the smear layer. The middle third of the canal also exhibited a cleaner surface, possibly due to better volume
and penetration of the acid in this region. Perez-Heredia M et al. (2006) found better results for the cervical

and middle third compared to the apical one-third. Khedmat S and Shokouhinejad N (2011) found that these
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solutions were equally efficient and more effective in the cervical and middle thirds than in the apical third.

In Group 5, Horse Gram as a final rinse was also effective in removing smear layer in the coronal third (82.8%),
but less effective in the middle (57.1%) and apical third (23.7%). It showed A value (76%-100%) in 11 samples
and B value (51%-75%) in 4 samples in the coronal-third. In the middle-third, it showed B value (51%-75%)

in 12 samples each and C value (26%-50%) in 3 samples.

In conclusion, 10% Citric Acid and Horse Gram were found to be effective in removing smear layer in the

coronal and middle thirds, but less effective in the middle and apical thirds.

CONCLUSION

Herbal medicines are increasingly used in endodontics due to their safety and effectiveness, but misuse can be
harmful. Proper delivery techniques and a combination of irrigants and sequential use are crucial for successful
treatment. Efficient irrigation and agitation are essential for successful endodontic treatment, and proper
delivery techniques can help achieve these prerequisites. This approach ensures successful root canal

treatment.

Table 1 Substances used and the irrigation protocol

Group Irrigating solution during | Final solution for removal
root canal preparation of the smear layer
1 Control 3% NaOCl Distilled water
2 2 3% NaOCl 17% EDTA
3 3 3% NaOCl 17% EDTAC
4 4 3% NaOCl 10% Citric Acid
5 5 3% NaOCl Horse Gram

EDTA: Ethylenediaminetetraacetic acid, NaOCI: Sodium hypochlorite
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