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A scanning electron microscopic evaluation of different root canal 
irrigation regimens

Avaliação por microscopia eletrônica de varredura de diferentes 
regimes irrigantes no canal radicular

Mônika Chaves Medici* 
Izabel Cristina Fröner**

ABSTRACT: The purpose of this study was to assess the effectiveness of endodontic irrigants in removing the smear 
layer from instrumented root canal walls using Scanning Electron Microscopy (SEM). The endodontic irrigants 
used were: 1% sodium hypochlorite (NaOCl); 1% NaOCl mixed to 17% EDTAC; 2% chlorhexidine gel; and Ricinus 
communis gel. Photomicrographs of the middle and apical thirds were evaluated with the aid of the Fotoscore - 
v. 2.0 software. The results indicated that the mixture of sodium hypochlorite and EDTAC completely removed the 
smear layer from dentinal walls. The other endodontic irrigants were not as effi cient in cleansing the root canals.
DESCRIPTORS: Smear layer; Root canal irrigants; Chlorhexidine; Ricinus communis.

RESUMO: A proposta deste estudo foi avaliar, por meio de microscopia eletrônica de varredura (MEV), a efetividade 
dos irrigantes endodônticos na remoção da “smear layer” das paredes dos canais radiculares instrumentados. Os 
irrigantes endodônticos utilizados foram: solução de hipoclorito de sódio a 1%; solução de hipoclorito de sódio a 1% 
misturado ao EDTAC a 17%, gel de clorexidina a 2% e gel de Ricinus communis. Fotomicrografi as dos terços médio 
e apical foram avaliadas com o auxílio do software Fotoscore - versão 2.0. Os resultados indicaram que a mistura 
da solução de hipoclorito de sódio e EDTAC removeu efi cientemente a “smear layer” das paredes dentinárias. Os 
demais irrigantes endodônticos não foram tão efi cientes na limpeza dos canais. 
DESCRITORES: Camada de esfregaço; Irrigantes do canal radicular; Clorexidina; Ricinus communis.

INTRODUCTION

Despite the outstanding advance reached in 
all fields of dental research, mainly in the last two 
decades, search for the ideal irrigant solution still 
challenges Endodontics and therefore great effort 
has been focused on assessing the potential of dif-
ferent substances for root canal irrigation.

A major goal of endodontic therapy is to pro-
vide the complete decontamination of the root ca-
nal system. Root canal asepsis is attempted by 
means of a series of sequential steps of paramount 
importance, among which mechanical instrumen-
tation and chemical irrigation during the cleansing 
process are considered the most remarkable.

Solution of sodium hypochlorite (NaOCl) has 
been shown to be a solution with low toxicity and 
with the ability to dissolve organic material, hence 
exhibiting great potential to remove the debris pro-
duced during chemomechanical root canal prepa-
ration9. Since then, sodium hypochlorite solution 
has been the most widely used endodontic irrigant 
and is currently available in different concentra-

tions, associated or not to other substances or 
creams.

Ethylenediaminetetracetic (EDTA) has been 
used as an irrigant solution aiding the removal 
of inorganic components of the smear layer21,25. 
When it is associated with Cetavlon (EDTAC), it 
exhibits lower surface tension, better efficiency 
and quicker action in root canal therapy than the 
original formulation11.

Several researchers have pointed out the po-
tential of chlorhexidine gluconate as a safe and 
effective antibacterial medicament for use in en-
dodontic therapy1,17. Chlorhexidine gluconate, 
a broad-spectrum antimicrobial agent that can 
be successfully used either as an irrigant or an 
intracanal medicament15, disinfects the dentinal 
tubules and adsorbs onto the root canal dentin 
walls. Studies have disclosed that, as result of such 
property, root dentin treated with chlorhexidine 
seems to acquire antimicrobial substantivity17,24. 
Moreover, chlorhexidine is reported to be relatively 
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nontoxic to periapical tissues16 and therefore may 
be well indicated as a reliable option for patients 
allergic to sodium hypochlorite13.

ENDOQUIL™, a 3.3% Ricinus communis de-
tergent (Poliquil, Polímeros Químicos LTDA., 
Araraquara, São Paulo, Brazil) has produced good 
results as an endodontic irrigant, and has shown 
antimicrobial activity similar to that of a 0.5% so-
lution of sodium hypochlorite when used in the 
treatment of root canals with pulpal necrosis6. 
Endoquil was effective against Gram-positive mi-
croorganisms and a 0.5% solution of NaOCl was 
effective only against S. aureus18. This substance 
was also reported to increase root dentin perme-
ability similarly to a 0.5% solution of NaOCl and 
a 0.4% papaine gel22.

Review of the literature shows that there is 
lack of reported researches evaluating the use of 
both 2% chlorhexidine gluconate gel and Ricinus 
communis gel as endodontic chemical agents and 
their effectiveness to remove the smear layer dur-
ing root canal instrumentation. Therefore, the goal 
of this study was to assess, by means of scanning 
electron microscopy, the debridement ability of 2% 
chlorhexidine and Ricinus communis gels, used 
as irrigants, on the middle and apical thirds of 
root canals during endodontic chemomechanical 
preparation, and to compare the results to those 
obtained with a 1% solution of NaOCl and with a 
1% solution of NaOCl mixed to 17% EDTAC. 

MATERIAL AND METHOD

Twenty-four sound mandibular single-rooted 
human premolars with completely formed apex-
es were used in this study. The teeth had been 
extracted for orthodontic purposes within a six-
month period.

Teeth were randomly assigned to four groups of 
equal size (n = 6), according to the irrigation regimen 
adopted: Group I – a 1% NaOCl solution (Faculdade 
de Odontologia de Ribeirão Preto-USP; Ribeirão 
Preto, São Paulo, Brazil); Group II – a mixture, at a 
1:1 ratio, of a 17% disodium EDTAC solution and 
a 1% NaOCl solution (Faculdade de Odontologia 
de Ribeirão Preto-USP; Ribeirão Preto, São Paulo, 
Brazil); Group III – a 2% chlorhexidine gluconate gel 
(Faculdade de Ciências Farmacêuticas de Ribeirão 
Preto-USP; Ribeirão Preto, Brazil); Group IV – a 
Ricinus communis gel (Instituto de Química de São 
Carlos-USP, São Carlos, São Paulo, Brazil).

Conventional access was made through the 
crowns and the working length was determined 

1 mm short of the apex with a #10 file. Root ca-
nals were manually instrumented according to a 
step-back type of instrumentation using sequential 
Dyna-flex K-type files (DYNA™-FFDM endodontic 
instruments, Bourges, France) up to size #35. For 
each experimental group, a new ensemble of files 
was used.

First, the root canals were irrigated with dis-
tilled and deionized water, aspirated and then filled 
with the tested endodontic irrigants through the 
pulp chamber using 3 ml disposable syringes with 
non-beveled 40-6 hypodermic needles. The root ca-
nals were tapered in such a way that each endodon-
tic file was used for no longer than 1 minute and 30 
seconds. Each time the files were substituted, the 
canals were thoroughly rinsed with distilled water, 
aspirated and refilled with a new quantity of the 
chemical agents. After final irrigation with 1.0 ml of 
distilled and deionized water, the root canals were 
carefully dried with paper points. Then, using a 
diamond disk mounted on a low-speed handpiece, 
longitudinal and transversal grooves, which did not 
penetrate into the canal, were prepared along the 
buccal and lingual surfaces of each root. Afterwards, 
the roots were carefully fractured with the aid of a 
chisel and a surgical mallet. The crowns and cervi-
cal thirds of the roots were discarded. The middle 
and apical thirds were divided, thereby providing 
two sections from each portion.

The roots were mounted on stubs, put in a 
vacuum chamber, sputter coated with gold-palla-
dium ~35 nm thick with a sputter coater for SEM 
evaluation (JEOL-890, JSM 5410, JEOL Technics 
Co.; Tokyo, Japan).

A standardized series of photomicrographs at 
a 350 X magnification was obtained of the middle 
and apical thirds for comparative purposes. The 
images were digitized and transmitted to a person-
al computer to be analyzed using Fotoscore - v 2.0 
software (developed by Guerisoli10, 2002), devel-
oped for Windows, and entered to an Access da-
tabase modified by a VBA code10. This software 
allows that the photomicrographs of the sections 
be compared to a set of three standardized “map 
photomicrographs” of dentin surface. Three in-
dependent examiners, which knew the program, 
analyzed the photomicrographs and attributed 
scores to them, by comparing their appearance to 
those of the proposed “map photos”. The scores 
ranged from 1 (absence of smear layer with the 
orifices of dentinal tubules opened) to 4 (orifices of 
dentinal tubules completely obliterated by smear 
layer) and indicated the debridement ability of the 
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tested chemical agents. Data were submitted to 
non-parametrical statistical analysis using the 
Kruskal-Wallis, Dunn and Wilcoxon tests (GMC 
program, Faculdade de Odontologia de Ribeirão 
Preto-USP, Ribeirão Preto, São Paulo, Brazil).

RESULTS

Statistical analysis of the data using the Krus-
kal-Wallis test showed differences at the 0.01 sig-
nificance level among the irrigants used for root 
canal chemomechanical instrumentation.

Complementing the analysis, the Dunn test 
disclosed that the mixture of a 17% solution of 
disodium EDTAC and a 1% solution of sodium 
hypochlorite yielded the best results in cleansing 
the root canal walls, which were statistically dif-
ferent from those of the other irrigants (p < 0.01). 

The 17% solution of EDTAC + 1% solution of so-
dium hypochlorite (Figures 1 and 2) completely 
removed the smear layer from the instrumented 
root dentin, leaving the dentinal tubule open-
ings exposed. On the other hand, the 1% solu-
tion of sodium hypochlorite (Figures 3 and 4), the 
2% chlorhexidine gel (Figures 5 and 6) and the 
Ricinus communis gel (Figures 7 and 8) showed 
statistically similar results, but none of these 
agents was able to cleanse the root canals surface 
as effectively as the mixture 17% EDTAC + 1% 
sodium hypochlorite.

The Wilcoxon test showed that, regardless of 
the irrigant used for root canal preparation, no sta-
tistically significant difference could be found be-
tween the middle and apical thirds of the roots, as 
regards the amount of smear layer that remained 
covering the dentin surface.

FIGURES 3 AND 4 - Scanning electron micrographs of the root canal dentin surface irrigated with a 1% solution of 
sodium hypochlorite. Middle third of the root (350 X) (3). Apical third of the root (350 X) (4).

FIGURES 1 AND 2 - Scanning electron micrographs of the root canal dentin surface irrigated with 17% EDTAC as-
sociated to 1% NaOCl. Middle third of the root (350 X) (1). Apical third of the root (350 X) (2).
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DISCUSSION

Thorough debridement of the root canal sys-
tem is claimed to be essential for successful long-
term endodontic therapy2. The chemomechanical 
preparation of root canals aims to remove debris 
and the smear layer. The advantages and disad-
vantages of the presence of the smear layer, and 
whether it should be removed or not from the in-
strumented root canals, are still controversial.

A number of substances and chemical agents 
have been proposed as irrigants to aid the chemo-
mechanical instrumentation of root canals. EDTA 
solutions have a chelating action, biocompatibility 
to the periapical tissues23 and optimal cleansing 
ability8. Sodium hypochlorite solutions at different 
concentrations have been reported to have antimi-
crobial activity3 and a singular ability to dissolve 
organic tissues14, Chlorhexidine gluconate, at con-

centrations ranging from 0.2% to 2%, has been 
reported to present tissue biocompatibility7 and 
an effective antibacterial action, which makes it 
an agent indicated worldwide for use in endodontic 
therapy1,17. The utilization of a castor oil detergent 
(Endoquil™) as an irrigant has also been suggested 
and it has been claimed to show antimicrobial ac-
tivity6,12,18 and biocompatibility with periapical tis-
sues and structures19.

The use of a Ricinus communis gel as an auxilia-
ry substance for root canal chemomechanical prepa-
ration discloses a great sort of possibilities in the 
research of chemical agents for endodontic therapy. 
The formulation of the gel employed in the present 
study is similar to that of Endoquil™, differing only in 
the presentation form. The intent with chlorhexidine 
and Ricinus communis was to assess the materials 
employing the same delivery vehicles.

FIGURES 5 AND 6 - Scanning electron micrographs of the root canal dentin surface irrigated with a 2% chlorhexidine 
gluconate gel. Middle third of the root (350 X) (5). Apical third of the root (350 X) (6).

FIGURES 7 AND 8 - Scanning electron micrographs of the root canal dentin surface irrigated with a Ricinus communis 
gel. Middle third of the root (350 X) (7). Apical third of the root (350 X) (8).
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The findings of the conducted research dis-
closed that the debridement ability of both the 
2% chlorhexidine gluconate gel and the Ricinus 
communis gel appeared statistically similar to that 
of the 1% solution of sodium hypochlorite in the 
middle and apical thirds of the roots of mandibular 
premolars. However, all of these irrigants showed 
lesser efficiency to debride root dentin than the 
mixture of 1% NaOCl and 17% EDTAC. None of 
those agents were able to completely remove the 
smear layer produced during root canal instrumen-
tation. Regardless of the irrigant regimen used, no 
significant difference could be found between the 
middle and apical thirds of the roots, as regards the 
amount of smear layer covering dentin surface.

The results of the present work highlighted 
the better cleansing ability of the mixture of 17% 
disodium EDTAC and 1% sodium hypochlorite, 
as compared to the other chemical agents evalu-
ated. These findings corroborate those found in 
the literature that advocate the use of a mixture or 
combination of halogen and chelating substances 
to reach improved action on both the organic and 
inorganic portions of the smear layer2,20,25.

The chlorhexidine gel produced a cleaner root 
canal surface and yielded an antimicrobial effect 
when compared to the sodium hypochlorite solu-
tion and chlorhexidine liquid. The chlorhexidine 
gluconate in the form of gel has great potential for 
use as an endodontic irrigant5.

In the reported study, the 2% chlorhexidine 
and Ricinus communis gels were not able to dissolve 
organic tissues and showed limited effectiveness 
to completely remove the smear layer from dentin 
walls. In spite of this, both agents reached results 
equivalent to those of 1% sodium hypochlorite. 
This outcome may be attributed to the mechanical 
action of the endodontic instrument coupled with 
the viscosity of the material5,13.

In fact, due to its highly viscous nature, the 
gels are not easily removed from the root canal 
after instrumentation17 and some residues may be 
left adhered to the tooth surface. However, when a 
chlorhexidine-derived endodontic irrigant is used, 
the viscosity may be considered as a benefit, since 

chlorhexidine presents high substantivity and ad-
sorbs onto the root canal dentin walls15. Therefore, 
it has been demonstrated that chlorhexidine-treat-
ed root dentin seems to acquire antimicrobial sub-
stantivity17. To date, there is no reported research 
on the substantivity of the Ricinus communis gel. 

Additionally, the outcomes of the present study 
disclosed that the performance of the chlorhexidine 
gluconate and Ricinus communis gels was equivalent 
to that of 1% sodium hypochlorite, which is a chemi-
cal agent extensively investigated and widely used in 
endodontic treatment. However, the applicability of 
such a delivery vehicle in root canal therapy remains 
to be confirmed. The search for new substances for 
use in endodontic therapy should also be carried out 
in order to provide, for instance, viable options for pa-
tients with hypersensitivity to halogen solutions4.

Further investigation is certainly required to 
establish the effectiveness and the basis for ra-
tional applicability of both the 2% chlorhexidine 
gluconate gel and the Ricinus communis gel in the 
chemomechanical preparation of root canals.

CONCLUSIONS

The debridement ability of the 2% chlorhexi-
dine gluconate gel and the Ricinus communis gel 
was comparable to that of the 1% sodium hypo-
chlorite solution, but none of these agents was able 
to completely remove the smear layer. Among the 
irrigation regimens assessed in this study, the mix-
ture of the 17% disodium EDTAC solution and the 
1% sodium hypochlorite solution yielded the best 
overall results and provided root canal surfaces 
free from debris and the smear layer. No significant 
difference could be found between the middle and 
apical thirds of the roots.
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