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IntROduCtIOn
The root canal system has multiple geometric planes and curve 
significantly more than the roots that house them [1]. Maintenance 
of original canal anatomy with proper debridement during root 
canal instrumentation of curved canals remains a challenge, as 
there will be more dentin removal in one direction than symmetrical 
removal which leads to root canal transportation [2]. There will be 
accumulation of debris, microorganisms, necrotic and decayed tissue 
in the areas of root canal where there is inadequate instrumentation 
[3]. So instrumentation must always be supported by the use of 
antimicrobial irrigating solutions for cleaning the areas of root canal 
system which are not directly affected by instrumentation [4].

Of different irrigation solutions used during instrumentation, NaOCl 
has both antimicrobial and proteolytic activity which dissolves 
necrotic tissue [5]. and organic components of the smear layer 
[6]. While EDTA is a chelating agent that removes calcium ions to 
demineralise the inorganic component of smear layer created by root 
canal instrumentation [7]. But despite of their excellent properties, 
these irrigants are not capable of easily reaching canal irregularities. 
So to achieve deeper penetration into dentinal tubules and canal 
anatomic complexities, surface modifiers are added to irrigation 
solutions to reduce surface tension [8-11].

Surface modifiers also called as surfactants or surface active agents 
act as detergents, emulsifiers, wetting agents, foaming agents 

or dispersants [12-13]. reduce the surface tension of irrigants 
and enhance their microbial effectiveness and improve clinical 
performance when added to them [14-16].

However, several studies indicated that irrigants can modify 
original properties of dentine like permeability, solubility and 
decrease microhardness [17] by altering the chemical structure of 
dentine, thus changing the calcium/phosphorous ratio of dentine 
[18,19]. NaOCl reduces microhardness of dentin regardless of 
concentrations [20,21] and EDTA solution induces a decrease in 
root dentin microhardness [9,22,23]. Surfactant like cetrimide itself 
caused decrease in microhardness of dentin which was due to its 
tetrahedral structure [24]. So change in microhardness of dentine 
could even compromise the maintenance of original root canal path 
which could lead to canal transportation.

There are numerous studies on evaluation of maintenance of path 
in curved canals using different instrumentation and preparation 
techniques [25-27]. There are only two studies which evaluated 
irrigation solutions on canal transportation [28,29]. But none of the 
studies evaluated the association of surface modifiers to irrigation 
solutions on canal transportation. Thus, the present study aimed to 
evaluate addition of cetrimide as surface modifier to NaOCl and EDTA 
on canal transportation using CBCT. The null hypothesis was that 
addition of surfactants to irrigants increases canal transportation.
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ABStRACt
Introduction: Maintenance of original canal anatomy with 
proper disinfection is our primary goal to achieve during root 
canal instrumentation. Surfactants are added to irrigating 
solution to promote deeper penetration into dentinal tubules.

Aim: The aim of this study was to evaluate the influence of 
addition of surfactants to Sodium Hypochlorite (NaOCl) and 
Ethylenediaminetetraacetic Acid (EDTA) on transportation of 
root canal. 

Materials and Methods: Fifty human mandibular molars with 
mesial root curvatures of 10° – 40° were selected and embedded 
in silicone impression material to simulate mandibular arch 
form to facilitate imaging process and maintain reproducibility 
of images. Before instrumentation, root canals were scanned 
by using Cone Beam Computed Tomography (CBCT) imaging 
(Carestream, India). The canals were then prepared with the 
ProTaper Next (PTN) system (Dentsply Maillefer, Ballaigues, 
Switzerland), using one of the following irrigation regimens 
during the instrumentation and were divided into five groups 

based on irrigation regimens followed: G1 (n=10)-irrigation with 
saline solution(control); G2 (n=10)-irrigation with 2.5% NaOCl; 
G3 (n=10)-irrigation with 2.5% NaOCl added with surfactant; 
G4 (n=10)-irrigation with 17% EDTA; G5 (n=10)-irrigation with 
17% EDTA added with surfactant.  Post-instrumentation scans 
were obtained with similar parameters and position as pre-
instrumentation scans by CBCT imaging. Transportation of the 
root canals were then analysed at three cross-sectional planes 
of pre-instrumentation and post-instrumentation images at 2 
mm, 5 mm, 8 mm from the apical end of the root. The data was 
statistically analyzed using Analysis of Variance (ANOVA) and 
Tukey post hoc test (p<0.05).

Results: The mean transportation values were higher in G5. 
Transportation in G3 and G5 was not significantly different 
compared to G2 and G4 respectively (p<0.05).

Conclusion: Instrumentation using irrigating solutions added 
with surfactant like 1% cetrimide maintained the canal curvature 
well.
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After instrumentation post-instrumentation scans were obtained 
with similar parameters and position as pre-instrumentation scans 
by CBCT imaging. Canal transportation of the root canals was then 
analysed at three cross-sectional planes of pre-instrumentation and 
post-instrumentation images at 2 mm, 5 mm, 8 mm from the apical 
end of the root. Transportation at each level was calculated using the 
following formula (a1-a2)-(b1-b2), where a1 is the shortest distance 
between mesial aspect of non instrumented canal to mesial edge 
of the root, and a 2 is the shortest distance between mesial aspect 
of instrumented canal to the mesial edge of the root. Likewise b1 
is the shortest distance between distal aspect of non instrumented 
canal to distal edge of theroot, and b 2 is the shortest distance 
between distal aspect of instrumented canal to distal edge of the 
root [31]. The result 0 indicated no canal transportation, negative 
results means distal transportation and positive results show mesial 
transportation.

StAtIStICAL AnALySIS
Data were statistically ANOVA and Tukey post hoc test for 
comparison among groups. The significance level was set at p=0.05. 

MAtERIALS And MEthOdS
This in vitro study was conducted at G. Pulla Reddy Dental College 
and Hospital, Kurnool, Andhra Pradesh, India. Human mandibular 
first and second molars with normal root morphology extracted for 
the reasons of periodontal and prosthodontic considerations were 
selected. Inclusion criteria for selection were teeth with completely 
formed apices and two distinct mesial root canals. Exclusion criteria 
were teeth with root caries, cracks, resorption, calcification and 
incomplete apices. The tissue and debris were removed from root 
surfaces with hand curettes and stored in saline at 4°C until use. 
Each tooth was radiographed in the mesiodistal and buccolingual 
planes to ensure two mesial canals with independent foramen. Teeth 
with root caries, cracks, resorption and incomplete apices, ≤10 mm 
root length were excluded. Fifty teeth with Mesiobuccal (MB) root 
curvature of 10°-40° determined using Schneiders technique [30] 
were selected as samples.

Specimen preparation
Endodontic access cavities were prepared using a round diamond 
bur (Dentsply Maillefer) and MB canal orifice was explored with a ISO 
size 10 K-file which was passively advanced into the canal until it was 
visible at the apical foramen. Working Length (WL) was established 
by subtracting 1 mm from this length. All the teeth crowns were 
flattened to standardize the length to 16 mm. Teeth were fixed in 
silicone impression material, which was simulated in mandibular 
arch form to facilitate imaging process and maintain reproducibility 
of images. Pre-instrumented root canals were scanned by using 
CBCT (Carestream, India) imaging with 10×5 Field of View (FOV). 
Scout views by CBCT machine automatically determines the tube 
potential and tube current and were kept constant before and after 
instrumentation images. 3D image acquisition was performed using 
the CBCT CS 9300 (90 kV, 6.3 mA) at high resolution dental mode. 
CBCT images of the sample were analyzed with CS 9300 imaging 
software for the 3D multiplanar reconstruction and measurements.

Randomization and Experimental Groups
After initial scans specimens were then categorised by simple 
random sampling into five experimental groups (n=10) according to 
the irrigation regimen used. 

Group 1 (G1) n=10-irrigation with 5 ml of 0.9% saline between 
files.

Group 2 (G2) n=10-During instrumentation, the canal was filled with 
3 ml of 2.5 % NaOCl solution. In between each instrument change, 
the canal was rinsed with 2 ml of 0.9% saline.

Group 3 (G3) n=10-During instrumentation, the canal was filled with 
3 ml of 2.5 % NaOCl added with 1% cetrimide solution. In between 
each instrument change, the canal was rinsed with 2 ml of 0.9% 
saline.

Group 4 (G4) n=10-During instrumentation, the canal was filled with 
3ml of 17 % EDTA solution. In between each instrument change, 
the canal was rinsed with 2 ml of 0.9% saline.

Group 5 (G5) n=10-During instrumentation, the canal was filled with 
3 ml of 17% EDTA added with 1% cetrimide solution. In between 
each instrument change, the canal was rinsed with 2 ml of 0.9% 
saline.

All the specimens were instrumented using Nickel Titanium (NiTi)
PTN system at a rotational speed of 300 rpm and 2.5 N/cm torque 
according to the manufacturer’s instructions with an electrical motor 
(X-Smart, Dentsply Maillefer) and a 16:1 reduction handpiece. The 
final instrumentation for each group was F3. All the instruments were 
used up to the WL. Each instrument was used in three canals. All 
the liquid irrigants were delivered using a 30-G, side-vented needle 
(Max-i-Probe; Dentsply Rinn, Elgin, IL).

[table/Fig-1]: Representative pre-instrumentation CBCT images of the root cross-
section at 8 mm, 5 mm, 3 mm from apex.

Statistical analysis was performed with SPSS Statistics Version 18.0 
for Windows. [Table/Fig-1,2] shows the pre-instrumentation and 
post-instrumentation CBCT images of five groups at three different 
levels. 

RESuLtS
[Table/Fig-3] shows the mean values of transportation of five groups 
at three different levels. On comparison of these five groups at 3 
mm, 5 mm and 8 mm from apex with respect to transportation 
scores by one way ANOVA, the results had showed that there 
was no significant difference between the five groups at any level 
(p>0.05). On comparison of three levels within each group there 
was significant difference with p<0.05. On pairwise comparison by 
Tukey’s post hoc test coronal values are significantly higher than 
apical values (p>0.05).
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dISCuSSIOn
Cameron JA was the first to report that surface modifiers when 
added to NaOCl enhanced their ability to dissolve organic material 
[8]. Surfactants bind primarily to the Ca2+ and Mg2+  ions in 
water, which decreases detergency and foam [13,32]. Cetrimide 
{cetyltriethyl ammonium bromide (CTAB)} is both a disinfecting 
agent and a cationic surfactant, reduces the surface tension of 
the irrigant [10,33], improves antibacterial effectiveness [14,15], 
facilitates penetration of the irrigant to the dentin surface [9], and 
increases the wettability of the dentin surface [10].

In addition, cetrimide may also alter the structure of hydroxyapatite 
nanorods in a concentration dependent manner. It also elongates 
the hydroxyapatite nanorods, thereby the length diameter ratio of 
these nanorods decreases when the content of CTAB increases 
potentially altering the physical properties of dentin [34]. It was 
previously reported that a 0.5% cetrimide solution decreased dentin 
microhardness to a similar extent as 5% EDTA [24]. Change in 
microhardness of dentine could even compromise the maintenance 
of original root canal path which could lead to canal transportation. 
Transportation may occur because of the physical properties of the 

files or as a result of chelating agents or irrigants used during canal 
preparation.

Present study results showed most apical transportation 
measurements were 0.1 mm and had not exceeded 0.3 mm. 
According to Peters canal transportation of up to 0.10 mm is 
acceptable [35]. Conversely, canal transportation above 0.30 mm 
may have a negative impact on the root filling, affecting the results 
of treatment [36] and none of the group apical values exceeded 
this limit in the present study. In the G1 of the present study, saline 
was used during instrumentation and transportation has occurred in 
few specimens in this group, though saline has no chelating ability 
and only removes debris created during instrumentation. This might 
be due to mechanical properties of the file as all instrumentation 
technique will invariably lead to removal of some dentin from root 
canal walls [1]. In G2 and G3, irrigation was conducted with NaOCl 
and NaOCl added with cetrimide respectively. Transportation values 
of G2, G3 are higher compared to G1 but no significant difference 
between three groups. This might be because NaOCl decreases 
microhardness of dentin [20,21,37] as it dissolved not only collagen 
component of dentine but also magnesium and phosphate ions 
while increasing the amount of dentinal carbonate [38,39] which 
significantly altered the ca/p ratio [19]. These changes in dentin 
mineralization may affect the hardness profile [40] and lead to 
transportation. In G4 and G5, irrigation was conducted with EDTA 
and EDTA added with cetrimide respectively. Canals prepared with 
17% EDTA solution showed greater transportation values with no 
difference between groups. High transportation values might be 
because EDTA is a strong chealator, and by its chelating action, 
it binds to calcified components (particularly +2 ions) of dentin 
causing demineralization and softening of dentin. These results are 
consistent with a molecular analysis of chelating agents applied 
to root dentin in which neutral EDTA extracted significantly more 
calcium and phosphorus from the coronal two thirds of the root 
[41]. The increased demineralization occurring in the specimens 
prepared with 17% EDTA solution probably facilitated the greater 
transportation observed in these group mainly in the coronal third. 
These results are consistent with a previous study where experimental 
groups prepared with 17% EDTA solution showed greater increase 
transportation than those prepared with RC-Prep [29].

There was also no significant difference in canal transportation 
when EDTA was added with 1% cetrimide. It might be because 
cetrimide does not affect the extraction properties of EDTA. The 
results of our study was supported by a previous study where ca2+ 
extraction properties of EDTA did not differ significantly compared 
with EDTA + cetrimide treated for 10 minutes and 15 minutes [42]. 
G5 showed highest values compared to other groups, it is due 
to addition of 1% cetrimide which had enhanced the efficacy of 
irrigation solution by decreasing the surface tension and increasing 
the wettability causing easy spread over dentin surface, thereby 
improving irrigation efficiency. Our results showed that 1% cetrimide 
addition to irrigating solutions does not significantly increase the 
canal transportation.

LIMItAtIOn
Limitation of the study was irrigation activation devices were not 
used which might influence the fluid penetration into dentinal tubules. 
Futures studies have to be conducted to evaluate the use of irrigation 
activation devices and surfactants on canal transportation.

COnCLuSIOn
On basis of methodology used in the study and results obtained, it 
can be concluded that irrigating solutions added with 1% cetrimide 
as surfactant used during instrumentation of curved canals had not 
effected the transportation of original canal significantly compared 
to instrumentation using irrigating solutions without surfactant. Thus, 
instrumentation using irrigating solutions added with surfactant like 
1% cetrimide maintained the canal curvature well.

[table/Fig-2]: Representative post-instrumentation CBCT images of the root 
cross-section at 8 mm, 5 mm, 3 mm from apex.

groups
8 mm 5 mm 3 mm

p-value
Post-

hoc testmean SD mean SD mean SD

Group1 0.16 0.07 0.08 0.08 0.06 0.07 0.012; Sig 8>3

Group2 0.17 0.09 0.08 0.08 0.07 0.08 0.025; Sig 8>3

Group3 0.15 0.11 0.10 0.08 0.07 0.09 0.18; NS -

Group4 0.18 0.08 0.09 0.11 0.08 0.07 0.033; Sig 8>3

Group5 0.25 0.07 0.10 0.10 0.07 0.07 <0.001; 
Sig

8>5,3

p-value 0.088; NS 0.974; NS 0.987; NS

[table/Fig-3]: Mean values of transportation of five groups at three different levels.
 A p-value of <0.05 was considered statistically significant.
ANOVA with post-hoc Tukey’s test.
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