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Introduction

Disinfection of the root canal system by

using antimicrobial and tissue-dissolving

irrigants is considered an essential part of

chemomechanical debridement.1 Residual

pulp tissue, bacteria, and dentine debris

remain in areas such as the dentinal tubules,

accessory canals, canal ramifications, apical

deltas, fins, etc., which are routinely left

uninstrumented after root canal

preparation.2 Irrigation is complementary to

instrumentation in facilitating the removal of

bacteria, debris and therapeutic materials

such as gutta-percha, sealer and

medicaments from root canals.

The effectiveness of irrigation relies on both

the mechanical flushing action and the

ability of irrigants to dissolve tissue. Irrigation
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Précis

Passive ultrasonic irrigation (PUI) with more biocompatible 1% sodium hypochlorite

(NaOCl) was evaluated and compared to syringe irrigation with 2.5% NaOCl, and it

was concluded that PUI with 1% NaOCl is more effective in removal of debris from

the root canal system than syringe irrigation with a higher concentration of 2.5%

NaOCl.

Abstract

Objective: To evaluate and compare the cleaning ability of the more biocompatible

1% sodium hypochlorite (NaOCl) with passive ultrasonic irrigation (PUI) to that of

2.5% NaOCl with syringe method irrigation.

Material and methodology: Thirty-six extracted permanent single-rooted

mandibular premolar teeth were decoronated at the cemento-enamel junction and

divided randomly into four groups (nine in each group) after biomechanical

preparation. Group 1: Control group – normal saline was used as an irrigant

solution. Group 2: PUI with 1% NaOCl. Group 3: syringe irrigation with 1% NaOCl.

Group 4: syringe irrigation with 2.5% NaOCl. Roots were split and canal walls were

examined at the apical third at 1,000X magnification in a scanning electron

microscope (SEM). Debris scores were recorded using a scoring scale. Means were

tested for significance using nonparametric Mann–Whitney U and chi-square tests.

Results: Group 2 showed the lowest mean score of 0.33 compared to the other

groups and Group 1 had the highest mean score. Significant difference was found

when PUI with 1% NaOCl (Group 2) was done compared to syringe irrigation with

1% NaOCl (Group 3, p=0.001), and syringe irrigation with 2.5% NaOCl (Group 4,

p=0.002).

Conclusion: PUI with 1% NaOCl is more effective in removal of debris from the root

canal system than syringe irrigation with a higher concentration of 2.5% NaOCl.
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with sodium hypochlorite (NaOCl) has been shown to dissolve

organic tissues and to be antibacterial in root canals.3,4 The inherent

disadvantages of NaOCl are its cytotoxic effect5 and its potential to

cause corrosion to stainless steel instruments.6 Thus, lesser

concentrations like 1% NaOCl are more biocompatible.7

The flushing action of irrigants helps to remove organic and dentinal

debris and microorganisms from the canal. Indeed, it has been

suggested that the flushing action may be more important than the

ability to dissolve tissue. The flushing action created by syringe

irrigation is relatively weak, and dependent not only on the anatomy

of the root canal system but also on the depth of placement and the

diameter of the needle.8 Increase in the volume of irrigant does not

significantly improve its flushing action and its efficacy to remove

debris.9 The flushing action of irrigants may be enhanced by using

ultrasound because the directional flow from apical to coronal, and

eddies produced through the acoustic streaming created by the

vibrating instrument, are more intense in velocity and magnitude

around its tip.10 In a study by Cunningham et al.,11 the flushing action

of hand syringe irrigation was compared with ultrasound using saline

as the irrigant. Ultrasound removed 86% of the bacterial spores from

the root canal, while hand syringe irrigation removed 62%.

Passive ultrasonic irrigation (PUI) in combination with NaOCl has been

shown to have better efficacy in debris removal.12 The term passive

here means that the ultrasonically driven file is placed in the centre of

the root canal system with no cutting action on the dentinal walls.13

PUI relies on the transmission of acoustic energy from the oscillating

file or smooth wire to an irrigant.14

Various instruments are used to prepare root canals. Rotary hand

preparation techniques and rotary instruments with radial lands tend

to produce round preparations. These round preparations may be

produced in the centre or at one side of a long oval canal leaving

uninstrumented canal extensions.15 In addition, many posterior teeth

have complex isthmuses and other natural irregularities. If the dentine

debris is not removed completely from the uninstrumented extensions,

two unfavourable outcomes may result. First, calcium hydroxide and

other medicaments that function only when in direct contact with the

pathogens, cannot be placed in the space occupied by debris, and

therefore could not be effective.16 Secondly, only those areas free of

debris can be filled with gutta-percha and sealer; therefore, the debris-

filled canal extensions may lead to leakage.17 Clearly, thorough

removal of all debris is an essential part of root canal treatment.

The main objective of this study is to evaluate and compare the

cleaning ability of the more biocompatible 1% NaOCl with PUI to that

of 2.5% NaOCl with syringe method irrigation.

Materials and methodology
Thirty-six extracted permanent single-rooted mandibular premolar

teeth were decoronated at the cemento-enamel junction and stored

in distilled water. To facilitate their fracture for the scanning electron

microscopic (SEM) examination, two parallel longitudinal grooves

that did not penetrate the root canals were made on both external

surfaces of the teeth.

The working length was established by deducting 1mm from the

actual canal length, which was determined by inserting a size 15 file

into the canal until the tip of the file was just visible at the apical

foramen. The apical ends of the roots were sealed with wax, to

prevent irrigation through the apical foramen during root canal

preparation and also to simulate in vivo apical counter-pressure.

A pre-test sample size calculation procedure was carried out. It has been

reported that the percentages of complete debris removal for sonic and

ultrasonic irrigation were 5% and 92.5%, respectively (Rodig et al.).18

Based on the results of the above study the effect size, i.e., removal of

debris, was calculated. Type I error was set as 0.05 and type II error at

0.10. Based on these values, the required minimum sample size for each

group turned out to be 7. Based on these computations, 36 teeth (n=9

in each group) were selected for the study.

Group 1 – Control group
The coronal aspect of each canal was flared, using Gates Glidden drills

(Dentsply; Maillefer, Ballaigues, Switzerland), sizes 2-4, to a depth

where resistance was met. The canals were then instrumented with a

#40 K-file to the established working length. Step back flaring was

accomplished by subtracting 1mm from each successively larger file

size up to #60 K-file. Irrigation of the canals was performed with the

help of a hypodermic syringe and #27 gauge needle that was placed

to 1mm short of the working length. 1ml of saline was used between

each instrument change to give a total volume of 10ml. Final rinse of

the canals was done with 5ml of saline.

Group 2 – PUI with 1% NaOCl
The same instrumentation sequence was followed as in Group 1. The

irrigant used in this group was 1% NaOCl. During instrumentation,

1ml was used between each instrument change to give a total volume

of 10ml. The final rinse was done with 5ml of 1% NaOCl using PUI

(Piezon Master 400; EMS, Nyon, Switzerland). PUI was done by

placing an ultrasonically vibrating #15 K endosonic file (Endosonore;

Maillefer, Ballaigues, Switzerland) to 1mm short of the working length

with hypochlorite still in the canal for three minutes. The passive

activation meant that there was no attempt made to instrument,

plane or contact the canal walls with the file and every attempt was

made to keep the file centred in the canal.

Group 3 – Syringe irrigation with 1% NaOCl
The same instrumentation sequence was followed as in Group 1. The

irrigant used in this group was 1% NaOCl. During instrumentation

1ml was used between each instrument change giving a total volume

of 10ml using a hypodermic syringe and #27 gauge needle that was

placed to 1mm short of the working length. Final rinse of the canals

was done with 5ml of 1% NaOCl.

Group 4 – Syringe irrigation with 2.5% NaOCl
The same instrumentation sequence was followed as in Group 1. The

irrigant used in this group was 2.5% NaOCl. During instrumentation,

1ml was used between each instrument change, giving a total volume
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of 10ml using a hypodermic syringe and a #27 gauge needle that was

placed to 1mm short of the working length. Final rinse of the canals

was done with 5ml of 2.5% NaOCl.

After irrigation, all the root canals were dried with absorbent paper

points. The canal orifice was sealed with cavit. The roots were split

longitudinally and prepared for SEM investigation. The specimens

were fixed in 2% glutaraldehyde solution for 12 hours. Then, using

graded concentration of ethanol, starting from 30% and progressing

to 50%, 70%, 90% and 100%, the specimens were dehydrated.

The specimens were fixed on an aluminium stub for gold ion

sputtering (500 A°, Balzers CSD 030; Balzers, Liechtenstein). Then the

specimens were viewed under SEM (Cambridge Stereoscan 180;

Cambridge, UK) at 10KV accelerating voltage. After the general survey

of the entire canal wall, photomicrographs were taken at 1,000X

magnification of the apical third of the canal. The SEM photographs

were coded and randomly mixed, so that examiners were blinded, and

were evaluated by two calibrated evaluators using a standard scoring

system as outlined below:

Scoring system
Score 0 – root canal surface free of debris leaving the openings 

totally exposed.

Score 1 – root canal surface covered with debris only at the opening 

of dentinal tubules.

Score 2 – root canal surface with a thin covering of residue on the 

dentinal tubules with visible tubules in few regions.

Score 3 – surface covered with debris with no dentinal tubule 

openings visible.

Intraobserver reproducibility and interobserver agreement were

calculated. When a disagreement in scoring occurred, an additional

analysis was performed with both evaluators together until a

consensus was reached.

The score data were subjected to statistical analysis using the SPSS

11.0 program (SPSS Inc; Chicago, IL, USA). A chi-square test was used

for multiple group comparisons and Mann–Whitney U test for group

wise comparisons at a significance level of p≤0.05.

Results
Interobserver agreement was 90% (k=0.9057; confidence interval =

0.8310-0.9804), and intraobserver reproducibility was 98%

(k=0.9843; confidence interval = 0.9626-1), with no significant

influence of the observer (p=0.9825).

Mean scores of debris layer present at the apical third of root canal

samples and statistical difference between all four groups are listed in

Table 1.

Group 2 (PUI with 1% NaOCl) shows the lowest mean score of 0.33

compared to the other groups, and Group 1 (control group) had the

highest mean score. There was a highly statistically significant

difference between the groups with respect to mean scores

(p<0.001).

Further, the Mann–Whitney U test was applied to find out the

significant difference between two independent groups as shown in

Table 2. The formula used was as follows:

U = n1n2 + 
n1(n1 –1)

–Σ Ri

Where R = rank order assigned to each value

There was no statistically significant difference (p=0.059>0.001)

found between Group 1 (control group) and Group 3 (syringe

irrigation with 1% NaOCl) (p=0.190>0.001), and between Group 3

(syringe irrigation with 1% NaOCl) and Group 4 (syringe irrigation

with 2.5% NaOCl). However, a significant difference was found when

the passive ultrasonic irrigation with 1% NaOCl (Group 2) was done
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n2(n2 –1)

FIGURE 1: SEM picture of samples in Group 1. All dentinal tubules
are covered with debris.

FIGURE 2: SEM picture of samples in Group 2. All dentinal tubules
are free from debris and open.



compared to syringe irrigation with 1% NaOCl (Group 3, p=0.001)

and syringe irrigation with 2.5% NaOCl (Group 4, p=0.002).

Figures 1, 2, 3 and 4 show the SEM images of each of the four groups.

Discussion
Dentinal debris is the term for the organic and inorganic remnants in

the root canal system. Dentinal debris differs from smear layer in that

the latter is found only in areas where there has been mechanical

action of endodontic instrumentation. The diversity of the root canal

anatomy and the irregularities in the dentine walls make it increasingly

difficult to successfully remove all the infected debris and the necrotic

pulp tissue.19

The importance of irrigation as a method of removing debris from the

root canal is well recognised. It has been shown that 70% more debris

remained in the root canal when instrumentation was carried out

without irrigation.20

In the current study, the cleaning ability of different concentrations

(1% and 2.5%) of NaOCl with and without passive ultrasonic

activation was evaluated at the apical third. The root canal samples

were randomly divided into four groups. Group 2, where the final

flush of the canals was performed with 1% NaOCl in conjunction with

passive ultrasonics, showed significantly less debris at the apical third.

The canals irrigated with physiological saline by syringe method

(Group 1: control group) showed the maximum amount of remnant

debris, followed by canals irrigated with 1% NaOCl (Group 3) and

2.5% NaOCl (Group 4) by syringe method. The results showed that

the passive ultrasonic agitation of 1% NaOCl improved the

debridement of the root canals at the apical third.

The test root canal samples were decoronated prior to

instrumentation. This was done to enable ease of placement of the

ultrasonically activated file passively in the centre of the root canals,

and to prevent variations in the dimensions of the access cavity

preparation from interfering in the study methodology. They were

then instrumented with hand stainless steel endodontic K-files to the

size #40 apically in step back manner. It has been shown that small

root canals may restrict the flushing action of irrigants, with the result

that such canals should be enhanced to allow effective irrigation. It

has been reported that hand irrigation was less effective when the

canals were enlarged to less than size 40 at the apex.21

The apical areas of the root canals were evaluated for remnant debris,

as this is the critical area in root canal preparation, which houses the

lateral canal and the apical delta. After instrumentation the debris
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TABLE 1: Mean values of debris score at apical third and statistical
comparison between all four groups.

Std. Chi ‘p’

N Mean deviation Min Max square value

Group 1 9 2.44 0.527 2 3

Group 2 9 0.33 0.5 0 1

Debris Group 3 9 1.89 0.601 1 3

score Group 4 9 1.44 0.527 1 2 24.135 <0.001

TABLE 2: Mann–Whitney U test between 
the two independent groups.

Between group Mann–Whitney ‘p’

comparison U value

Group 1 vs. Group 2 0 <0.001

Group 1 vs. Group 3 22 0.059

Group 1 vs. Group 4 10 0.003

Group 2 vs. Group 3 3 0.001

Debris Group 2 vs. Group 4 7.5 0.002

score Group 3 vs. Group 4 25 0.19

FIGURE 3: SEM picture of samples in Group 3. Few dentinal tubules
are free from debris and open.

FIGURE 4: SEM picture of samples in Group 4. Some dentinal
tubules are free from debris and open.



accumulates and is more evident in the apical third of the canals.

This could lead to loss of working length, and hindered penetration

of the intracanal medicaments and sealants; it also increases the

chances of forcing the debris into the periapical region.22

NaOCl is the most commonly used irrigant in root canal therapy, for

its tissue-dissolving capability, microbicidal activity and lubricating

properties.23 The activity of NaOCl is related to the free

hypochlorous acid (HOCl) present in the solution, which reacts with

organic tissue and microorganisms. NaOCl is used in endodontics in

the concentrations of 0.5%-5.25% and is still a matter of debate.

The antimicrobial and tissue-dissolving properties of NaOCl are

dependent on the concentration.23,24 However, at higher

concentrations it is cytotoxic – causing caustic burns5 – and has a

corrosive effect on the endodontic files.6

In the present study, 1% and 2.5% NaOCl were used as irrigating

solutions for debridement of the canals. While NaOCl at the

concentration of 2.5% is most commonly used, concentrations of

1% and below have been shown to be biocompatible.7

In the present study, 1% NaOCl agitated with passive ultrasound for

three minutes was shown to debride the apical third significantly

better than the syringe method, correlating with earlier studies.

Passive ultrasonic agitation of 1% NaOCl for one, three and five

minutes has been shown to enhance the debridement of root canals

at the apical third.24 These results are in accordance with the studies

by Sabins et al.,26 who reported that passive sonic and ultrasonic

activation for 30 and 60 seconds produces significantly cleaner

canals than irrigation alone, with PUI producing significantly cleaner

canals than passive sonic irrigation. A study by Rodig et al.18

concluded that PUI removed significantly more debris than syringe

irrigation or a sonically activated device (Vibringe).

The mechanisms behind ultrasonics are mainly cavitation and

acoustic streaming. The concept of acoustic streaming was

described as the rapid movement of particles of fluid in a vortex-like

motion around a vibrating object. The fluid is transported from the

apical to the coronal end, at a rate of a few centimetres per second,

resulting in hydrodynamic shear stresses around the file capable of

disrupting most biological material.13

In the current study, passive ultrasonic agitation of the irrigants

was done with a #15 endosonic K-file for three minutes. A smaller

file was selected to have an increased streaming velocity to

enhance the debridement of the canal. The best effect is obtained

when the file is small, as the amplitude displacement is large and

the frequency is high.14 The recommended application time of

ultrasonic agitation of the irrigants varies from 30 seconds to five

minutes in studies,14,25 with a three-minute application being

commonly chosen and showing consistent results.14 The limitation

of the study was that, during PUI with a continuous flush, flow rate

of the irrigant that enters the apical part of the root canal cannot

be standardised. Although irrigant flow rate is considered a highly

significant factor determining flow pattern in fluid dynamics, it is

unknown whether it influenced the performance of ultrasonic

irrigation.

Some studies indicate that debris removal from the coronal part is

considered to be easier than from the apical part,26 whereas other

authors found no differences among root canal thirds.27 In the present

study, the needle employed was a #27 gauge, which corresponds

approximately to ISO size #35. The tip of the needle reached the

apical third during the delivery of the irrigants in the root canal

samples. Therefore, the introduction depth of the needle tip might

result in better debris removal from the apical third of the canal in the

present study compared to other studies.

The main advantage of SEM is that it allows evaluation of both halves

of the canal wall along their entire length. However, only the surface

can be examined, and the depth of debris cannot be determined

precisely. Moreover, there are practical limitations for grading the root

canal surface when a scoring system is used. This considered, it is

estimated that a sufficiently representative view of the debridement of

the root canal was achieved in the present study.

The study being in vitro, it has certain limitations. For example, the in

vitro design allowed for a more aggressive approach, which increased

debridement efficiency as compared to in vivo instrumentation.

Walton28 and Bolanos and Jensen29 also reported on differences in

instrument manipulation, which would increase the effectiveness of in

vitro instrumentation. Fairbourn et al.30 stated that the positive apical

pressure present in the mouth is difficult to simulate in vitro. They

concluded that this difference in apical pressure might alter canal

preparation in an in vivo situation. In an in vivo study, Salzgeber and

Brilliant31 determined that the presence of vital tissue confined the

irrigating solution to the space of instrumentation. In necrotic cases,

the solution permeated the canal faster than in vital cases, and

extruded into the periapical lesion in a random pattern. Thus, in vivo

study is further required to directly correlate the results of the present

study clinically.

The clinical relevance of the current study indicated that it is

suggested to follow the clinical regimen of final flush with 1% NaOCl

using PUI in the apical region rather than the higher concentration of

2.5% NaOCl using the syringe method, which is more cytotoxic and

corrosive to instruments.

Conclusion
From the results of the present study it can be suggested that PUI with

1% NaOCl is more effective in removal of debris from the root canal

system than syringe irrigation with a higher concentration of 2.5%

NaOCl. Hence 1% NaOCl, which is more biocompatible, with PUI,

should be used rather than using a higher concentration of 2.5%

NaOCl, which has cytotoxic properties.
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