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INTRODUCTION
Debridement of the root canal through instrumentation and irrigation 
is considered the most critical factor in the prevention and 
treatment of endodontic diseases [1]. Root canal debridement, 
achieved through irrigation and instrumentation, is crucial in treating 
endodontic diseases [1]. The main objective of instrumentation is to 
facilitate adequate irrigation, disinfection, and filling [2]. Mineralised 
tissues are disrupted when dentine is cut using hand or rotary 
instruments, resulting in a significant amount of debris [3]. The 
SL is formed by tiny particles of the mineralised collagen matrix 
that disperse throughout the surface [4]. Irrigation of root canals 
with NaOCl solutions (concentrations ranging from 1% to 5.25%) 
is a widely accepted technique. At higher concentrations, NaOCl 
effectively disinfects the dentinal tubules, regardless of the canal 
preparation technique used [5].

The traditional method of irrigating the root canal involves using 
a syringe and needle. However, positive pressure irrigation may 
sometimes lead to the extrusion of NaOCl, which can cause severe 
complications, ranging from chemical burns and oedemas to 
tissue necrosis, haemorrhagic lesions, and life-threatening airway 
compromise [6].

The concept of PMI aims to utilise the irregular surface characteristics 
of endodontic instruments to carry NaOCl into the canal space with 
controlled fluid volume, without applying pressure. The lower surface 
tension of the irrigants facilitates the percolation of NaOCl within the 
canal network [7]. This technique has been proposed as a potential 

delivery modality with minimal volume and maximum effectiveness 
of NaOCl [8]. To the best of the authors’ knowledge, there is limited 
literature available on PMI. Therefore, this study was conducted to 
fill the knowledge gap regarding the passive microvolume irrigation 
technique and its effectiveness in removing the smear layer.

The current study evaluates the efficacy of intracanal smear layer 
removal using 3.0% NaOCl SI, 3.0% and 5.0% NaOCl PMI, and 
saline PMI, with 17% EDTA used as a final rinse in single-rooted 
teeth with straight canals.

MATERIALS AND METHODS
This in-vitro study was conducted in the Department of Conservative 
Dentistry and Endodontics at Vishnu Dental College, Andhra Pradesh, 
India in February 2018. The study protocol was approved by the 
Institutional Ethical Committee (IEC/VDC/MDS15 ENDO 02). A total 
of 40 extracted permanent human maxillary central incisors with a 
single canal and complete root formation were selected for the study. 
These teeth were extracted for periodontal reasons. A sample size 
of 10 teeth per group was calculated using G* Power 3.1.9.2 with 
80% power and 5% significance.

Procedure
Total of 40 teeth divided into 10 teeth per group were selected for 
the study.

The selected teeth were cleaned from attached soft and hard 
tissues using ultrasonic scalers (Woodpecker, China) and were 
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ABSTRACT
Introduction: Passive Microvolume Irrigation (PMI) with Sodium 
Hypochlorite (NaOCl) has been proposed as a new method for 
root canal disinfection. It is based on the concept that irregular 
surface characteristics of endodontic instruments can carry 
NaOCl into the canal space with controlled fluid volume, without 
applying any pressure.

Aim: To compare and evaluate the efficacy of 3% and 5% 
NaOCl PMI, Saline PMI, and 3% NaOCl Standard Irrigation (SI) 
in removing the Smear Layer (SL) from the root canal walls at 
the cervical, middle, and apical thirds of single-rooted teeth.

Materials and Methods: This study was conducted in the 
Department of Conservative Dentistry and Endodontics at 
Vishnu Dental College, Andhra Pradesh, India. The study was 
conducted in February 2018. Forty maxillary central incisors 
with a single canal, extracted within three months of the study, 
were collected. The teeth were divided into four groups (n=10) 
based on the irrigation method: Group-1 (3.0% NaOCl SI), 

Group-2 (3.0% NaOCl PMI), Group-3 (5.0% NaOCl PMI), and 
Group-4 (Saline PMI). All samples were instrumented upto 
F4 size with Protaper rotary files, and a final rinse of 17% 
Ethylenediaminetetraacetic Acid (EDTA) was used. SL removal 
was evaluated using Scanning Electron Microscope (SEM). 
The data were analysed using Statistical Package for Social 
Sciences (SPSS) 21.0. Statistical tests used were Kruskal Wallis 
and Mann-Whitney-U tests. A p-value of <0.05 was considered 
statistically significant for all comparisons.

Results: There was no significant difference (p>0.05) in SL 
removal between 3.0% NaOCl SI, 3.0% NaOCl PMI, and 
5.0% NaOCl PMI in the middle and apical thirds of the root 
canals. However, 5.0% NaOCl PMI showed significantly higher 
efficiency in SL removal at the cervical third compared to the 
other groups (p<0.05).

Conclusion: Passive microvolume irrigation with 3% and 5% 
NaOCl showed comparable efficacy to 3% hypochlorite SI in 
the middle and apical thirds of the root canal.
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Score-interpretation:

1. no Sl: No SL on the surface of the root canal, and all the 
tubules are clean and open.

2. Moderate Sl: No SL on the surface of the root canal, but 
tubules containing debris.

3. heavy Sl: SL covering the root canal surface and the tubules.

STATISTICAL ANALYSIS
The attributed scores were tabulated, and statistical analysis was 
performed using IBM SPSS Statistics for Windows, Version 21.0 
(Armonk, NY: IBM Corp). The data obtained were analysed using 
the kappa test to determine concordance among the examiners. 
The kappa test was used to assess inter-rater reliability. The score 
data for SL removal were statistically analysed using Kruskal-Wallis 
analysis for intragroup comparison and Mann-Whitney U test 
for pairwise comparisons. All statistical analyses were set with a 
significance level of p<0.05.

RESULTS
The results of the kappa test demonstrated good inter-examiner 
agreement, with values ≥0.6 for the different categories.

In Group-1, 30% of the samples showed moderate SL in the apical 
third of the root, and 70% showed heavy SL. In the middle third, 
10% had no SL, 70% had moderate SL, and 20% had heavy SL. In 
the coronal third, 90% had moderate SL, and 10% had heavy SL.

In Group-2, 50% of the samples showed moderate SL, and 50% 
showed heavy SL in the apical third of the root. In the middle third, 
10% had no SL, 60% had moderate SL, and 30% had heavy SL. 
In the coronal third, 10% had no SL, 80% had moderate SL, and 
10% had heavy SL.

In Group-3, 10% had no SL, 60% had moderate SL, and 30% had 
heavy SL in the apical third of the root. In the middle third, 20% 
had no SL, 60% had moderate SL, and 20% had heavy SL. In the 
coronal third, 70% had no SL, 30% had moderate SL, and none 
had heavy SL.

In Group-4, 100% of the samples showed heavy SL in the apical, 
middle, and coronal thirds.

Intragroup comparison revealed a decrease in the efficacy of SL 
removal from the cervical to the apical third of the root canal in all 
groups, except for the saline PMI group. Intergroup comparison 
showed that 3.0% NaOCl SI, 3.0% NaOCl PMI, and 5.0% NaOCl 
PMI did not show a significant difference in SL removal in the middle 
and apical thirds of the root canals (p>0.05). There was no significant 
difference between 3% NaOCl SI and 3% NaOCl PMI in SL removal 
in the cervical third of root canals (p>0.05), while 5% NaOCl PMI 
showed significantly higher efficiency in SL removal at the cervical 
third compared to other groups (p<0.05). [Table/Fig-1,2] show the 
intragroup and intergroup comparison of SL removal among the 
four groups at the apical, middle, and cervical thirds, respectively.

SEM images showing the efficacy of SL removal at the apical, middle, 
and cervical regions are shown in [Table/Fig-3-6], respectively.

stored in sterile saline solution (0.9% Sodium Chloride) at room 
temperature throughout the study. The crowns of all specimens 
were transversely cut at the Cementoenamel Junction (CEJ) using 
a double-faced diamond disc (Adler, New York, US) at low speed 
with water coolant. The apices of the teeth were embedded in wax. 
The teeth were randomly divided into four groups of 10 each (n=10). 
A size 10 K-file (Dentsply, Maillefer, Switzerland) was inserted 
into each canal until its tip was just visible at the apical foramen. 
The length of the file was measured, and 1 mm was subtracted 
from this length to determine the optimal root canal preparation 
length. Patency was established in all canals, and rotary files were 
progressively used down to the working length.

The standard root canal procedure using Protaper rotary files 
was followed to prepare the root canals upto the finishing file F4 
(Protaper, Dentsply Maillefer) with intermittent irrigation in all groups. 
The shaping files (S1, SX, and S2) were used with a brushing 
motion. In this brushing action, the files were taken passively to the 
point of light resistance and then ‘brushed’ out of the canal. The 
finishing files (F1 to F4) were used in an ‘in and out’ action passively 
with short penetrating strokes until the desired length was achieved. 
Irrigation was performed according to the established regimen for 
each group as follows:

group-1: 3.0% Sodium hypochlorite (naoCl) Si: Irrigation was 
performed using a #30-gauge side-vented needle (25 mm, Disposable 
irrigation needle, CN, China), which was placed 1 mm short of the 
working length. The irrigation cycles consisted of irrigating with 2 mL 
of 3.0% NaOCl between each instrumentation and recapitulation 
with a 10 k file. This procedure was repeated for each file until 
the use of the F4 file. Final irrigation was done with 1 mL of 17% 
EDTA for one minute, followed by 2 mL of saline solution to remove 
any residual effects of the irrigants.

group-2: 3.0% Sodium hypochlorite (naoCl) Passive Microvolume 
irrigation (PMi): Irrigation in this group was performed by placing 
the rotary file into a dappen dish with 3.0% NaOCl for five seconds. 
NaOCl was carried within the surface texture of the Protaper rotary 
file and introduced into the canal space as the file was inserted. Upon 
instrument movement in the root canal, the 3.0% NaOCl was released 
into the canal space. NaOCl was delivered in a microvolume amount 
without applying any pressure. A fresh 3% NaOCl solution was used 
for each sample, and the solution was changed with each new sample. 
After instrumentation with the rotary files, the corresponding hand 
k-file of the same size was also dipped in the 3.0% NaOCl solution 
for five seconds. It was then passively inserted and moved in the root 
canal until it showed a snug fit. The 3.0% NaOCl carried within the 
irregularities of the hand k-files acted as a booster for replenishment in 
the root canal. This procedure was repeated for each rotary file until the 
use of the F4 file and hand #40 k-file. The final irrigation was done with 
1 mL of 17% EDTA for one minute, followed by 2 mL of saline solution.

group-3: 5.0% Sodium hypochlorite (naoCl) PMi: The 
instrumentation and irrigation in this group followed a similar protocol 
as Group-2, but with 5.0% NaOCl.

group-4: Saline PMi: The instrumentation and irrigation in this 
group were similar to the procedures used in Group-2 and 3, but 
saline was used instead of NaOCl for root canal irrigation. In all 
groups, canals were dried using absorbent paper points.

Scanning electron Microscope (SeM) observation: Deep grooves 
were cut on the buccal and palatal surfaces of the roots using a 
diamond disc. The roots were then split with a chisel and mallet. The 
specimens were dried, mounted on a single stub, gold-sputtered 
in a high-vacuum evaporator, and analysed under a SEM at 1000× 
magnification at the cervical, middle, and apical levels of each root half.

The cleaning of root canal walls was evaluated individually by 
two examiners who were blinded to the irrigation regimens. The 
scores were attributed according to the rating system developed by 
Torabinejad M et al., as follows [9]:

groups apical vs middle apical vs coronal Coronal vs middle

Group-1 0.02* 0.008* 0.95

Group-2 0.28 0.04* 0.39

Group-3 0.49 0.005* 0.02*

Group-4 1 1 1

[Table/Fig-1]: Intragroup comparison of all groups at apical, middle, and coronal third.
Statistical Analysis: Kruskal-Wallis test; *Statistically significant

inter-group comparison apical Middle Coronal

Group-1 vs Group-2 0.37 0.69 0.58

Group-1 vs Group-3 0.07 0.72 0.001*

Group-1 vs Group-4 0.07 <0.001* <0.001*
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[Table/Fig-3]: A 3% NaOCl SI Scanning Electron Microscope (SEM) (1000× 
magnification) photographs of Smear Layer (SL) removal at: a) apical; b) middle 
and; c) coronal thirds of root canal.

[Table/Fig-5]: A 5% NaOCl PMI Scanning Electron Microscope (SEM) (1000× 
magnification) photographs of Smear Layer (SL) removal at: a) apical; b) middle; 
and c) coronal thirds of root canal.

[Table/Fig-4]: A 3% NaOCl PMI Scanning Electron Microscope (SEM) (1000× 
magnification) photographs of Smear Layer (SL) removal at: a) apical; b) middle; 
and c) coronal thirds of root canal.

Group-2 vs Group-3 0.28 0.49 0.007*

Group-2 vs Group-4 0.01* 0.002* <0.001*

Group-3 vs Group-4 0.002* 0.001* <0.001*

[Table/Fig-2]: Intergroup comparison of all groups at apical, middle and coronal third.
Statistical Analysis: Mann-Whitney U-test; *Statistically significant

[Table/Fig-6]: Saline PMI Scanning Electron Microscope (SEM) (1000× magnification) 
photographs of Smear Layer (SL) removal at: a) apical; b) middle; and c) coronal thirds 
of root canal.
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Examination of specimens in Group-3 revealed efficient removal of 
the SL and clean and open tubular apertures (70% of the samples) 
in the cervical third of the root canal compared to other groups. The 
higher concentration of NaOCl (5%) used in this group might be 
the reason for its effectiveness in removing the organic part of the 
SL. Higher concentrations of NaOCl have been shown to be more 
effective in removing the SL, and they also penetrate deeper into 
dentinal tubules [23,24]. Additionally, the larger size of the canals in 
the cervical third may have allowed for better circulation and action 
of the irrigating solution, resulting in more efficient removal of the SL 
and debris [25].

PMI with 3.0% and 5.0% NaOCl showed a comparable efficacy to 
SI in single-rooted, straight canal teeth. Carrying the irrigant within 
the surface texture of the rotary file and simultaneously instrumenting 
with it may have agitated the NaOCl, breaking the vapour lock and 
potentially enhancing the temperature effect.

Limitation(s)
Limitations of the study include not evaluating the total time of 
irrigation method, the volume of NaOCl used, and the effects 
of immersing rotary files in NaOCl at different concentrations. 
Additionally, the study was conducted on extracted straight canal, 
single-rooted teeth, which may not accurately reflect the outcomes 
of the tested irrigation method in a clinical scenario. Factors such 
as blood, tissue remnants, and other variables that may be present 
in the root canal system were not taken into account. It should be 
noted that deeper penetration of the needle occurs in single-rooted 
maxillary central incisor teeth due to wider canals, and the results of 
this study may vary in posterior teeth with narrower canals.

CONCLUSION(S)
Within the limitations of the present study, it can be concluded that 
both PMI and SI were equally effective in removing the smear layer 
from the cervical and middle thirds of the root canal, despite the 
microvolume of NaOCl used in the PMI technique. However, both 
systems were ineffective in completely removing the smear layer 
from the apical third of the root canal.
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