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Ab s t r ac t​
Aim: To evaluate the amount of apical extrusion of bacteria from the root canal system following the use of different instrumentation techniques.
Materials and methods: A total of 45 single-rooted mandibular premolar teeth were used. Access opening was done and root canals were 
then contaminated with a suspension of Enterococcus faecalis and then dried. The contaminated roots were divided into three experimental 
groups of 15 teeth each. GI: Hand instrumentation. The root canals were instrumented using the K-file in the step-back technique. GII: The root 
canals were instrumented using the Protaper Gold File system. GIII: The root canals were instrumented using the Mtwo File system. Bacteria 
extruded from the apical foramen during the instrumentation were collected in the vials. The resultant microbiological samples were removed 
from the vials and then incubated in culture media for 24 hours. The number of colony-forming units (CFU) was determined for each sample. 
The data obtained were analyzed using the Kruskal–Wallis one-way analysis of variance and Mann–Whitney U-tests, with α​ = 0.05 as the level 
for statistical significance.
Results: There was a significant difference between the rotary instrumentation technique and the hand instrumentation technique (p < 0.05). 
The hand instrumentation technique was associated with the greatest apical extrusion of bacteria.
Conclusion: All instrumentation techniques extruded intracanal bacteria apically. No significant difference was found in the number of CFU 
among the rotary instrumentation groups; the hand instrumentation technique extruded significantly more bacteria.
Keywords: Apical extrusion, Mtwo, ProTaper Gold, Rotary instrumentation techniques.
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In t r o d u c t i o n​
The main objective of the root canal treatment is to clean the root 
canal system. During the canal preparation, necrotic tissue, pulp 
tissue remnants, dentin debris, microorganisms, and intracanal 
irrigants may be extruded from the root canal through the apical 
foramen. This is important because the bacteria extruded from the 
root canal into the periapex may be related to post-instrumentation 
complications.1

The shaping and cleaning of the root canal may involve the 
use of either hand files or engine operating systems, which may 
result in the transportation of the microorganisms through the 
apical foramen. This microbial extrusion is the most common 
cause of post-instrumentation flare-ups and also results in delayed 
healing.1

The inter-appointment flare-up is the common complication 
characterized by the development of pain, swelling, or both, 
which usually starts within a few hours or days after the root 
canal procedure.2 Flare-ups have been reported to have varying 
frequencies, ranging from 1.4 to 16%.3

The inter-appointment flare-ups may be due to mechanical, 
chemical, and microbial injury to the pulp or periradicular tissues.4 
Mechanical and chemical injuries are commonly associated with 
iatrogenic factors. Overinstrumentation and overextended filling 
materials are often related to mechanical irritation that causes 
periradicular inflammation. Irrigants, intracanal medicaments, and 
overextended filling materials beyond apical foramen are mostly 
related to the chemical injury.5

However, the leakage of microorganisms and their by-products 
from the root canal system into the periradicular tissues results 
in microbial injury, which is the most frequent cause of inter-
appointment flare-ups.6 The objective of this study was to compare 
the apical extrusion of bacteria from the root canal using different 
instrumentation techniques.

Mat e r ia  l s a n d Me t h o d s​
Forty-five human mandibular premolar teeth extracted for 
therapeutic reasons were collected. Periapical radiographs were 
taken to exclude teeth with calcification, internal resorption, or 
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any additional root canal. The methodology planned was through 
the following steps:

•	 Construction of the test apparatus
•	 Root canal contamination with E. faecalis
•	 Root canal preparation
•	 Bacterial count evaluation

Construction of the “Test” Apparatus
The test apparatus was constructed using a glass vial and a rubber 
stopper similar to the previously described method (Fig. 1). A 
heated instrument was used to create a hole through the center 
of the rubber stopper through which the tooth was inserted 
under pressure. After insertion, the cyanoacrylate cement was 
used to seal the gap between the tooth and the rubber stop at the 
cementoenamel junction.

To prevent the bacterial microleakage through the accessory 
and lateral canals, nail varnish was applied in two coats to the 
external surface of the roots. After the samples were coated, the 
rubber stops holding the tooth were fitted into the opening of 
the glass vial and the root was suspended within the vial. Thus, 
the vial act as a container for the extruding material through the 
apical foramen. The 27-gauge needle was used as a vent alongside 
the rubber stopper that serves two purposes. One, to equalize 
the air pressure inside and outside the vial and the other is to act 
as an electrode for an electronic apex locator for working length 
determination. The test apparatus along with the tooth samples 
were sterilized in ethylene oxide gas for a 12-hour cycle using 
anprolene and 74°C gas sterilizer before the commencement of 
the procedure.7

Root Canal Contamination with E. faecalis
The E. faecalis suspension was prepared by adding 1 mL of a pure 
culture of E. faecalis to the brain-heart infusion broth. Access 
opening was carried out in all the tooth samples. After the access 
preparation, the size of the apical foramen was standardized using 
a sterile 15 size K-file by breaching the apical foramen, thereby 
creating a hole in the nail varnish coat. The root canals were 
contaminated with a pure culture of E. faecalis strain (ATCC 29212) 
after the access opening (Fig. 2).

Contamination of the samples was carried out by filling the 
root canal with E. faecalis suspension using sterile micropipettes. 

The 10 size K-file was used to carry the bacteria down the length of 
the root canals. After contamination, the root canals were incubated 
at 37°C for 24 hours.7

Root Canal Preparation
After incubation, the contaminated samples were randomly divided 
into three groups and the procedure was carried out under a class I 
laminar airflow cabinet to prevent airborne bacterial contamination 
(Fig. 3).

•	 Group I: K-files using the step-back technique
•	 Group II: ProTaper Gold using the crown-down technique
•	 Group III: Mtwo using the crown-down technique

Working length was determined for all the teeth using the 
Propex Pixi apex locator with the 86.6% accuracy. The distilled water 
was used as an intermittent irrigant after each instrumentation, 
and is delivered using a 27-gauge disposable side-vented needle 
(maxi-I-probe), which was passively placed in the canal up to 3 mm 
short of the apical foramen without binding to the root canal walls.

Bacterial Count Evaluation
After completion of root canal preparation, 0.01 mL suspension was 
taken from the vial for bacterial culture; the suspension was plated 
on the brain-heart infusion agar at 37°C for 24 hours for incubation 
(Fig. 4). The classical method for evaluating bacterial count was 
used; the colonies of bacteria were interpreted as the number of 
colony-forming units (CFU)8 (Fig. 5).

Stat i s t i c a l An a lys i s​
The collected data were statistically analyzed using the Kruskal–
Wallis one-way analysis of variance and Mann–Whitney U-tests and 
the statistical significance level was set at p <​ 0.05.

Re s u lts​
The mean number of apically extruded bacteria for all the groups 
is listed in Table 1. The value of the Kruskal–Wallis H test is 16.2, and 
the p value is 0.0003. Therefore, the result is significant at p < 0.05. 
The results when compared group I and group II, group I showed 
a greater number of bacterial colonies compared to group II. 
Between group I and group III, the results showed group I with a 
greater number of bacterial colonies. Between group II and group III, 
group III showed a greater number of bacterial colonies.

Fig. 1: Construction of test apparatus Fig. 2: Root canal contamination with E. faecalis
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There was a significant difference between the rotary 
instrumentation technique and the hand instrumentation 
technique (p < 0.05). But there was no significant difference 
between ProTaper and Mtwo rotary file systems. The results were 
graphically represented to show the mean differences between the 
three experimental groups (Fig. 6).

Di s c u s s i o n​
In the literature, it is supported that infected as well as noninfected 
intracanal materials when forced apically during root canal 
preparation can trigger an inflammatory reaction.7 This inflammatory 
reaction also results in a flare-up and delayed healing depending 
upon the host responses. Because of these reasons, the extrusion 
of debris containing the bacteria is of primary concern. All the 
teeth selected in this study were mandibular premolar with a single 
straight canal, to decrease the variability among the samples.

The testing bacteria used in this study was E. faecalis because it 
is easy to grow, does not require special nutrients, and is an aerobic 
bacterium of significant clinical importance. E. faecalis has been 
reported to survive alone unlike other bacteria associated with 
root canal infections that may require symbiotic support from other 
bacteria for their growth.9,10

In this study, working length was determined using the Propex 
Pixi apex locator. The working length for all the root canals was 
calculated and kept 0.5 mm short of the apical foramen. The 
selected master apical file for the manual instrumentation group 
is size 25 K-file and for the rotary instrumentation groups was 

25/0.06. In previous studies, it was reported that even sterile dentine 
debris that is pushed into the periapical area resulted in persistent 
inflammation.11 When performing a root canal treatment in the 
contaminated canals, the same situation may exist in a patient 
with a chronic pulpitis or pulp necrosis, especially in teeth with 
preexisting apical periodontitis.12

Seltzer and Naidorf reported that irritants in the form of 
chemically altered pulp tissue proteins into the granulomatous 
lesion have an adverse reaction that may follow.1 The presence of 
immunoglobulins in the periapical areas showed a relation to some 
of the antigens present in the canals.13 This clearly says that, if the 
canal contains the antigens and a granuloma has the antibodies, 
when intracanal contents are pushed from the canal to the 
periapical region, it will result in an antigen–antibody reaction. This 
immune reaction will cause damage to the cell membrane resulting 
in the release of prostaglandins, bone resorption, increased activity 
of the kinin system, and finally resulting in pain.14 It was also 
reported that some bacterial species that are resistant to the host 
defense have the potential to undergo inflammatory response and 
delayed healing.15 Therefore, it is important to possibly avoid or 
limit the bacterial debris extrusion of intracanal contents into the 
periradicular tissues.

The extrusion was observed with all the instrumentation 
techniques with the significant difference between the hand 
instrumentation and rotary instrumentation techniques. However, 
there was no significant difference between the two rotary 
instrumentation groups. The results are similar to the previous study 
reporting less bacterial extrusion in engine-driven nickel–titanium 
than the manual technique.16 This difference was possibly due to 
the cleaning and shaping instrument techniques and the file design. 
The crown-down technique used during the rotary instrumentation 
forces the debris out from the root canal coronally along the flutes 
of the file. The K-files when used in filing motion, the chances of the 
debris to be pushed apically were relatively greater.

The ProTaper Gold rotary file has a convex triangular cross-
section and progressive taper, which allows the debris to move 
out coronally when the file is advanced toward the apex. The 
cross-section of the Mtwo rotary file is S-shaped, and the large and 
deep flutes allow for continuous upward transportation of dentinal 
debris. Therefore, between the ProTaper Gold and Mtwo rotary 
instrumentation techniques, there was no significant difference in 
the bacterial extrusion beyond the apical foramen.

Co n c lu s i o n​
Within the limitations of the study, all three groups were found to 
exhibit bacterial extrusion. But the hand instrumentation technique 

Figs 3A and B: Root canal preparation under class I laminar airflow cabinet

Fig. 4: 0.01 mL suspension was plated on the brain-heart infusion agar
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showed significantly more amount of bacterial extrusion when 
compared to the rotary instrumentation technique.
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Figs 5A and C: Evaluation of bacterial count. (A) Group I (K-files); (B) Group II (ProTaper Gold); (C) Group III (Mtwo)

Table 1: Mean value of apically extruded bacteria

Groups
Number of 
samples

CFU count 
(mean value) Mean ± SD

Group I n = 15 8.59 8.59 ± 0.68
Group II n = 15 6.80 6.80 ± 1.55
Group III n = 15 7.13 7.13 ± 1.26

Fig. 6: Graphical representation of mean differences among the three 
experimental groups


