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Introduction

Cleaning and shaping the root canal system is a significant goal 
of  endodontic care. Dentinal chips, pulpal tissue fragments, ne-
crotic tissues, microorganisms, and intracanal irrigants can all be 
extruded through the apical foramen during cleaning and shaping. 
Material extruded through the apical foramen has been related 
to post-instrumentation pain and a "flare-up" [1]. Bacteria and 
their products extruded into the periradicular tissues may cause an 
acute inflammatory response, the strength of  which is dependent 
on the number and/or virulence of  bacteria.

There is a balance between microbial aggression from the infect-
ing canal microbiota and host defences in the periradicular tissues 
in asymptomatic chronic periradicular lesions associated with in-

fected canals. If  the bacteria are extruded apically during chemo-
mechanical preparation, the host will be confronted with a greater 
number of  irritants than initially. As a result, the balance between 
aggression and defence will be temporarily disrupted, causing the 
host to mobilise an acute inflammatory response to re-establish 
the equilibrium [1, 2]. 

The interappointment flare-up is a true complication marked by 
the onset of  pain, swelling, or both after a few hours or days 
of  root canal procedures and is severe enough to necessitate an 
unscheduled visit for emergency care [3]. Mild postoperative pain 
is very normal, even though the operation was performed accord-
ing to appropriate guidelines, and patients should be prepared for 
it. An inter-appointment flare-up, on the other hand, has been 
shown to be a rare phenomenon. Mechanical, chemical, or micro-
bial damage to the pulp-periradicular tissues are among the causes 
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of  interappointment flare-ups [2]. 

All preparation techniques and instruments have been reported 
to be associated with extrusion of  infected debris, even when 
preparation is maintained short of  the apical terminus [4]. Even 
when the preparation is done short of  the apical foramen, all of  
the preparation instruments and techniques have been linked to 
the extrusion of  contaminated debris [1]. The stepback technique 
created more debris than the engine-driven techniques and the 
balanced force technique [5]. The use of  engine-driven nickel-tita-
nium (NiTi) instrumentation in root canal procedures has grown 
in popularity over the last decade.

Newer instrument designs, such as non cutting tips, different 
cross sections, radial lands, and variable tapers, have recently been 
implemented to improve working safety, minimise working time, 
and increase flare in preparations [1]. Hence, this study aims to 
investigate the apical extrusion following the use of  three differ-
ent Nickel Titanium rotary file systems.

Previously our team had rich experience in working on various re-
search projects across multiple disciplines [6-20]. Now the grow-
ing trend in this area motivated us to pursue this project.

Materials and Methods

Selection and Preparation of  Teeth:
 
40 single-rooted human mandibular premolar teeth, freshly re-
moved for orthodontic purpose from the outpatient clinic in the 
Department of  Oral and Maxillofacial surgery at Saveetha Den-
tal College were collected. The teeth with closed apices and cur-
vatures less than 10° were selected. All the samples were tested 
using in the buccal and proximal directions, digital radiographs 
were taken to rule out the possibility of  multiple canals. Teeth 
with apical openings and calcification was not included. After 
that, the teeth were brushed, soft tissue fragments and debris 
were removed and autoclaved twice for sterilization. The samples 
were stored in physiological saline solution at +4°C until it was 
required. An endodontic access cavity was prepared using size 1 
Endo Access Bur (Dentsply Maillefer, Ballaigues, Switzerland) us-
ing a high-speed handpiece. Pulp chambers were accessed, and 
a reservoir was developed for the infection of  root canals with 
Enterococcus faecalis suspension. The pulp remnants were then 
removed with a fine barbed broach, taking care not to pass the 
broach through the apical foramen. The working length was de-
termined for all the samples using Ingle’s method.

Test Apparatus:

The entire setup was created using a plastic cuvette with a lid, of  
1.5ml volume. By using a heated instrument a hole was created 
in the center of  each cuvette lid. The tooth was then inserted 
from the top portion of  the lid under pressure and fixed to the 
cementoenamel junction with epoxy resin and a hardener. The 
root's apical part was suspended inside the cuvette, which served 
as a collecting container for apical material evacuated through the 
root foramen. A 27-gauge needle was bent and forced alongside 
the lid of  the cuvette to be used as a cannula for drainage and 
for balancing air pressure inside and outside the cuvette. The ex-
ternal surface of  all roots was then coated with two coats of  nail 

varnish.With the use of  a size 15 K-file, a hole was made into 
the nail varnish that had covered the apical foramen before the 
experiment. 1 mm of  instrument was extruded in this process. In 
this method a standard size of  foramen and apical patency was 
achieved. The entire test apparatus was then sterilized using an 
autoclave for 20 minutes at 50lbs pressure.

Contamination with Enterococcus faecalis:

To contaminate the root canal system, a pure culture of  standard 
strain of  E. faecalis was used. The pure culture of  E. faecalis was 
inoculated in Brain-heart infusion agar and incubated overnight at 
37 degree celsius aerobically. The suspension was made in 1 mL 
of  sterile normal saline with turbidity matching 0.5 Mcfarland’s 
standard. A sterile micropipette was used to contaminate the root 
canals with 10 μL [1.5 × 108 colony forming unit (CFU)] of  the 
suspension in a laminar airflow cabinet to avoid any airborne con-
tamination, and a size 10-K file was used to percolate the bacteria 
along the length of  the root canals. The infected roots were then 
dried for 2 hours at 37°C in an incubator. The sterile 0.9% saline 
solution was then fully filled into the cuvette tubes. Till the pro-
cess started the cuvettes were stored at 4 degree celsius.

Methodology:

The prepared teeth samples were divided into four groups (n=10):
Group 1: Dentsply Trunatomy Files
Group 2: Micromega Herogold Files
Group 3: Micromega Heroshaper Files
Group 4: Uninstrumented group (Control)

Root Canal Preparation:

The cuvette having the teeth samples were placed in a test tube to 
handle it conveniently during the root canal preparation process. 
All the root canal preparations were done with a low-speed endo-
dontic handpiece (300 rpm) (Dentsply X Smart Plus). During the 
instrumentation process, the operator was shielded from seeing 
the root apex by a rubber dam that blocked the cuvette. For ir-
rigation in between and at the end of  instrumentation sequence, 
2 mL of  2.5 percent NaOCl was used in each root canal. After 
that, 5 mL of  2.5 percent NaOCl solution was used for final irri-
gation. The irrigant was administered through a disposable plastic 
syringe with a 27-gauge needle attached, which was inserted into 
the canal until mild resistance was felt. All the rotary file systems 
were instrumented according to their respective sequence using 
their manufacturers instructions. The orifice modifier, glide path 
and shaping files were used in sequence for Dentsply Trunatomy 
and the orifice enlarger, shaping and finishing files in sequence 
for Micromega Herogold and Heroshaper using the crown down 
technique.

Control Group:

After the teeth were contaminated and apical perforated, 10 teeth 
were chosen and maintained in the test medium. Subsequently, 
0.1 mL NaCl was taken from the experimental vials for evaluating 
the bacteria, and then incubated in a brain–heart agar. Bacterial 
colonies were counted and the results were given as CFU.
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Statistical Analysis:

The data obtained were analyzed using Kruskal–Wallis one-way 
analysis of  variance and Mann–Whitney U tests. The level of  sta-
tistical significance was kept at p = 0.05

Results & Discussion

There was a difference in the mean number of  extruded bacteria 
between Dentsply Trunatomy, Herogold and Heroshaper file sys-
tems but the results were not statistically significant. Trunatomy 
showed the least amount of  extruded bacteria compared to Hero-
gold and Heroshaper. The mean amount of  bacterial extrusion is 
given in Table 1.

The aim of  this study was to assess whether root canal shaping 
with three different nickel-titanium rotary file systems caused api-
cal extrusion of  intracanal bacteria. The amount and type of  ir-
rigant, as well as the operator, were common to all techniques. To 
reduce the number of  variables and increase the likelihood that 
the amount of  apically extruded bacteria was due to instrumenta-
tion, a standardised tooth model was used. 

The teeth used in this study were carefully chosen based on tooth 
type, canal size at working length, and canal curvature. This en-
sured that the amount of  apically extruded bacteria was not due 
to tooth morphology but rather due to the instrumentation. 
Dentsply Propex Pixi 2 was used to complete working length 
measurements in this study. The lip clip was attached to a needle 
during the procedure, and NaCl solution was used as a conducting 
medium. For all of  the teeth, the working lengths were estimated 
to be 0.5 mm short of  the apical foramen.

When contaminated or non contaminated intracanal materials are 
forced apically during root canal preparation, they may cause an 
inflammatory reaction, according to the well documented litera-
tures. Persistent inflammation was related to even sterile dentine 
debris in the periapical region [21, 22]. A similar inflammatory 
condition can occur in a patient with chronic pulpitis or pulp 
necrosis, particularly if  an apical periodontitis occurs, when root 
canal treatment is performed in contaminated canals [23]. New ir-
ritants in the form of  chemically altered pulp tissue proteins may 
be introduced into the granulomatous lesion during cleaning and 
shaping, which may result in a violent reaction. 

The presence of  immunoglobulins in the periapical areas have 
also been demonstrated and some of  the immunoglobulins were 
related to the antigens in the canals. If  antigens are present in 
the canal and antibodies are present in the granuloma, an anti-
gen–antibody complex will form as intracanal contents are forced 
through. This reaction damages the cell membrane, causing pros-
taglandin release, bone resorption, kinin system amplification, and 
eventually pain for the patient [23, 24]. Degranulation of  mast 
cells in periapical tissues may be caused by physical or chemical 
damage to periradicular tissues during root canal preparation. 
Mast cells release vasoactive amines into the periapical tissues, 
triggering an inflammatory response or exacerbating an existing 
inflammatory process [25]. When bacteria that are immune to kill-
ing by host defense elements are transferred from the root canal 
into the periapical lesion, they have the ability to prolong the in-
flammatory response and delay healing. Therefore, every effort 
should be made to keep periapical extrusion of  intracanal materi-
als to a minimum during treatment.

Instrumentation technique, instrument type, instrument size, 

Table 1: Mean bacterial extrusion value between Trunatomy, Herogold and Heroshaper file systems P<0.05; SD, Standard Deviation.

 Groups  Total (n)  Mean 
(CFU mL)

 SD

Trunatomy 10 6.1 1.19
Herogold 10 8 1.05

Heroshaper 10 7.8 1.03
Control 10 0.6 0.69

Table 2: Kruskal-Wallis test shows no statistically significant difference of  apical extrusion between Trunatomy, Herogold and Hero-
shaper file systems (P>0.05).

Trunatomy Herogold Heroshaper
Kruskal-Wallis H 2.740 1.494 1.918

dF 2 2 2

Asymp. Sig 0.254 0.383 0.474

Table 3: Mann-Whitney U test shows no statistically significant difference of  apical extrusion between Trunatomy, Herogold and 

Heroshaper file systems (P>0.05).

Trunatomy Herogold Heroshaper
Mann-Whitney U 0.000 0.500 1.000

Asymp. Sig. 
(2-tailed)

0.114 0.221 0.351
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preparation endpoint, and irrigation solution are all factors that 
influence the amount of  extruded intracanal materials [3], [26-33].

The Trunatomy files have a slim NiTi wire design with 0.8mm 
maximum flute diameter (MFD) with a heat treatment and off-
centered cross section with regressive taper. It has a smaller flute 
diameter compared to the 1.2mm maximum flute diameter which 
has been used for most generic variable tapered files. The blend 
of  file geometry, regressive tapers, and a slim, highly flexible wire 
allows for effective root canal treatment while only removing den-
tin where it’s clinically necessary which might be the reason for 
comparably less extrusion of  apical debris. The crown down tech-
nique was used in this study. The coronal third of  the root canal 
contains the largest number of  microorganisms. The root canal 
system's initial preparation helps to reduce the amount of  micro-
organisms that could be pushed apically. Second, early flaring of  
the coronal portion of  the preparation may help with instrument 
control during the apical third of  the canal preparation [34].

The bacteriological marker used in this study was Enterococcus 
faecalis. It is a nonfastidious, easy-to-grow aerobic bacterium with 
important clinical implications that could be used in a bacterio-
logical assessment method. Other bacteria typically associated 
with endodontic infections may require symbiotic support, but E. 
faecalis has been reported to survive and thrive on its own [35].

Our institution is passionate about high quality evidence based 
research and has excelled in various fields [10], [36-48].

Conclusion

Overall, all the three nickel-titanium file systems extruded intraca-
nal bacteria through the apical foramen. However, no significant 
difference was found in the number of  CFU between Trunatomy, 
Herogold and Heroshaper file systems.

References

[1].	 Er K, Sümer Z, Akpınar KE. Apical extrusion of intracanal bacteria follow-
ing use of two engine‐driven instrumentation techniques. Int. Endod. J. 
2005 Dec;38(12):871-6.

[2].	 Siqueira Jr JF. Microbial causes of endodontic flare‐ups. Int Endod J. 2003 
Jul;36(7):453-63. 

[3].	 Ghivari SB, Kubasad GC, Chandak MG, Akarte NR. Apical extrusion of 
debris and irrigant using hand and rotary systems: A comparative study. J 
Conserv Dent. 2011 Apr;14(2):187-190. 

[4].	 Thompson SA, al-Omari AO, Dummer PM. Assessing the shape of root 
canals: an in vitro method using microradiography. Int Endod J. 1995 
Mar;28(2):61-7.Pubmed PMID: 7665202. 

[5].	 Zarrabi MH, Bidar M, Jafarzadeh H. An in vitro comparative study of 
apically extruded debris resulting from conventional and three rotary 
(Profile, Race, FlexMaster) instrumentation techniques. J Oral Sci. 2006 
Jun;48(2):85-8.Pubmed PMID: 16858137. 

[6].	 Govindaraju L, Gurunathan D. Effectiveness of Chewable Tooth Brush 
in Children-A Prospective Clinical Study. J Clin Diagn Res. 2017 
Mar;11(3):ZC31-ZC34.Pubmed PMID: 28511505. 

[7].	 Christabel A, Anantanarayanan P, Subash P, Soh CL, Ramanathan M, Muth-
usekhar MR, et al. Comparison of pterygomaxillary dysjunction with tuber-
osity separation in isolated Le Fort I osteotomies: a prospective, multi-centre, 
triple-blind, randomized controlled trial. Int J Oral Maxillofac Surg. 2016 
Feb;45(2):180-5.Pubmed PMID: 26338075. 

[8].	 Soh CL, Narayanan V. Quality of life assessment in patients with dentofacial 
deformity undergoing orthognathic surgery--a systematic review. Int J Oral 
Maxillofac Surg. 2013 Aug;42(8):974-80.Pubmed PMID: 23702370. 

[9].	 Mehta M, Deeksha, Tewari D, Gupta G, Awasthi R, Singh H, et al. Oligo-
nucleotide therapy: An emerging focus area for drug delivery in chronic in-
flammatory respiratory diseases. Chem Biol Interact. 2019 Aug 1;308:206-

215.Pubmed PMID: 31136735. 
[10].	Ezhilarasan D, Apoorva VS, Ashok Vardhan N. Syzygium cumini extract 

induced reactive oxygen species-mediated apoptosis in human oral squa-
mous carcinoma cells. J Oral Pathol Med. 2019 Feb;48(2):115-121.Pubmed 
PMID: 30451321. 

[11].	Campeau PM, Kasperaviciute D, Lu JT, Burrage LC, Kim C, Hori M, et al. 
The genetic basis of DOORS syndrome: an exome-sequencing study. Lan-
cet Neurol. 2014 Jan;13(1):44-58. doi: 10.1016/S1474-4422(13)70265-5.
Pubmed PMID: 24291220. 

[12].	Sneha S. Knowledge and awareness regarding antibiotic prophylaxis for in-
fective endocarditis among undergraduate dental students. Asian J Pharm 
Clin Res. 2016 Oct 1:154-9. 

[13].	Christabel SL, Linda Christabel S. Prevalence of type of frenal attachment 
and morphology of frenum in children, Chennai, Tamil Nadu. World J 
Dent. 2015 Oct;6(4):203-7. 

[14].	Kumar S, Rahman R. Knowledge, awareness, and practices regarding bio-
medical waste management among undergraduate dental students. Asian J 
Pharm Clin Res. 2017;10(8):341. 

[15].	Sridharan G, Ramani P, Patankar S. Serum metabolomics in oral leukoplakia 
and oral squamous cell carcinoma. J Cancer Res Ther. 2017 Jul 1;13(3):556-
561. 

[16].	Ramesh A, Varghese SS, Doraiswamy JN, Malaiappan S. Herbs as an anti-
oxidant arsenal for periodontal diseases. J Intercult Ethnopharmacol. 2016 
Jan 27;5(1):92-6.Pubmed PMID: 27069730. 

[17].	Thamaraiselvan M, Elavarasu S, Thangakumaran S, Gadagi JS, Arthie T. 
Comparative clinical evaluation of coronally advanced flap with or without 
platelet rich fibrin membrane in the treatment of isolated gingival recession. 
J Indian Soc Periodontol. 2015 Jan;19(1):66-71. 

[18].	Thangaraj SV, Shyamsundar V, Krishnamurthy A, Ramani P, Ganesan K, 
Muthuswami M, et al. Molecular Portrait of Oral Tongue Squamous Cell 
Carcinoma Shown by Integrative Meta-Analysis of Expression Profiles 
with Validations. PLoS One. 2016 Jun 9;11(6):e0156582.Pubmed PMID: 
27280700. 

[19].	Ponnulakshmi R, Shyamaladevi B, Vijayalakshmi P, Selvaraj J. In silico and 
in vivo analysis to identify the antidiabetic activity of beta sitosterol in adi-
pose tissue of high fat diet and sucrose induced type-2 diabetic experimen-
tal rats. Toxicol Mech Methods. 2019 May;29(4):276-290.Pubmed PMID: 
30461321. 

[20].	Ramakrishnan M, Shukri M. Fluoride, Fluoridated Toothpaste Efficacy And 
Its Safety In Children-Review. Int J Pharm Res. 2018 Oct 1;10(04):109-14. 

[21].	Seltzer S, Naidorf IJ. Flare-ups in endodontics: I. Etiological factors. J En-
dod. 2004 Jul 1;30(7):476-81. 

[22].	Mohammed N, Noushad MC, Balan B, Dhanesh N, Jayasheelan N, Re-
vankar VD. Apical Extrusion of Intracanal Bacteria following use of Two 
Engine-driven Instrumentation Techniques: An in vitro Study. J Contemp 
Dent Pract. 2016 Nov 1;17(11):939-942.Pubmed PMID: 27965505. 

[23].	Naidorf IJ. Endodontic flare-ups: bacteriological and immunological mecha-
nisms. J Endod. 1985 Nov;11(11):462-4.Pubmed PMID: 3868690. 

[24].	Ruiz-Hubard EE, Gutmann JL, Wagner MJ. A quantitative assessment of 
canal debris forced periapically during root canal instrumentation using two 
different techniques. J Endod. 1987 Dec;13(12):554-8.Pubmed PMID: 
3482231. 

[25].	Torabinejad M, Eby WC, Naidorf IJ. Inflammatory and immunological as-
pects of the pathogenesis of human periapical lesions. J Endod. 1985 Nov 
1;11(11):479-88. 

[26].	Vande Visse JE, Brilliant JD. Effect of irrigation on the production of ex-
truded material at the root apex during instrumentation. J Endod. 1975 
Jul;1(7):243-6.Pubmed PMID: 1061800. 

[27].	Salzgeber RM, Brilliant JD. An in vivo evaluation of the penetration of an 
irrigating solution in root canals. J Endod. 1977 Oct;3(10):394-8.Pubmed 
PMID: 270543. 

[28].	Fairbourn DR, McWalter GM, Montgomery S. The effect of four prepara-
tion techniques on the amount of apically extruded debris. J Endod. 1987 
Mar 1;13(3):102-8. 

[29].	Beeson TJ, Hartwell GR, Thornton JD, Gunsolley JC. Comparison of de-
bris extruded apically in straight canals: conventional filing versus profile .04 
Taper series 29. J Endod. 1998 Jan;24(1):18-22.Pubmed PMID: 9487860. 

[30].	Hinrichs RE, Walker WA 3rd, Schindler WG. A comparison of amounts of 
apically extruded debris using handpiece-driven nickel-titanium instrument 
systems. J Endod. 1998 Feb;24(2):102-6.Pubmed PMID: 9641140. 

[31].	Ferraz CC, Gomes NV, Gomes BP, Zaia AA, Teixeira FB, Souza-Filho FJ. 
Apical extrusion of debris and irrigants using two hand and three engine-
driven instrumentation techniques. Int Endod J. 2001 Jul;34(5):354-8.Pub-
med PMID: 11482718. 

[32].	Azar NG, Ebrahimi G. Apically‐extruded debris using the ProTaper system. 
Aust Endod J. 2005 Apr;31(1):21-3. 

[33].	Tinaz AC, Alacam T, Uzun O, Maden M, Kayaoglu G. The effect of dis-

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apical+extrusion+of+intracanal+bacteria+following+use+of+two+engine-driven+instrumentation+techniques&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apical+extrusion+of+intracanal+bacteria+following+use+of+two+engine-driven+instrumentation+techniques&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apical+extrusion+of+intracanal+bacteria+following+use+of+two+engine-driven+instrumentation+techniques&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbial+causes+of+endodontic+flare-ups&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microbial+causes+of+endodontic+flare-ups&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apical+extrusion+of+debris+and+irrigant+using+hand+and+rotary+systems%3A+A+comparative+study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apical+extrusion+of+debris+and+irrigant+using+hand+and+rotary+systems%3A+A+comparative+study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apical+extrusion+of+debris+and+irrigant+using+hand+and+rotary+systems%3A+A+comparative+study&btnG=
https://pubmed.ncbi.nlm.nih.gov/7665202/
https://pubmed.ncbi.nlm.nih.gov/7665202/
https://pubmed.ncbi.nlm.nih.gov/7665202/
https://pubmed.ncbi.nlm.nih.gov/16858137/
https://pubmed.ncbi.nlm.nih.gov/16858137/
https://pubmed.ncbi.nlm.nih.gov/16858137/
https://pubmed.ncbi.nlm.nih.gov/16858137/
https://pubmed.ncbi.nlm.nih.gov/28511505/
https://pubmed.ncbi.nlm.nih.gov/28511505/
https://pubmed.ncbi.nlm.nih.gov/28511505/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/26338075/
https://pubmed.ncbi.nlm.nih.gov/23702370/
https://pubmed.ncbi.nlm.nih.gov/23702370/
https://pubmed.ncbi.nlm.nih.gov/23702370/
https://pubmed.ncbi.nlm.nih.gov/31136735/
https://pubmed.ncbi.nlm.nih.gov/31136735/
https://pubmed.ncbi.nlm.nih.gov/31136735/
https://pubmed.ncbi.nlm.nih.gov/31136735/
https://pubmed.ncbi.nlm.nih.gov/30451321/
https://pubmed.ncbi.nlm.nih.gov/30451321/
https://pubmed.ncbi.nlm.nih.gov/30451321/
https://pubmed.ncbi.nlm.nih.gov/30451321/
https://pubmed.ncbi.nlm.nih.gov/24291220/
https://pubmed.ncbi.nlm.nih.gov/24291220/
https://pubmed.ncbi.nlm.nih.gov/24291220/
https://pubmed.ncbi.nlm.nih.gov/24291220/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge+and+awareness+regarding+antibiotic+prophylaxis+for+infective+endocarditis+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge+and+awareness+regarding+antibiotic+prophylaxis+for+infective+endocarditis+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge+and+awareness+regarding+antibiotic+prophylaxis+for+infective+endocarditis+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+of+type+of+Frenal+Attachment+and+morphology+of+frenum+in+children%2C+Chennai%2C+Tamil+Nadu&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+of+type+of+Frenal+Attachment+and+morphology+of+frenum+in+children%2C+Chennai%2C+Tamil+Nadu&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+of+type+of+Frenal+Attachment+and+morphology+of+frenum+in+children%2C+Chennai%2C+Tamil+Nadu&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge%2C+awareness%2C+and+practices+regarding+biomedical+waste+management+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge%2C+awareness%2C+and+practices+regarding+biomedical+waste+management+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knowledge%2C+awareness%2C+and+practices+regarding+biomedical+waste+management+among+undergraduate+dental+students&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Serum+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Serum+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Serum+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://pubmed.ncbi.nlm.nih.gov/27069730/
https://pubmed.ncbi.nlm.nih.gov/27069730/
https://pubmed.ncbi.nlm.nih.gov/27069730/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+clinical+evaluation+of+coronally+advanced+flap+with+or+without+platelet+rich+fibrin+membrane+in+the+treatment+of+isolated+gingival+recession&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+clinical+evaluation+of+coronally+advanced+flap+with+or+without+platelet+rich+fibrin+membrane+in+the+treatment+of+isolated+gingival+recession&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+clinical+evaluation+of+coronally+advanced+flap+with+or+without+platelet+rich+fibrin+membrane+in+the+treatment+of+isolated+gingival+recession&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+clinical+evaluation+of+coronally+advanced+flap+with+or+without+platelet+rich+fibrin+membrane+in+the+treatment+of+isolated+gingival+recession&btnG=
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/27280700/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://pubmed.ncbi.nlm.nih.gov/30461321/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fluoride%2C+fluoridated+toothpaste+efficacy+and+its+safety+in+children+-+review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fluoride%2C+fluoridated+toothpaste+efficacy+and+its+safety+in+children+-+review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flare-ups+in+endodontics%3A+I.+Etiological+factor&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flare-ups+in+endodontics%3A+I.+Etiological+factor&btnG=
https://pubmed.ncbi.nlm.nih.gov/27965505/ //
https://pubmed.ncbi.nlm.nih.gov/27965505/ //
https://pubmed.ncbi.nlm.nih.gov/27965505/ //
https://pubmed.ncbi.nlm.nih.gov/27965505/ //
https://pubmed.ncbi.nlm.nih.gov/3868690/
https://pubmed.ncbi.nlm.nih.gov/3868690/
https://pubmed.ncbi.nlm.nih.gov/3482231/
https://pubmed.ncbi.nlm.nih.gov/3482231/
https://pubmed.ncbi.nlm.nih.gov/3482231/
https://pubmed.ncbi.nlm.nih.gov/3482231/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inflammatory+and+immunological+aspects+of+the+pathogenesis+of+human+periapical+lesions&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inflammatory+and+immunological+aspects+of+the+pathogenesis+of+human+periapical+lesions&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inflammatory+and+immunological+aspects+of+the+pathogenesis+of+human+periapical+lesions&btnG=
https://pubmed.ncbi.nlm.nih.gov/1061800/
https://pubmed.ncbi.nlm.nih.gov/1061800/
https://pubmed.ncbi.nlm.nih.gov/1061800/
https://pubmed.ncbi.nlm.nih.gov/270543/
https://pubmed.ncbi.nlm.nih.gov/270543/
https://pubmed.ncbi.nlm.nih.gov/270543/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effect+of+four+preparation+techniques+on+the+amount+of+apically+extruded+debris&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effect+of+four+preparation+techniques+on+the+amount+of+apically+extruded+debris&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effect+of+four+preparation+techniques+on+the+amount+of+apically+extruded+debris&btnG=
https://pubmed.ncbi.nlm.nih.gov/9487860/
https://pubmed.ncbi.nlm.nih.gov/9487860/
https://pubmed.ncbi.nlm.nih.gov/9487860/
https://pubmed.ncbi.nlm.nih.gov/9641140/
https://pubmed.ncbi.nlm.nih.gov/9641140/
https://pubmed.ncbi.nlm.nih.gov/9641140/
https://pubmed.ncbi.nlm.nih.gov/11482718/
https://pubmed.ncbi.nlm.nih.gov/11482718/
https://pubmed.ncbi.nlm.nih.gov/11482718/
https://pubmed.ncbi.nlm.nih.gov/11482718/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apically-Extruded+Debris+Using+The+ProTaper+System&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Apically-Extruded+Debris+Using+The+ProTaper+System&btnG=
https://pubmed.ncbi.nlm.nih.gov/15980716/


Harish Selvaraj, Deepak Selvam, Muralidharan N.P. Apical Extrusion of  Intracanal Bacteria Following Use of  Three Different Rotary File Systems. Int J Dentistry Oral Sci. 2021;8(8):3936-3940.

3940

 OPEN ACCESS                                                                                                                                                                               https://scidoc.org/IJDOS.php

ruption of apical constriction on periapical extrusion. J Endod. 2005 
Jul;31(7):533-5.Pubmed PMID: 15980716. 

[34].	Goerig AC, Michelich RJ, Schultz HH. Instrumentation of root canals in 
molar using the step-down technique. J Endod. 1982 Dec 1;8(12):550-4. 

[35].	Portenier I, Waltimo TM, Haapasalo M. Enterococcus faecalis–the root 
canal survivor and ‘star’in post‐treatment disease. Endod Topics. 2003 
Nov;6(1):135-59. 

[36].	Vijayashree Priyadharsini J. In silico validation of the non-antibiotic drugs 
acetaminophen and ibuprofen as antibacterial agents against red complex 
pathogens. J Periodontol. 2019 Dec;90(12):1441-1448.Pubmed PMID: 
31257588. 

[37].	Pc J, Marimuthu T, Devadoss P, Kumar SM. Prevalence and measurement of 
anterior loop of the mandibular canal using CBCT: A cross sectional study. 
Clin. Implant Dent. Relat. Res. 2018 Apr 6;20(4):531-4. 

[38].	Ramesh A, Varghese S, Jayakumar ND, Malaiappan S. Comparative estima-
tion of sulfiredoxin levels between chronic periodontitis and healthy patients 
- A case-control study. J Periodontol. 2018 Oct;89(10):1241-1248.Pubmed 
PMID: 30044495. 

[39].	Ramadurai N, Gurunathan D, Samuel AV, Subramanian E, Rodrigues SJ. 
Effectiveness of 2% Articaine as an anesthetic agent in children: randomized 
controlled trial. Clin Oral Investig. 2019 Sep;23(9):3543-50. 

[40].	Sridharan G, Ramani P, Patankar S, Vijayaraghavan R. Evaluation of salivary 
metabolomics in oral leukoplakia and oral squamous cell carcinoma. J Oral 
Pathol Med. 2019 Apr;48(4):299-306. 

[41].	Mathew MG, Samuel SR, Soni AJ, Roopa KB. Evaluation of adhesion of 
Streptococcus mutans, plaque accumulation on zirconia and stainless steel 
crowns, and surrounding gingival inflammation in primary molars: rand-

omized controlled trial. Clin Oral Investig. 2020 Sep;24(9):1-6.Pubmed 
PMID: 31955271. 

[42].	Samuel SR. Can 5-year-olds sensibly self-report the impact of develop-
mental enamel defects on their quality of life? Int J Paediatr Dent. 2021 
Mar;31(2):285-286.Pubmed PMID: 32416620. 

[43].	R H, Ramani P, Ramanathan A, R JM, S G, Ramasubramanian A, et al. 
CYP2 C9 polymorphism among patients with oral squamous cell carcinoma 
and its role in altering the metabolism of benzo[a]pyrene. Oral Surg Oral 
Med Oral Pathol Oral Radiol. 2020 Sep;130(3):306-312.Pubmed PMID: 
32773350. 

[44].	Chandrasekar R, Chandrasekhar S, Sundari KKS, Ravi P. Development and 
validation of a formula for objective assessment of cervical vertebral bone 
age. Prog Orthod. 2020 Oct 12;21(1):38.Pubmed PMID: 33043408. 

[45].	Vijayashree Priyadharsini J, Smiline Girija AS, Paramasivam A. In silico 
analysis of virulence genes in an emerging dental pathogen A. baumannii 
and related species. Arch Oral Biol. 2018 Oct;94:93-98.Pubmed PMID: 
30015217. 

[46].	Rexlin PJ, Muralidharan NP. Assessing the Risk of Wearing Short Sleeves in 
Dental Clinics. J. Pharm. Res. Int.. 2020 Aug 26:132-7. 

[47].	Labh AK, Anjaneyulu K, Muralidharan NP. Assessment of the Antibacterial 
Property of Mineral Trioxide Aggregate and Glass Ionomer Cement Mixture. 
J. Pharm. Res. Int. 2020 Nov 7:58-64. 

[48].	Hemani K, Muralidharan NP, Ganapathy DM, Mallikarjuna AV. Demon-
stration of spirochaetes in patients with orthodontic appliances. Drug in-
vent. today. 2019 Mar 1;11(3):703–705. 

https://pubmed.ncbi.nlm.nih.gov/15980716/
https://pubmed.ncbi.nlm.nih.gov/15980716/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Instrumentation+of+root+canals+in+molar+using+the+step-down+technique&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Instrumentation+of+root+canals+in+molar+using+the+step-down+technique&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enterococcus+faecalis-+the+root+canal+survivor+and+%E2%80%9Cstar%E2%80%9D+in+post-treatment+disease&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enterococcus+faecalis-+the+root+canal+survivor+and+%E2%80%9Cstar%E2%80%9D+in+post-treatment+disease&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enterococcus+faecalis-+the+root+canal+survivor+and+%E2%80%9Cstar%E2%80%9D+in+post-treatment+disease&btnG=
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://pubmed.ncbi.nlm.nih.gov/31257588/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+and+measurement+of+anterior+loop+of+the+mandibular+canal+using+CBCT%3A+A+cross+sectional+study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+and+measurement+of+anterior+loop+of+the+mandibular+canal+using+CBCT%3A+A+cross+sectional+study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+and+measurement+of+anterior+loop+of+the+mandibular+canal+using+CBCT%3A+A+cross+sectional+study&btnG=
https://pubmed.ncbi.nlm.nih.gov/30044495/
https://pubmed.ncbi.nlm.nih.gov/30044495/
https://pubmed.ncbi.nlm.nih.gov/30044495/
https://pubmed.ncbi.nlm.nih.gov/30044495/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+of+2%25+Articaine+as+an+anesthetic+agent+in+children%3A+randomized+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+of+2%25+Articaine+as+an+anesthetic+agent+in+children%3A+randomized+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+of+2%25+Articaine+as+an+anesthetic+agent+in+children%3A+randomized+controlled+trial&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+salivary+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+salivary+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+salivary+metabolomics+in+oral+leukoplakia+and+oral+squamous+cell+carcinoma&btnG=
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/31955271/
https://pubmed.ncbi.nlm.nih.gov/32416620/ /
https://pubmed.ncbi.nlm.nih.gov/32416620/ /
https://pubmed.ncbi.nlm.nih.gov/32416620/ /
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/32773350/
https://pubmed.ncbi.nlm.nih.gov/33043408/
https://pubmed.ncbi.nlm.nih.gov/33043408/
https://pubmed.ncbi.nlm.nih.gov/33043408/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://pubmed.ncbi.nlm.nih.gov/30015217/
https://scholar.google.com/scholar?q=Assessing+the+Risk+of+Wearing+Short+Sleeves+in+Dental+Clinics&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=Assessing+the+Risk+of+Wearing+Short+Sleeves+in+Dental+Clinics&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+the+Antibacterial+Property+of+Mineral+Trioxide+Aggregate+and+Glass+Ionomer+Cement+Mixture&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+the+Antibacterial+Property+of+Mineral+Trioxide+Aggregate+and+Glass+Ionomer+Cement+Mixture&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+the+Antibacterial+Property+of+Mineral+Trioxide+Aggregate+and+Glass+Ionomer+Cement+Mixture&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Demonstration+of+spirochaetes+in+patients+with+orthodontic+appliances&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Demonstration+of+spirochaetes+in+patients+with+orthodontic+appliances&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Demonstration+of+spirochaetes+in+patients+with+orthodontic+appliances&btnG=

	Abstract
	Aim
	Materials and Methods
	Results
	Conclusion

	Keywords
	Introduction
	Materials and Methods
	Selection and Preparation of Teeth
	Test Apparatus
	Contamination with Enterococcus faecalis
	Methodology
	Root Canal Preparation
	Control Group
	Statistical Analysis

	Results & Discussion
	Conclusion
	References

