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Abstract  

 

Introduction: The aim of this study was to to evaluate and compare the efficacy of manual dynamic activation, 

passive ultrasonic irrigation and laser in removal of triple antibiotic paste (TAP) from root canal walls.  

Methods: Thirty-six extracted human mandibular premolars were prepared using ProTaper rotary files up to 

size F3. The roots were divided longitudinally and a standardized groove was prepared in the apical part of one 

segment. The root halves were assembled after inserting TAP into the grooves. According to the irrigation 

protocol used, the specimens were randomly divided into three experimental groups: manual dynamic 

activation, passive ultrasonic irrigation (PUI) and laser activated irrigation using with 5.25% NaOCl and 17% 

EDTA. The root segments were separated, and a four-grade grading system was used to determine the 

remaining TAP under a stereomicroscope at 10x magnification. The data were evaluated statistically using 

Student t test and ANOVA test with a 95% confidence level (P = 0.05). 

Results: There were significant differences amongst the groups (P < 0.001). Passive ultrasonic irrigation (PUI) 

and laser assisted irrigation removed significantly more TAP than manual dynamic activation. However, no 

significant difference was seen among the passive ultrasonic irrigation and laser assisted irrigation.  

Conclusions:PUI was most successful at removing TAP from root canal artificial grooves. However, TAP could 

not be totally eliminated from root canals. 
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1. Introduction 

 

The complete eradication of microorganisms from 

the root canal system is the primary objective of 

endodontic treatment. The root canal system has 

various complexities that includes the presence of 

apical deltas, fins, anastomoses and isthumus.[1] 

The routine chemo-mechanical methods cannot 

eliminate the microbes from these complexities.[2] 

However, combination of mechanical 

instrumentation, various irrigation solutions and 

intracanal medicaments can result in reduction of 

bacterial count in infected root canal. 

 

Prognosis of endodontic treatment can be improved 

with the help of intracanal medicaments. They have 

an intended pharmacological action. The triple 

antibiotic paste was introduced by Hoshino et al in 

the year 1998.The mixture that he proposed 

contained ciprofloxacin, metronidazole, and 

minocycline each at a combination of 25µg per ml 

of paste and it was able to disinfect the root dentine 

in-vitro.[3]Triple antibiotic paste was developed to 

offer a combination that might be effective against 

all microorganisms seen in root canal pathology. 

The introduction of triple antibiotic paste aimed to 

provide a combination that might be efficient 

against every microorganism in the root canal 

pathology. 3-MIX MP is a commercial version of 

this combination. 

 

Despite being proven to have a significant 

advantage in the root canal system's disinfection, 

there are a few drawbacks that make the total 

removal of TAP necessary. Discolouration of the 

crown is the major drawback of TAP. The use of 

minocycline in the formulation resulted in this 

discoloration.[4]Another disadvantage of using TAP 

is that, it was found to be detrimental to the apical 

papilla stem cells, when it is used in the 

regeneration procedure for the complete 

disinfection of the root canal.[5] Additionally, it has 

been demonstrated that using TAP for more than a 

month significantly reduced the micro-hardness of 

dentin.[6] TAP can also affect the sealer setting and 

sealer penetration which can further lead to 

reduction in bond strength.[7]  

 

The removal of triple antibiotic paste from the 

apical third poses a significant challenge to the 

clinicians as the remnants of this medicaments can 

be found in apical ramifications. Hence, several 

irrigation techniques have been used to eliminate it 

from these ramifications. 

 

TAP has been eliminated using a variety of 

irrigation techniques, however limited information 

is available on this issue.The aim of this study was 

to to evaluate and compare the efficacy of various 

irrigation protocols on the removal of TAP from an 

artificial groove created in a root canal. The null 

hypothesis was that there is no difference amongst 

the various irrigation protocols in the removal of 

TAP. 

 

2. Materials and Methods 

 

Specimen preparation 

This study was approved by the Ethical Committee/ 

Institutional Review Board of Bharati Vidyapeeth 

Deemed to be University Dental College and 

Hospital, Pune. Identity of all patients whose teeth 

were used for study were kept confidential. Thirty-

six single-rooted, non-carious mandibular 

premolars with similar sizes and completed apices 

were selected. The selected teeth were 

ultrasonically cleaned to remove any soft tissue or 

calculus present on the root surface. Buccolingual 

and mesiodistal radiographs were taken from the 

specimens to evaluate their anatomy. The teeth 

were verified radiographically as having a single 

root canal. The teeth were then stored in 4 °C 

distilled water until used. Specimens were 

decoronated with a diamond disc under water 

coolant to obtain a standardized root length of 13 

mm. Then, the working length (WL) was 

established 1 mm short of the root length. The root 

canals were prepared with ProTaper rotary files) up 

to a F3 master apical file size.Irrigation was done 

with 2ml of 5.25% sodium hypochlorite solution 

between each instrument and a final flush was done 

with 2ml of 17% EDTA solution. After 

instrumentation, the specimens were fixed in clear 

acrylic resin (DPI) with a mould made of silicone 

material (3M). After removal from the impression 

material, all the roots were grooved longitudinally 

on the buccal and lingual surfaces with a diamond 

disc under copious water irrigation, avoiding 

penetration into the root canal. The roots were then 

split into two halves. A longitudinal groove of 

approximately 4mm long,0.2mm wide and 0.5mm 

deep was then cut in the root canal wall of one half 

of each tooth at 2-5mm from the apex using a small 

cylindrical bur. The purpose of this was to simulate 

an un-instrumented canal extension in the apical 

region. 
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A tooth brush was used to remove debris from the 

root halves and grooves. A final flush was applied 

using 5ml of 17% EDTA and 5ml of 5.25% NaOCl 

each for one minute. The root canal was dried with 

paper points. 

 

Preparation of triple antibiotic paste 
Triple antibiotic paste was prepared in the ratio of 

1:1:1 by using commercially available tablets 

metronidazole (Metrogyl 400,Jb Chemicals and 

Pharmaceuticals Ltd), ciprofloxacin (Ciprodac 

500,Cipla Ltd.) and minocycline (Divonine 

100,Cipla Ltd.). The enteric coating of the tablets 

was removed and pulverised into a powder using 

motor and pestle. The powder was then transferred 

to a dapen dish and mixed with propylene glycol in 

the ratio 3:1 to obtain a paste form. 

 

 
 

 

 

Fig 1: Specimens mounted in clear acrylic 

using putty mould 

 

Fig 2: Longitudinal grooves made 

for splitting using diamond disc. 

 

Fig 3: Longitudinally split specimens 

 

Fig 4:  Standardized longitudinal 

Groove in apical third 

 

Fig 5: Filling the longitudinal groove 

with Triple Antibiotic paste 

 

Fig 6: Specimen reassembled using 

sticky wax 
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The grooves were filled with TAP, the root halves 

were reassembled using sticky wax. Access to the 

root canals was temporarily sealed with a cotton 

pellet and Cavit (Espe, Seefeld, Germany), and the 

specimens were then kept at 37 °C with 100% 

humidity for 1 week. The specimens were divided 

randomly into three groups(n = 12) and irrigated as 

follows: 

 

Group 1 (n=12) -Manual dynamic activation. 

5 ml of 5.25% NaOCl was delivered to the root 

canal with the side-vented needle and agitated with 

a ProTaper gutta-percha cone (size F3) (Dentsply 

Maillefer, Switzerland) approximately 1mm short 

of working length and moved for 1 minute in a 

corono-apical direction using back and forth 

strokes of approximately 3 mm with a frequency of 

100 movements per minute.  

 

Group 2 (n=12)-Passive ultrasonic irrigation 

Specimens were subjected to passive ultrasonic 

irrigation using Ultra X activator (Orikam,India) at 

high frequency of 45 kHz. The ultrasonic tip was 

placed into the root canal 1mm short of the 

working length along with 5.25% NaOCl. It was 

activated in the root canal without touching any 

walls. The tip was activated for 20 secs and was 

used in pumping motion. When the irrigating 

solution declined it was replaced by fresh irrigating 

solution. Three applications with total agitation 

time of 60s were performed with a total of 5ml of 

5.25% NaOCl.  

 

Group 3 (n=12)-Laser activated irrigation. 

Specimens were subjected to laser activated 

irrigation where NaOCl was activated by laser 

irradiation (Diode laser; Novolase Gold) using 

endodontic fibre with a diameter of 200 µm and 

15mm length. 1 ml of 5.25% NaOCl was delivered 

to the canal and the optical fiber tip was placed in 

the canal about 5 mm short of the apex and 

activated for 20 secs. when the irrigating solution 

declined it was replaced by fresh irrigating 

solution. Three applications with total agitation 

time of 60 secs were performed with a total of 5ml 

of 5.25% NaOCl. The specimens were flushed with 

normal saline. This was followed by final flushing 

with 5ml of 17% EDTA for 60 secs. Following 

each irrigation procedure, root canals were given a 

final flush with distilled water and dried with paper 

points. Finally, the roots were dissembled to 

evaluate the removal of TAP.  

 

Evaluation of the remaining TAPin the canal 

All the specimens were analysed for the remaining 

TAP using stereomicroscope at 10x magnification. 

Digital images of the root halves were obtained by 

digital camera connected to the stereomicroscope. 

The images were then transferred to the computer. 

The images were evaluated with Image Analysis 

System (Chroma Systems Pvt. Ltd., India) for TAP 

remaining in the canal.  

The remaining TAP was measured in mm2 and was 

recorded as a percentage of overall surface area of 

the root canal space. A scoring system as proposed 

by Aksel et al8 was used to score the obtained 

percentage of remaining TAP in the canals:  

 Score 1 – less than 25% of the root canal filled 

with TAP,  

 Score 2 – 25-50% of the root canal filled with 

TAP,  

 Score 3 – 50-75% of the root canal filled with 

TAP,  

 Score 4 – 75-100% of the root canal filled with 

TAP.  
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Statistical Analysis 

Student t tests (two tailed, unpaired) was used to 

find the significance of study parameters on 

continuous scale between two groups. Analysis of 

variance (ANOVA) was used to find the 

significance of study parameters between the 

groups (Inter group analysis). Further post hoc 

analysis was carried out if the values of ANOVA 

test were significant.Level of significance was 

fixed atp=0.05 and any value less than or equal to 

0.05 was statistically significant. The Statistical 

software IBM SPSS statistics 20.0 (IBM 

Corporation, Armonk, NY, USA) was used for the 

analyses of the data and Microsoft word and Excel 

were used to generate graphs, tables etc. 

 

3. Results 

 

The unpaired t test, revealed no significant 

difference in the values of residual TAP for both 

the Groups. Group 2 (Ultrasonic irrigation,12.35) 

showed lower residual TAP value than Group 3 

(Laser Activated Irrigation,12.55) [ p - value > 

0.001]. It is observed that Group 1 shows the 

maximum amount of TAP after irrigation protocols 

(26.66) whereas Group 2 shows minimum amount 

of TAP after the irrigation protocol (12.35). 

 

Group N Mean Std. Deviation F value P value 

Group 1 12 25.6642 11.12923 

8.893 <0.001** 

Group 2 12 12.3583 7.33937 

Group 3 12 12.5583 7.59228 

Total 36 16.8603 10.66965 

 

(p < 0.05 - Significant*, p < 0.001 - Highly significant**) 

 

 

 Group 1 Group 2 Group 3 

Group 1 - 0.002* 0.003* 

Group 2 0.002* - 0.998 

Group 3 0.003* 0.998 - 

 

Table 1: Comparison of the remaining triple antibiotic paste in terms of {Mean (SD)} 

among all the 3 groups using ANOVA test. 
 

Table 2: Represents Tukey’s post hoc analysis 

Graph 1: Comparison of the remaining triple antibiotic paste in terms of {Mean (SD)} 

among all the 3 groups using ANOVA test 

 

 

Fig 7: Stereomicroscopic Images of group 1, group 2 and group 3 
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ANOVA test and Tukey’s post hoc analysis shows 

that there was statistically significant difference 

amongst all the groups except between Group 2 & 

Group 3 (p = 0.99). Highly significant difference (p 

< 0.001) observed between: Group 1 and Group 2 

alsoGroup 1 and Group 3. 

 

4. Discussion  

 

The success of root canal therapy depends on the 

complete elimination of these diverse varieties of 

pathologic micro-organisms. Mechanical 

instrumentation of the root canal is considered as a 

primary way to eradicate these micro-organisms 

but the complex anatomy of the root canal system 

poses a significant challenge in achieving the same. 

Antibiotics are now effectively used for the 

targeted, localised antibacterial action in recent 

years. Due to the presence of various species of 

bacteria in the root canal system, a single empirical 

antibiotic does not seem to provide sufficient 

disinfection of the root canal system. Triple 

Antibiotic paste was introduced by Hoshino et al in 

the year 1996 as an intracanalmedicament. TAP is 

a combination of ciprofloxacin, metronidazole and 

minocycline in the ratio of 1:1:1. Many researches 

were conducted to evaluate the antimicrobial 

efficacy of TAP. In a study conducted by Mozayeni 

et al in the year 2014, they compared the 

antimicrobial efficacy of four different intracanal 

medicaments against Enterococcus feacalis and 

showed that TAP was more effective than calcium 

hydroxide, chlorhexidine gel and nanosilver9 

Despite the various advantages of TAP in 

endodontics, some disadvantages have been 

reported. When TAP is present in the root canal for 

a longer period, it could cause discolouration of the 

root canal dentin. This discolouration is due to the 

presence of minocycline in its composition.10 

Yilmaz et al in 2016 concluded that TAP caused 

reduction in the microhardness of the dentin when 

used for more than a month.11 Otkay et al in 2018 

proposed that TAP interfered with the sealer 

penetration causing a weaker interface between the 

sealer and the root dentin.7Thus, these studies 

advocate the removal of TAP from the root canal 

system completely. In general, previous studies 

have demonstrated that several irrigating solutions 

and irrigation techniques including activation with 

ultrasonic energy were effective in removing 

intracanal medicaments (van der Sluis et al. 2007, 

Tasdemir et al. 2011)12. The aim of this study was 

to determine the efficacy of various irrigation 

protocols in removing TAP from an artificial 

groove. The results of this study showed that none 

of the irrigation technique could completely 

remove the triple antibiotic paste from the 

standardized groove made in apical third of root 

canal. This is in accordance with many previous 

studies.13,14 The amount of TAP remaining after 

manual dynamic irrigation (Group 1) was 25.66%, 

while that with PUI (Group 2) and LAI (Group 3), 

was 12.35% and 12.55% respectively. Further 

using tukey's post hoc analysis significant 

difference was found between Group I and Group 

II (p value: 0.002) and Group 1 and Group 3 (p 

value:0.003). No significant difference was found 

between Group 2 and Group 3 (p value: 0.99). 

Therefore, the null hypothesis that there is no 

difference amongst the various irrigation protocols 

in removing TAP can be rejected. The irrigants 

chosen in the present study were 5.25% NaOCI 

(sodium hypochlorite) and 17% EDTA (ethylene 

diamine tetraacetic acid) which are the most 

common irrigants used in clinical practice. NaOCl 

has been systematically used as an endodontic 

irrigant for the chemo mechanical preparation of 

root canals because of its excellent antimicrobial 

25.6642
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action, capacity of dissolving organic tissue 

remnants.Since EDTA acts by dissolving the 

inorganic component of smear layer several authors 

have recommended its use in combination with 

NaOCl (0.5-5.25%) in order to remove organic 

remnants. Manual dynamic activation is a 

technique that helps in the distribution of the 

irrigant and its exchange within the root canal. It 

also enhances the effectiveness of the irrigant 

solution used. In this process, the irrigant present in 

the canal reaches the root apex and disrupts the 

vapor lock.15 It creates an increased intracanal 

pressure change within the canal during the 

forward and backward movement of the gutta-

percha cone which creates turbulences that enhance 

the diffusion of shear stresses.16 However, the 

results of this study indicate that the apical 

penetration of the irrigant in MDA group was 

inferior to PUI group and LAI group. This could be 

because the frequency of push–pull motion of the 

gutta-percha point at 100 strokes per minute 

generates currents at a lower frequency (3.3 Hz)17 

as compared with higher frequency of 40 to 45 kHz 

generated due to secondary acoustic streaming 

during PUI.18Manual dynamic irrigation has been 

shown to be significantly more effective than auto 

dynamic and conventional irrigation.17 It is also 

simple and less expensive, but has the disadvantage 

of being more laborious and time consuming.19 

Irrigation techniques which cause activation of 

irrigant would be more effective in removing 

organic and inorganic debris, hence PUI and LAI 

have been included in this study. As mentioned 

earlier, the results indicate a significant difference 

(p value: 0.002) between Group 1 (Manual 

dynamic activation) and Group 2 (Passive 

Ultrasonic Irrigation) and similarly between Group 

1 and Group 3 where laser activated irrigation was 

used (p value:0.003).This agrees with studies of 

Antony et al. and Mansi et al. who reported that the 

use of ultrasonic was more efficient than 

conventional irrigation and sonic irrigation.20,21 

Several other authors have also reported that 

ultrasonic irrigation has the potential to remove 

dentin debris and organic tissue from inaccessible 

root canal areas and planktonic bacteria.22 Passive 

ultrasonic irrigation (PUI) is based on the 

transmission of energy from an ultrasonically 

oscillating instrument (frequency 25-30 kHz) to the 

irrigant inside the root canal. The ultrasonic tips 

operate in a transverse vibration, setting up a 

characteristic pattern of nodes and anti-nodes along 

their length, resulting in acoustic microstreaming 

and cavitation of the irrigant in the root canal.12 

The resultant high velocity of irrigant flow 

generated by PUI flushes out triple antibiotic paste 

from root canals. The efficiency is also improved 

with fresh irrigant replacement. 23,24 

According to Srirekha et al. (2017)25 another 

explanation for the increased effectiveness of PUI 

could be the biomechanical preparation prior to the 

PUI, as done in this study. As the apical root canal 

is widened, the file can move freely without 

dampening of its vibrations, this would enhance the 

flow of irrigant and there is also better exchange of 

irrigant between the coronal and apical part. 

Therefore, enhancement of the flushing action is 

seen even when the ultrasonically activated tip does 

not reach the full working length.26In this study 

Ultra X- Cordless Ultrasonic Activation Device 

(Orikam, India) was used for PUI. It works at 45 

kHz ultrasonic frequency. Diode lasers that have 

recently been introduced into clinical practice for 

soft-tissue surgery.Diodes of 810-980 nm are used 

in the disinfection of periodontal pockets and root 

canals. The effect by which diode kill the 

microorganisms are the photo thermal effect (laser 

energy converted to thermal energy). Laser 

activated irrigation (LAI) regime was evaluated in 

this study, using diode laser (Novolase Gold,India) 

at wavelength of 980 nm. The endodontic fiber 

with a diameter of 200 µm and 15mm length was 

placed in the canal about 5 mm short of the apex 

and activated for 20 secs. when the irrigating 

solution declined it was replaced by fresh irrigating 

solution. Three applications with total agitation 

time of 60 secs was followed. The use of lasers can 

cause some side effects in the root canal, such as 

carbonization and cracks, collateral damage, apical 

extrusion of the solution, and temperature 

increases. To avoid this the fiber tip was placed 

5mm short of the working length and activated for 

20 sec and during laser irradiation, the hydration of 

root canal was maintained by continuously 

replenishing the irrigant. The results of this study 

showed that the LAI was superior to manual 

dynamic activation (p value:0.003). No statistically 

significant difference was seen in PUI and LAI in 

removal of triple antibiotic paste from the root 

canals (p value:0.99). The probable cause for this 

could be that the cavitations developed after several 

seconds of laser operation. This clearly differs from 

the action of erbium lasers, where the bubble forms 

instantly (only a few microseconds after onset of 

the pulse) at the fiber tip and is invisible to the 

human eye because it exists for only a few hundred 

microseconds.27 In this study, the diode laser was 

significantly more effective at removing debris 

from the groove than manual dynamic activation 

but less effective than PUI. The bubble formation 

for the diode laser was limited to the area just 

around the fiber tip and was considered more to be 

the result of streaming than of generation of vapor 

bubbles (cavitation).28 Another reason for better 

performance of PUI can be the physical properties 

of NaOCl. It is a salt water suspension. Bubbles 

formed in salt water tend to be more numerous in 
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number and are smaller in size. These bubbles thus 

formed are less prone to coalesce.28 Because of 

this, the acoustic microstreaming will be different 

and could perhaps be more powerful.  

 

5. Conclusion 

 

Within the limitations of the study,none of the 

irrigation technique could remove triple antibiotic 

paste completely from the artificial standardized 

groove in the apical third of the roots.Among the 

irrigation techniques used Passive ultrasonic 

irrigation was found to be the most effective in 

removing triple antibiotic paste from root canals 

closely followed by Laser activated irrigation with 

Diode laser. 

 

Limitations 

Clinical scenarios may be quite different as the 

biological root canal system and the variations in 

the canal morphology seen in-vivo could affect the 

efficacy of different irrigation systems. Also, the 

irrigation techniques were compared in straight root 

canals in the present study and further studies 

should be conducted to evaluate the effectiveness 

of the techniques in curved root canals. 

 

Acknowledgement 

The author wishes to express her gratitude to the 

colleagues and faculty of The Department of 

Conservative Dentistry and Endodontics, BVDU 

Dental College and Hospital, Pune for the constant 

help, support and valuable suggestions provided in 

making the manuscript. 

 

Conflict of Interest 

The authors report no conflict of interest. 

 

6. References  

 

Peters OA. Current challenges and concepts in the 

preparation of root canal systems: a review. 

Journal of Endodontics,2004, 30, 559–6 7. 

Ricucci D, Bergenholtz G. Bacterial status in root-

filled teeth exposed to the oral environment by 

loss of restoration and fracture or caries – a 

histobacteriological study oftreated cases. 

International Endodontic Journal ,2005, 36, 

787–97. 

Hoshino E, Kurihara-Ando N, Sato I, Uematsu H, 

Sato M, Kota K, et al. In vitro antibacterial 

susceptibility of bacteria from infected root 

dentin to a mixture of ciprofloxacin, 

metronidazole and minocycline. Int Endod J. 

1996; 29:125–30 

Kim JH, Kim Y, Shin SJ, Park JW, Jung IY. Tooth 

discoloration of immature permanent incisor 

associated with triple antibiotic therapy: a case 

report. J Endod. 2010; 36, 1086-91 

Ruparel NB, Teixeira FB, Ferraz CC, Diogenes A. 

Direct effect of intracanal medicaments on 

survival of stem cells of the apical papilla. J 

Endod. 2012;38(10):1372- 5. 

Yilmaz S, Dumani A, Yoldas O. The effect of 

antibiotic pastes on microhardness of dentin. 

Dent Traumatol. 2016;32(1):27-31. 

Oktay EA, Ersahan S, Gokyay S. Effect of 

intracanal medicaments used in endodontic 

regeneration on the push-out bond strength of a 

calcium-phosphate-silicate-based cement to 

dentin. Pakistan Journal of Medical Sciences. 

2018;34(2):310-315. 

doi:10.12669/pjms.342.14630. 

Berkhoff JA, Chen PB, Teixeira FB, Diogenes A. 

Evaluation of triple antibiotic paste removal by 

different irrigation procedures. J Endod. 2014 

Aug;40(8):1172-7. 

Mozayeni MA, Haeri A, Dianat O, Jafari 

ARAntimicrobial effects of four intracanal 

medicaments on enterococcus faecalis: an in 

vitro study. Iran Endod J. 2014 

Summer;9(3):195-8. 

Lenherr, P., Allgayer, N., Weiger, R., Filippi, A., 

Attin, T., & Krastl, G. (2012). Tooth 

discoloration induced by endodontic materials: 

a laboratory study. International Endodontic 

Journal, 45(10), 942–949. doi:10.1111/j.1365-

2591.2012.02053.x  

Yilmaz S, Dumani A, Yoldas O. The effect of 

antibiotic pastes on microhardness of dentin. 

Dent Traumatol. 2016;32(1):27-31. 

Van der Sluis LW, Wu MK, Wesselink PR (2007) 

The evaluation of removal of calcium 

hydroxide paste from an artificial standardized 

groove in the apical root canal using different 

irrigation methodologies. International 

Endodontic Journal 40, 52–7 

Arslan H, Capar ID, Saygili G, Uysal B, Gok T, 

Ertas H, Topcuoglu HS. Efficacy of various 

irrigation protocols on the removal of triple 

antibiotic paste. Int Endod J. 2014 

Jun;47(6):594-9. doi: 10.1111/iej.12194. Epub 

2013 Oct 18. PMID: 24138387. 

Akman M, Akbulut MB, Aydınbelge HA, Belli S. 

Comparison of different irrigation activation 

regimens and conventional irrigation 

techniques for the removal of modified triple 

antibiotic paste from root canals. J Endod. 

2015 May;41(5):720-4. doi: 

10.1016/j.joen.2015.01.001. Epub 2015 Mar 5. 

PMID: 25747378. 

Voegeli G, Bella ED, Mekki M, Machtou P, 

Bouillaguet S. Effect of a modified irrigation 

protocol on the cleanliness of moderately 

curved canals. Eur J Dent 2021;15(01):90–95 

Machtou PP. Manual dynamic activation technique. 

Clinical Dentistry Reviewed 2018;2:21 



Comparative Evaluation of Different Irrigation Methods in                                               Section A-Research paper                    

Removal of Triple Antibiotic Paste- An In-Vitro Study. 

 

 

Eur. Chem. Bull. 2023, 12 (S2), 454 – 462                                                                                                          462  

 

McGill S, Gulabivala K, Mordan N, Ng YL. The 

efficacy of dynamic irrigation using a 

commercially available system (RinsEndo) 

determined by removal of a collagen 

“biomolecular film” from an ex vivo model. 

Int Endod J 2008 Jul;41(7):602-608. 

De Gregorio C, Estevez R, Cisneros R, Heilborn C, 

Cohenca N. Effect of EDTA, sonic, and 

ultrasonic activation on the penetration of 

sodium hypochlorite into simulated lateral 

canals: an in vitro study. J Endod 2009 

Jun;35(6): 891-895. 

Gu LS, Kim JR, Ling J, Choi KK, Pashley DH, Tay 

FR. Review of contemporary irrigant agitation 

techniques and devices. J Endod 2009 

Jun;35(6):791-804 

S DPA, Solete P, Jeevanandan G, Syed AA, 

Almahdi S, Alzhrani M, Maganur PC, 

Vishwanathaiah S. Effect of Various Irrigant 

Activation Methods and Its Penetration in the 

Apical Third of Root Canal-In Vitro Study. 

Eur J Dent. 2022 Feb 21. doi: 10.1055/s-0041-

1742122. Epub ahead of print. PMID: 

35189642. 

Khare M, Suprabha BS, Yadav A, Shenoy R, Boaz 

K, Rao A. Effectiveness of Ultrasonic and 

Manual Dynamic Agitation Techniques in 

Irrigant Penetration: An in vitro Study. World 

J Dent 2017;8(3):207-212. 

Rödig T, Bozkurt M, Konietschke F, Hülsmann M. 

Comparison of the Vibringe system with 

syringe and passive ultrasonic irrigation in 

removing debris from simulated root canal 

irregularities. J Endod. 2010 Aug;36(8):1410-

3. doi: 10.1016/j.joen.2010.04.023. Epub 2010 

Jun 25. PMID: 20647107. 

Gokturk H, Ozkocak I, Buyukgebiz F, Demir O. 

An in vitro evaluation of various irrigation 

techniques for the removal of double antibiotic 

paste from root canal surfaces. J Appl Oral Sci. 

2016 Nov-Dec;24(6):568-574. doi: 

10.1590/1678-775720160286. PMID: 

28076461; PMCID: PMC5161255. 

Topçuoğlu HS, Aktı A, Topçuoğlu G, Düzgün S, 

Ulusan Ö, Akpek F. Effectiveness of 

conventional syringe irrigation, vibringe, and 

passive ultrasonic irrigation performed with 

different irrigation regimes in removing triple 

antibiotic paste from simulated root canal 

irregularities. J Conserv Dent. 2016 Jul-

Aug;19(4):323-7. doi: 10.4103/0972-

0707.186452. PMID: 27563179; PMCID: 

PMC4979277.  

Srirekha A, Shrivastava P, Vijay R, Savitha A, 

Archana S. Effect of Apical Preparation Size 

and Taper on Irrigant Penetration in Apical 

Third of Root Canal using Two Different 

Endodontic Needles: An In Vivo Study. Jf 

Dent and Oral Biol 2017;2(13):1083 

Gutknecht N, Franzen R, Schippers M, Lampert F. 

Bactericidal effect of a 980-nm diode laser in 

the root canal wall dentin of bovine teeth. J 

Clin Laser Med Surg. 2004 Feb;22(1):9-13. 

doi: 10.1089/104454704773660912. PMID: 

15117481. 

Blanken J, De Moor RJ, Meire M, Verdaasdonk R. 

Laser induced explosive vapor and cavitation 

resulting in effective irrigation of the root 

canal. Part 1: a visualization study. Lasers Surg 

Med. 2009 Sep;41(7):514-9. doi: 

10.1002/lsm.20798. PMID: 19639622. 

Nanmaran, R., Srimathi, S., Yamuna, G., 

Thanigaivel, S., Vickram, A. S., Priya, A. K., 

... & Muhibbullah, M. (2022). Investigating the 

role of image fusion in brain tumor 

classification models based on machine 

learning algorithm for personalized medicine. 

Computational and Mathematical Methods in 

Medicine, 2022. 

Schoop U, et al. “Bactericidal effect of different 

laser systems in the deep layers of dentin.” 

Lasers in Surgery and Medicine 35.2 (2004): 

111-116.Leighton TG (1994) The Acoustic 

Bubble, Chapters. 

 

 

 

 

 

 

 

 

 

 

 

 


