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Abstract
The main goal of endodontics is the complete elimination of bacteria from the root canal system [1]. Because of the complex 

root canal anatomy that includes the presence of apical deltas, oval extensions, accessary canals and isthumus, with the routine 
endodontic procedures followed, it is difficult to shape and clean the root canal completely [2,3]. The success of root canal therapy 
depends on the complete elimination of these diverse varieties of pathologic micro-organisms. While mechanical preparation of 
the root canal serves as a primary mechanism for the elimination of the bacteria, irrigants and intra canal medicaments serve as a 
valuable adjunct. The irrigants can enhance the mechanical debridement by aiding in removal of smear layer, manual flushing of the 
debris out of the root canal, dissolving the necrotic and vital pulp tissues which serve as a harbour of micro-organisms and by having 
an effective anti-microbial activity. Various irrigants have varied action to aid in debridement of the root canal space. Even though 
irrigation plays a vital role in elimination of bacteria from the root canal system, the wide spectrum of micro-organisms demands 
additional antibiotic agents for their complete elimination. The use of systemic antibiotics is considered invaluable for use in teeth 
undergoing root canal treatment, hence use of local delivery of antibiotics is suggested [4]. Thus, the combination of instrumentation 
associated with irrigation and intracanal medicament has been proposed to be effective against the polymicrobial flora of the root 
canal. The introduction of triple antibiotic paste was aimed at providing a combination that could possibly be effective against all of 
the micro-organisms in the root canal pathology. With this background, the aim of the study was to evaluate the effectiveness of few 
irrigation techniques and irrigating solutions for the removal of the most commonly used intracanal medicament TAP from root canal 
system of single rooted teeth. 
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Aim

The aim of this study was to comparatively evaluate the efficacy 
of different irrigation techniques using different irrigation solu-
tion in the removal of triple antibiotic paste (TAP) from root canal 
walls. 

Materials and Methods

48 mandibular premolars extracted for orthodontic and peri-
odontal reason were collected from Department Oral and Maxillo-

facial Surgery of Ahmedabad Dental College and Hospital, Ahmed-
abad (Image). The teeth were stored in normal saline until used. 
Later these 48 teeth were sectioned into halves, thus total sample 
size was 96 divided into 8 experimental groups with 12 samples (n 
= 12) in each group. 

•	 GROUP 1 (positive control group) - n = 12 in which Triple 
Antibiotic Paste was not removed. 

•	 GROUP 2 (negative control group) - n = 12 in which Triple 
Antibiotic Paste was not placed in the root canals. 
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•	 GROUP 3 - n = 12 in which Triple Antibiotic Paste was re-
moved using Endoactivator irrigation system, irrigated with 
3% Sodium Hypochlorite. 

•	 GROUP 4 - n = 12 in which Triple Antibiotic Paste was re-
moved using EndoVac irrigation system, irrigated with 3% 
Sodium Hypochlorite. 

•	 GROUP 5 - n = 12 in which Triple Antibiotic Paste was re-
moved using 27 gauge vented needle, irrigated with 3% So-
dium Hypochlorite 

•	 GROUP 6 - n = 12 in which Triple Antibiotic Paste was re-
moved using Endoactivator irrigation system, irrigated with 
2%w/v Chlorhexidine. 

•	 GROUP 7 - n = 12 in which Triple Antibiotic Paste was re-
moved using EndoVac irrigation system, irrigated with 
2%w/v Chlorhexidine. 

•	 GROUP 8 - n = 12 in which Triple Antibiotic Paste was re-
moved using 27 gauge vented needle, irrigated with 2%w/v 
Chlorhexidine. Decoronation of sample was done with dia-
mond disc attached to the micromotor under water coolant 
with a length of 14mm in all the samples. 

Access cavity was modified in the decoronated samples with ai-
rotor using a no.4 high speed round carbide bur along with water 
spray. Later, the teeth were irrigated with 3% Sodium Hypochlorite 
to remove the pulp remnants. 

All the procedures were performed by the same operator. Work-
ing length was determined by viewing the tip of #10 K-file at the 
apical foramen and was established 1mm short of this length. Api-
cal preparation upto file size #15 and #20 was done using Mani 
hand file. A proTaper SX file (Dentsply) was used to flare the orifice. 
ProTaper Next files were used sequentially as per manufacturer’s 
instructions using crown down technique up-to X4. Between each 
instrument, the canals were conventionally irrigated with 5 ml of 
3% sodium hypochlorite (NaOCl) and finally rinsed with 5 ml 17% 
EDTA, followed by a final rinse of 5 ml normal saline. During the ir-
rigation, the needle was used in an up-down motion within the api-
cal third. Throughout the cleaning and shaping procedures, apical 
patency was maintained by recapitulation with a number 10 K-file. 
After drying the canals with paper points all the 48 decoronated 
teeth received a paste of TAP. Triple antibiotic paste was prepared 
using 400 mg Metronidazole (Tablet I.P Flagyl) 100mg Minocycline 

and 500mg Ciprofloxacin (Tablet BP Cifaur) in the ratio of 3:1:3 
by wt% respectively by using commercially available tablets. This 
powder was then mixed with propylene glycol in the ratio 3:1 to 
obtain the paste form. This paste was placed into the root canals 
with the help of a lentulo spiral. The samples were stored in normal 
saline at room temperature for a period of 7 days. 

For evaluation of removal of TAP, the samples were sectioned 
bucco-lingually using a diamond disc with copious water avoiding 
penetration into the root canal lumen and was split into two halves 
with a spatula. Each sample was then sub-divided in 3 sections, 
each of 4mm (coronal 4 mm, middle 4 mm and apical 4 mm). A 
total of 12 samples were obtained for each group. All the samples 
were analysed for the remaining TAP using stereomicroscope. 
Digital images of the root halves were obtained. The images were 
then transferred to the computer. The images were evaluated with 
DIGIMIZER image analysis software for the amount of TAP remain-
ing in the canal. The amount of TAP remaining in the canal was 
measured in mm scored according to percentage. A scoring system 
was used to score the obtained samples for remaining TAP in the 
canals as: 

•	 Score 0 - The canal was totally empty 

•	 Score 1 - TAP was present in less than 25% of the canal sur-
face. 

•	 Score 2 - TAP was present in 50% of the canal surface. 

•	 Score 3 - TAP was present in less than 75% of the canal sur-
face. 

•	 Score 4 - TAP was completely filled in the canal surface. 

Results and Discussion

The success of the endodontic therapy is dependent on various 
factors that mainly govern the complete debridement of the root 
canal system of the pathological microorganisms. Though there is 
no general agreement defining the term “success” in endodontics, 
various studies have been carried out regarding the cause for the 
failure of the endodontic treatment. The goals of non-surgical end-
odontic re-treatment are to remove materials that are present in 
the root canal space, address deficiencies and repair defects and 
most importantly elimination of the persistent micro-organisms. 
It helps in identification of mechanical failures, previously missed 
canals and radicular subcrestal fractures. Additionally, it also al-
lows the clinicians to three dimensionally clean and obturate the 
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root canal system. In case of regeneration TAP is placed within the 
canal for 7-21 days and later removed, but as we have to evaluate 
the removal of TAP, we have placed the ICM for 7 days within the 
root canal. 

This study has an aim for comparing the efficacy of the differ-
ent irrigation systems and solutions in the removal of TAP from 
the entire root canal wall. An in vitro, closed-ended canal model 
was used to simulate the clinical conditions. Various methods have 
been used to check the amount of residues on the canal walls, such 
as the use of digital photographs, stereomicroscopes, scanning 
electron microscopes, micro-computed tomographic imaging, and 
spiral computed tomographic imaging. The use of digital photog-
raphy requires ample amount of practice and training to develop 
such skills. The clinician must know the photographic resources 
and have technical and operational expertise to improve the per-
formance and outcomes, also for the beginners. 

The scanning electron microscopes, micro-computed tomo-
graphic imaging studies give good observational results but are 
expensive hence, there use have not that drastically increased yet. 
In spiral computed tomographic imaging the costs, availability and 
the higher ionizing radiation exposure are always the area of con-
cern. Considering the main advantages of stereo microscopes are 
that they can examine opaque specimens and provide a 3-D view of 
the sample. They also offer a large working distance allowing users 
to manipulate the specimens viewed by the scope [52]. Some ste-
reo-microscopes are used at low magnification (4-40X) but there 
are some stereo microscopes that are hybrids between a light and 
stereo microscope capable of up to 2500X magnification [53]. In 
the present study stereomicroscope was used at 40x magnification 
because of easy availability and accuracy of result and economical 
factor. 

Here single rooted mandibular premolars were used for study 
to avoid the complexities and variation in root canal anatomy. 
These samples were extracted for orthodontic or periodontal pur-
poses and were used within 2 months of extraction. Early use of 
these samples is advised due to cracks formation in later stages. 
Also, there are chances of the tooth structure to get brittle and get 
fracture if kept for a longer duration of time. These samples were 
decoronated to achieve a working length of 14 mm due to ease of 
accessibility. After decoronation it becomes easier for the clini-
cian to place any intracanal medicament in the root canal surface 
completely due to better visibility and ease of operation. All these 
samples were prepared upto F4 size to receive the freshly prepared 

Triple Antibiotic Paste. The apical region has maximum coloniza-
tion of bacteria hence it becomes important to attain a size where 
ICM and irrigants can reach and their proper mode of action is 
delivered. Many authors have suggested the apical preparation of 
size F4 for a tooth to receive any ICM. Various methods have been 
adopted for placing intracanal medicaments in the root canal. In 
the present study removal of Triple Antibiotic Paste from the sam-
ples was done using the irrigation systems such as Endoactivator 
(Dentsply, Tulsa, OK), Endovac (Kerr Endo Vac Starter Kit) and 27 
Gauge (SS White) side vented needle along with 3% sodium hypo-
chloride and 2% chlorhexidine gluconate irrigating solutions. 

Image 1

Images of evaluation and digimizer system usage.

The amount of Triple Antibiotic Paste remaining in the root 
canal after the irrigation procedure in group 1, group 2, group 3, 
group 4, group 5, group 6, group 7 and group 8 were measured in 
mm and were recorded as score 0 to 4 of overall surface area using 
a Digimizer software. The results are tabulated in table 1 based on 
the scoring criteria. 

Group Coronal Middle Apical
Group 1 4.00 ±0.0 4.00 ± 0.0 4.00 ±0.0
Group 2 0.00 ±0.0 0.00 ±0.0 0.00 ±0.0
Group 3 1.58 ±0.67 1.58 ± 0.90 1.33 ±0.65
Group 4 2.00 ± 1.13 2.25 ± 0.75 2 ± 0.60
Group 5 3.33 ± 0.65 2.58 ± 0.51 2.08 ± 0.67
Group 6 1.58 ± 0.67 1.58 ± 0.79 1.75 ±0.62
Group 7 2.5 ± 0.80 2.83 ± 0.39 1.91 ± 0.90
Group 8 2.41 ± 0.51 2.16 ± 0.58 1.91 ± 0.51

Table 1: Descriptive statistics calculated for all the 8 groups for 
coronal, apical and middle third. The prefix showing the mean and 

suffix showing the standard deviation. 
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Here the results show that group 3 and group 6 gave better re-
sults in coronal, middle and apical third as compared to group 4,5,7 
and 8. 

The scoring criteria was as follows 

•	 Score 0 - The canal surface was totally empty. 

•	 Score 1 - TAP was present in less than 25% of the root canal 
surface. 

•	 Score 2 - TAP was present in 50% of the root canal surface. 

•	 Score 3 - TAP was present in less than 75% of the root canal 
surface. 

•	 Score 4 - TAP was completely filled in the root canal surface. 

 Group 2 showed p significant value < 0.05 as compared to any 
other group as it was the positive control group where no TAP was 
placed and was the most effective when compared to all the other 
groups. 

Coronal Middle Apical
Group 3 - Group 4 >0.05 >0.05 >0.05
Group 3 - Group 5 <0.001 0.065 >0.05
Group 3 - Group 6 >0.05 >0.05 >0.05
Group 3 - Group 7 0.198 0.002 >0.05
Group 3 - Group 8 0.336 >0.05 >0.05
Group 4 - Group 5 0.032 >0.05 >0.05
Group 4 - Group 6 >0.05 0.66 >0.05
Group 4 - Group 7 >0.05 0.747 >0.05
Group 4 - Group 8 >0.05 >0.05 >0.05
Group 5 - Group 6 <0.00>0.05 0.033 >0.05
Group 5 - Group 7 0.557 >0.05 >0.05
Group 5 - Group 8 0.34 >0.05 >0.05
Group 6 - Group 7 0.198 0.001 >0.05
Group 6 - Group 8 0.336 >0.05 >0.05
Group 7- Group8 >0.05 0.282 >0.05

Table 2: Descriptive statistics calculated for 6 Groups (Group 3 to 
Group 8) for removal of TAP in coronal, apical and middle third. 
The results are intercompared within to find the best results for 

removal of TAP. 

Here the results show that group 3 (at coronal middle and apical 
region) and Group 6 (at coronal middle and apical region) showed 
significant difference in removal of TAP, followed by Group 4 (at 
coronal third region) and group 8 (at middle and apical third re-
gion). 

Intergroup statistical analysis P significant value (0.05)
Group 1 Group 2 <0.001

Group 3 <0.001
Group 4 <0.001
Group 5 .015
Group 6 <0.001
Group 7 <0.001
Group 8 <0.001

Group 1 Group 2 <0.001
Group 3 <0.001
Group 4 <0.001
Group 5 <0.001
Group 6 <0.001
Group 7 <0.001
Group 8 <0.001

Group 1 Group 2 <0.001
Group 3 <0.001
Group 4 <0.001
Group 5 <0.001
Group 6 <0.001
Group 7 <0.001
Group 8 <0.001

Table 3: Descriptive statistics calculated for all the 7 Groups for 
coronal, apical and middle third in comparison to positive control 

group i.e. Group 1 using the ANNOVA test. 

Here the results show that all the groups showed significant re-
moval of TAP from the root canal surface when compared to the 
positive control group which was totally filled of the intracanal me-
dicament TAP. 

Graph 1: Distribution of mean value for the remaining TAP after 
different irrigation protocols in Group 1 to Group 8 at coronal 

middle and apical third respectively. 
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Whereas group 5 and 8 showed maximum presence of TAP in 
coronal, middle and apical third regions of root canals. 

The above results indicate that group 3 and group 6 had the 
lowest amount of TAP i.e. less than 25% of TAP when compared to 
other groups all over the root canal. 

Graph 2: Distribution of scores for the remaining TAP using 3% 
NaOCl irrigating solution in Group 3,4 and 5 at coronal middle 

and apical third respectively. 

Graph 3: Distribution of scores for the remaining TAP using 
2% CHX in group 6,7 and 8 at coronal middle and apical third 

respectively. 

The distribution of scores among the eight groups is as follows. 

Group 3 had the highest number of samples with score 1 fol-
lowed by group 6. This distribution shows that higher numbers 
of samples with least amount of remaining TAP in the root canals 
were seen with group 3 and group 6.

Group 4 and group 7 showed maximum score 2 in coronal and 
apical third. This distribution shows that higher numbers of sam-
ples with 50 % of remaining TAP in the root canals were seen with 
group 4 and group 7. 

Image 2: Indicates the null hypothesis summary.

Conclusion

Inspite of acceptable results in comparison to one another, no 
irrigation system and irrigating solution was able to completely 
remove the TAP from the root canal surface. Hence, within the limi-
tations of the present study it can be concluded that, none of the 
proposed irrigation methods resulted in complete elimination of 
TAP from the root canals. But a combination of two systems may 
be effective [5-61].
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