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ABSTRACT

Background: Teeth with infected root canals, secondary to endodontic infections are a common
problem in primary as well as permanent dentition. The key to successful endodontic treatment is
seen only after the complete removal of infection from root canals. Systemic antibiotics have limited
reach to endodontic spaces. In pediatric dentistry, difficulties in antimicrobial control require the
development of a new root canal obturating paste with broad antimicrobial activity, minimal tissue
toxicity, and high safety index. In this experimental study, a new Triple Antibiotic Obturating Paste
(TAOP) will be developed and its efficacy will be evaluated.

Methods and Design: This is a pre-clinical in-vitro microbiological and in-vivo animal study,
utilizing laboratory-grown white Wistar rats aged 2-3 months and weighing 200-300 grams. The
antibiotic sensitivity test (AST) will be conducted using 21 standard aerobic and anaerobic microbial
strains for determining potency through serial dilution and agar diffusion assay. The systemic and
local tissue toxicity will be assessed by inserting the test and control materials into the dorsal
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connective tissues of the experimental rats. The antimicrobial efficacy of triple antibiotic obturating
paste [thermo-modulated in-situ polymeric hydrogel matrix of TAOP, containing chitosan-carbopol
and poloxamer blended with clindamycin (5%), metronidazole (5%), and doxycycline (1%)] will be
evaluated against Metapex [Ca(OH),-lodoform paste] on endodontic microflora. The microbiological
study data will be evaluated through One-way ANOVA trailed by ‘Tuckey’s post hoc test’ for
intergroup as well as, t-test for intragroup comparison. The animal study data will be evaluated
through One-way ANOVA for intergroup and ‘paired t-test’ for intragroup comparison.

Results: The newly developed bio-degradable obturating material will be more suitable than the
conventionally used one, to eliminate resistant endodontic pathogens from root canal systems,
along with good pharmacokinetic and pharmacodynamic responses as well as minimal local and
systematic tissue toxicity when used in primary teeth.

Conclusion: The application of such novel multi-antibiotic formulation as an obturating material not
only will achieve efficient disinfection of the endodontic spaces but also increase chances of
therapeutic success due to the elimination of side effects associated with cytotoxicity and material

properties as it contains most of the bioresorbable organic ingredients.

Keywords: Antimicrobial agents; clindamycin; deciduous teeth; doxycycline; metronidazole; obturating
material; root canal; triple antibiotic paste.

1. INTRODUCTION

Teeth with infected root canals, secondary to
endodontic infections are a common problem in
primary as well as permanent dentition [1].
Cultivable microbial isolated from such root
canals have shown the presence of pure aerobic,
anaerobic as well as mixed ecology of gram-
positive and negative cocci, bacilli, and fungi
[2,3,4]. Complete removal of causative agents is
key to successful endodontic treatment [5],
including procedures like pulpotomy, pulpectomy,
or root canal therapy to preserve teeth in dental
arches successfully [1]. Such therapy help
remove microorganisms from root canals along
with their by-products employing chemical and
mechanical cleansing [6]. The disinfected root
canals are filled with various obturating materials
like zinc-oxide eugenol (ZOE) and its various
combinations, vitapex/metapex [Ca(OH),-
lodoform paste], Guedes-Pinto paste, KRI paste,
and Maisto paste [6]. Though different non-
specific antibacterial and antibiotic intracanal
medicaments used in pediatric endodontics
suppress pathogenic microbes initially but fail to
prevent repopulation of the residual one later [7].
Thus, difficulties in microbial control necessitate
the use of root canal obturating pastes with
broad antimicrobial activity.

Systemic antibiotics are usually advocated to
alleviate symptoms associated with pulp space
and/or periapical area infections [7]. These
agents are considered as an adjunct to definitive
endodontic therapy. For a systemic antibiotic to
effectively eliminate bacteria, has to reach pulp
space through blood supply which is usually

compromised in infected and necrotic pulp
limiting its penetration and efficacy [7]. Thus,
along with empirical systemic antibiotics, topical
application of antibiotic combination emerged to
target endodontic pathogens and prevent
resistance, giving rise to “the concept of lesion
sterilization and tissue repair (LSTR)”. Though
the results obtained through this procedure were
promising [5,7,8], it imposed few untoward
results like tissue degeneration and necrosis [9],
incompatibility with periradicular tissues [10], and
discoloration of teeth [11]. The drug
concentrations used in previous ‘LSTR studies’
(like; 3 parts ciprofloxacin, 3 parts metronidazole,
and 1 part minocycline) were also very high
causing damages [12]. The antibacterial drugs
used in previous studies were ciprofloxacin,
minocycline, and metronidazole.

Ciprofloxacin is a broad-spectrum antimicrobial
agent with a high bactericidal effect acting
through attachment at two of the four bacterial
topoisomerases [13,14]. However it has been
reported with adverse drug reactions like
aberrant hepatic function tests, altered total and
differential leucocytic counts, nausea and,
vomiting in adults [15]. In pediatric patients, the
use of ciprofloxacin and fluoroquinolones has
been warranted due to various musculoskeletal
adverse effects like arthropathy in weight-bearing
joints, mostly the knee joints due to cartilage
damage caused by quinolones [16]. Minocycline
is a bacteriostatic antibiotic that helps to
eradicate bacteria from the root canals but has
the disadvantage of causing tooth discoloration.
Minocycline when comes in direct contact with
the tooth surface gets attached to a glycoprotein
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of the acquired pellicle [17]. This complex alters
the enamel surface due to etching due to
exposure to air or as an outcome of bacterial
activities producing oxides and transmuting non-
soluble dark tenacious blackish quinone deposits
[18,19]. Hemosiderin and minocycline
degradation products in the form of iron chelates
lead to the formation of insoluble complexes [18].
As the problems associated with the previously
used materials steel persist, a search for an ideal

obturating material  for  primary  teeth
continues.
Whenever a new drug is developed, the

determination of proper drug dosage is essential
to eliminate problems associated with the safety
index. Especially in pediatric dentistry, difficulties
in antimicrobial control require the development
of a new root canal obturating paste with broad
antimicrobial activity; minimal tissue toxicity, and
high safety index [20]. Thus, in this experimental
study, a new Triple Antibiotic Obturating Paste
(TOAP) will be developed for primary teeth that
should meet the criteria of an ideal obturating
material for primary teeth and achieve better
“lesion sterilization and tissue repair
(LSTR)".

2. RESEARCH QUESTION

Can the formulation of Triple Antibiotic obturating
Paste (TAOP) be proven as a better obturating

material for primary teeth in terms of
antimicrobial efficacy, local and systemic
toxicity?.

3. HYPOTHESIS

Formulation of Triple Antibiotic obturating Paste
(TAOP) can be proven to be better obturating
material for primary teeth in terms of eliminating
endodontic pathogens effectively from root canal
systems as well as reducing local & systemic
toxicity, through microbiological and animal study
and achieving better “Lesion Sterilization and
Tissue Repair (LSTR)”.

4. NULL HYPOTHESIS

Formulation of Triple Antibiotic obturating Paste
(TAOP) for “lesion sterilization and tissue repair
(LSTR)” is not dependent on in-vivo antibacterial
efficacy as well as local & systemic toxicity for
the complete elimination of endodontic
pathogens from root canal systems of primary
teeth.

5. AIM AND OBJECTIVES OF THE STUDY
5.1 Aim of the Study

To evaluate the efficiency of newly formulated
Triple Antibiotic obturating Paste (TAOP) for
primary teeth.

5.2 Objectives of the Study

1) Determine the  minimum inhibitory
concentration  (MIC) and  minimum
bactericidal concentration (MBC) of the
Triple Antibiotic obturating paste (TAOP)
against endodontic microflora.

2) Compare and evaluate the antimicrobial
efficacy of Metapex [Ca(OH),-lodoform
paste] and the Triple Antibiotic obturating
Paste (TAOP) on endodontic microflora.

3) Compare and evaluate the systemic and
local toxicity of Metapex [Ca(OH),-
lodoform paste] and the Triple Antibiotic
obturating Paste (TAOP) — in albino rats.

6. MATERIALS AND METHODS
6.1 Study Setting

The study will be conducted at the Department of
Pedodontics and Preventive dentistry, SPDC;
and the Department of Pharmacology JNMC,
with  an association of Department of
Microbiology, Department of Pathology, JNMC;
and Department of Oral Pathology and
Microbiology, SPDC; DMIMS Sawangi.

6.2 Study Design

This is a pre-clinical in-vitro microbiological and
in-vivo animal study.

6.3 Source of Data

6.3.1 For microbiological study

The microbiological research work will be
conducted at the Department of Pedodontics,
SPDC, and Department of Microbiology, JNMC
Sawangi (M). The samples used in this study will
be endodontic micro-organisms and non-
pathogenic pure culture of ATCC / MCC type
micro-organisms.

6.4 Participants
6.4.1 For microbiological study

For microbiological study, two different types of
microorganisms will be used.
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1) ATCC / MCC type non-pathogenic
endodontic  micro-organisms  will  be
procured from microbiological
labs.

2) Endodontic microbes will be collected from
infected primary teeth of 4 — 10 years
children randomly from OPD of the
Department of Pedodontics.

6.4.2 For animal study

A total of 48 albino rats weighing 200 — 300
grams will be selected from animal-house
maintained by the DMIMS (DU).

6.5 Sampling Procedure
6.5.1 For microbiological study

Samples used in microbiological study should
meet the following inclusion and exclusion
criteria [2-4,21,22]

6.5.2 Clinical inclusion criteria

1) Extensive dentinal caries lesions showing
pulp exposure, where bleeding can’t be
arrested after coronal pulp amputation,
spontaneous pain, pain on percussion or
abnormal mobility,

2) Clinical examination revealing acute or
chronic periapical abscess, sinus tract or
fistula or periapical pathology due to dental
caries with the associated tooth,

3) Tooth containing infected or necrotic pulp
in at least one root canal.

6.5.3 Radiographic inclusion criteria

1) Evidence of deep carious lesion showing
coronal pulp encroachment.

2) Radiographic evidence of furcation
involvement without any type of root
resorption.

3) Extensive radicular and furcation area
bone loss not evading the underlying tooth
germ.

4) Radiographic appearances of root and
supportive  structure that can be
categorized into any of the following 4
groups.

6.5.4 Clinical exclusion criteria

received antibiotic
before sampling

1) Patients who have
therapy 4 weeks
procedure.

2) Teeth showing perforated pulpal floor or
gross carious destruction that cannot be
restored clinically.

6.5.5 Radiographical exclusion criteria

1) Radiographic indication of excessive
internal/ external root resorption.

2) Radiographic evidence of pulpal floor
perforation and/or gross destruction of the

affected tooth.

6.5.6 For animal study

A total of 48 albino rats weighing 200 — 300
grams will be selected randomly from the animal
house. All the animals will be divided into 03
equal groups, each group having 16 animals.

Chart 1. Radiographic appearances of root and supportive structure

Score Radiographic findings

P1 No pathology

p2 Discontinuity of lamina dura

P3 Furcation involvement < half of the shortest root of deciduous posterior teeth in vertical
measurement

P4 Furcation involving more than half of the shortest root

6.6 Materials Required for the Study

Chart 2. For microbiological study - Test material and Negative and Positive control groups
will be used

Group

Test Material

Group A (Negative Control)
Group B (Positive Control)
Group C (Test Material)

Treated with sterile Petroleum jelly
Metapex [Ca(OH),-lodoform paste]
Triple Antibiotic obturating Paste (TAOP)
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Chart 3. For animal study - 1 Test material and a Negative and Positive Control group will be
used

Treatment

Group
Group A Negative Control
Group B Positive Control
Group C Test Material

No treatment done.
Metapex [Ca(OH),-lodoform paste]
Triple Antibiotic obturating Paste (TAOP)

6.6.1 Sample size for In-vitro microbiological
study

For the power of the probability 90%, for finding a
statistically significant difference at a given p =
0.01 with a specified sample, n = 21 micro-
organisms (types) of ATCC / MCC type and
organisms isolated from root canals of patients in
each group will be taken.

n=log B/logp

B is the probability of committing Type Il Error
(Usually 0.10 or 0.05)

p represents proportions of micro-organisms that
are unaffected

In the microbiological study - 21 standard aerobic
and anaerobic microbial strains obtained from
ATCC / MCC laboratories (non-pathogenic
standard endodontic microbial strains), as well as
pathogenic aerobic and anaerobic microbial
strains isolated from endodontic specimens of
patients, will be used.

6.6.2 Sample size determination for the
animal study [23]

For determining sample size in the animal study,
two methods for calculation of sample size can
be employed. The most favored one is by ‘the
hypothesis testing’. But, occasionally, the above-

mentioned method doesn’t give sufficient
evidence for sample size calculation through
various power analyses like standard deviation,
effect size, etc. Hence, another method is known
as the “Resource Equation Method” can be used
alternatively. In this method, a pre-decided
sample size can be used to calculate value “E”,
which should lie within 40 to 50 for optimal
experimental sample size. If the value of “E” is
less than 40, higher study samples (experimental
animals) should be included, and if it is more
than 50, then they should be reduced.

*E = Total number of animals — Total number
of groups

Thus, in the present experimental study, 03
sample groups each having 16 animals, for
different tests will be formed, thus the total
number of animals will be (03 x 16) = 48. Hence
“E” will be -

E=48-3=45

In this study E is 48; the value of E is within the
optimum level of the “Resource Equation
Method”. Hence there is no need to increase or
decrease the sample size. If the researcher takes
approximately 16 rats in each group for 03
groups then it can be considered as an
appropriate sample size.

Chart 4. Grouping of Animals: 48 adult albino rats aged 2-3 months and weighing 200 to 300
grams will be divided into 03 groups of 16 animals each by random allocation

Groups with specifications of Treatment (N=16 and, n=8)

Groups Treatment modality

Group A Negative Control No treatment

Group B Positive control Metapex [Ca (OH),-lodoform paste]
Group C Test group Triple Antibiotic obturating Paste (TAOP).

Chart 5. Each group will be further subdivided into 2 subgroups (n=8) as —

Treatment group Toxicity evaluation Duration
Group A (Negative Control) Systemic and local 15 days
Systemic and local toxicity 3 months
Group B (Positive Control) Systemic and local toxicity 15 days
Systemic and local toxicity 3 months
Group C (Test group) Systemic and local toxicity 15 days
Systemic and local toxicity 3 months
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6.7 Methodology  for
Study

Microbiological

The microbiological study will be carried out in
two stages. In the first stage, 21 standard aerobic
and anaerobic microbial strains obtained from
ATCC / MCC laboratories (non-pathogenic
standard endodontic microbial strains) will be
used for determining potency, antibiotic activity
(AST), and Minimum Inhibitory Concentration
(MIC) as well as standardization of all test
materials by agar diffusion assay and serial
dilution method as well as standardization of test
materials dosage [24,25].

In the second stage, the endodontically involved
teeth will be isolated with a rubber dam and
under all aseptic conditions, the microbial
samples will be collected from the root canals of
the affected tooth. The micro-organisms will be
isolated and kept in culture media for growth in
microbiology laboratory under strict aseptic
conditions [2,6]. Samples will be then transported
to the Department of Microbiology for aerobic
and anaerobic culture in nutrient broth and
Robertson's cooked meat (RCM) medium
respectively. After 2 hours of incubation, the
aerobic subculture will be streaked on 5% blood
agar and MacConkey’s agar and kept for
incubation at 37°c in an atmosphere containing
5% CO, for 48 hrs. From RCM medium,
subculture will be done after 48 hrs on 5% Blood
Agar and incubated anaerobically. Then the
aerobic and anaerobic isolates will be identified
based on their morphology in gram stain smear,
colony characteristic, and specification will be
done by standard biochemical test. The Antibiotic
activity of all the test materials will be tested
against these isolates by agar diffusion assay
and serial dilution method [2,3].

6.8 Methodology for Animal Study

The animals used in this study will be kept at a
temperature-controlled animal house and fed
with food and water ad-libitum. The animals will
be housed and taken care of as per the
guidelines given by the “Animal Ethical
Committee” and “Committee For the Purpose of
Control and Supervision on Experiments on
Animals (CPCSEA)” after approval.

Total sixty-four (64) sterile, ten millimeters long,
polyethylene terephthalate (PET) tubes with an
internal diameter of 1.1 mm and, 1.6 mm external
diameter will be used in this study. In each
animal, two tubes will be inserted, one empty

tube and one tube including test material [26,27].
In the negative control group no treatment will be
done on animals. They will be used as a
reference against test groups. In the positive
control group, empty tubes and tubes filled with
Metapex [Ca (OH),-lodoform paste] will be
inserted. In the test material group, empty tubes
and tubes filled with Triple Antibiotic obturating
Paste (TAOP) will be inserted [28,29].

For insertion of experimental material in animals
following procedure will be followed. The animals
will be kept for fasting overnight. The next day
the animal will be anesthetized using Ketamine
HCI (22-24 mg/kg) by IM route [30]. Under all the
aseptic conditions throughout the experiment, the
dorsal skin of all the animals will be shaved and
disinfected with 5% povidone-iodine solution. A
craniocaudal incision, approximately 2 cm, will be
given on the shaved dorsal skin of animals with
the help of a BP blade (15 no. Bard-Parker
blade). Two subcutaneous pockets will be
created by blunt tissue dissection and skin
reflection, six centimeters apart from each other,
on each side of the incision. Sterile PET tubes
filled with test materials, as described previously
will be implanted in the subcutaneous tissue
space created by blunt dissection and the skin
will be sutured back using 4-0 chromic catgut
suture [31,32]. Suitable analgesic will be given to
animals to reduce their post-operative pain and
increase the survival rate of experimental
animals [30]. Animals will be observed in the
animal house for the stipulated period carefully.

6.8.1 Evaluation of animals for systemic and
local toxicity of drugs

All the animals of subgroups A will be euthanized
on the 15" day and subgroup B will be
euthanized at 3-month intervals with an overdose
of ketamine [30] to retrieve their livers, kidneys,
brains, and tubes with surrounding connective
tissues. The retrieved tissue samples will be
treated with 10% buffered neutral formalin at pH
7.0, for comparative evaluation of the systemic
and local toxicity of all the test materials through
histopathological examination [29]. The retrieved
tissue samples will be carried to the Department
of Pathology, for further histopathological
evaluation and analysis.

6.8.2 Criteria for systemic toxicity evaluation
of drug

Samples of livers, kidneys, and brains will be
collected after sacrificing the animals, by
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excisional biopsy on the 15" day and 3 months
interval. The samples will be fixed in 10 %
neutral buffered Formalin. The histopathological
evaluation will be performed on hematoxylin and
eosin-stained paraffin-mounted thin sections of
tissues for degenerative or necrotic changes in
tissues against normal tissues of untreated
animals.

6.8.3 Criteria for local toxicity evaluation of
drug

Areas of experimental animal dorsal connective
tissue with polyethylene tubes will be removed at
the 15" day and 3-month interval. The samples
will be fixed in 10 % neutral buffered Formalin.
The tubes will be divided into two transverse
halves, longitudinally with the help of a sharp
blade allowing contact of all the issue surfaces to
maintain contact with processing solutions. The
specimens  will be paraffin-embedded and
sectioned serially to stain with hematoxylin and
eosin (H & E stain) [29].

The fibrous capsule surrounding polyethylene
tubes received from experimental animals will be
classified as ‘thin’ if the thickness of the capsule
is < 150 um or ‘thick’ if the thickness is > 150 um.
Necrosis and calcifications in the histological
specimens will be recorded as present or absent.
An average number of cells in each group will be
obtained from scoring 10 separate areas. Local
toxicity changes within tissues will also be
recorded for the following aspects: Inflammatory

response and degeneration/necrosis of
connective tissue cells [33,34,35]. All the
observers, familiar with the histopathological

evaluations will be blinded from the treatment to
avoid inter-observer bias.

6.8.4 Data management and Statistical

Analysis plan

All the data collected will be tabulated and
analyzed as follows. For the In-vitro
microbiological study, all the groups will be
analyzed by One-way ANOVA (ANALYSIS OF
VARIANCE) followed by ‘post-hoc Tukey's test’,
Dunnett D for group-wise comparison, and ‘t-test’
for the effectiveness of drugs. For the In-vivo
animal study, the results obtained from the
preclinical study will be analyzed using One-way
ANOVA, Student’s paired ‘t-test’.

7. EXPECTED OUTCOME

The newly developed bio-degradable obturating
material will be more suitable than the
conventionally used one, to eliminate resistant

endodontic pathogens from root canal systems,
along with good pharmacokinetic and
pharmacodynamic responses as well as minimal
local and systematic tissue toxicity when used in
primary teeth.

8. DISCUSSION

Endodontic pathogens acquired from the oral
cavity, carious tooth, anachoresis, or pre-
contaminated inadequately sterilized dentinal
tubules, can be either facultative or obligate,
aerobes, and anaerobes [36]. The degradation
products from damaged pulp provide favorable
environments for multi-microbial colonization and
growth inside pulp space. Few of them form
biofilms along the tortuous inaccessible spaces
retaining microbial remnants after exhaustive
chemo-mechanical preparation and irrigation
[37], regardless of the irrigation systems, leading
to therapeutic failures and uncertain prognoses
[38]. Although obturating materials with
antibacterial properties eradicate such residual
remnants, essentially in teeth with apical
periodontitis, pulp necrosis, and refractory
endodontic conditions, disburdening systemic
antimicrobial therapy [7], they are inefficient to
eliminate many microbial species [39]. Likewise,
such materials need to be minimally cytotoxic
and biologically safe for tissues in close vicinity
to them [40]. Zinc oxide eugenol (ZOE) [41] and
other materials like calcium hydroxide iodoform
paste or its modifications (e.g. Vitapex, Metapex,
and KRI paste) [42,43], induce strong chronic

inflammatory reactions in the tissues they
contact, impedes cell functions and, hinder
physiological root resorption due to poor

phagocytosis. Zinc oxide and eugenol (ZOE)
alter the eruption path of the permanent tooth
[44]. Calcium hydroxide-based obturating
materials, despite  acceptable  biological
properties [45], show high solubility in tissue
fluids and within the root canals [46]. To
overcome such flaws, the use of antimicrobial
agents individually, or in combination with other
nonantibiotic agents, like double antibiotic paste
(DAP: metronidazole and ciprofloxacin), modified
triple antibiotic paste (MTAP: minocycline
component replaced), gained popularity to use in
form of obturating materials to preserve primary
and young permanent teeth in uncooperative
children [47]. Besides reduction in the systemic
toxicity, application of  multi-antimicrobial
preparations has shown to achieve nearly
complete microbial elimination at very low
concentrations [48]. However, the exact doses of
such agents were undetermined, and the
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Chart 6. Animals will be observed for 2 types of evaluations

Type of animal evaluations Duration

Mode of evaluation

systemic toxicity of the drugs
interval
local toxicity of the drug
interval

at 15 days and 3 months

at 15" day and 3 months

clinical and histological evaluation

clinical and histological evaluation

Chart 7. The reactions of the animal tissues coming in contact with test materials at the tube
openings will be scored against tissue around empty tubes without material as follows [24,30]

Score Criteria

0 No or few inflammatory cells and no reaction

1 Less than 25 cells and mild reaction

2 Between 25 and 125 cells and moderate reaction
3 125 or more cells and severe reaction

concerns regarding systemic adverse effects due
to prolonged exposure of individual agents were
also not addressed previously [49].

Though optimum antimicrobial and minimal
cytotoxicity are desirable properties of an
obturating material [50], accidental plunging of
such agents into the periapical region evokes
immunological responses. The reports from
previous experiments revealed high cytotoxicity
of ZOE and metapex [51]. The disadvantages of
these materials encouraged the invention of new
antibiotic-containing materials to  minimize
aforesaid properties through planned in-vitro as
well as in-vivo experimental setups. With the lack
of evidence for such information, an attempt was
made in this experiment to develop a precisely
calibrated, minimally cytotoxic, and optimally
antimicrobial multi-antibiotic combination in a
user-friendly form of delivery [52,53].

9. CONCLUSION

The application of such novel multi-antibiotic
formulation as an obturating material not only will
achieve efficient disinfection of the endodontic
spaces but also increase chances of therapeutic
success due to the elimination of side effects
associated with cytotoxicity and material
properties as it contains most of the
bioresorbable organic ingredients.

9.1 Scope of the Study

The proposed preclinical study has the following
scopes:

1) To develop a suitable bio-degradable
obturating material for primary teeth that will
be able to eliminate resistant endodontic
pathogens from root canal systems.

2) To evaluate pharmacokinetic and
pharmacodynamic responses of the newly
formulated drug.

3) Results obtained in this study will be helpful
for further clinical trials in terms of safety
index in the future.

10. LIMITATION OF THE STUDY

1) Triple Antibiotic obturating Paste (TAOP) will
not be able to be used in patients having
allergic reactions to its components.

2) In the microbiological study, local and
systemic effects on living tissues (healthy
and/or diseased) in terms of
pharmacokinetics and pharmacodynamics of
developed drug combinations cannot be
judged adequately.

3) As this is a preclinical study, local and
systemic effects documented in living tissues
of animals may differ from human tissue
response that necessitates controlled In-vivo
clinical trials in human volunteers in the
future.

11. CLINICAL IMPLICATIONS

1) Triple Antibiotic obturating Paste (TAOP) can
be used effectively in all endodontic
infections to achieve root canal disinfection.

2) It can be used in endo-perio lesions to
achieve the elimination of pathogenic
bacteria from the periodontal pocket and
help in bone and PDL regeneration.

3) This study will open new horizons of
endodontic treatment modalities for primary
as well as permanent teeth in terms of
regenerative endodontics.

4) In specific conditions like calcified/obliterated
root canals, primary teeth with premature
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pathological resorption having strategic
importance in space management in the
dental arch, un-cooperative children where
instrumentation of root canals is difficult, this
material can be used to achieve Lesion
Sterilization and Tissue Repair (LSTR)
preserving teeth in the oral cavity in a
healthy functional state.
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