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1. INTRODUCTION

Dental caries is considered as a major public health problem which
affects the adult and the child. It is a multifactorial disease which is caused 
mainly by oral bacteria, fermentable substrate, food, time and other secondary 
factors. It is a complex process initiated by accumulation of dental plaque 
followed by demineralization of tooth hard structure, enamel and dentin, by 
organic acids produced. Once initiated it begins to progress causing pain and 
discomfort. Moreover, the child with dental caries can suffer from premature 
tooth loss with its consequences of compromised chewing and damage to the 
permanent teeth (1).

The carious dentin is classified into two main layers; the superficial layer 
(infected dentin) which is abundant by carious bacteria and decalcified dentin 
that is supposed to be removed to avoid its progression and the deep layer 
(affected dentin) which is different from the other layer in the hardness, color 
and moisture with less bacterial invasion (2).

At present, the recommendations are toward preserving more tooth 
structure and avoidance of pulp approximation and exposures. This can be 
achieved by maintaining the affected carious dentin by selective removal of 

caries followed by appropriate sealing of the cavity leading to starvation of 
the microorganisms and cessation of carious process. Controlling of caries 
nesseciates the eradication of cariogenic microorganisms that produce acids 
responsible for reducing the pH and starting the demineralization process. 
Chlorhexidine is considered as one of the most efficient chemotherapeutic 
agents against S. mutans and dental caries. Consequently, it has been widely 
accepted as a positive control for studies on cavity disinfectants(3).

With the increasing incidence of drug resistance in the prevalent 
pathogens and an associated risk with chemotherapeutic agents, it is essential 
to find an alternative to existing drugs. The herbals are considered to be from 
the best alternatives as they possess effective pharmaceuticals properties (4).

Azadirachta indica, commonly known as neem, is a fast-growing tree, 
cultivated in several parts in India. In recent years, it gained worldwide 
attraction and prominence due to its medicinal significance. Every part of 
the tree has been widely used in the traditional systems of medicine in India 
and alternative medicine. It has been used conventionally for the treatment of 
inflammation, infections, fever, skin diseases and dental disorders. Later on, 
it became a focus of attention of the modern medicine (5).
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Literature search revealed limited randomized controlled trials studied 
the antibacterial role of neem extract as a disinfectant herbal agent on primary 
teeth. Thus this study was conducted to evaluate the effect of neem extract and 
chlorhexidine as cavity disinfectants after ART.

2. SUBJECTS AND METHODS

This is a Randomized clinical trial. The study proposal was approved by
the ethical committee of research of Faculty of Oral and Dental Medicine, 
Future University in Egypt (code 22/11-2019). Informed consent explaining 
the rationale of the study was read and signed by the parents of the children 
selected for the study.

This study was conducted in the outpatient clinics of Department of 
Pedodontics and Preventive Dentistry at Faculty of Oral and Dental Medicine, 
Future University in Egypt.

Children aged 4-7 years suitable for ART with at least one cavitated 
dentinal lesion in primary anterior tooth, were selected irrespective of sex, 
race and socioeconomic status.

2.1  Eligibility criteria:

Inclusion criteria:

•	 Children who showed at least one asymptomatic cavitated carious lesion
of incisor or canine.

•	 Children with age range between 4 and 7 years.

•	 Child and parent cooperation and willingness to participate in the study.
Exclusion criteria:

•	 Symptomatic tooth.

•	 Fistula, abscess and swelling of the soft and periodontal tissues adjacent
to tooth.

•	 Pain in the same quadrant.

2.2  Sample size calculation:

Based on a previous study (3) sample size of 5 children in each group has a 
80% power to detect a difference between means of 18.52 with a significance 
level (alpha) of 0.05 (two-tailed) and 95% confidence intervals.

2.3  Randomization and allocation

Dr. (E.A) performed randomization using computer software (random.
org) for the assignment of the patients in each group. Eighteen patients were 
randomly divided between the both groups with 1:1 ratio consisting of nine 
patients each.

According to the allocation sequence generated by the computer soft-
ware, the numbers were written in small folded opaque papers and put in 
opaque sealed envelopes. All those papers were ready before conducting any 
procedure. On the scheduled date the patient was presented to the clinic and 
asked to pick his/her number from the pile of envelopes and was assigned 
accordingly. Only Dr. (E.A) had access to the randomization table and was 
able to tell which group each number (patient) was allocated. Lesions were 
allocated to the first group (Chlorhexidine gluconate 2%) or to the second 
group (Neem extract).

2.4  Chlorhexidine gluconate

Commercially available 2% chlorhexidine gluconate (Cerkamed, Poland) 
was used in this study.

2.5  Preparation Neem extract

The neem ethanolic extract was prepared in the Pharmaceutical and Drug 
Industries Research division, Phytochemistry Department- National Research 
Center, Egypt. The leaves of the plant were washed with distilled water. The 
leaves were dried in an oven at 40°C for 48 h and then powdered. An ethanolic 
extract was obtained by dissolving 500 g of the powder in 5000 ml of 70% 
ethyl alcohol. The contents were then filtered using Whatman filter paper no. 
1, and the filtrate was evaporated for dryness.

2.6  Determination of minimum inhibitory concentration (MIC) and min-
imum bactericidal concentration (MBC):

For finding a specific and reliable concentration a pilot study was 
performed by the microbiologist in the laboratory. Sterile BHI broth one 
ml was taken in test tubes to which 100 microlitres of the fresh bacterial 
inoculums were added. Then the extract was added in the concentrations of 
500, 250, 125, 62.5, 31.25, 15.62, 7.81, 3.90, 1.95 and 0.97 mg/ml to each 
tube.

The tubes were checked for turbidity and the lowest dilution showing 
turbidity was taken as MIC. Subcultures were done on MSA agar from each of 
the tubes and the plates incubated for 24 hours at 37˚C (6). The lowest dilution 
that did not grow any colony was taken as MBC which was 31.25 mg/ml.

2.7  Dentin sampling procedure

Proper isolation was done using a rubberdam (Optradam). The superficial 
parts of the necrotic dentin was removed with an excavator and then 
discarded. A baseline dentin sample  was obtained using a sharp, sterile spoon 
excavator which was sufficient enough to cover the surface of the excavator 
and was immediately transferred to a transport medium (a sterile eppendorf 
tube containing one ml BHI broth).

Excavation of caries was continued until firm dentin was reached (7). Then 
a second dentin sample was collected from the dentin using another sterile 
excavator and immediately transferred to another sterile tube of transport 
medium.

Approximately one ml of the disinfecting testing agent CHX or neem 
extract was syringed out into the cavity for one minute and then the cavity was 
washed with distilled water by a syringe and air dried. A third dentin sample 
was then collected using another sterile spoon excavator and immediately 
transferred to another tube of transport medium (8). The tooth was then restored 
with glass ionomer cement (GC Equia Forte®). Then the three dentin samples 
from each tooth collected were transferred to the microbiology laboratory 
within 2 hours for microbial analysis (3).

2.8  Microbiological Procedure

The samples collected were subjected to microbiological processing and 
were cultivated so that the total number of viable bacteria could be detected.

The samples were shaken by a vortex for 15 seconds to disperse bacterial 
aggregates and 10 μl aliquots of each dilution were taken using an inoculation 
loop onto each solid media and spread on the surface of the agar. Blood agar 
was used for determining bacterial total viable count (TVC). The plates were 
then incubated aerobically for 48 hours at 37˚C in an electric incubator

After incubation, microbial count on blood agar was performed by 
a single examiner. Bacterial count was measured as Colony forming units 
(CFU) as following: CFU per ml= Colonies count x 100 / dilution factor (9).

Statistical analysis

The mean and standard deviation values were calculated for each group 
in each test. Viable counts of antibacterial activity were transformed to their 
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log10 values. Data were explored for normality using Kolmogorov-Smirnov 
and Shapiro-Wilk tests.

Repeated measure ANOVA test was used to compare between more than 
two groups in related samples. Paired sample t-test was used to compare 
between two groups in related samples. Independent sample t-test was used to 
compare between two groups in non-related samples. The significance level 
was set at P ≤ 0.05. Statistical analysis was performed with IBM® SPSS® 
Statistics Version 20 for Windows.

3. RESULTS

The first test group (2% CHX) showed a mean TVC pre-excavation,
post-excavation and post-disinfection of 7.48 ± 0.95, 7.01 ± 1.30, 2.86 ± 
0.68 respectively in CFU/ml where (p<0.001). The second test group (Neem) 
showed values of 7.32 ± 0.49, 6.31 ± 0.54, 5.07 ± 0.60 respectively in CFU/
ml where (p<0.001) as shown in (Table 1)

Table 1: 
Comparison of mean of total viable count (TVC) in each of the study groups.

Group Procedure Mean SD P-value

2% CHX

Pre-excavation 7.48 0.95

<0.001*
Post-excavation 7.01 1.30

Post-disinfection 2.86 0.68

Neem

Pre-excavation 7.32 0.49

<0.001*
Post-excavation 6.31 0.54

Post-disinfection 5.07 0.60

*; significant (p<0.05)	 SD: Standard deviation;

Pair-wise comparison of viable bacterial colony was done for each 
study group at different phases; pre-excavation, post-excavation and post-
disinfection which showed statistically significant difference in the number 
of bacterial colonies between each phase in each group (p<0.05) as shown 
in (Table 2).

Table 2: 
Pairwise comparison of mean TVC count on blood agar of different phases in each of 
the study groups.

Group Procedure Mean 
difference

Percentage 
Reduction P-value

2% CHX

Pre-excavation Post-excavation 0.47 6.28 0.021*

Pre-excavation Post-disinfection 4.62 61.7 <0.001*

Post-excavation Post-disinfection 4.15 59.2 <0.001*

Neem
Pre-excavation Post-excavation 1.01 13.7 0.001*

Pre-excavation Post-disinfection 2.25 30.7 <0.001*

Post-excavation Post-disinfection 1.24 19.6 0.003*

*; Significant (p<0.05)

When pair wise comparisons were done between both groups, there 
was no statistically significant difference among the two study groups in the 
total viable count at two phases of experiment: pre-excavation and also post-
excavation where (p=0.666) and (p=0.158) respectively. But when bacterial 
counts were compared post-disinfection there were statistically significant 
differences among the groups (P < 0.01) as shown in (Table 3). It showed 
higher reduction of TVC with CHX than neem extract.

Table 3: 
Pairwise comparison of the number of bacterial colonies between the study groups before 
excavation, after excavation and after disinfection.

Group Mean 
difference P-value

CHX Neem

Pre-excavation 7.48 7.32 0.16 0.666ns

Post- excavation 7.01 6.31 0.7 0.158ns

Post- disinfection 2.86 5.07 -2.21 <0.001*

*; Significant (p<0.05)	 ns; non-significant (p>0.05)

4. DISCUSSION

Modern dentistry is focusing on minimally invasive strategies and
arresting caries instead of traditional restorative dentistry which is based on 
complete removal of demineralized and infected tissue (10).

ART was considered from the main techniques used as a minimally 
invasive modality(11). However, the failure to completely remove the infected 
tooth structure and limitations such as accessibility and operator’s fatigue for 
obtaining sterilized cavity can lead to micro leakage, increased pulp sensitivity 
and pulpal inflammation, secondary caries and failure of the restoration (12).

To overcome the problem of remnant bacteria, several antimicrobial 
agents have been widely used trying to disinfect the cavity. The CHX 
was considered the gold standard used to eliminate oral bacteria. Studies 
conducted by (Taha et al.,2013)(13) and (Mahabala et al., 2016)(14) showed 
powerful antibacterial effect of CHX. However, in some studies it has shown 
to have adverse effects on microtensile bond strength of composite resins (15), 
increases microleakage (16), constant increase in antibiotic-resistant strains and 
discoloration (17).

Therefore, alternate antibacterial agents are needed to overcome these 
drawbacks with preserving the privilege of cavity disinfection efficacy with 
low cost and safe properties. Natural products are considered good alternatives 
to synthetic chemicals (18). Neem was used in our study to illustrate its efficacy 
as cavity disinfectants compared to CHX.

The present study showed significant reduction in total viable count after 
excavation of caries when compared with pre-excavation sample. This find-
ing was confirmed by previous studies conducted by (Ersin et al., 2006)(19), 
(Prabhakar et al., 2015) (8) and (Patri and Sahu, 2017)(3) who showed that 
removal of carious dentine by ART significantly reduced TVC.

The results of the present study showed significant reduction of 
total viable count on the blood agar after application of 2% CHX. This is 
correspondence with (Ersin et al., 2006)(19) who found that CHX exhibited 
a greater significant reduction on TVC when compared to nondisinfected 
group, (Borges et al., 2012)(20) and (Uday Mohan et al., 2016)(7) showed that 
CHX was effective in reducing the bacteria in contaminated dentin.

These results may be attributed to the efficacy of CHX by binding to 
negatively-charged sites on the cell wall by its positively-charged molecule, 
therefore it destabilizes the cell wall and interferes with osmosis (21)

Results of the present study showed significant reduction of TVC after 
disinfection with neem leaves and twigs extract. This goes in accordance 
with (Jodi et al., 2012)(22) who showed antibacterial activity of leaf extract of 
neem against various oral bacterial species. In addition, (Rajasekaran et al.,  
2008)(23) and (Das et al., 2014)(24) stated that leaf extracts limited the growth of 
both Gram positive and Gram negative bacterial species tested.

The antimicrobial activity of neem could be attributed to its constituent 
compounds, the most important being the Azadirachtin. The significant 
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antimicrobial effect on bacteria is found to be due to presecnce of Azadirachtin 
by rupturing cell wall and inhibition of cell growth, also the rupture of cell 
wall disturb osmotic pressure and leads to cell death (25). Moreover, the 
polyphenolic tannins in neem possess an antibacterial effect by binding to 
the surface associated bacterial proteins, leading to bacterial aggregation and 
glucosyltransferase activity loss (26).

In the current study, though neem extract showed significant reduction 
in TVC, it showed significant difference of antibacterial effect on total viable 
count between neem and 2% CHX which showed more count reduction.

5. LIMITATIONS

In this study some limitations were detected as the dentin samples were
evaluated for microbial counts immediately after excavation and not after 
different follow-up periods. Also no follow-up was considered in the study to 
evaluate the success of the restoration after applying the disinfectant agents or 
identify occurrence of secondary caries.

6. CONCLUSIONS

By comparing the herbal antibacterial agent like Azadirachta indica
(Neem) extract with the 2% Chlorhexidine; which is the gold standard of 
the disinfectants, the present study concluded that the Neem can be used as a 
potential cavity disinfectant agent for preventing secondary caries.
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