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INTRODUCTION 

 Teeth preservation by root canal treatment became very 

popular science the success of endodontic therapy starts to be 

predictable as most of the dentists start to understand 

endodontic pathology. Essentially, infection of the root canal 

system is the major source of apical periodontitis [1]. 

Microorganisms role in the pulp and periapical pathosis has 

been distinctly demonstrated. Since the success of any 

undergoing root canal treatment depend on the disinfection 

process, the mechanical methods of removal of the infected 

dentin alone is inadequate without irrigant application in which 

its penetration is facilitated by the mechanical preparation, and 

enhancing the decontamination of root canal system. 

nevertheless, the mechanical preparation leaves significant 

percentages of the root canal untouched, regardless the 

instruments used in the process [2]. This where the   importance 

of antimicrobial irrigants and intra-canal dressing between 

appointment appear. The ultimate goals of any undergoing root 

canal treatment are to treat and prevent apical periodontitis [3]. 

The meaning of disinfection, is the removal of most if not all 

of microorganisms and their toxin from the root canal space in 

addition to the pulp tissue [4]. Enterococcus faecalis which is a 

facultative, anaerobic, gram-positive bacterium has been 

frequently found or recovered from secondary/persistent root 

canal infections [5]. this attributed to its tolerance to 

antimicrobials that applied during endodontic treatment [6]. In 

addition to the ability of E. faecalis to produce dense biofilms 

on the walls of root canal system make this microorganism has 

the capability to invade and enter the dentinal tubules and 

complexities in the root canal contributing to be recalcitrant to 

many endodontic disinfectants irrigant and intra-canal 

dressings leading to endodontic failure [7]. 

   Since the most common irrigant used, sodium hypochlorite 

(NaOCl), has larger and heavier molecule, this will give 

suggestion that the smear layer lower the diffusion capability 

of the NaOCl to more than 50%. It is important to address the 

main drawbacks of NaOC1 irrigant solution; such as the 

cytotoxic effect to the peri-apical tissue; in addition to foul 

smell and taste when it applied in the mouth, furthermore, it 

cannot cover all bacterial strains, nor can full eliminate the 

smear layers [8]. In contrast natural remedies are considered an 

alternate treatment options for managing treatment problems in 

root canal system because of their ease of availability, 

antimicrobial performance, absence of microbial resistance, 

and safety with much lesser side effects [9].  Among the 

alternatives to synthetic products is herbal products that will be 

discussed in this review including extracts like propolis, 

triphala, neem oil, cinnamon. However, to the best of the 

Authors knowledge, there had been few efforts to summarize 
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studies that analyze the use of natural products as root canal 

disinfectant that will allow an easier analysis of the evidence. 

Therefore, this review will shade the light about what new 

remedies that could be used as root canal disinfectant by 

summarizing the recent studies regarding the efficacy of 

different natural extracts against the  most persistence 

microbiota that could be responsible for most of  the failures 

after root canal treatment, and to overcome or reduce the 

drawbacks associated with the routinely used irrigants such as 

NaOCl compared with these natural entity, with lesser side 

effect and antimicrobial resistance and point out areas that need 

more research 

Ideal requirement of root canal irrigants  

    Root canal irrigants should ideally have a wide antibacterial 

spectrum and eradicate necrotic pulp tissues. They should 

dissolve or inhibit the smear layer and inactivate endotoxins. 

Irrigants must be systemically safe, non-corrosive, and non-

allergenic. They should be non-irritating to periapical tissues 

and effective as fungicides and germicides, even in the 

presence of blood. Ideal irrigants should have reduced surface 

tension, not stain teeth, or negatively affect dentin. They should 

not negatively affect the filler component, provide a good seal, 

be easy to apply, and be inexpensive [10]. 

Classification of root canal irrigants 

Kandaswamy and Venkatesh babu, in 2010 classified the 

materials according to their composition into [11]:  

 Chemical - dissolving the tissues, antimicrobial, 

chelating.  

 Natural- Antibacterial agents. 

Classification of Kale and Raut (2021) [12]:  

 Herbal irrigants with antimicrobial property: e.g., 

Neem leaf extract, Garlic, Triphala, Morinda 

citrifolia, Propolis, Aloe vera, Green tea and Ginger. 

 Herbal irrigants with chelating ability: e.g. Triphala 

extract, Neem leaf extract, Garlic (Allium sativum), 

Tulsi (Ocimum sanctum), Morinda citrifolia, Tea tree 

oil (Melaleuca alternifolia), Green tea 

 Herbal irrigants with chelating and antibacterial 

properties: e.g., Morinda citrifolia, Neem leaf extract 

(Azadirachta indica), Triphala, Green tea, Tea tree oil 

(Melaleuca alternifolia), Garlic (Allium sativum) 

 Herbal root canal irrigants capable to dissolve the 

tissue of the pulp: e.g, Sapindus mukorossi, Nepenthes 

khasiana digestive fluid, Garlic (Allium sativum). 

 

Commonly used irrigants 

        The Irrigants currently used are, Sodium hypochlorite, 

Chlorhexidine, Ethylenediaminetetraacetic acid (EDTA) [13]. 

Sodium hypochlorite (NaOCl): 

    Most commonly used endodontic irrigant worldwide due to 

its antimicrobial capability and its effectiveness in dissolving 

tissue, having reduced viscosity aiding in its application in the 

root canal system, adequate half-life and lower price solutions 

are cost-effective. The antibacterial and the dissolving ability 

are dependent on the concentration of the solution. Unluckily, 

toxic effect is dependent on the concentration, rendering the 

main disadvantage of the sodium hypochlorite solution being 

the cytotoxic effect to the peri-apical tissue, in addition it leaves 

bad odor ant taste in the patient mouth and could cause 

corrosion to the metal objects. Furthermore, having the 

inability to cover the entire microbes and does not remove the 

smear layer entirely [14].  

Chlorhexidine (CHX): 

   The solution has high activity against the microbes specially 

when using it at reduced PH [5.5 – 7], and its effect remains for 

long time after the solution is removed, as well it does not 

dissolve tissues. The Chlorhexidine molecules are highly 

reactive making it not recommended to be used in treatments 

having multiple irrigants, furthermore it is less effective when 

used against the Gram-negative microbes [14]. 

 

 Ethylenediaminetetraacetic acid (EDTA): 

    Using a chelating agent during the instrumentation of 

calcified and narrow canals. Easily prepared 10 ml solution of 

EDTA 17% for a minute show complete removal of the smear 

layer from the walls of the canal enhancing the dentine 

permeability [14,15]. 

Disadvantages of Conventional Irrigants  

    There are some drawbacks of the chemical irrigants that are 

used commonly [16]:  

 NaOCl have adverse reactions even in 1% 

concentration due to its caustic nature.  

 EDTA when used with NaOCl expresses weak 

antibacterial effect due to the loss of the available free 

chlorine which lowers the efficacy of the NaOCl. As 

wall as this combination causes decalcification and 

erosion of the dentin which negatively affect the 

flexural strength of the dentine.   

 CHX used in concentration similar to NaOCl, appears 

to have similar if not more cytotoxic effect. 

Additionally, it can react with the residual NaOCl 

inside the root canals and produce para-chloroaniline 

which considered potentially toxic, and carcinogenic 
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orange brown precipitate that could also cause 

discoloration.  

 The chemical irrigants can be replaced to limit their 

use in pediatric patients when treating open apices 

[17].  

Those irrigation solutions that commonly utilized today are 

synthetic chemicals and cannot exhibit all the ideal properties 

of an irrigation material alone. Considering the unwanted and 

inadequate properties of these existing solutions, the 

continuous elevation in the number of strains ability to resist 

the solutions, and the possible side effects of synthetic 

chemicals, it has been demonstrated that the natural alternatives 

for endodontic treatment practice are somehow promising. 

Naturally Sourced Irrigant Remedies  

Propolis extract:   

    Propolis or the term “bee glue” is the product of a honeybee 

in a mixed resin form of the mix of particular enzymes present 

in bee saliva and in beeswax. Researches indicated that propolis 

contains over 300 of active compounds. These active 

compounds can be utilized as antioxidants, as anti-

inflammatory, as anticancer, as antibacterial, also antibiofilm 

[18]. Its mechanism of action may be dependent on the 

prohibition of the bacterial RNA-polymerase [19]. Extract of 

propolis at concentration 5.25% and NaOCl 5.25% both has no 

significant difference in inhibiting Staphylococcus aureus 

growth due to the flavonoid compound's present [20]. 

However, Setia et al in 2024 demonstrated that Propolis gave 

the least effective ability in elimination of the smear layer in 

comparison to Neem leaf extract, and orange oil because 

Propolis is highly viscous in nature due to the presence of 

resins, waxes and essential oils. This may explain the difficulty 

of introducing and removing the propolis from the root canal. 

This may further lead to increased surface tension by reducing 

the wet-ability of the surface of root canal [21]. 

Triphala:   

     Triphala is an Indian Ayurvedic natural treatment produced 

using the pulverized and dehydrated products of three plants 

used as a medicine: Terminalia bellerica, Emblica officinalis, 

and Terminalia chebula. It is biocompatible with PDL cells of 

humans and  

 has incredible effect against inflammation and antibacterial 

benefits [22]. Triphala contains various combinations like 

Tannin, Quinones, flavonoids, flavins, gallic acid, flavanols 

and vitamin C [24]. It can inactivate microbial adhesins, 

enzymes, and cell layer transport proteins. Quinones focuses on 

the microbial cell by following up on surface-uncovered 

adhesins, cell layer polypeptides, and cell layer bound 

compounds. Citrus extract, that present abundantly in Triphala, 

assist in eliminating the smear layer and exhibiting chelating 

behavior [22]. Keerthana et al in 2024 found that Triphala (20 

µg/mL) displayed high antimicrobial effectivity, trailed by 3% 

NaOCl and Green tea extracts (20ug/mL) against F. nucleatum 

[25].  

 

Neem:  

      Neem, or Azadirachta indica, is used in dentistry for its 

antimicrobial and antiviral properties. It contains various 

components, for example, Nimbidin, Nimbidinin, Sodium 

nimbidate, Nimbin, Nimbolide, Gedunin, Azadirachtin, 

Mahmoodin, Gallic corrosive, Margolonone and 

polysaccharides.Nimbidin, Nimbolide and Mahmoodin 

represses the cell layer synthesis of the microbe. and prevent 

adherence through altering the microbe’s adhesion and 

capacity of microbial colonization. Neem extracts displayed a 

great antimicrobial activity against E. faecalis, as it contains 

large amount of antimicrobial phytoconstituents, for example, 

alkaloids, glycosides flavonoids, phenolic compounds, 

steroids, triterpenoids, carotenoids, and tetra triterpenoids. 

Butanolic extract of neem had more inhibition zone than 

ethanolic and ethyl acetic acid extracts. Studies show its 

effectiveness against microbes, its benefit as an intra-canal 

irrigant due to its antimicrobial action, and its antioxidant 

properties, displaying activity against both gram-positive and 

gram-negative microbes [26,27]. (Figure 1) demonstrate the 

natural existence of neem.   

 

Figure 1: Neem leaves 

Studies showed that neem give improved outcome and used as 

an alternative for intra-canal irrigant when combined with 

Triphala and CHX, however, when compared to different 

irrigant chemicals as silver diamine fluoride and NaOCl, it 

shows less efficacy [28, 29]  

Cinnamon extract:  

       Cinnamon exists naturally as in (Figure 2) Cinnamon has 

gained popularity due to its antibacterial efficacy. It has shown 

effectiveness against S. mutans and E. faecalis. Cinnamon also 

exhibits activity against both gram-positive and gram-negative 

microorganisms. Vanillic, gallic, caffeic, pcoumaric, 

protocatechuic, and ferulic acids responsible for its 

antimicrobial efficacy [23,27]. Cinnamaldehyde and terpenes 

are the main constituents of cinnamon that provide the 

bactericidal action. Cinnamaldehyde that is 65-80% aromatic 

aldehyde is considered to be an active electronegative 
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component, whose effect prevent the action of amino acid 

decarboxylation through impeding the action of electron 

transfer, hence diminishing the level of cell glutathione in the 

microbial cell layer, resulting in energy shortage, thus end with 

death of the microbial cell. Terpenes action showed mainly by 

its effect on the cell layer, by damaging it because the 

membrane contains lipophilic compounds [30,31]. Gupta et al. 

in 2023 revealed that irrigant made of cinnamon extract 

exhibited the greatest antimicrobial efficacy against E. faecalis 

when compared to Neem, Cinnamon Miswak, and Apple juice 

vinegar. Cinnamon extracts showed better results as an irrigant 

in reducing Faecalis microorganism than 3% concentration of 

NaOCl, moreover cinnamon displayed lower time in time-kill 

research done against E. faecalis than other natural extracts. 

[28,32] 

Limitation of the review  

 

Figure 2: Cinnamon beaks 

The majority of research on dental products formulated with 

herbal extracts has been conducted in Eastern countries with 

old processing mechanism, likely due to the cultural familiarity 

and abundant availability of medicinal herbs in these regions 

[33]-[34]. Nevertheless, most of these investigations are 

limited to in vitro studies and are frequently published in 

journals with relatively low scientific impact. Furthermore, 

there is a significant gap in the literature regarding the potential 

adverse effects of herbal-based dental products and luck of 

signal processing tools [35]-[36]. To address these limitations, 

future research should prioritize well-structured in vivo and 

longitudinal studies to better understand both the therapeutic 

potential and possible risks associated with these products and 

advance techniques [37]-[38]. 

Future Artificial Intelligence (AI) Prospective & 

Recommendations  

     Herbal and natural remedies have been investigated in 

endodontics for their potential to reduce inflammation and 

mitigate tissue irritation [39]-[40]. Bioactive constituents 

derived from these plants have shown antimicrobial properties 

against various oral pathogens, including Streptococcus 

mutans, Candida albicans, and others [41]-[42]. Despite these 

promising results, comprehensive preclinical and clinical 

evaluations are necessary to assess their safety, efficacy, 

potential interactions with dental materials, and possible 

adverse effects [43]-[44]. The therapeutic potential of natural 

products remains largely untapped and warrants further 

exploration [45]-[46]. Notably, such remedies may offer a cost-

effective alternative in low-income regions where access to 

conventional endodontic care is limited [47]-[48]. Nonetheless, 

additional scientific evidence is essential before their 

integration into routine endodontic practice [49]-[50]. In 

addition, the antimicrobial characteristics of natural remedies 

for root canal disinfection is a field of growing interest, offering 

potential alternatives to conventional chemical agents like 

sodium hypochlorite [[51]-[52]. This will result in finding new 

techniques and methods using the Artificial Intelligence (AI) in 

this domain [53]-[54]. It is expected that the AI presents 

significant advantages in this field [55]-[56]. AI transforms the 

study of natural remedies for root canal disinfection from a 

labor-intensive, empirical process into a smart, predictive, and 

data-driven one [[57], [58] and [59]  

The key advantages of using AI in this field can be stated by 

the following points [[60], [[61] and [62]: 

1. Accelerated discovery and screening of natural 

compounds; this can be achieved by efficient sourcing 

and predictive modeling of bioactivity [63]-[64].  

2. Optimization of remedy formulation which leads to 

synergistic combinations and balancing efficacy and 

safety [65], [[66] and [67]. 

3. Predictive modeling of clinical efficacy that can be 

implemented using biofilm penetration and 

personalized treatment planning [68]-[69]. 

4. Enhanced data analysis and research which the case in 

following uncovering hidden patterns and covering a 

systematic literature review [70]-[71]. 

This paper evaluating and applying natural remedies for root 

canal disinfection, AI and conventional methods represent two 

fundamentally different approaches [72]-[73]. While 

conventional methods rely on manual, empirical, and 

laboratory-based processes, AI leverages computational power 

and data to create a more efficient, predictive, and personalized 

workflow [74]-[75]. Table 1 gives a comparative table 

highlighting the advantages of each approach: 

Table 1 Highlighting the advantages of each approach 

Feature / Aspect Conventional Methods AI-Powered Solutions 

Discovery of Compounds 
• Method: Traditional methods involve manual 

literature reviews and bioassays (e.g., agar diffusion, 

MIC tests) on a limited number of known compounds 

• Method: AI algorithms (e.g., machine learning, deep 

learning) perform virtual screening of vast databases of 

millions of chemical structures. • Process: Rapid, 
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Feature / Aspect Conventional Methods AI-Powered Solutions 

or extracts.• Process: Slow, labor-intensive, and 

resource-heavy. Requires physically testing each 

compound in the lab.• Scope: Limited to compounds 

that are already available or easily extracted, often 

missing novel candidates. 

automated, and cost-effective. AI predicts 

antimicrobial activity based on molecular structure and 

properties without the need for physical testing.• 

Scope: Can discover entirely new and uncharacterized 

compounds, significantly expanding the pool of 

potential remedies. 

Formulation and 

Optimization 

• Method: A trial-and-error approach involving 

testing different concentrations and combinations of 

remedies in the lab to find an effective mix. • Process: 

Prone to inefficiency; researchers might miss an 

optimal synergistic blend. It's difficult to 

systematically explore all possible combinations. • 

Outcome: Formulations are often based on a few 

tested ratios, which may not be the most potent or the 

safest. 

• Method: AI models analyze data on compound 

interactions to predict synergistic and antagonistic 

effects. • Process: AI can rapidly test millions of 

virtual combinations to identify the optimal balance 

between antimicrobial efficacy and minimal 

cytotoxicity. • Outcome: Formulations are data-driven 

and precisely optimized for maximum potency at the 

safest possible concentration. 

Efficacy Assessment (In-

vitro/In-vivo) 

• Method: Direct observation and measurement in 

laboratory settings using techniques like scanning 

electron microscopy (SEM) to visualize biofilm 

disruption, or bacterial culturing to measure bacterial 

count.• Process: Time-consuming and subjective to 

observer interpretation. Results can vary between 

labs.• Outcome: Provides a "snapshot" of a remedy's 

effect under specific, controlled conditions. Difficult 

to extrapolate to the complex in-vivo environment. 

• Method: AI can analyze vast amounts of imaging 

data (e.g., micro-CT, SEM) to quantify biofilm 

removal, dentin penetration, and bacterial load with 

high precision and objectivity.• Process: AI models 

create predictive simulations of a remedy's 

performance in complex, patient-specific root canal 

geometries.• Outcome: Provides a comprehensive, 

quantitative, and predictive understanding of a 

remedy's effectiveness, accounting for anatomical 

variability and biofilm complexity. 

Personalization of 

Treatment 

• Method: Clinicians choose remedies based on 

general best practices, personal experience, and broad 

scientific literature. • Process: One-size-fits-all 

approach. The same remedy and concentration are 

often used for different patients, regardless of the 

specific nature of their infection or root canal 

anatomy. • Outcome: Suboptimal results are possible 

due to a lack of personalization, leading to 

inconsistent treatment success rates. 

• Method: AI integrates data from patient's dental 

imaging (CBCT), health records, and bacterial culture 

results to recommend a specific, optimized remedy. • 

Process: AI-powered systems can analyze the unique 

geometry of a patient's root canal and the specific 

pathogens present to select the most effective natural 

remedy and application technique. • Outcome: 

Enables personalized treatment plans that maximize 

the chance of complete disinfection and successful 

treatment, improving patient outcomes. 

Data Handling and 

Knowledge Generation 

• Method: Manual data collection and analysis from 

a limited number of experiments. Scientific 

knowledge is disseminated slowly through published 

papers. • Process: A slow, fragmented accumulation 

of knowledge. It's challenging for any single 

researcher to have a complete view of all findings.  • 

Outcome: A relatively limited and dispersed body of 

knowledge. Difficult to identify overarching trends or 

complex correlations between a compound's 

properties and its antimicrobial effect. 

• Method: AI systems can process and synthesize 

massive datasets from global research, clinical trials, 

and patient outcomes in real-time. • Process: AI can 

identify subtle, non-obvious patterns and correlations 

across different studies, leading to a deeper 

understanding of antimicrobial mechanisms. • 

Outcome: A comprehensive, integrated, and rapidly 

growing knowledge base that can inform future 

research and clinical decisions. 

Disadvantages/Limitations 

• Disadvantages: Time-consuming, resource-

intensive, limited scope of discovery, prone to human 

error and subjectivity, difficult to achieve true 

personalization. 

• Disadvantages: High initial investment in 

technology and expertise. Requires large, high-quality 

datasets for training. The "black box" nature of some 

AI models can make it difficult to understand the 

rationale behind a recommendation, which is a major 

concern for clinical application. 
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Conclusion  

Herbs and other natural products that suggested in this review 

have several advantages, including ease of use, safety, ability 

to be stored, low cost, and absence of microbial tolerance. 

Natural irrigants acquired a place to be used as substitute or in 

conjugation with other types of irrigants in endodontic therapy. 

Their benefits combined with their safety and less irritability 

overcomes their harmful side effects. Researchers continued to 

seek a combination able to produce results capable of 

effectively removing microorganisms which is the nowadays 

vital goal and, in this review, highlighted several possible 

synergisms.  

  Scientific proof medicine is the corner stone of any 

manifested material needed to be used on or in the human body, 

therefore it must undergo comprehensive preclinical and 

clinical trials to substantiate the results before they can 

conclusively be recommended as intracanal irrigating 

solutions., some of these mentioned products already pass 

through this tunnel and give remarkable results. 

Finally,  AI transforms the study of natural remedies for root 

canal disinfection from a labor-intensive, empirical process 

into a smart, predictive, and data-driven one. It empowers 

researchers and clinicians to discover, formulate, and apply 

these natural agents more effectively, ultimately leading to 

improved clinical outcomes for patients.
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