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Abstract  

Background: Effective elimination of microorganisms from the root canal system is 

essential for the success of endodontic therapy. Intracanal medicaments play an 

important role in reducing microbial load during endodontic treatment. 

Conventional medicaments such as calcium hydroxide are widely used; however, 

their limited efficacy against certain resistant microorganisms has led to increasing 

interest in herbal alternatives with antimicrobial properties. 

Aim: To compare the antimicrobial efficacy of herbal and conventional intracanal 

medicaments based on evidence from randomized controlled trials. 

Materials and Methods: This systematic review followed PRISMA 2020 guidelines 

and was registered in the PROSPERO database (CRD420251140477). Electronic 

searches of PubMed, Scopus, Cochrane Library and EBSCO were conducted for 

studies published between 2015 and 2025. Randomized controlled trials comparing 

herbal and conventional intracanal medicaments were included. 

Results: Out of 337 identified records, five randomized controlled trials met the 

inclusion criteria. Herbal agents such as Azadirachta indica, triphala, garlic extract, 

glycyrrhizin, mangosteen extract and asiaticoside demonstrated antimicrobial 

efficacy comparable to conventional medicaments. 

Conclusion: Herbal intracanal medicaments demonstrate promising antimicrobial 

activity and may serve as potential alternatives to conventional intracanal 

medicaments. However, further well-designed randomized controlled trials are 

required to establish definitive clinical recommendations.  
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Introduction 

Total eradication of microbes within the root canal system continues to pose a challenge in endodontic treatment. Persistent 

microbial infection within the complex anatomy of the root canal system remains one of the leading causes of endodontic 

treatment failure [1]. Microorganisms such as Enterococcus faecalis are frequently associated with persistent endodontic infections 

because of their ability to survive under adverse environmental conditions, penetrate dentinal tubules and resist commonly used 

antimicrobial agents [2]. Therefore, the use of intracanal medicaments as adjuncts to chemomechanical preparation plays an 

important role in enhancing microbial elimination during root canal treatment [3]. 
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Calcium hydroxide has traditionally been regarded as the gold standard intracanal medicament because of its high alkalinity 

and broad antimicrobial activity [4]. Its antibacterial effect is primarily attributed to the release of hydroxyl ions, which damage 

bacterial cytoplasmic membranes, denature proteins and interfere with bacterial DNA replication [5]. However, several studies 

have demonstrated that calcium hydroxide may exhibit limited effectiveness against certain resistant microorganisms, 

particularly Enterococcus faecalis, which can survive in alkaline environments and penetrate deep into dentinal tubules [2,6]. 

 

In recent years, increasing attention has been directed toward the use of herbal and plant-derived agents in endodontics [7]. 

These agents contain various biologically active compounds such as flavonoids, alkaloids, tannins and polyphenols that exhibit 

antimicrobial, anti-inflammatory and antioxidant properties. Several herbal extracts, including Azadirachta indica (neem), 

triphala, garlic extract, glycyrrhizin and mangosteen, have been investigated for their antimicrobial potential against endodontic 

pathogens [8]. In addition, herbal agents are considered advantageous because of their natural origin, potential biocompatibility 

and lower risk of adverse effects [6,9]. 

 

Despite the growing interest in herbal intracanal medicaments and their demonstrated antimicrobial potential, the existing body 

of evidence remains limited and fragmented. Most available studies are predominantly in-vitro in nature and focus primarily on 

Aloe vera as the herbal agent, with minimal evaluation of other herbal formulations. Furthermore, In-vivo clinical studies are 

scarce, limiting the translation of laboratory findings into clinical practice. Additionally, there is a lack of comprehensive 

comparative investigations assessing the antimicrobial efficacy of diverse herbal medicaments in relation to conventional 

intracanal agents. This restricted evidence base highlights a significant gap in the literature and underscores the need for 

systematic and well-designed studies incorporating In-vivo approach. 

 

Materials and Methods   

Study Design and Protocol Registration 

The present systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) 2020 guidelines. The review protocol was prospectively registered in the PROSPERO database 

(CRD420251140477) to ensure methodological transparency and minimize reporting bias. 

 

Research Question 

The research question of this systematic review was formulated according to the PICO framework. 

Population (P): Patients undergoing root canal treatment in permanent teeth. 

Intervention (I): Herbal intracanal medicaments with antimicrobial properties. 

Comparison (C): Conventional intracanal medicaments such as calcium hydroxide or chlorhexidine. 

Outcome (O): Reduction in microbial load within the root canal system measured primarily through Colony-Forming Unit (CFU) 

counts. 

 

Search Strategy 

A comprehensive electronic literature search was conducted to identify relevant studies evaluating the antimicrobial efficacy of 

herbal and conventional intracanal medicaments. The databases searched included PubMed, Scopus, Cochrane Library and 

EBSCO for articles published between January 2015 and January 2025. 

 

Google Scholar was used as a supplementary source and the first 200 results sorted by relevance were screened to identify 

additional eligible studies. 

 

The search strategy included combinations of Medical Subject Headings (MeSH) and free-text keywords related to intracanal 

medicaments and herbal antimicrobial agents. Boolean operators “AND” and “OR” were used to combine the search terms. 

Example search strategy used in PubMed: 

(“intracanal medicament” OR “root canal medicament”) AND (“herbal” OR “plant extract” OR “phytotherapy”) AND (“calcium 

hydroxide” OR “chlorhexidine”) AND (“randomized controlled trial”) 

The reference lists of selected articles were also manually screened to identify additional relevant studies. The final electronic 

search was conducted in January 2025. Only articles published in the English language were included in the review. 
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Eligibility Criteria 

Inclusion Criteria 

1. Randomized controlled clinical trials 

2. Studies conducted on permanent teeth undergoing root canal treatment 

3. Studies comparing herbal intracanal medicaments with conventional intracanal medicaments 

4. Studies evaluating antimicrobial efficacy through microbiological analysis 

5. Studies published in the English language  

 

Exclusion Criteria 

1. In-vitro or animal studies 

2. Case reports and case series 

3. Review articles and conference abstracts 

4. Studies involving primary teeth 

5. Articles without accessible full text  

 

Study Selection 

Two independent reviewers screened the titles and abstracts of the retrieved articles. Studies that met the eligibility criteria were 

selected for full-text evaluation. Any disagreements between reviewers were resolved through discussion or consultation with a 

third reviewer. The study selection process was documented using a PRISMA 2020 flow diagram illustrating the identification, 

screening, eligibility and inclusion of studies. 

 

Data Extraction 

Relevant data from the included studies were extracted independently by two reviewers. The extracted information included: 

• Author and year of publication 

• Study design 

• Type of herbal and conventional intracanal medicaments used 

• Sample size 

• Outcome measures 

• Main findings 

 

Risk of Bias Assessment 

The methodological quality of the included studies was assessed using the Cochrane Risk of Bias (RoB 2.0) tool. The studies were 

evaluated across domains including randomization process, deviations from intended interventions, missing outcome data, 

measurement of outcomes and selection of reported results. 

 

Data Synthesis 

Due to heterogeneity among the included studies, with respect to medicament types, concentrations and outcome assessment 

methods, a qualitative synthesis was performed rather than a quantitative meta-analysis. 

 

Results 

Study Selection 

The study selection process was conducted in accordance with the PRISMA 2020 guidelines and is illustrated in the PRISMA 

flow diagram (Fig. 1). A total of 337 records were identified through electronic database searching, including PubMed (n = 42), 

Scopus (n = 96), Cochrane Library (n = 18), EBSCO (n = 21) and Google Scholar (n = 160). 

 

After removal of 87 duplicate records, 250 articles remained for title and abstract screening. During the screening process, 225 

records were excluded because they did not meet the eligibility criteria. Subsequently, 25 full-text articles were assessed for 

eligibility. Among these, 20 studies were excluded for the following reasons: in-vitro studies (n = 8), non-randomized clinical 

studies (n = 6), studies involving primary teeth (n = 2) and insufficient data for analysis (n = 4). 
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Finally, five randomized controlled trials met the inclusion criteria and were included in the qualitative synthesis. 

 

Characteristics of Included Studies 

The included studies comprised randomized controlled trials assessing the efficacy of herbal intracanal medicaments-such as 

Azadirachta indica, Triphala, Garlic extract, Glycyrrhizin, Mangosteen extract and Asiaticoside-in relation to conventional agents, 

including calcium hydroxide, chlorhexidine gel and Ledermix paste [10]. 

 

Sample sizes across the studies ranged from 36 to 240 and were allocated into multiple experimental and control groups based 

on the medicaments evaluated, with calcium hydroxide serving as the control in most cases. Antimicrobial efficacy was primarily 

assessed by measuring the reduction in Colony-Forming Units (CFU) of endodontic microorganisms. The characteristics of all 

five included studies are summarized in Table 1. 

 

Antimicrobial Outcomes 

All included studies evaluated the antimicrobial efficacy of intracanal medicaments by assessing the reduction in Colony-

Forming Units (CFU) of endodontic microorganisms [11]. Microbiological analysis was commonly performed using culture 

methods on blood agar plates and bacterial counts were measured before and after application of the intracanal medicaments 

[12]. 

 

Most studies reported a significant reduction in microbial counts following the use of herbal intracanal medicaments. In several 

studies, herbal agents demonstrated comparable or greater antimicrobial activity when compared with conventional intracanal 

medicaments such as calcium hydroxide [7,8,13]. 

 

For example, triphala and Azadirachta indica demonstrated greater reductions in CFU counts compared with conventional 

medicaments in certain trials. Similarly, mangosteen extract and glycyrrhizin-based medicaments also demonstrated notable 

antimicrobial activity against endodontic pathogens [14]. 

 

However, variations in antimicrobial outcomes were observed across the included studies. Differences in medicament type, 

concentration, duration of application and microbial assessment methods may have contributed to these variations. 

 

Risk of Bias Assessment 

The methodological quality of the included studies was assessed using the Cochrane Risk of Bias (RoB 2.0) tool. Overall, most 

studies demonstrated a low risk of bias in the randomization process, indicating adequate sequence generation. 

 

However, several studies showed some concerns regarding deviations from intended interventions and outcome measurement. 

One study demonstrated a high overall risk of bias due to methodological limitations. 

 

Certainty of Evidence 

The certainty of evidence for the primary outcomes was evaluated using the GRADE approach and the findings are summarized 

in Table 2. Although all included studies were randomized controlled trials, the overall certainty of evidence was rated as 

moderate. The certainty of evidence was downgraded due to moderate heterogeneity in medicament formulations and study 

protocols, variations in antimicrobial assessment methods, the limited number of included studies and moderate imprecision 

associated with relatively small sample sizes. 

 

Overall, the findings indicate that herbal intracanal medicaments demonstrate comparable antimicrobial efficacy to conventional 

agents; however, the strength of evidence is limited by methodological heterogeneity and imprecision [15]. 

 

https://doi.org/10.46889/JDHOR.2026.7305
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


5 

https://doi.org/10.46889/JDHOR.2026.7305                                                                                 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/ 

   

 
Figure 1: PRISMA flow chart. 

 

Author 

(Year) 

Study Design Herbal 

Medicament 

Conventional 

Medicament 

Groups Sample 

Size 

Outcome 

Measure 

Main Findings 

Alqahtani, 

et al., 

(2025) 

Randomized 

controlled 

trial 

Asiaticoside Ledermix, 

Ca(OH)₂ 

Ca(OH)₂, 

Ledermix, 

Asiaticoside 

36 

(12/group) 

CFU 

count 

Ledermix and 

asiaticoside 

showed 

significantly 

greater 

antimicrobial 

activity 

compared with 

Ca(OH)₂. 

Sharma, et 

al., (2024) 

Randomized 

controlled 

trial 

Triphala, 

Azadirachta 

indica 

2% CHX gel, 

Ca(OH)₂ 

CHX, A. 

indica, 

Triphala, 

Ca(OH)₂ 

40 

(10/group) 

CFU 

count, 

SEM 

Herbal 

medicaments 

demonstrated 

greater 

reduction in 

bacterial 

counts 
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compared with 

CHX and 

Ca(OH)₂. 

Eltantawi, 

et al., 

(2024) 

Randomized 

controlled 

trial 

Glycyrrhizin Ca(OH)₂ Ca(OH)₂, 

Ledermix, 

Glycyrrhizin 

36 

(12/group) 

CFU 

count 

Glycyrrhizin 

and Ledermix 

showed 

greater 

bacterial 

reduction 

compared with 

Ca(OH)₂. 

Sharma, et 

al., (2025) 

Randomized 

controlled 

trial 

Mangosteen, 

Chitosan, 

Mangosteen + 

Chitosan 

Ca(OH)₂ Mangosteen, 

Chitosan, 

Mangosteen + 

Chitosan, 

Ca(OH)₂ 

40 

(10/group) 

CFU 

count 

Mangosteen–

chitosan 

combination 

showed the 

highest 

antimicrobial 

activity. 

Kishan, et 

al., (2024) 

Randomized 

controlled 

trial 

Azadirachta 

indica, Garlic, 

Triphala 

Ca(OH)₂ A. indica, 

Garlic, 

Triphala, 

Ca(OH)₂ 

240 

(60/group) 

CFU 

count 

Triphala 

showed 

significantly 

greater 

antimicrobial 

efficacy 

compared with 

garlic and 

Ca(OH)₂. 

Table 1: Summary of included randomized controlled trials evaluating herbal and conventional intracanal medicaments. 

 

Outcome Number 

of 

Studies 

Study Design Risk of 

Bias 

Inconsistency Indirectness Imprecision Overall 

Certainty 

of 

Evidence 

Reduction in 

microbial load 

(CFU count) 

5 Randomized 

controlled 

trials 

Some 

concerns 

in several 

studies 

Moderate 

heterogeneity in 

medicaments 

and protocols 

Low Moderate due 

to small 

sample sizes 

Moderate 

Comparative 

antimicrobial 

efficacy 

between herbal 

and 

conventional 

medicaments 

5 Randomized 

controlled 

trials 

Some 

concerns 

Moderate Low Moderate Moderate 

Table 2: Grade assessment for certainty of evidence. 

 

Discussion 

The present systematic review demonstrated that herbal intracanal medicaments exhibit antimicrobial efficacy comparable to 

conventional agents across the included randomized controlled trials. This finding underscores the potential of plant-derived 

https://doi.org/10.46889/JDHOR.2026.7305
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


7 

https://doi.org/10.46889/JDHOR.2026.7305                                                                                 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/ 

   

medicaments as effective adjuncts in endodontic disinfection [8,16]. 

 

The observed antimicrobial effectiveness of herbal medicaments may be attributed to the presence of bioactive phytochemical 

constituents, including flavonoids, tannins, alkaloids and phenolic compounds, which exert antibacterial effects through 

multiple mechanisms such as disruption of bacterial cell membranes, inhibition of enzymatic activity and interference with 

microbial metabolic pathways [15,17]. In addition, several herbal agents possess anti-biofilm properties, which may enhance 

their effectiveness against persistent endodontic pathogens, particularly Enterococcus faecalis [18]. 

 

In the present review, agents such as Azadirachta indica, Triphala, garlic extract, glycyrrhizin, mangosteen extract and asiaticoside 

demonstrated consistent reductions in microbial load [10,19]. These findings are consistent with the observations of Siqueira and 

Rôças, who highlighted the effectiveness of various antimicrobial strategies against endodontic pathogens, as well as Groppo, et 

al., who reported significant antibacterial activity of plant extracts. Similarly, Prabhakar, et al., demonstrated the efficacy of 

Triphala as an intracanal medicament against Enterococcus faecalis [7]. The antimicrobial activity of Azadirachta indica has been 

linked to compounds such as nimbidin and azadirachtin, while Triphala exhibits synergistic antibacterial effects due to its 

polyherbal composition. Mangosteen extract, rich in xanthones and glycyrrhizin derived from licorice have also been reported 

to possess significant antimicrobial and anti-biofilm properties [20]. 

 

In contrast, although calcium hydroxide remains widely used in clinical practice, its antimicrobial efficacy against resistant 

microorganisms such as Enterococcus faecalis has been reported to be inconsistent [17,18]. Haapasalo and Ørstavik demonstrated 

the ability of E. faecalis to survive in dentinal tubules, while Evans, et al., reported its tolerance to alkaline environments, thereby 

reducing the effectiveness of calcium hydroxide [3].  

 

Furthermore, Siqueira and Rôças emphasized the persistence of microorganisms even after intracanal medication, highlighting 

the limitations of conventional medicaments. The findings of the present review, wherein several herbal medicaments 

demonstrated comparable or superior antimicrobial outcomes, are in agreement with these observations and support the 

exploration of alternative intracanal agents. 

 

Despite the encouraging antimicrobial results observed with herbal medicaments, variability was noted among the included 

studies. Differences in herbal medicament composition, concentration, application protocols and microbial assessment methods 

may have contributed to these variations. Additionally, differences in the duration of intracanal medicament application and 

microbial sampling techniques may also have influenced the reported outcomes. It is also important to consider that culture-

based techniques may underestimate the true microbial diversity within the root canal system [21,22]. 

 

Most included studies primarily assessed antimicrobial efficacy using Colony-Forming Unit (CFU) counts, whereas clinically 

relevant outcomes such as postoperative pain and long-term healing outcomes were not consistently evaluated, thereby limiting 

the ability to draw definitive clinical conclusions regarding the superiority of herbal intracanal medicaments over conventional 

agents [23-25]. Furthermore, although the included studies were randomized controlled trials, the overall certainty of evidence 

was moderate due to variations in study design, sample size and outcome assessment. Differences in geographic settings and 

patient populations may also affect the generalizability of the findings. 

 

Future research should focus on conducting well-designed randomized controlled clinical trials with larger sample sizes and 

standardized protocols to establish the clinical effectiveness of herbal intracanal medicaments. Additionally, future 

investigations should aim to develop standardized formulations and delivery systems to improve consistency and clinical 

applicability. 

 

Clinical Significance 

Herbal intracanal medicaments may serve as biocompatible adjuncts in endodontic therapy, offering potential advantages in 

terms of reduced cytotoxicity and improved patient acceptability. Their use may be particularly relevant in cases requiring 

enhanced biological compatibility. 
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Conclusion 

Within the limitations of this systematic review, herbal intracanal medicaments show encouraging antimicrobial potential and 

may serve as biologically favorable alternatives or adjuncts in endodontic therapy. Nevertheless, the limited and heterogeneous 

clinical evidence necessitates further high-quality randomized controlled trials with standardized protocols and clinically 

relevant outcomes to support their routine use. 
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