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[bookmark: _Hlk209697369]COMPARATATIVE EVALUATION OF SAPINDUS MUKOROSSI EXTRACT ,  0.2% CHITOSAN AND 17% EDTA ON ROOT CANAL DENTINE  EROSION –  AN IN VITRO STUDY
Abstract : 
Background:
Dental erosion occurs when tooth structure is chemically dissolved by acids or chelating agents. In endodontics, EDTA is commonly used to clear the smear layer, but extended contact can also weaken dentin through demineralization and surface changes. These drawbacks have encouraged exploration of safer options, with agents such as Sapindus mukorossi extract and chitosan showing promise as biocompatible alternatives. This study evaluates their potential alongside EDTA to identify irrigation strategies that balance cleaning efficiency with dentin preservation.
Aim:
[bookmark: _Hlk209640422]This study aims to comparatively evaluate the effects of Sapindus mukorossi extract, 0.2% chitosan, and 17% EDTA on root canal dentinal erosion.
Study Design: In vitro study conducted at the Department of Conservative Dentistry and Endodontics, KVG Dental College and Hospital, Sullia (November–December 2024).
Materials and Methods:
[bookmark: _Hlk209640542]A total of 64 extracted human single-rooted maxillary and mandibular premolars were selected for this study. The teeth were randomly allocated into three experimental groups and one control group, each comprising 16 samples per group as follows:

· Group I (n = 16): Ethanolic extract of Sapindus mukorossi
· Group II (n = 16): 0.2% Chitosan
· Group III (n = 16): 17% EDTA
· Group IV (n = 16): Distilled water (control)

Extracted human premolars were randomly allocated into four groups, with sixteen samples in each group according to the irrigants used. Group I received irrigation with ethanolic extract of Sapindus mukorossi, Group II with 0.2% chitosan, Group III with 17% EDTA, and Group IV with distilled water serving as the control. Following decoronation, the root canals were prepared chemo-mechanically using the assigned irrigant for each group. After instrumentation, the roots were sectioned longitudinally, and dentin blocks were obtained from the middle third of each roots. Each specimen was mounted in epoxy resin, and the degree of dentinal erosion was evaluated using a three-dimensional profilometer. The data were statistically analyzed using one-way ANOVA, followed by t-tests for intergroup comparison
Results:
Among the different irrigants groups, 17 % EDTA caused the greatest dentin erosion, with a mean value of 0.1438 ± 0.0835. This was followed by Sapindus mukorossi extract (0.1225 ± 0.0576) and 0.2% chitosan (0.1306 ± 0.0574). The control group showed the least erosion, with a mean of 0.0337 ± 0.0212. These differences were statistically significant (p < 0.05).
Conclusion:
[bookmark: _Hlk209640604]  EDTA caused the greatest degree of root canal dentin erosion. Sapindus mukorossi extract and chitosan demonstrated comparable erosive effects. These results indicate that the experimental irrigants could serve as potential alternatives to conventional agents, providing similar efficacy with possibly fewer adverse effects.
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[bookmark: _Hlk209640619]Root canal dentin erosion , Sapindus mukorossi , herbal irrigants









Introduction
[bookmark: _Hlk209640683]The Dental erosion refers to the pathological, chronic loss of dental hard tissues due to the chemical influence of extrinsic and intrinsic acids, without the involvement of bacteria.1 During endodontic procedures, chelating agents used for root canal instrumentation can induce chemical alterations in dentin, such as erosive changes, leading to a reduction in dentin microhardness.2 Among these agents, ethylenediaminetetraacetic acid (EDTA) is considered the gold standard chelating agent, particularly during the final irrigation protocol, often used in alternation with sodium hypochlorite (NaOCl). However, extended exposure to EDTA has been shown to demineralise peritubular and intertubular dentin, which can adversely affect the dentin ultrastructure, mechanical strength, and surface roughness, thereby compromising the overall durability and sealing of the root canal filling. 3 Chelating agents like EDTA are essential for removing the smear layer, that is a mixture of organic and inorganic debris generated during instrumentation.4 While EDTA effectively opens up the dentinal tubules for better penetration of disinfectants and sealers, prolonged exposure can result in erosion of the dentinal walls, making the tooth more susceptible to fracture. Sodium hypochlorite (NaOCl) is highly effective in dissolving organic tissue; however, it cannot remove inorganic components, which is why it is commonly used in combination with EDTA.The balance between effective cleaning and preserving dentin integrity is critical. Using EDTA for too long or at high concentrations can weaken the root structure by leaching out calcium and altering the collagen matrix. 
Chitosan is a natural polysaccharide known for its excellent biocompatibility, antimicrobial, and chelating properties.  Chitosan offers enhanced surface area, improving its effectiveness in removing the smear layer, particularly in the apical third of the root canal. Compared to traditional chelating agents like EDTA, chitosan causes significantly less dentin erosion, thereby preserving the mechanical integrity of the dentinal structure.5 It exhibits strong antibacterial activity, especially against Enterococcus faecalis, a microorganism commonly resistant to conventional irrigants. Furthermore, chitosan has minimal cytotoxicity, making it safer for periapical tissues in the event of extrusion. The eco-friendly nature and potential for sustained release further support its use as a promising alternative irrigant in endodontic therapy.
Sapindus mukorossi, commonly known as soapnut, is a plant-derived extract rich in saponins and possesses natural surfactant properties. It has been shown to be effective in smear layer removal, with efficacy comparable to EDTA when used at optimal concentrations.6 Unlike conventional chelating agents, S. mukorossi causes less dentin erosion, thereby helping to preserve dentin microhardness and surface integrity. It also exhibits mild antimicrobial activity and demonstrates good biocompatibility, making it a promising herbal alternative in endodontic irrigation. Due to its natural origin, it carries a reduced risk of cytotoxicity, allergic reactions, and environmental toxicity. These attributes make it particularly suitable for use in herbal irrigation protocols, especially within the scope of minimally invasive and regenerative endodontic procedures.
Hence , the objective of the study  is to compare and evaluate the effect of sapindus mukorossi extract , 0.2 % chitosan and 17 % EDTA on the  root dentine erosion .  The Null hypothesis was there was no statistically significant difference in the root dentinal erosion between the tested groups , sapindus mukorossi and chitosan.


 Materials and Methodology

Inclusion Criteria
[bookmark: _Hlk209640855]Human single‐rooted mandibular premolars that were intact- noncarious, and extracted for orthodontic reasons were selected for the study. All teeth with root curvature  <10°  and approximately the same dimensions.
Exclusion Criteria
[bookmark: _Hlk209640875]Teeth with more than one canal, existing caries, cracks, open apices, and curvature of roots more than 10° were excluded

Preparation of Specimens
[bookmark: _Hlk209640913]A total of 64  single rooted maxillary and mandibular  premolar teeth were collected from the Department of Oral and Maxillofacial Surgery, KVG Dental College and hospital which were extracted for orthodontic purpose. The teeth were disinfected and stored in physiological saline until further processing.
Decoronation of all teeth at the level of cemento enamel junction was done under water cooling using a diamond disc. After working length confirmation the root apices were sealed with sticky wax. The Root canal preparation was performed using Neo endo rotary files . In between each file, irrigation was performed with 5ml of normal saline solution. 
The specimens were randomly divided into four groups (n = 16) based on the final irrigating solution used:
· Group I (n = 16): Ethanolic extract of Sapindus mukorossi (5 mg/5 mL), irrigated with 5 mL for 3 minutes
· Group II (n = 16): 0.2% Chitosan solution, irrigated with 5 mL for 3 minutes
· Group III (n = 16): 17% Ethylenediaminetetraacetic acid (EDTA), irrigated with 5 mL for 3 minutes
· Group IV (n = 16): Distilled water, irrigated with 5 mL for 3 minutes
Preparation of irrigants

A 0.2% chitosan acetate solution was prepared by dissolving 0.2 g of chitosan powder in 100 ml of 1% acetic acid. The mixture was continuously stirred for 2 hours using a magnetic stirrer until a clear and homogeneous solution was obtained. The solution was subsequently stored under refrigeration and utilized within one week of preparation.

The experimental root canal irrigant was prepared from the dried fruits of Sapindus mukorossi . The hard seed nut was carefully removed with a sharp knife, and the pericarps were reduced to a fine powder using a household blender. The powdered material was extracted twice with absolute ethanol (99%) for a duration of two weeks at room temperature. Following extraction, the mixture was filtered and the solvent was evaporated using a rotary evaporator. The resulting extract was stored in sterilized screw-capped vials at −20°C until further use. For experimental application, the preserved extract was re-dissolved in distilled water to obtain a working concentration of 5 mg/ml as an irrigant.
The concentration of 5 mg/mL was selected based on the study by Farooq et al., in which Sapindus mukorossi extract at the same operational concentration demonstrated effective smear layer removal in all regions of the root canal and was found to be more efficient than 17% EDTA. This concentration represents a balance between efficacy in canal cleaning and biocompatibility, ensuring optimal performance as an endodontic irrigant without causing excessive dentin erosion. 
The use of 0.2% chitosan is based on the study by silva et al demonstrating that this concentration provides effective smear layer removal while minimizing dentin erosion.
A 3-minute exposure was chosen based on previous studies done by silva et al showing that this duration allows effective smear layer removal with minimal dentin erosion  and is consistent with commonly used in-vitro protocols for EDTA and other chelators .
The irrigating solutions were dispensed using 31-gauge irrigating needle . Root canals were then dried using sterile paper points. All roots were sectioned longitudinally by making groove at nearly midline of both buccal and lingual aspects of the root surface  using a low-speed diamond disk. Root segments were mounted horizontally with dentin surfaces exposed using auto polymerizing acrylic resin and further grounded smooth with a series of fine emery papers. The dentin erosions were visualized using a 3D profilometer. The optical data obtained were processed by the instrument’s software.
Scanning electron microscopy, microhardness testing, or Energy Dispersive X-ray Spectroscopy (EDS) could offer more detailed microstructural information; however, profilometry was chosen because it provides accurate, quantitative, and non-destructive measurement of dentin surface roughness.
Sample size estimation 
The sample size for each group (n = 16) was calculated to detect a statistically significant difference in dentinal erosion with 80% power and a 5% significance level (α = 0.05). Effect size was estimated from expected differences in mean dentinal erosion and pooled standard deviation.
 Random Sampling and Allocation of Specimens
Each specimen was assigned a unique identification number. A computer-generated randomization list (using Microsoft Excel/Random.org) was used to randomly allocate the specimens into four groups (Sapindus mukorossi, Chitosan, EDTA, and Control), ensuring that each specimen had an equal probability of being assigned to any group. The investigator performing the dentinal erosion measurements was blinded to group allocation to minimize observer bias.

Statistical Analysis
[bookmark: _Hlk209640936]Statistical comparison among the groups were performed using One-Way Analysis of Variance (ANOVA).The level of significance was set at P < 0.05. All analyses were performed using SPSS Software version 23 (IBM, Armonk, NY, USA). The mean dentinal erosion values among the four groups were first compared using one-way ANOVA. For significant results, pairwise differences were further analyzed with Tukey’s post-hoc test.


Results
[bookmark: _Hlk209640982]The study evaluated the root canal dentinal erosions after treatment with experimental irrigants like sapindus mukorossi , chitosan and conventional irrigants like EDTA. 
The mean dentinal erosion value for Sapindus mukorossi extract group was 0.1225 ± 0.05756 µm, with values ranging between 0.05 and 0.25 µm. The Chitosan group demonstrated a mean erosion of 0.1306 ± 0.05744 µm, also within the range of 0.05 to 0.25 µm. In comparison, the EDTA group exhibited the highest mean dentinal erosion (0.1438 ± 0.08350 µm), with a broader range (0.02 to 0.30 µm)
The mean dentinal erosion values for all groups are summarized in Table 1. 
Pairwise group comparisons performed using Tukey’s post-hoc test are presented in Table 2 .

	Table No. 1:  The Descriptive values of dentinal erosion among studied groups.

	

	Extracts
	N
	Minimum
	Maximum
	Mean
	Std. Deviation
	Variance
	P-value*

	Sapindus Mukorossi Extract
	16
	.05
	.25
	.1225
	.05756
	.003
	0.000002


	Chitosan 
	16
	.05
	.25
	.1306
	.05744
	.003
	0.000001

	 17 % EDTA
	16
	.02
	.30
	.1438
	.08350
	.007
	0.00003

	Control
	16
	.01
	.08
	.0337
	.02125
	.000
	-


Table No.2: Significance level of Pair wise comparison between the studied groups
P-values were obtained from post-hoc pairwise comparisons using Tukey’s test following one-way ANOVA.  P-value <0.05 was considered statistically significant.
	Extracts
	Chitosan
	EDTA
	Control

	Sapindus Mukorossi
	0.82
	0.13
	0.005**

	Chitosan
	
	0.17
	<0.001**

	 17 % EDTA
	
	
	<0.001**



 the mean values are graphically represented in Graph 1.

Graph 1: Bar graph showing  Mean dentinal erosion among the studied groups. 




 


Discussion
[bookmark: _Hlk209641028]The effectiveness of root canal irrigation is  determined by the ability of the solution to remove the smear layer and facilitate disinfection, while simultaneously preserving dentin integrity. An ideal irrigant should, therefore, balance antimicrobial activity with minimal adverse effects on the structural and chemical properties of dentin. However, commonly used solutions such as ethylenediaminetetraacetic acid (EDTA) are known to induce dentin demineralization and surface erosion, raising concerns regarding their long-term influence on root strength and treatment outcomes. The present study compared the erosive effects of Sapindus mukorossi extract, chitosan, and EDTA on root dentin, with a distilled water group serving as control. The findings provide insights into how these irrigants affect dentin surfaces and contribute to the growing body of evidence on alternative chelating solutions in endodontics.
EDTA, which has a neutral pH, acts on intraradicular dentin primarily by replacing calcium ions in hydroxyapatite with hydrogen ions. This chelation process increases dentin surface roughness and, when applied for extended durations (notably beyond 2–3 minutes of exposure), it can remove peritubular and intertubular dentin, reducing microhardness and increasing susceptibility to root fractures.  In this study, the EDTA group exhibited the highest mean erosion values and showed a relatively wider distribution  compared with the experimental groups. The variability in erosion may reflect intrinsic differences in dentin substrates, such as variation in tubule density, degree of mineralization, and microstructural differences, all of which can influence the extent of demineralization. Furthermore, because EDTA is a strong chelating agent, its action can be uneven, leading to localized zones of pronounced calcium depletion depending on dentin characteristics and the thickness of the smear layer. Earlier investigations have also reported that EDTA-induced erosion is not uniform and can vary significantly across different regions of the root canal system, particularly between coronal, middle, and apical thirds. 9
Chitosan, on the other hand, is a weak chelating agent. Its amino groups interact with metal ions (notably calcium) via adsorption and ion exchange mechanisms, causing gradual depletion of inorganic components from the smear layer. This action contributes to increased surface roughness, although to a lesser extent than EDTA . Chitosan exhibits enhanced physicochemical properties—small size, hydrophilicity, and larger surface-area-to-volume ratio—which allows superior penetration into dentinal tubules and more efficient smear layer removal while minimizing dentin erosion.10  Chitosan nanoparticle formulations, which are typically prepared by dissolving chitin in acetic acid, have shown smear layer removal efficacy comparable to EDTA - achieving clean dentinal tubules in all thirds of the canal—with significantly less reduction in calcium/phosphorus ratio .Sapindus mukorossi (Indian soap nut) contains potent triterpenoid saponins that impart surfactant-like properties. In vitro studies have shown that its extracts effectively remove the smear layer without aggressively demineralizing dentin and can even dissolve pulp tissue, though less effectively than sodium hypochlorite . Saponins reduces the surface tension, enhancing smear layer debridement, while maintaining dentin microhardness and structural integrity. Because it is plant-derived and biodegradable, the extract carries low cytotoxicity, minimal allergenic potential, and negligible environmental toxicity. The triterpenoid saponins in S. mukorossi decrease surface tension and emulsify organic debris, providing dual action in smear layer disruption and mild antimicrobial activity; some extracts have demonstrated limited pulp tissue dissolution, offering alternative clinical utility11.
In this study, chitosan and Sapindus mukorossi showed comparable dentinal erosion values, even though they operate through different mechanisms. These findings are consistent with the descriptive values presented in Table 1 and the comparative data in Table 2.
Chitosan primarily acts by weak chelation and ion-exchange with calcium ions in the dentin matrix, whereas S. mukorossi exerts its effect through saponins, which reduce surface tension and disrupt the smear layer without causing extensive demineralization. Despite these mechanistic differences, the overall outcome for both irrigants was a controlled, limited alteration of the dentin surface, which helps explain the similarity in erosion values. Earlier research has indicated that chitosan can achieve effective smear layer removal with minimal reduction of inorganic content when compared to EDTA.12 Likewise, plant-based irrigants such as S. mukorossi have been reported to clean effectively by emulsifying organic debris and enhancing irrigant penetration, while preserving dentin hardness. 13,14 Taken together, these findings suggest that both agents maintain a balance between efficient smear layer removal and preservation of dentin microstructure, albeit through distinct biological actions.
In addition, a 2024 study using quantitative 3D surface texture analysis reported that herbal irrigants like Moringa oleifera and orange peel extract modify dentin surface roughness, though their effect is less pronounced than that of synthetic chelating agents, which corresponds with the smaller range of erosion observed in the experimental groups of the present study.14
Research on chitosan pretreatment has shown that its effects on bond strength are dependent on concentration, likely reflecting differences in how it interacts with dentin structure, which could help explain the variability seen among chitosan-treated specimens in this study.15
Limitations of the Study
Further investigations, particularly long-term in vivo studies, are necessary to confirm these findings and to determine the clinical relevance of herbal and biopolymeric irrigants in endodontic therapy. This study was conducted under in vitro conditions, which did not fully replicate the complex environment of the oral cavity. Factors such as the buffering effect of dentinal fluid, the presence of pulp tissue, and dynamic intraoral conditions were not simulated. Moreover, only the short-term effects of the irrigants on dentin erosion were evaluated, without assessing their long-term impact on structural integrity or clinical outcomes. While the sample size was adequate for preliminary analysis, it may limit the generalizability of the results. The findings are consistent with expectations—EDTA induced the greatest erosion, whereas Sapindus and chitosan were less erosive. However, the potential of Sapindus and chitosan as alternative irrigants should be considered preliminary and interpreted with caution until further in vivo validation is available.

Future directions
Future studies should prioritize in vivo assessment of herbal alternatives, including Sapindus mukorossi and chitosan, to evaluate their long-term impact on dentin structure, antimicrobial performance, and overall endodontic outcomes. Further research into optimizing their concentration, duration of application, and delivery methods—such as nanoparticle-based formulations—may improve their clinical effectiveness while reducing the risk of dentin erosion. Moreover, comparative investigations across various tooth types and patient age groups could provide valuable data to standardize their use and facilitate wider integration into everyday endodontic practice.
Conclusion
Within the constraints of this study, it can be concluded that all tested irrigants caused measurable dentinal erosion, with EDTA exhibiting the highest mean values. Both Sapindus mukorossi extract and chitosan showed comparatively lower erosive potential, indicating that they might represent promising alternatives to conventional chelating agents, although confirmation under clinical conditions is necessary. The control group displayed minimal erosion, reinforcing the role of  irrigants in surface alterations.
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