Revolutionizing Root Biomodification: SEM Insights Into Glycolic Acid Vs. EDTA
ABSTRACT
Background: Mechanical instrumentation of periodontally diseased root surfaces results in the formation of a smear layer containing organic debris and microorganisms, which may interfere with periodontal regeneration. Root biomodification (RB) aims to remove this smear layer and enhance the biologic compatibility of the root surface.
Aim: To evaluate and compare the effectiveness of 5% and 10% glycolic acid (GA) with 17% ethylenediaminetetraacetic acid (EDTA) on smear layer removal, dentinal tubule surface characteristics, and dentinal erosion on periodontally affected root surfaces using scanning electron microscopy (SEM).
Materials and Methods: Thirty extracted periodontally affected human teeth were used to prepare 60 root specimens, which were randomly allocated into four groups: Group I (control), Group II (5% GA), Group III (10% GA), and Group IV (17% EDTA). Root biomodification agents were applied for 3 minutes using active burnishing. SEM analysis at ×2000 magnification was performed to assess smear layer removal, dentinal tubule surface area, and dentinal erosion using a standardized scoring system. Statistical analysis was carried out using one-way ANOVA with post-hoc analysis, and p < 0.05 was considered statistically significant.
Results: The 5% GA group showed the highest smear layer removal score (3.86 ± 0.66), followed by 10% GA (3.14 ± 0.66) and 17% EDTA (2.43 ± 0.51), with significant intergroup differences (p < 0.001). Dentinal tubule surface area was significantly greater in the 5% GA group (45.7%). Dentinal erosion was observed only in the 10% GA group.
Conclusion: Within the limitations of the study, 5% glycolic acid demonstrated superior smear layer removal and increased dentinal tubule surface area without causing dentinal erosion, suggesting its potential as an effective root biomodification agent.
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INTRODUCTION:
Periodontal disease results from inflammation of the supporting structures of the teeth, leading to progressive loss of attachment and eventual tooth loss. This condition is triggered by harmful substances released by periodontal pathogens¹. In addition to inflammatory destruction, periodontitis induces significant alterations in the root surface, including degradation of collagen fibers embedded in cementum and penetration of microorganisms into cementum and dentinal tubules. These pathologic changes, combined with mechanical instrumentation during periodontal therapy, result in the formation of a smear layer composed of organic debris, bacteria, endotoxins, and necrotic tissue. The presence of this smear layer interferes with fibrin clot adhesion and prevents intimate contact between the root surface and regenerating tissues, thereby hindering the formation of new periodontal attachment necessary for regeneration².
The success of regenerative periodontal therapy is influenced by several factors, including defect morphology, surgical technique, wound stability, biomaterials employed, and clinician expertise. Among these variables, the biologic condition of the root surface plays a critical role in determining healing outcomes. Root surface biomodification (RSB) has therefore been proposed as an adjunctive approach to enhance periodontal regeneration. However, despite extensive investigation, its effectiveness in procedures involving intra-bony defects, furcation involvement, and root coverage remains controversial³. RSB aims to detoxify and condition the root surface, enhance surface wettability, promote blood clot formation, and improve clot stabilization, all of which are essential for successful periodontal wound healing. Nevertheless, conflicting evidence regarding its clinical benefits has resulted in ongoing debate about its routine application.
Various root biomodification (RB) agents, including citric acid, EDTA, fibronectin, tetracyclines, and LASERs, have been investigated, with citric acid and EDTA being the most commonly studied⁴˒⁵. Citric acid is effective in smear layer removal and exhibits strong antimicrobial properties; however, its lack of chemical stability and aggressive demineralizing action limit its clinical acceptability⁶. Seventeen percent EDTA is widely accepted due to its chelating action and controlled demineralization, but it demonstrates limited antimicrobial activity against certain periodontal pathogens and may leave potentially harmful residues on the root surface⁷. Recent systematic reviews have reported no consistent therapeutic advantages of currently available RB agents, underscoring the need for more biologically favorable alternatives.
Glycolic acid (GA) is a naturally occurring alpha-hydroxy acid with two carbon atoms and high water solubility. It is extensively used in dermatology due to its antimicrobial properties, particularly against Gram-negative anaerobic microorganisms. GA has also been shown to promote fibroblast initiation, proliferation, and connective tissue attachment. Emerging dental literature suggests that GA is comparable to EDTA in smear layer removal from root canal walls and is effective as a pre-etching agent in restorative procedures⁸. However, limited evidence exists regarding its effect on periodontally affected root surfaces. Hence, the present study was undertaken to evaluate and compare the effectiveness of different concentrations of GA with EDTA on root surface characteristics
MATERIALS AND METHODS
Thirty human teeth, which were recommended for extraction due to periodontitis, were collected from the department of surgery post-extraction and included in the current in vitro study.
Teeth from patients who had not received periodontal treatment in the past 6 months, had a hopeless periodontal prognosis, no endodontic treatment, minimal instrumentation during extraction, no root caries, and complete root formation were included. Teeth with a history of acute pain or swelling in the last 3 months, root resorption, and fractures were excluded. 60 specimens were prepared from extracted teeth. Samples were divided into four groups, Group 1 is control group without application of root biomodification agent, Group 2 samples were treated with a 5% GA, Group 3 samples were treated with a 10% GA solution, and group 4 were treated with 17% EDTA solution for 3 mins respectively.
The freshly extracted teeth were thoroughly cleaned in a saline solution to eliminate any blood or debris. Visible calculus was meticulously removed using hand scalers, and the roots underwent thorough planing with Gracey Curettes. Crowns were separated at the Cemento-Enamel Junction (CEJ) through transverse sectioning with a high-speed bur. A 5 mm segment of the tooth from the CEJ was selected, and markings were applied to the root surface. Longitudinal sectioning was performed along the pulp chamber to divide the tooth into individual halves, and a 5 mm × 5 mm specimen was prepared. To differentiate between the mesial and distal parts of the specimen, markers were applied on the pulpal side.
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[bookmark: _Hlk201848957]Specimens were treated with root biomodification agents using cotton pellets for 3 minutes, replaced every 30 seconds to maintain concentration, then rinsed with distilled water. They were dehydrated with ethanol and 100% acetone, dried for 30 minutes, mounted on SEM stubs, and sputter-coated with gold for conductivity. The root surfaces were scanned and analysed at ×2000 magnification using an SEM, with images displayed on a computer screen. Photomicrographs of representative areas were examined for changes in surface topography. The micrographs were examined for evaluation of smear layer removal, total number of dentinal tubules, total number of patent dentinal tubules using ranking criteria for the surface characteristics given by west et al in 1998.9  
A. Smear layer with some tubules just apparent  
B. Less than or equal to 10 tubules visible with majority occluded
C. Greater than 10 tubules visible with majority occluded
D. Less than or equal to 10 tubules visible with majority patent
E. Greater than 10 tubules visible with majority patent
Statistically analysis was done using ANOVA with POST-HOC analysis. Mean and standard deviation were used to represent descriptive statistics. P = 0.05 was considered statistically significant in all the analyses.
RESULTS
A total of 30 extracted teeth yielding 60 root specimens were evaluated under scanning electron microscopy. All specimens within each group demonstrated uniform surface characteristics, ensuring consistency and reproducibility of observations.
Smear Layer Removal
The Group 1( control), which received no root biomodification, demonstrated the poorest surface characteristics, with a mean smear layer removal score of 1.71 ± 0.61, indicating heavy smear layer presence and minimal dentinal tubule exposure. Among the experimental groups, Group 2 (5% GA) showed the highest mean smear layer removal score (3.86 ± 0.66), reflecting substantial removal of the smear layer and improved dentinal surface cleanliness. This was followed by the Group 3(10% GA)(3.14 ± 0.66) and the Group 4 (17% EDTA) (2.43 ± 0.51).
Statistical analysis using one-way ANOVA revealed a highly statistically significant difference among the groups (p < 0.001). Post-hoc comparisons confirmed that 5% GA was significantly more effective in smear layer removal than both 10% GA and EDTA. Although 10% GA performed better than EDTA, the difference was comparatively less pronounced. These findings indicate a concentration-dependent effect of GA, with 5% concentration providing optimal smear layer removal.

	GROUPS
	N
	Mean
	Std. Deviation

	
	
	
	
	

	Group 1
	15
	1.7333
	0.59362
	

	Group 2
	15
	3.8000
	0.67612
	

	Group 3
	15
	3.1333
	0.63994
	

	Group 4
	15
	2.4000
	0.50709
	

	Total
	60
	2.7667
	0.98060
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Dentinal Tubule Surface Area
Quantitative analysis revealed a significant increase in the surface area of exposed dentinal tubules in the 5% GA group, with a mean value of 45.7%, which was statistically superior to both the 10% GA group (39.1%) and the EDTA group (38.8%).
The enhanced tubule surface area observed with 5% GA suggests more effective demineralization and removal of smear plugs, facilitating better exposure of the underlying dentin matrix. Although the number and patency of dentinal tubules did not differ markedly among experimental groups, qualitative SEM observations revealed improved surface uniformity and tubule openness in the 5% GA group.

	GROUPS
	Area
	Mean
	Std dev
	Mode
	Min
	Max
	Median

	group 2
	0.0105
	45.7821
	16.5818
	30.6
	24.1
	102.3
	41.6

	group 3
	1.695833
	39.16242
	15.5535
	25.08333
	16.91667
	97.5
	35.16667

	group 4
	0.000926
	38.86117
	9.758167
	33.83333
	24.16667
	63.5
	37
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Dentinal Erosion
Scanning electron microscopic analysis revealed pronounced dentinal erosion in specimens treated with 10% glycolic acid (GA). The erosive changes were characterized by loss of peritubular dentin, irregular enlargement of dentinal tubule orifices, and diffuse surface roughness, indicating excessive and uncontrolled demineralization. These alterations extended beyond smear layer removal and suggest disruption of the dentin’s mineral–organic framework, thereby compromising surface integrity.
In addition, crystalline deposits were evident on the dentin surface in the 10% GA group. These deposits may be attributed to mineral precipitation or recrystallization phenomena resulting from chemical interactions between GA and calcium ions released during aggressive demineralization. Such surface irregularities may adversely influence fibrin clot adhesion and subsequent cellular attachment, potentially impairing early wound stabilization.
Conversely, specimens treated with 5% GA and 17% EDTA demonstrated preservation of dentinal ultrastructure, with well-defined tubule orifices and minimal surface irregularities. EDTA produced controlled chelation limited to smear layer removal, while 5% GA achieved effective surface conditioning without inducing erosive damage. These findings emphasize the concentration-dependent effects of glycolic acid and support the use of 5% GA as a biologically favorable root biomodification agent, balancing effective smear layer removal with preservation of dentin integrity.

DISSCUSSION:
Periodontal disease induces profound structural and biological alterations in root surfaces, including bacterial invasion, collagen degradation, and cementum resorption. Mechanical instrumentation during periodontal therapy, although essential, inevitably produces a smear layer composed of organic debris, microorganisms, and endotoxins, which interferes with fibrin adhesion, blood clot stabilization, and new connective tissue attachment. This biological limitation has led to the development of root biomodification (RB) strategies aimed at enhancing periodontal wound healing.
Chemical root conditioning agents function by removing the smear layer, exposing collagen fibrils, and increasing dentinal tubule patency, thereby creating a biologically favorable surface for periodontal regeneration. However, despite extensive research, no single RB agent has consistently demonstrated predictable clinical benefits, highlighting the need for alternative agents with improved biological compatibility.
Root biomodification agents like citric acid has been evaluated as a root conditioning agent due to its strong demineralizing action and ability to expose dentinal collagen fibers, which are thought to aid fibroblast attachment; however, its very low pH (~1.0) resulted in excessive dentinal erosion and surface decalcification, raising concerns about structural compromise of the root surface and inconsistent biologic effects which was reported in studies done by Caffesse et al.10
Research on MTAD, a mixture of doxycycline, citric acid, and a detergent, showed favorable smear layer removal in endodontic contexts but did not significantly enhance fibroblast attachment on periodontal root surfaces.11 Etidronic acid, a bisphosphonate chelator, has demonstrated only modest demineralizing ability and limited smear layer removal, often requiring adjunctive activation to match EDTA’s effects, which underscores the ongoing search for more effective but biologically friendly agents.12
In the present study, 17% EDTA demonstrated moderate smear layer removal, which is consistent with previous reports by Nanda et al. and Gottumukkala et al..13,14 EDTA acts by chelation of calcium ions, resulting in superficial demineralization without significant antimicrobial activity. The moderate efficacy observed in the present study may be attributed to its limited ability to disrupt organic smear components and bacterial remnants.
In contrast, glycolic acid (GA) demonstrated superior smear layer removal, particularly at a 5% concentration. GA is a low-molecular-weight alpha-hydroxy acid with excellent water solubility, enabling deeper penetration into the smear layer and dentin surface. Its antimicrobial activity against Gram-negative anaerobes and its ability to promote fibroblast proliferation further enhance its potential as a root biomodification agent.
The significantly higher smear layer removal observed in the 5% GA group aligns with findings reported by Gottumukkala et al, who identified 5% GA as a promising alternative to EDTA.14The improved efficacy at this concentration suggests that GA achieves adequate demineralization without excessive dentin damage.
The increase in dentinal tubule surface area observed in the 5% GA group further supports its effectiveness. Greater tubule exposure may enhance fibrin linkage, blood clot adhesion, and subsequent connective tissue attachment. This is biologically significant, as early wound stability is critical for periodontal regeneration. Similar observations were made by Barcellos et al., although the concomitant use of sodium hypochlorite in their protocol may have influenced their results.15
Interestingly, increasing the concentration of glycolic acid (GA) to 10% resulted in undesirable dentinal erosion, characterized by loss of peritubular dentin, surface irregularities, and crystalline deposits, suggesting excessive demineralization and compromised dentin integrity. Such structural alterations may adversely affect fibrin clot adhesion and subsequent periodontal healing. These findings corroborate the observations of Bello et al., who reported increased surface roughness and reduced dentin microhardness with higher GA concentrations. Additionally, the same study demonstrated a concentration-dependent cytotoxic effect, with higher GA concentrations significantly reducing fibroblast cell viability. Collectively, these results indicate that higher concentrations of GA may exert unfavorable structural and biological effects, emphasizing the need for optimal concentration selection for safe and effective root biomodificationThe presence of crystalline deposits in the 10% GA group may reflect chemical interactions between GA and dentin minerals, leading to precipitation or remineralization phenomena. Such surface alterations could interfere with fibroblast attachment and negatively impact regenerative outcomes.16
Contrasting results reported by Çobancı et al., who observed no significant differences among GA, EDTA, and etidronic acid under ultrasonic activation, emphasize the influence of application technique, exposure time, and activation methods on RB outcomes.17 The absence of ultrasonic activation in the present study likely contributed to the observed concentration-dependent effects of GA.
Overall, the findings of this study suggest that 5% GA provides an optimal balance between effective smear layer removal and preservation of dentin ultrastructure, whereas higher concentrations may predispose to dentinal erosion.
LIMITATIONS 
To establish GA as an effective root biomodifier, it is essential to conduct in vitro assessments of its mechanical properties and cytotoxicity. These evaluations will help determine GA's impact on dentin structure, its ability to preserve or enhance biomechanical integrity, and its potential effects on surrounding biological tissues. Understanding these factors is crucial to ensuring that GA can be safely and effectively integrated into clinical applications, optimizing its benefits while minimizing any adverse effects.
CONCLUSION
At 5% concentration of glycolic acid (GA) demonstrates superior efficacy in smear layer removal, surpassing EDTA and enhancing dentinal tubule surface area. However, increasing the concentration to 10% GA poses a risk of dentinal erosion, emphasizing the importance of careful application. Challenges in formulation and exposure time indicate the need for further research with larger sample sizes to substantiate findings and expand potential clinical applications.
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