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ABSTRACT 

	Endodontic infections are predominantly of bacterial origin and require accurate diagnosis and appropriate treatment aimed at eliminating the source of infection and preserving the functional integrity of the tooth. Most endodontic infections can be effectively controlled with local treatment approaches such as root canal therapy, drainage, or tooth extraction when necessary. However, the unnecessary use of antibiotics contributes to the development of antimicrobial resistance, which is a major global health concern.
The aim of this review is to evaluate the microbiology and pathogenesis of endodontic infections, the fundamental principles of infection control, and the clinical indications for systemic antibiotic use in light of the current literature. In addition, clinical guidelines published by the European Society of Endodontology (ESE) and the American Association of Endodontists (AAE) were reviewed.
Current guidelines recommend that systemic antibiotics should be used only as an adjunctive therapy in cases of systemic involvement, spreading infections, or in medically high-risk patients. In contrast, the use of antibiotics is not recommended in conditions such as symptomatic irreversible pulpitis, localized acute apical abscesses, or chronic apical abscesses with a sinus tract. In conclusion, rational antibiotic use in endodontics can be achieved through adherence to evidence-based guidelines and prioritization of local treatments aimed at eliminating the source of infection.
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1. INTRODUCTION 

Endodontic infections are predominantly of bacterial origin, and the appropriate management of these infections requires careful and precise clinical intervention aimed at eliminating pulpal infection and preserving the structural integrity of the tooth (Eroğlu et al., 2026). Appropriate antibiotic selection is one of the fundamental components of effective patient care, as delayed or inappropriate treatment may lead to serious complications, increased morbidity, and even higher mortality rates (De Vito et al., 2025). In endodontic practice, antibiotic prescription represents a complex clinical decision-making process that requires the clinician to evaluate patient-specific variables (such as systemic health status) together with the pathophysiology of the dental infection. Therefore, ensuring that treatment approaches are consistent with evidence-based standards is of great importance for both optimizing clinical outcomes and maintaining patient safety (Giacobbe, Guastavino, et al., 2025; Giacobbe, Marelli, et al., 2025).
Despite the well-recognized clinical importance of rational antibiotic use, the overprescription of antibiotics remains a significant problem in general dental practice and contributes to the development of antimicrobial resistance (AMR), an increasingly serious global threat. The World Health Organization identifies antimicrobial resistance as a major public health problem associated with millions of deaths each year (Osman et al., 2025). Dentistry accounts for a considerable proportion of antibiotic prescriptions issued to outpatients, and this proportion varies between approximately 7–12% across different healthcare systems. This tendency toward overprescription often arises from diagnostic uncertainty, time constraints in clinical settings, and patients’ expectations for rapid symptomatic relief. As a result, some clinicians may use antibiotics as a temporary solution instead of performing definitive surgical treatment (Löffler & Böhmer, 2017a).
To address these issues, professional organizations have developed evidence-based guidelines. Among these, the position statement published by the European Society of Endodontology (ESE) in 2018 is widely accepted as a key reference source regarding antibiotic use in endodontics. These guidelines recommend that systemic antibiotics should be used only as an adjunct to definitive local treatments such as root canal therapy, incision, drainage, or tooth extraction (Özbay et al., 2025). According to the ESE criteria, antibiotic prescription should be limited to cases with signs of systemic involvement, such as high fever (≥38 °C), malaise, or lymphadenopathy, or when the infection spreads rapidly into fascial spaces. In contrast, antibiotic use is not recommended in conditions such as localized infections or symptomatic irreversible pulpitis, and it is emphasized that these cases should be managed most appropriately with local treatment approaches (Osman et al., 2025).
The aim of this review is to evaluate the current literature regarding systemic antibiotic use in endodontic infections, to clarify evidence-based indications, and to discuss the impact of inappropriate antibiotic use on clinical outcomes.


2. MICROBIOLOGY AND PATHOGENESIS OF ENDODONTIC INFECTIONS

Endodontic infections are diseases of microbial origin, and apical periodontitis is defined as an inflammatory response that develops against infection of the root canal system. After the pulp tissue becomes necrotic, microorganisms colonize the root canal system, and the infection may progress in the apical direction, allowing bacteria and their virulence factors to reach the periradicular tissues (Siqueira Jr. & Rôças, 2022). These microorganisms and their metabolic products trigger an inflammatory response in the periapical tissues and ultimately lead to the formation of apical lesions characterized by bone resorption (Ye et al., 2023).
Endodontic infections are generally polymicrobial in nature and consist of a complex combination of gram-positive, gram-negative, facultative anaerobic, and obligate anaerobic bacteria (Segura-Egea, Gould, et al., 2017a).
Although molecular microbiology studies have identified hundreds of bacterial species in root canal infections, it has been reported that approximately 20–30 species constitute the core microbiota of these infections. Microorganisms in the root canal system are typically organized as multispecies biofilm communities attached to dentin surfaces. The biofilm structure alters gene expression and metabolic activity of microorganisms, thereby contributing to their increased resistance to environmental stresses and antimicrobial agents (Siqueira Jr. & Rôças, 2022).
Histological studies have demonstrated that intraradicular biofilms are present in a large proportion of infected root canals and that endodontic infections are largely biofilm-mediated diseases (Prada, Micó-Muñoz, Giner-Lluesma, Micó-Martínez, Collado-Castellano, et al., 2019).
Microorganisms located in the apical portion of the root canal play a critical role in the pathogenesis of the disease because they are in direct contact with the periradicular tissues. In primary infections, species of Fusobacterium, Streptococcus, Prevotella, Porphyromonas, and Treponema have frequently been reported. In post-treatment infections, microbial diversity is generally more limited, and species such as Enterococcus, Streptococcus, and Actinomyces have been reported to be detected more frequently (Siqueira Jr et al., 2024).

3. PRINCIPLES OF INFECTION CONTROL IN ENDODONTIC TREATMENT
The most critical step in the control of endodontic infections is the effective chemomechanical debridement of the root canal system. The combination of mechanical instrumentation and irrigation plays a fundamental role in the removal of microorganisms from the root canal system and is considered the main determinant of infection control (Haapasalo et al., 2005; Zou et al., 2024).
Among the irrigation solutions used in root canal treatment, sodium hypochlorite (NaOCl) is accepted as the “gold standard” irrigant due to its strong antimicrobial effect and its capacity to dissolve organic tissues. In contrast, EDTA removes the smear layer, thereby increasing the penetration of irrigating solutions into the dentinal tubules and contributing to more effective cleaning of the canal system (Haapasalo et al., 2005; Prada, Micó-Muñoz, Giner-Lluesma, Micó-Martínez, Muwaquet-Rodríguez, et al., 2019).
Activated irrigation techniques developed in recent years (ultrasonic, sonic, and laser-activated irrigation systems) aim to enhance biofilm elimination by allowing irrigating solutions to reach the complex anatomy of the root canal system more effectively. These methods have been shown to improve microbial elimination by increasing the penetration of the irrigating fluid (Ajmi et al., 2024).
In addition to chemomechanical preparation, intracanal medicaments may be used as adjunctive therapy in certain clinical situations. In particular, intracanal medicaments containing calcium hydroxide (Ca(OH)₂) may contribute to the reduction of the microbial load in necrotic or infected canals, in the presence of exudate, or in retreatment cases. In contrast, the use of intracanal medicaments is generally not necessary in vital and non-infected canals treated in a single visit (Ordinola‐Zapata et al., 2022; Zou et al., 2024).
The final stage of infection control is the three-dimensional obturation of the root canal system and the establishment of an effective coronal seal. Root canal obturation and coronal restoration are of critical importance for the long-term success of treatment, as they prevent the re-entry of microorganisms into the canal system (Zou et al., 2024).
Recent studies have shown that improved infection control protocols can positively influence treatment outcomes. For example, additional aseptic measures such as changing barrier materials, gloves, and certain instruments before obturation have been associated with lower levels of bacterial DNA in the root canal system and higher clinical success rates. Similarly, disinfection of gutta-percha and the strict maintenance of clinical asepsis may increase periapical healing rates (Patel et al., 2022; Zahran et al., 2022).
In conclusion, infection control in endodontics is based on an aseptic chain of procedures, effective chemomechanical debridement, appropriate irrigation protocols, the use of intracanal medicaments when necessary, and meticulous obturation with an adequate coronal seal. The systematic application of these protocols significantly increases treatment success by reducing the microbial load.

4. INDICATIONS FOR SYSTEMIC ANTIBIOTICS IN ENDODONTIC INFECTIONS
Current endodontic guidelines emphasize that the use of systemic antibiotics in endodontics should be strictly limited, as antibiotic resistance has become an increasingly significant global health problem and most pulpal and periapical infections can be effectively controlled with local treatment (Segura-Egea, Gould, et al., 2017a; Segura-Egea, Martín-González, et al., 2017). Therefore, while the foundation of treatment consists of accurate diagnosis, elimination of the source of infection, establishment of drainage, and root canal therapy, systemic antibiotics are recommended only for patients with a true risk of systemic involvement or those who are medically high-risk (Salvadori et al., 2019).
Systemic antibiotics are primarily indicated as adjunctive therapy in situations where the infection shows systemic manifestations or has the potential for dissemination. Findings such as fever, malaise, lymphadenopathy, diffuse swelling, trismus, or cellulitis may indicate that the infection has extended beyond local boundaries and is producing systemic effects. In such cases, because acute apical abscess has the potential for systemic spread, antibiotic therapy should be administered in addition to local treatment (Al Masan et al., 2018).
The use of antibiotics should also be carefully considered in immunocompromised or medically high-risk patients. In individuals with uncontrolled diabetes, patients undergoing chemotherapy, those with severe systemic diseases, or individuals at high risk for infective endocarditis, the risk of infection progression is higher; therefore, systemic antibiotics may be considered as adjunctive therapy (Buonavoglia et al., 2021; Galić et al., 2024).
According to the ESE and other international guidelines, amoxicillin is generally the first-choice antibiotic in endodontic infections requiring systemic antibiotics. In patients with penicillin allergy, clindamycin is recommended as an alternative. When broader anaerobic coverage is required, the combination of amoxicillin–clavulanic acid or the addition of metronidazole may be recommended. However, the dosage and duration of antibiotic therapy should always be determined in accordance with local or national clinical guidelines (Alelyani et al., 2024; López Marrufo-Medina et al., 2022).
In conclusion, current endodontic guidelines emphasize that priority in infection control should be given to local treatment approaches. Systemic antibiotics should be used only as adjunctive therapy in acute infections showing systemic spread or in medically high-risk conditions, and unnecessary prescription should be considered an important risk factor for antibiotic resistance (Segura-Egea, Gould, et al., 2017a).

5. SITUATIONS WHERE ANTIBIOTICS ARE NOT INDICATED
Systemic antibiotic therapy is not necessary in most endodontic infections. In particular, antibiotic use is not recommended in conditions such as symptomatic irreversible pulpitis, necrotic pulp, symptomatic apical periodontitis without swelling or systemic signs, and chronic apical abscess with a sinus tract. In these situations, appropriate local endodontic treatment and the use of analgesics are generally sufficient (Segura-Egea, Martín-González, et al., 2017).
Several studies in the literature have shown that antibiotics are frequently prescribed unnecessarily despite the existence of current guidelines. In particular, the unnecessary use of antibiotics has been reported to be common in cases of pulpitis, localized apical abscess without systemic signs, or retreatment cases (B. Abraham et al., 2020). Therefore, antibiotic stewardship, clinician education, and the integration of ESE/AAE guidelines into clinical practice are of great importance in reducing unnecessary antibiotic use (López Marrufo-Medina et al., 2022). 
6. CLINICAL GUIDELINES FOR ANTIBIOTIC USE IN ENDODONTICS
6.1 European Society of Endodontology (ESE)
The European Society of Endodontology (ESE) has published an evidence-based position statement on the use of systemic and local antibiotics in endodontics in order to improve patient care and reduce the increasing prevalence of antibiotic resistance. This statement emphasizes that most endodontic infections should be treated not with antibiotics but with appropriate local endodontic procedures aimed at eliminating the source of infection (Segura‐Egea et al., 2018).
According to the ESE guideline, antibiotics are not recommended in cases of symptomatic irreversible pulpitis, necrotic pulp without systemic signs, or localized acute apical abscess where drainage can be established. In such situations, the basis of treatment is root canal therapy and, when necessary, the establishment of drainage, and the clinical benefit of antibiotic use has not been demonstrated. In contrast, systemic antibiotics are recommended as adjunctive therapy, particularly in acute apical abscesses presenting with systemic involvement. Findings such as fever, malaise, cellulitis, or the spread of infection are considered indicators of systemic dissemination, and in these cases antibiotic therapy is administered in addition to local endodontic treatment (Segura-Egea, Gould, et al., 2017a).
The ESE also supports antibiotic prophylaxis before endodontic procedures in certain high-risk medical conditions. Prophylactic antibiotic use may be recommended in patients at high risk for infective endocarditis, individuals with severe immunosuppression, or patients with certain systemic diseases. In such cases, amoxicillin is generally the first choice, while clindamycin or cephalosporins may be used as alternatives in patients with penicillin allergy (Bakhsh et al., 2020).
With regard to regenerative endodontic procedures, the ESE states that the evidence regarding the use of antibiotic-containing pastes is limited. In addition, due to potential adverse effects such as antibiotic resistance and tooth discoloration, calcium hydroxide–based materials are recommended instead of triple antibiotic paste (Montero‐Miralles et al., 2018).
Although improvements in antibiotic prescribing practices have been reported in some countries following the publication of the ESE guideline, several studies in the literature indicate that adherence to the guidelines remains insufficient. In particular, it has been reported that dentists in some countries continue to prescribe antibiotics in non-indicated situations or fail to prescribe them when necessary (Al Asmar Ramli et al., 2020; Drobac et al., 2021; Shemesh et al., 2022).
In conclusion, the ESE position statement clearly emphasizes that local treatment is the primary approach in the management of endodontic infections and that systemic antibiotics should be used only as adjunctive therapy in cases of systemic spread or in certain high-risk medical conditions. However, global data indicate that although some improvements in antibiotic use have been observed over time, problems related to unnecessary or inappropriate prescribing still persist.

6.2 American Association of Endodontists (AAE)
The guideline published by the American Association of Endodontists (AAE) in 2017 emphasizes that the use of systemic antibiotics in endodontics should be very limited. According to this guideline, the primary approach in the treatment of endodontic infections is local treatment aimed at eliminating the source of infection, including chemomechanical debridement, drainage, and tooth extraction when necessary. Systemic antibiotics should be used only as adjunctive therapy in specific clinical situations (Das et al., 2017; Segura-Egea, Martín-González, et al., 2017).
According to the AAE guideline, systemic antibiotics are primarily indicated in acute apical abscesses presenting with systemic involvement. Findings such as fever, malaise, lymphadenopathy, cellulitis, or the widespread or rapid spread of infection are considered indicators of systemic infection. In addition, antibiotic therapy may be considered as adjunctive treatment in the presence of progressive or persistent infections despite appropriate local treatment and in patients who are immunocompromised or medically high-risk (Aminoshariae et al., 2017; Cahill et al., 2017).
The AAE guideline states that amoxicillin is the first-choice antibiotic in most endodontic infections. In patients without penicillin allergy, penicillin derivatives are considered effective treatment options, while metronidazole may be added to penicillin therapy when broader anaerobic coverage is required (Segura-Egea, Gould, et al., 2017b). In patients with penicillin allergy, clindamycin is recommended as an alternative treatment option (Germack et al., 2017).
In contrast, the AAE guideline clearly states that antibiotic use is not necessary in many clinical situations. In particular, antibiotics are not recommended in cases of symptomatic irreversible pulpitis, localized acute apical abscesses where drainage can be achieved, and chronic apical abscesses with a sinus tract (Das et al., 2017; Silva et al., 2017). In addition, routine antibiotic use is not supported for postoperative pain, endodontic surgery, retreatment, or the prevention of flare-ups (Das et al., 2017; Löffler & Böhmer, 2017b).
Studies in the literature have shown that, despite existing guidelines, both endodontists and general dentists frequently prescribe antibiotics in non-indicated situations. This is often associated with patient expectations, clinical habits, or lack of awareness of the guidelines. Therefore, it has been reported that education- and feedback-based interventions may reduce the rate of inappropriate antibiotic prescribing (Germack et al., 2017; Löffler & Böhmer, 2017b).
In conclusion, the AAE guideline recommends that systemic antibiotics should be used only in cases of systemic spread, progression of infection, or in the presence of significant medical risk factors, and emphasizes that antibiotics should never replace appropriate debridement and drainage.

7. Conclusion

The fundamental approach in the management of endodontic infections is the elimination of the source of infection. Current scientific evidence and international guidelines indicate that most endodontic infections can be successfully managed with local treatment approaches. Systemic antibiotics should be used only as adjunctive therapy in the presence of systemic spread or medically high-risk patients. Therefore, adherence to evidence-based guidelines and antibiotic stewardship strategies is of great importance for reducing unnecessary antibiotic use and limiting antimicrobial resistance.

Definitions, Acronyms, Abbreviations

AMR: Antimicrobial resistance  
ESE: European Society of Endodontology  
AAE: American Association of Endodontists  
NaOCl: Sodium hypochlorite  
EDTA: Ethylenediaminetetraacetic acid  
Ca(OH)₂: Calcium hydroxide
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