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Abstract. 
Dental caries, pulpal necrosis, trauma, and periodontal diseases can result in dental infections which could have severe consequences that affect both soft and hard tissues of the oral cavity. Dental infections commonly present with symptoms of pain, fever, and swelling. Surgical and endodontic treatments are the early management of infected teeth, followed by antibiotic therapy. Some alternative methods also exist for treating infection such as low-level laser therapy and photodynamic therapy. Antibiotics are generally used in dental procedures to treat odontogenic infections, nonodontogenic infections, local infection, focal infection, and prophylaxis. Antibiotic prophylaxis is prescribed for patients with immunosuppressed conditions, infective endocarditis, metabolic disorders, and patients with prosthetic joints. To reduce the complications of unnecessary antibiotic prescriptions especially bacterial resistance, comprehensive guidelines should be established. It has been noted that only about 12% of dentists adequately and correctly prescribe antibiotics, which shows the importance of comprehensive guidelines. Antibiotics prescription may result in some adverse effects such as hypersensitivity reactions and dermatological and allergic disorders. Furthermore, unnecessary prescription of antibiotics could result in several serious sequelae, for example, bacterial resistance, gastric and hematological problems, and diversion of bacterial microbiota. The present review attempts to summarize the indications of antibiotic therapy in dentistry and discuss the common types of antibiotics that are routinely used in dental practice based on pharmacologic classes. Moreover, types of antibiotics that are considered safe during pregnancy and childhood are also reviewed.

1. Background
Orofacial infections are commonly categorized as odontogenic and nonodontogenic. The conditions that originate within a tooth and dental supporting structures are called odontogenic infections. On the other hand, teeth structures are not involved in nonodontogenic infections [1, 2]. Dental caries, pulpal necrosis, dental trauma, and periodontal diseases can result in dental infections which could have severe consequences that affect both soft and hard tissues of the oral cavity. According to a previous study, Gram-positive cocci are responsible for about 65% of orofacial infections, and Gram-negative bacilli could be found in 25% of patients’ oral specimens [3]. Orofacial infections mostly occur during the age of 21–40; besides, the prevalence of the disease is not gender-related [1, 4].
Dental infections are commonly presented by symptoms of pain and swelling in the oral area. These infections should be treated as soon as possible, as they may lead to severe and irrecoverable consequences such as osteomyelitis, brain abscess, airway obstruction, carotid infection, sinusitis, septicemia, meningitis, cavernous sinus thrombosis, orbital abscess, and loss of vision [5]. It has been noted that the most common prevalent feature of orofacial infections are dentoalveolar abscess [3].
Dental infections could be cured by surgical interventions, endodontics therapy, and antibiotic prescriptions [4]. The early surgical management of the infected tooth should be carried out to prevent further consequences; this may include debridement, irrigation, and incision and drainage (I&D) in severe cases [6]. Furthermore, in patients with the signs of systemic involvement, administration of intravenous antibiotics according to bacterial cultures and sensitivity is suggested [5, 7]. Present guidelines indicate that antibiotics should be prescribed after the elimination of the infectious sources. These should be prescribed for 2-3 consecutive days after surgical treatments. Longer durations of antibiotic therapy were not found to be significantly beneficial and are not recommended [8]. This could result in the unnecessary prescription and a longer duration of antibiotic therapy that may have serious consequences [9].
Previous studies demonstrated that about 12% of dentists adequately prescribe antibiotics as a prophylactic intervention and treatment [7]. In this regard, previous reports have mentioned that the most common antibiotic that is prescribed in dental practice is amoxicillin followed by amoxicillin and clavulanic acid (Table 1) [10]. Antibiotics prescription may result in some adverse effects such as hypersensitivity reactions and dermatological and allergic disorders [11]. Furthermore, unnecessary prescription of antibiotics could result in several serious complaints, for example, bacterial resistance, gastric and hematological problems, and diversion of bacterial microbiota [12, 13]. Besides, this could lead to oral bacterial resistance which is considered a growing concern in dentistry and medicine as well. To prevent these problems, antibiotics should be prescribed in a narrow spectrum and be limited to acute infections. Moreover, further education and investigation should be conducted to prevent and reduce the problem of antibiotic resistance [14].
Table 1: Different rates of antibiotic prescription by dentists [10].
	

	Antibiotic	Prescription rate (%)
	

	Amoxicillin	51.1
	Amoxicillin + clavulanic acid	24
	Clindamycin	6.6
	Azithromycin	5.3
	Clarithromycin	4.4
	Doxycycline	3.6
	Spiramycin	2.2
	Erythromycin	1.2
	Ciprofloxacin	0.2
	Cefadroxil	0.1
	Minocycline	0.1
	Cefuroxime	0
	Others	1.1
	



Since a few decades ago, the rate of odontogenic infections has tended to be decreasing. This could be because of the rising education of individuals about oral hygiene and the development of oral healthcare products [4]. Conversely to the abovementioned fact, the orofacial infections are still considered as a worldwide problem. The lack of sufficient strategies for antibiotic prescription in dentistry has been a concern for many dental practitioners, and more education is needed in this regard [14]. To decrease the prevalence of dental infection and its consequences, comprehensive guidelines are needed for the treatment of the condition.
In this review, we aim to provide some applicable data for dentists to prescribe appropriate types of antibiotics. At first, common types of antibiotics that are considered safe during pregnancy and childhood are mentioned. Then, the common cases that need antibiotic therapy or prophylaxis and the most useful and commonly used antibiotics in dentistry are reviewed (Figure 1).


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
	
	
	
	
	
		
	
		
	
	
	
	
	
	
	

Figure 1: The most commonly used antibiotics in dentistry.


2. Indications of Antibiotics
Antibiotics are suggested in the cases of prophylaxis for local and focal infections, besides, for the treatment of odontogenic and nonodontogenic infections [13, 15]. Antibiotics are not indicated for all odontogenic infections; they should not be used instead of removal of the source of infections [16]. In the case of infection, I&D, debridement, and endodontic management followed by systemic antibiotic therapy are recommended [17]. Moreover, the practitioners should also bear in mind that the antibiotic prophylaxis is indicated in a few specified conditions [18]. Figure 2 summarizes the indications of antibiotics in dental practice.


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
	
	
	
	
		

Figure 2: Indications of antibiotics in dental practice.


Antibiotic prophylaxis is a necessary option in cases of immunosuppressed patients, patients with a history of cancer, individuals with infective endocarditis, patients with metabolic disorders (such as diabetes and splenectomies), patients with prosthetic joints, in-dwelling catheters, neurosurgical shunts, valvular heart diseases, surgical pulmonary shunts, hypertrophic cardiomyopathy, mitral valve prolapsed, and prosthetic heart valves [19, 20]. In susceptible patients, some procedures enhance the risk of infection such as dental extraction, surgical periodontal procedures, dental implant placement, reimplantation of teeth, endodontic procedures or endodontics surgeries, subgingival placement of antibiotic fibers or strips, and intraligamentary local anesthetic injections [19]. Prophylaxis for healthy patients is also suggested in special dental practices, such as surgery for benign tumors, bone grafting, implant placement, periapical surgery, and removal of impacted teeth [20].
Antibiotic prescription is recommended in acute infection conditions such as necrotizing ulcerative gingivitis, stage III-grade C/incisor-molar pattern periodontitis (formerly referred to as localized aggressive periodontitis), acute periapical abscess, cellulitis, local or systemic spreading of infection in the periodontal abscess, pericoronitis, periimplantitis, infection of deep fascial layers of the head and neck, and in the case of fever and/or malaise [6, 20, 21].
3. Antibiotic Use in Pediatric Dentistry
Anatomical and physiological differences between children and adults such as the amount of their body water and fat, the maturation of the immune system, the volume of protein, and the level of liver enzymes should be considered while prescribing antibiotics for children [22]. Dentists treat children with antibiotics to reduce the risk of bacteremia caused by dental infections; however, antibiotic therapy should not be used as an alternative method for elimination of an infection source [23]. Furthermore, antibiotic resistance owing to inappropriate use, prescribing antibiotics in the wrong situation and for a too long period in children is a global concern [24]. Therefore, dental practitioners should be aware of proper antibiotic choices and indications of antibiotic therapy for children under 13 years [24]. Common types and forms of antimicrobial agents used in pediatric dentistry are listed in Tables 2 and 3.
Table 2: Therapeutic antibiotic dose for children.
	

	Agent	Situation	Dose	Maximum dose	Available forms
	

	Amoxicillin	First choice in dental infection	20–40 mg/kg/day, e8 h	2 g/day	Tablet 125 mg, capsule 250 mg and 500 mg, and oral suspension 125 mg/5 ml and 250 mg/5 ml
	Amoxicillin + clavulanic acid	Failure of first choice antibiotic	 	1000–2800 mg amoxicillin/143–400 mg clavulanic acid	Tablet 375 mg, 625 mg, and 1000 mg and oral suspension 228.5 mg/5 ml
	Clindamycin	Penicillin hypersensitivity	10–20 mg/kg/day, e6 h	 	Suspension 75 mg/5 ml
	Cephalexin	Necessity of broad-spectrum action	25–100 mg/kg/day, e6_8 h	 	Tablet 125 mg, 250 mg, and 500 mg, capsule 250 mg, 500 mg, and 750 mg, and oral suspension 125 mg/5 ml and 250 mg/5 ml
	Metronidazole	Anaerobic bacteria	30 mg/kg/day, 8 h	2 g/day	Tablet 200 mg, 250 mg, 400 mg, and 500 mg, infusion solution 500 mg/5 ml, and oral suspension 200 mg/5 ml
	



Table 3: Antibiotic prophylaxis regimen for children.
	

	Agent	Situation	Administration route	Dosage
	

	Amoxicillin	First choice	Oral	50 mg/kg
	Ampicillin or cefazolin/ceftriaxone	Unable to take oral medication	IM or IV	50 mg/kg
	Cephalexin	Allergic to penicillin or ampicillin	oral	50 mg/kg
	Clindamycin	 	 	20 mg/kg
	Azithromycin/clarithromycin	 	 	15 mg/kg
	Cefazolin/ceftriaxone	Allergic to penicillin and ampicillin and unable to take medication orally	IM or IV	50 mg/kg
	Clindamycin	 	 	20 mg/kg
	



4. Antibiotic Therapy during Pregnancy
The physiological changes of pregnancy can affect the condition of the oral cavity such as increasing the risk of gingivitis and pyogenic granuloma [25]. Preventive or therapeutic interventions during this period should be carried out to preserve the health of both mother and her neonate, enhance maternal oral health, and reduce children’s future oral problems [26]. In this regard, it has been mentioned that the mothers with poor oral hygiene who have a higher number of microorganisms in their saliva, especially Streptococcus mutans, can easily transmit the infection to the infant causing several serious problems for them [26]. It should be also noted that most of the dental procedures are not emergencies and can be postponed after delivery; however, acute dental infections should be managed during pregnancy [25–27].
The drug prescription during the pregnancy should be done more cautiously, as the inappropriate prescription could irrecoverably harm the fetus. In dental practice, the main agents that are commonly used during pregnancy and are considered to be safe during this period are analgesics, anesthetic agents, and antibiotics [26]. Food and Drug Administration (FDA) has classified drugs into 5 groups (A, B, C, D, and X) based on their risk factors during pregnancy (Table 4), and most of the antibiotics are classified to be in class B of FDA arrangement [28]. Furthermore, the pregnant patients should receive a complete adult dose with the usual length of treatment [27].
Table 4: FDA risk classes of antibiotics used during pregnancy.
	

	Category risk factor	Antibiotics	Side effects
	

	A	 	 
	Satisfactory well-controlled studies on humans showing no hazard to the fetus	 	 
	B	Amoxicillin	 
	Animal studies demonstrate no risk, but no human studies have been performed or human studies have demonstrated no risk	Cephalexin	 
	 	Chlorhexidine	 
	 	Clindamycin	 
	 	Erythromycin	 
	 	Metronidazole	 
	 	Penicillin	 
	 	Azithromycin	 
	C	Ciprofloxacin	Chondrotoxic in growing rats
	Studies on animals establishing fetal hazards and no exact studies on human being	Moxifloxacin	Chondrotoxic in growing rats
	 	Clarithromycin	Increased risk of miscarriage
	D	Doxycycline	Intrinsic dental staining
	Evidence of risk to the fetus can be used in exceptional cases or circumstances	Tetracycline	Intrinsic dental staining
	X	 	 
	The hazards of using the drug in pregnant women far more than the benefits	 	 
	



5. The Most Common Prescribed Antibiotics
5.1. Beta-Lactams
Beta-lactam antibiotics are the antimicrobial agents that contain beta-lactam ring in their molecular structure (this ring includes a three-carbon and one-nitrogen cyclic amine structure) [7, 29]. This group of antibiotics is bactericidal agents that act against many Gram-positive, Gram-negative, and anaerobic bacteria via inhibiting the synthesis of the cell wall [7]. Beta-lactam antibiotics are categorized into five classes: penicillin, cephalosporins, penems, carbapenems, and monobactams [30].
The overuse and misuse of penicillin and cephalosporins has resulted in an increased rate of bacterial resistance, caused by the production of beta-lactamase. Moreover, the risk of resistance might be increased if penicillin is administered simultaneously with other antibiotics, for instance, metronidazole [31]. Allergic reactions caused by the release of immunoglobulin E (IgE) mediators are among the common side effects of beta-lactams and might include rashes, pruritis, and even anaphylactic shock [29].
5.2. Penicillin
Penicillin is a narrow-spectrum antibiotic that was discovered from a rare variant of Penicillium notatum [32]. The most common types of penicillin that are being administered for treatment of odontogenic infections are penicillin V, amoxicillin, and amoxicillin/clavulanic acid, and studies show that they have almost the same efficacy regarding the treatment of dental infections [21]. According to previous investigations, nearly 70% of bacteria isolated from odontogenic infections were susceptible to penicillin [33]. Commonly, penicillin is considered to be the first-line drug and the gold standard for the treatment of odontogenic infections because of its cost-effectiveness, low incidence of side effects, and appropriate antimicrobial activity [21, 34]. Despite these benefits, the drug might cause various side effects in certain patients, including rash, nausea, gastric irritation, diarrhea, and hypersensitivity reactions such as skin reactions [13]. It has been mentioned that about 10% of people might present some levels of hypersensitivity to the drug; however, 90% of them can tolerate penicillin [34]. Should the patients have a history of hypersensitivity to the drug or a positive skin test, clindamycin could be administered instead of penicillin [21].
5.2.1. Penicillin V
Compared with penicillin G, penicillin V stays for a longer time in blood circulation [12]. Tablet of 500 milligrams (mg) penicillin V is recommended every 6 hours taking by mouth [17]. Moreover, 2–4 g penicillin V every 4–6 hours combined with 500 mg metronidazole intravenous (IV) or orally every 8 hours could also be prescribed [31].
5.2.2. Amoxicillin
Amoxicillin is a penicillin antibiotic that acts against Gram-negative bacilli [6, 35]. Amoxicillin is commonly considered to be the first line of treatment in nonallergic patients [36]. It is the most frequently prescribed antibiotic accounting [37]. Some practitioners also prefer to administer the combination of amoxicillin and metronidazole or amoxicillin/clavulanate to treat odontogenic infection [38, 39]. The therapeutic dosage for amoxicillin is 500 mg every 8 hours or 1000 mg every 12 hours [21].
5.2.3. Amoxicillin with Clavulanic Acid (Co-Amoxiclav)
Amoxicillin with clavulanic acid (co-amoxiclav) is a broad-spectrum antibiotic that is believed to be the second most prescribed antibiotic by dentists [9]. It has been shown that all the bacteria that were extracted from an odontogenic abscess were susceptible to the agent [33]. Besides, in the case of amoxicillin resistance, the administration of co-amoxiclav or metronidazole is suggested [40]. A high dose of co-amoxiclav (875/125 mg every 8 hours or 2000/125 mg every 12 hours) is a proper choice in the cases of severe odontogenic infections, such as abscess and pulpitis [41]. The dental practitioners should be aware that the drug could result in some levels of hepatotoxicity; besides, it can change the orogastrointestinal normal microbiota causing candidiasis or even Clostridium difficile infection [42].
5.2.4. Ampicillin
Ampicillin is categorized as a broad-spectrum beta-lactam antibiotic that has bactericidal activity [7]. The drug antibacterial activity mostly covers the Gram-positive bacilli, but it acts less effectively than amoxicillin [6]. Moreover, ampicillin mainly acts against aerobic bacteria, and it could be simultaneously prescribed with metronidazole to more efficiently fight anaerobic bacteria of odontogenic infections [43]. The agent is commonly used for patients who cannot orally take drugs, and the prophylaxis dosage is 2 mg IV or intramuscular (IM) half an hour before the procedure [20]. Furthermore, ampicillin-sulbactam could be prescribed 3 g intravenously every 6 hours [29]. The coadministration of ampicillin and clindamycin could increase the risk of pseudomembranous [44].
5.2.5. Cephalosporin
Cephalosporins are classified in beta-lactam antibiotics and can inhibit the biosynthesis of bacterial cell walls [38]. Cephalosporins can act against aerobic bacteria, and their combination with metronidazole could cover both aerobic and anaerobic bacteria [43]. Cephalexin and cefazolin are among the most commonly prescribed first-generation cephalosporins in dental practice [45]. Cephalexin could be prescribed for penicillin-allergic patients, with the dosage of 2 g orally 1 h before dental procedures [20]. Cefazolin is suggested for patients who are allergic to penicillin and cannot take the medication by mouth, with the dosage of 1 g IV or IM 30 minutes before the procedure [20]. Older studies recommended not to use cephalosporins in penicillin-allergic patients, while more recent investigations showed that there is little cross-activity between penicillin and cephalosporins [46]. Studies also mentioned that while the cephalosporins have few side effects and better antimicrobial activity, amoxicillin is still the drug of choice for the treatment of odontogenic infections [46, 47]. The patients who were treated with cephalosporins might have higher risks of colonization of Candida albicans and yeast [48].
5.3. Nitroimidazoles
Nitroimidazoles are commonly administered to treat parasitic and anaerobic bacterial infections. Nitroimidazoles include metronidazole, nimorazole, and tinidazole [49, 50]. It has been noticed that dental practitioners tend to prescribe metronidazole for the treatment of acute infections, as it has great antianaerobic bacterial activity and low risk of toxicity [49, 50].
5.3.1. Metronidazole
Metronidazole has bactericidal activity and acts against anaerobic microorganisms by inhibiting the nucleic acid synthesis; the agent also showed antiprotozoal activity and does not disrupt the protective aerobic microbiota [50, 51]. Combined administration of amoxicillin and metronidazole could cover most of the oral bacteria [43]. Prescription of this combination or metronidazole is also recommended for the treatment of periodontal infections [40, 52, 53]. The drug is commonly prescribed with a dosage of 500–750 mg every 8 hours [21].
The dental practitioners should bear in mind that metronidazole can interact with some agents such as alcohol (causes nausea, vomiting, and abdominal cramp), disulfiram, warfarin, and hydantoin anticonvulsants [50]. The agent might also result in serious side effects, such as seizures, anesthesia, or paresthesia of the limbs in certain patients [21]. Two cases with metronidazole resistance have been reported in Scotland: one was an infection of the knee joint (with anaerobic streptococci that is found in dental abscess and periodontal disease) and the other was Bacteroides thetaiotaomicron bloodstream infection [51].
5.4. Macrolides
Macrolides have a macrocyclic lactone ring, which are bacteriostatic agents that inhibit protein synthesis; these agents have translation modulators that act against bacterial ribosomes [54–56]. Macrolides mainly act against beta-hemolytic streptococci [57]. Macrolides should not be coadministered with clindamycin, since these have the same target point and antagonistic effects [56]. Moreover, macrolides should not be prescribed in patients with progressive cirrhosis, as this could result in liver failure and even death [42].
5.4.1. Erythromycin
Erythromycin has bacteriostatic activities and is commonly prescribed for dental caries and dental plaque [55, 56, 58]. The most common microorganism that causes dental caries is Streptococcus mutans, which is highly sensitive to erythromycin [59]. Erythromycin can inactivate the caries, and it also can decrease the growth and formation of dental plaque [60].
Erythromycin should be prescribed with a dosage of 250–500 mg every 6 hours [13]. However, the drug is not regularly recommended as it could cause several short-term and long-term adverse effects, such as gastrointestinal problems, hepatotoxicity, and also bacterial resistance [61]. Moreover, the drug is contraindicated in patients taking simvastatin or colchicine and also in patients who suffer from porphyria [62].
5.4.2. Azithromycin
Azithromycin is a bacteriostatic antibiotic that has a great potency against Gram-negative pathogens and is considered to be the safest among the macrolides [56, 63]. The drug is not suggested as the first-line treatment of odontogenic infections and is usually prescribed as an alternative in penicillin-allergic patients [63, 64].
The dosage of the drug is 500 mg once a day for three days, in case of therapeutic prescription, and 500 mg 1 hour before the oral procedure, in case of prophylactic administration [13, 46]. The common side effects of azithromycin include nausea, diarrhea, and gastrointestinal disorders, and it should not be prescribed in erythromycin-allergic patients [21, 56, 63].
5.4.3. Clarithromycin
Clarithromycin is a broad-spectrum antibiotic that is considered to be the new generation of erythromycin [65]. Clarithromycin is a bacterial protein synthesis inhibitory and matrix metalloproteinase (MMP) regulating activities that could fight against intracellular pathogens by penetrating the cells [66]. Among the macrolides, the agent is believed to have the greatest effect against anaerobic Gram-positive bacilli [6]. Hence over, the prescription of clarithromycin can be a logical approach for suppressing the pulp and periodontal infections [67, 68]. However, clarithromycin is not usually recommended as the first-line treatment and is used instead of penicillin in patients who cannot tolerate the gold standard treatment of penicillin [62].
The standard dose for prophylaxis is 500 mg orally 1 hour before the dental procedure [46]. The most common side effects of clarithromycin are gastrointestinal complications, such as nausea and diarrhea [61]. It is indicated that clarithromycin has some new effects such as modulating myocarditis, cardiac rejection, and change of inflammatory signs [67].
5.5. Lincosamides
Lincosamides are bacteriostatic agents that mostly fight against Gram-positive anaerobic pathogens, by binding to the functional spot of the bacterial ribosome and restricting the protein synthesis [69, 70]. Lincomycin and clindamycin are the drugs that are classified in the group of lincosamides antibiotics [71]. Studies showed that clindamycin has a greater effect against infections compared with other lincomycin [69]. The coadministration of lincomycin and erythromycin is not suggested, as these two drugs have an antagonistic effect against each other [72]. While, among lincosamides, the prescription of clindamycin is more common than the others [70].
5.5.1. Clindamycin
Clindamycin is a broad-spectrum bacteriostatic antibiotic that covers both aerobic and anaerobic pathogens [73, 74]. The drug is the newer generation of lincomycin, and it has suitable potency against bone, joint, and odontogenic infections [73, 74]. As showed by the previous investigations, nearly 75% of all bacteria causing odontogenic infections are sensitive to the drug [33]. Clindamycin could be prescribed in the case of persistent infections, as it has more efficacies in comparison with penicillin and metronidazole [73]. Besides, it has been shown that the bacterial resistance rates against penicillin are higher comparing to clindamycin [75]. Moreover, the agent could be administered IV or IM, besides, oral ingestion [76].
Clindamycin is also an excellent choice for patients who have an allergy to beta-lactam group antibiotics. The therapeutic dosage of the drug is 600 mg or 300 mg every 8 hours orally or intravenously [2, 6, 13]. The drug is also a proffered alternative for prophylaxis in penicillin-allergic patients for prophylaxis [20]. The usual prophylactic dose is 600 mg before procedure orally or 600 mg intravenously in both penicillin-allergic patients and those who cannot take medication by mouth [20]. Furthermore, more recent studies showed that clindamycin might reduce the risk of dry socket after extraction [46].
The most common side effects of clindamycin are vomiting, nausea, diarrhea, exanthem, jaundice, hepatitis, neutrophil reduction, eosinophilia, agranulocytosis, blood platelet count change, and pseudomembranous colitis [68, 70]. The agent is contraindicated for cirrhotic patients and for patients with a history of ulcerative and pseudomembranous colitis [73, 75, 76].
5.6. Fluoroquinolones
Fluoroquinolones are broad-spectrum bactericidal antibiotics that mostly act against Gram-negative bacilli, Gram-positive aerobic cocci, and anaerobic organisms, by preventing the synthesis of DNA [77–80]. Fluoroquinolones are commonly prescribed for nonodontogenic infections, such as respiratory, genitourinary tract, joint, and bone infections [78]. These agents have a higher capacity of penetration into tissue in comparison with other commonly prescribed antibiotics in dental practice [81].
The side effects of this class of antibiotics include gastrointestinal reactions and cartilage, joint, tendon, and the central nervous system involvement [82, 83]. Fluoroquinolones must not be prescribed for children because of the possibility of chondrotoxicity in developing cartilage and for patients who use theophylline, as this could result in serious complications, for example, seizure [79].
5.6.1. Ciprofloxacin
Ciprofloxacin is among the second generation of fluoroquinolone antibiotics and is active against Gram-positive and Gram-negative pathogens [53, 77]. This antibiotic showed excellent antibacterial potency, whilst having minimum side effects [56, 84, 85]. The drug is usually administered orally with a dosage of 500 mg every 12 hours to treat odontogenic infections [20]. The most common side effect of ciprofloxacin is gastrointestinal problems, including, nausea, vomiting, and diarrhea [21]. Dental practitioners should take the patients’ history as if they have been using theophylline because the drug interaction could result in severe consequences [86]. The initial signs of theophylline toxicity in these patients are nausea and vomiting, which should not be confused with the side effects of ciprofloxacin [86].
5.6.2. Moxifloxacin
Moxifloxacin is a broad-spectrum bactericidal agent and a fourth-generation fluoroquinolone. The drug acts against aerobic, anaerobic, Gram-positive, and Gram-negative bacteria and is commonly administered to control chronic bronchitis, pneumonia, skin infections, and bacterial sinusitis [53, 75]. Prior investigations showed that most of the bacterial populations found in odontogenic infections are susceptible to moxifloxacin [33].
Moxifloxacin can be considered as a good choice to treat odontogenic and periodontal infections as well, since it has high penetration capacity through periodontal and bone tissues [56, 81, 87, 88]. Moreover, this could be prophylactically prescribed to beta-lactam-allergic patients to prevent bacteremia [64]. However, moxifloxacin is not used as the first-line treatment because of its high price and is usually prescribed when the first-line antibiotics and surgical procedures are failed [46, 79]. The effective dose of the agent to control odontogenic infections is 400 mg once a day [79]. The major concern is that the drug could affect cartilage maturation; hence, it must not be in pregnant and adolescent patients [56].
5.7. Tetracyclines
Tetracycline is a bacteriostatic antibiotic that is active against Gram-positive and Gram-negative bacteria, acting by blocking the synthesis of protein through binding to the ribosomal subunit [89]. The drug could be a reasonable prescription for the treatment of periodontal diseases, as it has anti-inflammatory activity, collagenase inhibition potential, and bone resorption inhibitory capacity; besides, it could help the fibroblasts to attach to the root surface [90].
Tetracycline is recommended in cases of periodontal diseases, improving marginal attachment and enhancing bone graft [56, 90]. The drug has a long half-life, preserves its antimicrobial activity for a long time, and is released from the tooth surface gradually [90]. However, the agent is not commonly suggested for the treatment of odontogenic infections because of the widespread resistance of pathogens and several side effects, including photosensitivity, nausea, vomiting, diarrhea, loss of appetite, hepatotoxicity, and discoloration of primary and permanent teeth [46, 91]. The prescription of the drug for young children and pregnant women is not recommended because it can cause intrinsic tooth staining during the calcification phase [56, 92]. Besides, tetracycline must not be prescribed for patients with active liver diseases [20].
6. Conclusion
Antibiotic therapy is crucial to control dental infections after surgical interventions such as incision, drainage, and pulp debridement. Dentists prefer to prescribe amoxicillin and metronidazole or co-amoxiclav to control dental infections. Moreover, clindamycin is an alternative drug in penicillin-allergic patients. The accurate information about oral microorganisms, the character of oral infections, and the pharmacokinetics of antibiotics reduce the risk of incorrect antibiotic prescription. Some alternative methods exist for treating infection such as low-level laser (LLL) therapy and photodynamic therapy (PDT).
Previous studies show the effectiveness of LLL therapy on infected wounds; moreover, it can reduce inflammation and bacterial proliferation. PDT has been successfully used to eliminate pathogens and treat localized infections such as periodontal infections, abscesses, oral and dental infections, wound, burn, and ear infections. Accurate use of antibiotics is crucial for the treatment of dental infections; accordingly, comprehensive antimicrobial prescribing guidance should be established for dental professionals.
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	I. Sobottka, G. Cachovan, E. Stürenburg et al., “In vitro activity of moxifloxacin against bacteria isolated from odontogenic abscesses,” Antimicrobial Agents and Chemotherapy, vol. 46, no. 12, pp. 4019–4021, 2002.
	A. Gonzalez-Estrada and C. Radojicic, “Penicillin allergy: a practical guide for clinicians,” Cleveland Clinic Journal of Medicine, vol. 82, no. 5, pp. 295–300, 2015.
	D. Freitas, L. Gonçalves, M. J. Coelho et al., “Prevalence of antibiotic (β-lactams, tetracycline, metronidazole, erythromycin) resistance genes in periodontic infections,” Clin Res, vol. 5, pp. 1–4, 2019.
	B. J. Akhavan, N. R. Khanna, and P. Vijhani, Amoxicillin, StatPearls Publishing, San Francisco, CA, USA, 2020.
	M. H. Thornhill, M. J. Dayer, M. J. Durkin, P. B. Lockhart, and L. M. Baddour, “Oral antibiotic prescribing by NHS dentists in England 2010–2017,” British Dental Journal, vol. 227, no. 12, pp. 1044–1050, 2019.
	M. Jayadev, P. Karunakar, B. Vishwanath, S. S. Chinmayi, P. Siddhartha, and B. Chaitanya, “Knowledge and pattern of antibiotic and non narcotic analgesic prescription for pulpal and periapical pathologies-a survey among dentists,” Journal of Clinical and Diagnostic Research: JCDR, vol. 8, no. 7, 2014.
	G. I. Lafaurie, L. A. Noriega, C. C. Torres et al., “Impact of antibiotic prophylaxis on the incidence, nature, magnitude, and duration of bacteremia associated with dental procedures: a systematic review,” The Journal of the American Dental Association, vol. 150, no. 11, 2019.
	D. Robertson and A. J. Smith, “The microbiology of the acute dental abscess,” Journal of Medical Microbiology, vol. 58, no. 2, pp. 155–162, 2009.
	R. López-Píriz, L. Aguilar, and M. J. Giménez, “Management of odontogenic infection of pulpal and periodontal origin,” Medicina Oral, Patología Oral y Cirugía Bucal (Internet), vol. 12, no. 2, pp. 154–159, 2007.
	S. R. Martínez, J. T. Serna, and F.-J. Silvestre, “Dental management in patients with cirrhosis,” Gastroenterología y Hepatología (English Edition), vol. 39, no. 3, pp. 224–232, 2016.
	A. F. DeAngelis, R. A. Barrowman, R. Harrod, and A. L. Nastri, “Review article: maxillofacial emergencies: oral pain and odontogenic infections,” Emergency Medicine Australasia, vol. 26, no. 4, pp. 336–342, 2014.
	S. J. Ellison, “The role of phenoxymethylpenicillin, amoxicillin, metronidazole and clindamycin in the management of acute dentoalveolar abscesses-a review,” British Dental Journal, vol. 206, no. 7, p. 357, 2009.
	T. Bui and C. V. Preuss, Cephalosporins, StatPearls Publishing, San Francisco, CA, USA, 2020.
	F. Peedikayil, “Antibiotics in odontogenic infections-an update,” Journal of Antimicrobial, vol. 2, no. 117, pp. 2472–1212, 2016.
	L. H. Al-Qamachi, H. Aga, J. McMahon, A. Leanord, and N. Hammersley, “Microbiology of odontogenic infections in deep neck spaces: a retrospective study,” British Journal of Oral and Maxillofacial Surgery, vol. 48, no. 1, pp. 37–39, 2010.
	S. J. Dancer, “The problem with cephalosporins,” Journal of Antimicrobial Chemotherapy, vol. 48, no. 4, pp. 463–478, 2001.
	A. Mital, “Synthetic nitroimidazoles: biological activities and mutagenicity relationships,” Scientia Pharmaceutica, vol. 77, no. 3, pp. 497–520, 2009.
	D. A. Mitchell, “Metronidazole: its use in clinical dentistry,” Journal of Clinical Periodontology, vol. 11, no. 3, pp. 145–158, 1984.
	A. Smith, “Metronidazole resistance: a hidden epidemic?” British Dental Journal, vol. 224, no. 6, pp. 403-404, 2018.
	S. Razzaq, S. Hanif, M. A. Syed et al., “Development and evaluation of mucoadhesive buccal tablet containing metronidazole for the treatment of periodontitis and gingivitis,” Pakistan Journal of Pharmaceutical Sciences, vol. 31, no. 5, 2018.
	G. Dabija‐Wolter, S. S. Al‐Zubaydi, M. M. A. Mohammed, V. Bakken, and A. I. Bolstad, “The effect of metronidazole plus amoxicillin or metronidazole plus penicillin V on periodontal pathogens in an in vitro biofilm model,” Clinical and Experimental Dental Research, vol. 4, no. 1, pp. 6–12, 2018.
	N. Vázquez-Laslop and A. S. Mankin, “How macrolide antibiotics work,” Trends in Biochemical Sciences, vol. 43, no. 9, pp. 668–684, 2018.
	W. Qiu, Y. Zhou, Z. Li et al., “Application of antibiotics/antimicrobial agents on dental caries,” BioMed Research International, vol. 2020, Article ID 5658212, 11 pages, 2020.
	T. R. Flynn, “Evidence-based principles of antibiotic therapy,” Evidence-Based Oral Surgery, Springer, Berlin, Germany, 2019.
	I. B. Seiple, Z. Zhang, P. Jakubec et al., “A platform for the discovery of new macrolide antibiotics,” Nature, vol. 533, no. 7603, pp. 338–345, 2016.
	M. Shahabooei, S. M. Razavi, M. Minaiyan et al., “A histomorphometric study of the effect of doxycycline and erythromycin on bone formation in dental alveolar socket of rat,” Advanced Biomedical Research, vol. 4, p. 71, 2015.
	G. M. El Sherbiny, “Control of growth Streptococcus mutans isolated from saliva and dental caries,” International Journal of Current Microbiology and Applied Sciences, vol. 3, no. 10, pp. 1–10, 2014.
	R. R. Lobene, M. Brion, and S. S. Socransky, “Effect of erythromycin on dental plaque and plaque forming microorganisms of man,” Journal of Periodontology, vol. 40, no. 5, pp. 287–291, 1969.
	M. H. Thornhill, M. J. Dayer, M. J. Durkin, P. B. Lockhart, and L. M. Baddour, “Risk of adverse reactions to oral antibiotics prescribed by dentists,” Journal of Dental Research, vol. 98, no. 10, pp. 1081–1087, 2019.
	M. Greenwood and J. G. Meechan, “Metabolic disorders and dental practice,” General Medicine and Surgery for Dental Practitioners, Springer, Berlin, Germany, 2019.
	V. P. Singh, S. U. Nayak, S. K. Nettemu, S. Nettem, Y. H. Lee, and M. B. Verma, “Azithromycin in periodontal therapy: beyond the antibiotics,” Journal of Nepalese Society of Periodontology and Oral Implantology, vol. 2, no. 2, pp. 61–66, 2018.
	S. L. Buset, N. U. Zitzmann, R. Weiger, and C. Walter, “Non-surgical periodontal therapy supplemented with systemically administered azithromycin: a systematic review of RCTs,” Clinical Oral Investigations, vol. 19, no. 8, pp. 1763–1775, 2015.
	G. P. Dinos, “The macrolide antibiotic renaissance,” British Journal of Pharmacology, vol. 174, no. 18, pp. 2967–2983, 2017.
	R. C. Burrell and J. D. Walters, “Distribution of systemic clarithromycin to gingiva,” Journal of Periodontology, vol. 79, no. 9, pp. 1712–1718, 2008.
	N. Aoyama, J.-I. Suzuki, M. Ogawa et al., “Clarithromycin suppresses the periodontal bacteria-accelerated abdominal aortic aneurysms in mice,” Journal of Periodontal Research, vol. 47, no. 4, pp. 463–469, 2012.
	P. Fos, L. Forner, C. Llena, and A. Anadon, “Analysis of clarithromycin in dental pulp with and without inflammation,” International Dental Journal, vol. 13, pp. 50–54, 2011.
	W.-R. Chen, Y. Ding, C. T. Johnston, B. J. Teppen, S. A. Boyd, and H. Li, “Reaction of lincosamide antibiotics with manganese oxide in aqueous solution,” Environmental Science & Technology, vol. 44, no. 12, pp. 4486–4492, 2010.
	J. Spížek and Ř. T. Lincosamides, “Chemical structure, biosynthesis, mechanism of action, resistance, and applications,” Biochemical Pharmacology, vol. 133, pp. 20–28, 2017.
	S. I. Maffioli, in A Chemist’s Survey of Different Antibiotic Classes, Wiley, Hoboken, New Jersey, USA, 2014.
	L. Koppen, K. J. Suda, S. Rowan, J. McGregor, and C. T. Evans, “Dentists’ prescribing of antibiotics and opioids to Medicare Part D beneficiaries,” The Journal of the American Dental Association, vol. 149, no. 8, pp. 721–730, 2018.
	S. Raeisian, S. Raeisi, G. Azimi, and H. Moradpoor, “Comparison of the effect of penicillin-metronidazole and clindamycin in the treatment of facial abscesses at emam khumeini hospital in ahvaz: sub-clinical trial,” Annals of Dental Specialty, vol. 6, no. 4, p. 380, 2018.
	J. R. Gómez-Sandoval, J. A. Robles-Cervantes, S. O. Hernández-González et al., “Efficacy of clindamycin compared with amoxicillin-metronidazole after a 7-day regimen in the treatment of periodontitis in patients with diabetes: a randomized clinical trial,” BMJ Open Diabetes Research and Care, vol. 8, no. 1, 2020.
	C. Kehrenberg, S. Schwarz, L. Jacobsen, L. H. Hansen, and B. Vester, “A new mechanism for chloramphenicol, florfenicol and clindamycin resistance: methylation of 23S ribosomal RNA at A2503,” Molecular Microbiology, vol. 57, no. 4, pp. 1064–1073, 2005.
	P. B. Murphy, K. G. Bistas, and J. K. Le, “Clindamycin,” in Stat Pearls, StatPearls Publishing, Treasure Island, FL, USA, 2020.
	D. Hooper, “Emerging mechanisms of fluoroquinolone resistance,” Emerging Infectious Diseases, vol. 7, no. 2, p. 337, 2001.
	S. S. Oberoi, C. Dhingra, G. Sharma, and D. Sardana, “Antibiotics in dental practice: how justified are we,” International Dental Journal, vol. 65, no. 1, pp. 4–10, 2015.
	C. J. Holmes and R. Pellecchia, “Antimicrobial therapy in management of odontogenic infections in general dentistry,” Dental Clinics of North America, vol. 60, no. 2, pp. 497–507, 2016.
	C. Ramu and T. Padmanabhan, “Indications of antibiotic prophylaxis in dental practice-Review,” Asian Pacific Journal of Tropical Biomedicine, vol. 2, no. 9, pp. 749–754, 2012.
	A. Guentsch, H. Jentsch, W. Pfister, T. Hoffmann, and S. Eick, “Moxifloxacin as an adjunctive antibiotic in the treatment of severe chronic periodontitis,” Journal of Periodontology, vol. 79, no. 10, pp. 1894–1903, 2008.
	S. Hafner, M. Albittar, E. Abdel-Kahaar, and O. Zolk, “Antibiotic prophylaxis of infective endocarditis in oral and maxillofacial surgery: incomplete implementation of guidelines in everyday clinical practice,” International Journal of Oral and Maxillofacial Surgery, vol. 49, no. 4, pp. 522–528, 2019.
	S. R. Norrby, “Side-effects of quinolones: comparisons between quinolones and other antibiotics,” European Journal of Clinical Microbiology & Infectious Diseases, vol. 10, no. 4, pp. 378–383, 1991.
	B. G. Anand and R. Mala, “Prevalence of oral pathogens in oral cavities, dental implants, fixed bridges among the people in South India,” European Journal of Biotechnology and Bioscience, vol. 2, no. 1, pp. 35–41, 2014.
	G.-F. Zhang, X. Liu, S. Zhang, B. Pan, and M.-L. Liu, “Ciprofloxacin derivatives and their antibacterial activities,” European Journal of Medicinal Chemistry, vol. 146, pp. 599–612, 2018.
	J. L. Bem and R. D. Mann, “Drug point: danger of interaction between ciprofloxacin and theophylline,” BMJ, vol. 296, no. 6629, p. 1131, 1988.
	P. D. Dios, I. T. Carmona, J. L. Posse, J. M. Henriquez, J. F. Feijoo, and M. A. Fernandez, “Comparative efficacies of amoxicillin, clindamycin, and moxifloxacin in prevention of bacteremia following dental extractions,” Antimicrobial Agents and Chemotherapy, vol. 50, no. 9, pp. 2996–3002, 2006.
	J. P. Loyola‐Rodriguez, A. Franco‐Miranda, A. Loyola‐Leyva, B. Perez‐Elizalde, G. Contreras‐Palma, and O. Sanchez‐Adame, “Prevention of infective endocarditis and bacterial resistance to antibiotics: a brief review,” Special Care in Dentistry, vol. 39, no. 6, pp. 603–609, 2019.
	S. Tariq, S. F. A. Rizvi, and U. Anwar, “Tetracycline: classification, structure activity relationship and mechanism of action as a theranostic agent for infectious lesions-a mini review,” Biomedical Journal of Scientific & Technical Research, vol. 7, no. 2, 2018.
	S. Kafle, S. Pradhan, and S. Gupta, “Locally delivered tetracycline fibres in the treatment of chronic periodontitis,” Journal of Nepalese Society of Periodontology and Oral Implantology, vol. 2, no. 2, pp. 45–48, 2018.
	B. M. Segal, “Photosensitivity, nail discoloration, and onycholysis,” Archives of Internal Medicine, vol. 112, no. 2, pp. 165–167, 1963.
	H. Pöyhönen, M. Nurmi, V. Peltola, S. Alaluusua, O. Ruuskanen, and T. Lähdesmäki, “Dental staining after doxycycline use in children,” Journal of Antimicrobial Chemotherapy, vol. 72, no. 10, pp. 2887–2890, 2017.


EPUB/Navigation/nav.xhtml


		

			

		  1. Background

		  2. Indications of Antibiotics

		  3. Antibiotic Use in Pediatric Dentistry

		  4. Antibiotic Therapy during Pregnancy

		  5. The Most Common Prescribed Antibiotics

		  6. Conclusion

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




