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        Abstract


        Odontogenic infections are frequently seen in the dental practice, being dental caries its main etiology; therefore, dentists should be familiarized with its presentation and management as it can spread rapidly and have serious consequences. The purpose of this article is to provide essential knowledge on the pathogenesis, diagnosis, possible complications and treatment of odontogenic infections.
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        Introduction


        Odontogenic infection (OI) is defined as those infections that originate from pulpal or periodontal pathology that affect the alveolar bone and can spread through the bone marrow, cortical bone and periosteum to structures distant from the oral cavity [1].


        OI is one of the most common diseases, accounting for 60% of reason for dental consultation with the dentist [1,2]. The main etiology is dental caries, but it can also develop from pericoronitis, periodontal pockets or exodontia [3]. The severity of the infection depends on multiple factors, such as the virulence of the bacteria, the systemic state of the patient and the anatomical spaces affected.


        Ocassionally, symptoms and clinical manifestations may become severe, requiring in-hospital management. Dissemination of OI can compromise the airway, putting life at risk [4].


        The principle of treatment dates back to the time of Hippocrates when it was established that the elimination of the infectious agent along with incision and drainage (ID) are key to the resolution of an OI [5]. In addition, it has to be accompanied by antibiotic therapy [6].


        The purpose of this article is to provide essential knowledge on the pathogenesis, diagnosis, possible complications and management of odontogenic infections allowing the establishment of a treatment that contains the infection localized, avoiding its dissemination towards deep anatomical spaces; thus, ensuring the patient's safety.


        Pathogenesis


        Host response to infection


        Immune response is mediated by the immune system, which is a complex of specialized cells that function as a protective barrier and is composed of an innate system and an acquired system [7].


        The innate system is a non-specific defense mechanism that activates upon contact with an antigen. The acquired system, on the other hand, is an antigen-specific defense mechanism which has the capacity to recognize the antigen that is facing. Thus, creating memory cells that identify and act quickly against an antigen in case of new exposure [7]. The cells that comprise the immune system are leukocytes consisting of T, B and killer lymphocytes, granulocytes such as neutrophils, basophils, eosinophils and mast cells, and antigen-presenting cells such as macrophages, Langerhans cells and dendritic cells [8].


        Bacterial invasion induces a series of immunological events to fight infection. The first defense cell of the organism is the macrophage, which fulfills a dual function by releasing chemotactic factors that attract neutrophils to the site of the lesion and as an antigen-presenting cell to the neutrophils, responsible for bacterial phagocytosis. The release of chemical mediators such as histamines, bradykinins, cytokines and prostaglandins, causes vasodilatation and opening of spaces between endothelial cells allowing the extravasation of plasma into the interstitial spaces where it accumulates, followed by the formation of fibrin. During an infectious process the classic signs of inflammation such as swelling, erythema, pain, edema and loss of function are observed [9]. This process is summarized as: 1) Hyperemia due to vasodilatation; 2) Plasma and leukocyte extravasation; 3) Increased permeability and neutrophil diapedesis; 4) Fibrin wall formation; 5) Bacterial phagocytosis; 6) Deposition of necrotic material by macrophages [2].


        Immunocompromised patient


        There are multiple conditions that lead to a depression of the immune system such as long-term use of corticosteroids, transplants, HIV, alcoholism, liver disease, diabetes, among others [10].


        The presence of immunosuppressive medical conditions is very important in the development of OI. Systemic diseases, even more than the location of infection, have been shown to influence in longer hospitalization and recovery time [11].


        The most common systemic condition is diabetes, which when uncontrolled, increases the severity of infection and hospital stay due to decreased immune system function [12].


        In uncontrolled diabetes hyperglycemia occurs, affecting the defense cells, favoring the persistence of an infectious process due to the following factors [7,13,14]:


        1. Decreased chemotaxis, adhesion, migration and phagocytosis of leukocytes. They present less defensive capacity against bacteria and prolong the inflammatory state.


        2. Decreased proliferation of fibroblasts, endothelial cells and collagen. Impairs tissue repair.


        3. Macrophages and monocytes evade apoptosis, thus increasing cytokine production and prolonging the inflammatory process. Chronic inflammation increases insulin resistance.


        4. Microangiopathy decreases blood flow and consequently decreases oxygen and nutrients to defensive and reparative cells. Also, it hinders the arrival of antibiotics to the site of infection.


        5. Decreased proliferative capacity of keratinocytes which delays re-epithelialization of wounds.


        Microbiology


        The normal oral flora is mixed, composed of aerobic/facultative anaerobic and strict anaerobic bacteria [15]. Aerobic bacteria have the ability to survive and grow in an oxygenated environment. They prepare the environment for the proliferation and invasion of anaerobic bacteria which survive and develop in a hypoxic environment. Strict anaerobic bacteria are responsable for greater invasion and destruction of tissues due to their high virulence [4].


        OI is polymicrobial with a higher prevalence of gram-positive cocci and gram-negative rod, being the streptococci the most prevalent Table 1 [16,17]. There is a 3:1 ratio of anaerobic to aerobic bacteria. Anaerobic bacteria are found in 75% while aerobic bacteria are found in 25% [2]. Although the virulence of the bacteria is a feature that can determine the severity of the infection, on many occasions the bacterial load will be more important in overcoming the host defense system [4]. The increment in bacterial load increases the diversity of microorganisms. When interacting among them there is a synergism that increases their virulence [18].


        
          Table 1: Frequent bacterias in odontogenic infections. Adapted from Brook I, et al. [17]. View Table 1

        


        Dissemination of odontogenic infection


        OI initiate in dental and/or periodontal tissues which they spread through to deep anatomical structures [19]. When bacteria reaches the dental pulp, it causes necrosis and induces the formation of an abscess. Once the infection is established in the periapical tissue, it crosses cortical bone, periosteum and goes through the path of least resistance determined by [20]:


        1. Muscle attachments that mark the direction and location of infection.


        2. Position of the dental apex.


        3. Thickness of the bone surrounding the tooth.


        The dissemination of OI occurs by three routes: 1) By continuity through anatomical spaces which, by being virtual spaces and not having real physical limits, facilitate the spread of the infection between them Table 2. 2) By hematic route when entering the circulatory system. 3) By lymphatic route when entering the lymphatic system of the head and neck it can spread through the lymph from the primary nodule, close to the infectious focus, to a secondary nodule in a distant site [4].


        
          Table 2: Anatomic spaces of the oral and maxillofacial region. Adapted from Hupp JR, et al. [20]. View Table 2

        


        Flynn, et al. classify the severity of infection according to the anatomical spaces invaded [21] Table 3. It has been reported that the most frequently involved aponeurotic space is the vestibular space (50%) [1]; while other studies concluded it was the buccal space (60%) [4] and the submandibular space (35%) [22]. Beyond these differences, it was concluded that odontogenic infections are responsible for 43%-60% of deep neck space infections [23,24].


        
          Table 3: Severity scale of the compromised anatomic spaces. Adapted from Flynn T, et al. [21]. View Table 3

        


        Diagnosis


        Clinical presentation


        The diagnosis of an OI is made from the patient's clinical history and symptoms. Establishing the onset of symptoms and propagation speed of the infection clarifies the severity [20].


        Physical examination of the patient plays an important role during diagnosis. In advanced stages of OI an alteration of vital signs along with leukopenia are manifested as a Systemic Inflammatory Response Syndrome. Temperature is < 36° or > 38°, heart rate > 90/min, respiratory rate > 20/min, and neutrophils > 12,000 mm3 [25].


        During the examination, swelling with redness of the affected area are observed Figure 1. The dental, periodontal and perioral status of the patient should be assess [9]. Three stages can be determined during the examination of the patient with OI: Inoculation, cellulitis or abscess [20] Table 4.


        
          [image: ] Figure 1: A) Swelling of the buccal space, Loss of nasolabial fold; B) Remission of infection. View Figure 1

        


        
          Table 4: Stages of infection. Adapted from Hupp JR, et al. [20]. View Table 4

        


        The classic signs and symptoms of inflammation are evidenced: pain, redness, heat, edema and loss of function. Depending on the severity of the infection thermal elevation, diaphoresis, general malaise, odynophagia, dyspnea, dysphagia and trismus are present; some of these signs and symptoms are indicators of an infection that requires in-hospital management by a specialist [3,9,20].


        Imaging


        There is a wide variety of options such as panoramic radiography, computed tomography (CT), magnetic resonance imaging (MRI) and ultrasound [16,26].


        Panoramic radiography is the imaging study of first choice in the protocol for the OI management since it shows signs of bone and dental destruction that guides the clinician to the origin of the infection [27] Figure 2.


        
          [image: ] Figure 2: Panoramic X-ray, Periapical osseous destruction of the second left lower molar. Roots remains of the second right lower molar. View Figure 2

        


        The overuse of CT as diagnostic imaging in cases of OI has been discussed on several occasions. Weyh, et al. published a guideline for CT request that considers signs and symptoms as "red flags" that suggest an increased risk of dissemination of the infection to deep anatomic spaces increasing the risk of complications [28] Figure 3. Some of them are trismus, dyspnea, dysphagia, non-palpable lower jaw border, tachycardia, among others [28,29].


        
          [image: ] Figure 3: Image ordering guidelines for odontogenic infection. Adapted from Weyh AM, et al. [28] View Figure 3

        


        The use of MRI, despite being superior in the diagnosis of bone and soft tissue alterations, has great disadvantages such as the time and money needed to perform it. On the other hand, the ultrasound can be a great tool in cases where a CT scanner is not available, allowing the evaluation and differentiation of purulent collections and vascularized areas [16].


        Laboratory studies


        Laboratory studies are not usually solicited during the treatment of an odontogenic infection. However, they can be useful when the infection occupies deep spaces that complicate the clinical examination. The study to request is a complete blood count; in which the white cells are evaluated with greater emphasis on the differential count. During the development of the bacterial infection, neutrophils are elevated above 12,000 mm3 as a sign that the immune system is fighting the infection; while after treatment, as a sign of resolution of the infection, neutrophils return to normal levels [19].


        Culture


        Regularly the elimination of the infectious focus, incision and drainage, and empirical pharmacological treatment are sufficient for the remission of the infection. Most are localized and can be treated on the outpatient basis; therefore, culture is not justified [28,30].


        Culture and bacterial sensitivity testing are ordered when infections progress rapidly to spaces of moderate or severe risk, recurrent infections, immunocompromised patients, infections that don't improve after 48 hours of antibiotic therapy [20,30].


        The technique of sample collection for culture and antibiogram is of great importance. Contamination of the sample by bacteria belonging to the normal flora of the skin or oral cavity should be avoided at all times, so the area should be previously sterilized [4].


        The best method for taking a sample is by aspiration of at least 2 ml of purulent content. However, if incision and drainage are required, "culturettes" tubes, which are sterile tubes containing conveyance for aerobic and anaerobic bacteria, should be prepared [20].


        Complications


        In normal systemic circumstances the immune system manages to contain the dissemination of the infection, so the vast majority of OI are localized. Patients with systemic diseases in which their defense mechanisms are affected, present a greater risk of developing complications, which can be local, by establishing themselves in adjacent tissues of the face and neck, or systemic, by spreading towards the circulation causing septicemia or infection distant from its source [22]. Due to the proximity of structures such as the airway, brain and heart, early diagnosis and treatment should be carried out to prevent danger to the patient's life. The OI has a mortality rate of 10-40% [25].


        Multiple complications have been reported as a consequence of odontogenic infection such as: Necrotizing mediastinitis [31], Ludwig's angina [32], infratemporal and temporoparietal fossa abscesses [33] Figure 4, deep neck infections [23,24], meningitis [34], osteomyelitis [35], intracranial abscesses [36,37], cavernous sinus thrombosis [38], necrotizing fasciitis [25], airway obstruction [25], and death [31,39].


        
          [image: ] Figure 4: Abscess of the temporal space. View Figure 4

        


        Ludwig's angina


        Is the most common complication of OI [2]. It refers to a diffuse cellulitis that occupies the submental, submandibular and sublingual space bilaterally. Is considered as an emergency because of its rapid onset [6]. Ludwig's angina from odontogenic source, usually, originates from second and/or third lower molar due to the proximity of the dental apices with the submandibular and sublingual spaces which communicate intimately with the submental space, and can spread to pharyngeal spaces until reaching the mediastinum [40].


        Some classic signs of Ludwig's angina are lingual proptosis and elevation of the floor of the mouth which obstructs the airway causing dyspnea, dysphagia, dysphonia and cyanosis [4].


        Treatment consists primarily on securing the airway either by endotracheal intubation or tracheostomy [6]. Elimination of the source of infection, incision and drainage of all infected spaces, and antibiotic therapy [41].


        Osteomyelitis


        Osteomyelitis is a rare infection and inflammation of the medullary zone of the bone due to bacterial invasion originating from different factors such as mandibular trauma, odontogenic or non-odontogenic infections that spread by blood. The extensive bone destruction that is usually seen implies risk of fracture of the affected bone [35]. Is more frequent in the mandible since the blood vessels of the periosteum do not penetrate the cortical bone [20].


        Among the characteristics of osteomyelitis are pain, tenderness, sinuous tracts, suppuration, bone sequestration. Radiographically, no signs of infection are observed during the first weeks. In chronic stages, bone sequestrum is observed as a radiolucent image that represents necrosis and bone destruction. A halo of greater density around the sequestrum, called involucrum, suggests bone regeneration as a response to inflammation [25]. The indicated treatment are broad-spectrum antibiotic therapy and profuse surgical curettage; also, bone resection for large bone destruction [2].


        Cavernous sinus thrombosis


        Is an infection that affects the cerebral sinuses. Because veins don't contain valves, blood flow arrives from several directions, connecting the cavernous sinus to the face through the angular vein which connects with the superior ophthalmic vein and to the palate through the pterygoid plexus via the inferior ophthalmic vein [25]. When infection reaches the cavernous sinus, regardless of the route, thrombosis occurs [9]. However, infections from the canine region via the angular vein are more frequent [38].


        The cavernous sinus contains cranial nerves III, IV, VI, V1 and V2. Ophtalmoplegia, loss of infraorbital and supraorbital sensitivity, mydriasis, palpebral ptosis and amaurosis can be observed [38].


        Surgery and intravenous broad-spectrum antibiotics are indicated. If treatment has not been initiated within the first 4 to 7 days, death usually occurs [25,38]. Along the years the mortality rate has decreased to less than 30% [38].


        Orbital abscesses


        Orbital abscesses are classified according to their location as pre-septal or post-septal. Post-septal abscesses, due to their proximity to the brain, have the potential to evolve into severe complications [41]. Its clinical characteristics are periorbital edema, chemosis, proptosis, ophthalmoplegia and loss of visual acuity [42].


        Deep neck infections


        Occurs when the infection spreads through anatomical planes to posterior regions of the neck such as the lateral pharyngeal and retropharyngeal spaces [23].


        Deep neck infections from odontogenic source account for 43% of cases [23] with amortality rate of 10-40% [43]. The airway can be compromised manifesting as dyspnea, dysphagia and dysphonia [23]. Because signs may appear in late stages, CT is recommended to observe the extent and location of the infection [44]. Surgical drainage and intravenous antibiotics are indicated [23].


        Necrotizing fasciitis


        Is an infection of the skin and subcutaneous tissue characterized by extensive and rapid dissemination associated to a mortality rate of 20-40%. Aggressive and extensive surgical debridement, fasciotomy and ventilatory and circulatory support are mandatory [25].


        Cervicofacial actinomycosis


        An infection of the soft tissues of the maxillofacial region, but may involve osseous tissue [20]. Its etiologic agent is Actinomyces israelii, an anaerobic gram-positive rod. It can develop within days, weeks, months or years [45].


        Clinically observed as a reddish-brown discoloration of the mandibular skin and sometimes as a suppurative irregular masses on the skin [45]. Unlike other infections, it does not spread through anatomic planes; rather, breaks through the soft tissues forming a sinuous tract that drains into the skin [20].


        Diagnosis depends exclusively on culture results. As an anaerobic bacteria, maximum caution must be taken during sample collection, which should be by aspiration preferably [45].


        Elimination of the infection source, extensive debridement, excision of the fistulous tract and placement of a drain are necessary for resolution of the infection [20]. It should be accompanied by antibiotics as penicillin G, penicillin V, erythromycin, cephalosporins or clindamycin [45].


        Airway obstruction


        When the airway is compromised, the use of accessory muscles such as the platysma and intercostal will be observed during respiration [46], stridor and sibilance will be heard, and to improve ventilation, the patient will present a head posture tilted forward or to the opposite side from the infection to align the upper airway with the trachea. Oxygenation less than 94% along with clinical signs of airway obstruction are indicative for establishing a safe airway by endotracheal intubation, tracheostomy or cricothyroidotomy [10]. The presence of trismus requires conscious intubation by fiberscope [47-49].


        Treatment


        The treatment of OI depends on the stage of the disease and is composed of local management, antibiotic therapy and surgical management [19].


        Local management


        The initial treatment should consist of analgesics for pain control, glycemic balance in diabetic patients and control of temperature and electrolyte balance, since for each degree of fever there is a fluid loss of 250 ml through perspiration [10,19]. The use of steroids is controversial, but some authors recommend the administration of a single dose of 2-3 mg/kg of methylprednisolone or 4-8 mg of dexamethasone over 24 hours to reduce swelling, pain and trismus [6,16]. In the authors experience it has been observed that warm physical means in the area of infection accelerates the formation of an abscess allowing early incision and drainage.


        Antibiotic therapy


        To choose the appropriate antibiotic, the stage of infection, causative microorganisms, route of administration, immunological status of the patient, and the spectrum and effect of action of the drug should be analyzed [2].


        The spectrum of the antibiotic to be administered should be in accordance with the stage of infection, avoiding the excessive elimination of microorganisms of the normal flora that induces the overgrowth of resistant bacteria. During inoculation, there is only a gram-positive aerobic flora, so that reduced-spectrum antibiotics such as penicillin V can be administered. In cellulitis stage the flora is mixed and in abscess stage is strictly anaerobic with a greater prevalence of gram-negative bacilli. Wide-spectrum antibiotics such as amoxicillin/clavulanic acid, ampicillin/sulbactam, cephalosporins, azithromycin, clindamycin, moxifloxacin and metronidazole must be prescribed [2,19]. The length of treatment will depend on the clinician and the evolution of the infection; however, it is recommended between 2 and 7 days [46].


        Selection between bactericidal and bacteriostatic antibiotic is of great importance. Bacteriostatic such as macrolides and tetracycline inhibit bacterial growth and multiplication, allowing the immune system cells to reach the site of infection and carry out phagocytosis. Bactericidal such as penicillin and clindamycin kill bacteria without relying on the immune system; therefore, are the antibiotics of choice in immunocompromised patients [2,20].


        If the infection progresses rapidly, there is no response to the first drug or increased coverage and bactericidal effect are required, the use of a double antibiotic regimen is indicated. Likewise, when the infection begins to spread from primary spaces, intravenous administration of antibiotics is ideal [2].


        Surgical management


        Surgical management of OI is based on two principles, which are elimination of the infection source and incision and drainage [20].


        Elimination of the primary source of infection can range from endodontic treatment to dental extraction. However, is recommended to wait for the antibiotic to take effect for a few days in cases of trismus or acute suppurative pericoronitis since the manipulation of tissues in this state may cause the infection to spread [10].


        The purpose of ID is the debridement of necrotic tissue and elimination of bacteria found in underlying tissues. When an abscess is drained, the hydrostatic pressure of the area decreases, improving blood flow, thus increasing the supply of defense cells and antibiotic to the infected site [20] Figure 5.


        
          [image: ] Figure 5: Incision and drainage of submandibular space. View Figure 5

        


        The ideal time for an ID is a controversial topic. Some clinicians advise it should be performed during the cellulitis stage since it changes the environment in the infection, decreasing the risk of dissemination and tissue necrosis. In deep neck infections it is almost impossible to diagnose clinically or radiographically the formation of an abscess, therefore, waiting is not recommend [46]. On the contrary, those who advise waiting for the formation of an abscess, based on the fact that cellulitis can remit with antibiotic therapy and the elimination of the infection source avoiding an invasive procedure [16].


        The incision is made under certain principles such as avoiding neurovascular structures, at the lowest possible point in the tension zone, following the facial relaxation lines and must be supported by healthy skin and subcutaneous tissue [46]. Intraorally, incisions are made at the point of maximum swelling or through the gingival sulcus [9]. The use of a surgical drain may be necessary, allowing the exit of fluids through the wound and facilitating the irrigation of the site [46].


        Follow-up


        Mild OI should be evaluated at 48 hours to assess the progress or resolution of the infection [10]. Severe OI in which ID and drain placement was performed require daily wound irrigation, as well as drain change every 72 hours. Between 48 and 72 hours postoperatively, trismus, pain, inflammation and neutrophil count should decrease [46].


        If there is no favorable evolution of the patient within 48 postoperative hours, laboratory tests, imaging studies and rotation of antibiotic therapy should be updated until adequate evolution is observed. The patient can be discharged once there is remission of the infectious process [46].


        Conclusion


        Odontogenic infection is polymicrobial, being gram-negative rods and gram-positive cocci the most frequently found; complications derived from odontogenic infections can be lethal if not well controlled and the most important factor in the resolution of the infection is the elimination of the primary source along with antibiotic therapy. Is a frequently consulted pathology; therefore, the clinician should know the basics on the management in order to prevent it from progressing and putting the patient's life at risk. This work provides information about odontogenic infection that allows to asses its presentation and possible complications; as well as, guidelines for diagnosis and management.
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