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Abstract

:

Odontogenic maxillary sinusitis (OMS) is an inflammatory condition affecting the paranasal sinuses and is commonly encountered by both Otorhinolaryngologists and Dentists. However, there is an ongoing debate regarding the best sequence of management. Clinicians are faced with the dilemma of first addressing either the affected tooth or the affected sinus. This paper provides a review of the current literature on the aetiology, presentation, and management of OMS, as well as our experience in managing this condition. Overall, the causative pathology of the patient’s OMS, their symptoms, and the risk of surgery should drive decision making with regards to sequence of management.
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1. Introduction


Odontogenic maxillary sinusitis (OMS) is an inflammatory condition affecting the paranasal sinuses as a consequence of underlying dental pathology, trauma or instrumentation. It is encountered by both Otorhinolaryngologists and Dentists and is implicated in 5% to 40% of all cases of chronic maxillary sinusitis [1]. OMS most commonly occurs in the fifth to seventh decades of life, with a slight female predilection. It has seen a growing incidence in recent years, linked to a rise in dental procedures [2,3,4,5,6].



The paired maxillary sinuses lie within the maxillary bone and are bounded superiorly by the orbital floor, posteriorly by the anterior border of the pterygopalatine fossa and inferiorly by the alveolar process of the maxilla. The maxillary tooth roots commonly reach the floor of the maxillary sinus, providing a route for an infection to spread from the oral cavity into the maxillary sinus [3,7]. The maxillary sinus is lined by pseudostratified ciliated respiratory epithelium and drains via its superiorly located ostium into the infundibulum, through the hiatus semilunaris and into the middle meatus. An extension of inflammation from the maxillary sinus to the osteomeatal complex (OMC), the common drainage pathway of the anterior ethmoid and the maxillary and frontal sinuses, may lead to other sinuses becoming affected [8].



Anatomic variations that impair mucous drainage or narrow the OMC can predispose the development of sinusitis and treatment failure. The most common anatomical variant is the infraorbital ethmoid cell, which narrows the outflow tract and compromises the flow. The outflow tract is rarely compromised by concha bullosa or septal deviations except in extreme circumstances. The development of knowledge of the complex and variable anatomy of the sinuses and their drainage pathways is therefore imperative in the successful management of OMS [9]. For example, the degree of pneumatization of the maxillary sinuses can vary greatly between individuals. Hypoplasia is reported in 1–11% of the population, and may be related to congenital syndromes, trauma or iatrogenic injury [10]. Limited airflow within hypoplastic sinuses can impair mucociliary activity, which allows mucostasis and bacterial invasion to develop [11]. Other variants include the presence of accessory ostia, which is found in 20–50% of individuals. This is thought to be a consequence of impaired drainage from the primary ostium, due to chronic inflammation or other structural or pathological anomalies affecting the middle meatus. While accessory ostia can relieve maxillary sinus pressure in sinusitis, they can also result in the “recirculation syndrome”, whereby mucous re-enters the sinus via the main ostium rather than following the normal drainage pathway, again predisposing the sinus to inflammation [10].



The purpose of this article is to provide a comprehensive review of the recent literature pertaining to the aetiology, clinical findings, diagnostic modalities and best sequence of management of OMS, allowing us to better understand the role of and interaction between the Otorhinolaryngologist and Dentist. A literature search was performed using the Medline, EMBASE, and EBMR databases. All of the full-text articles on OMS, pertaining to humans, written in English and published between 2001 and 2021 were included in the review. The search terms used were “odontogenic, dentigerous, cyst, radicular, keratocyst, periapical abscess and maxillary sinusitis”. Of the 260 records obtained, 223 abstracts were assessed for eligibility for their inclusion after screening duplicates. Reports that included a single patient experience, orbital sequelae, and malignancy were excluded. Key article references were searched, resulting in 14 additional papers. Subsequently, 158 papers were included for consideration and 55 were cited in this paper. See Figure S1, which has been adapted following the PRISMA guidelines detailing search results and the excluded articles [12].




2. Aetiology


First described in the literature in 1943, Bauer demonstrated through post-mortem histopathological analysis that once odontogenic microbes reached the maxillary alveolar bone, they could spread via lymphovascular channels within the bone to reach the Schneiderian membrane lining the maxillary sinus [13]. The subsequent inflammation and oedema could impair drainage via the osteomeatal complex resulting in OMS. In the years since, a variety of odontogenic causes of maxillary sinusitis have been described, including iatrogenic, endodontic, and periodontic [2,3,14,15,16].



2.1. Iatrogenic


Iatrogenic causes are the most common causes of OMS. In their systematic review, Lechien et al., determined that 65.7% of the 674 cases reviewed were iatrogenic [3]. Furthermore, in a meta-analysis of 770 patient cases Arias-Irimia et al. identified 55.97% of patient cases as being iatrogenic in origin [2]. Dento-alveolar surgery and its complications precipitate OMS by either an inadvertent compromise to the Schneiderian membrane through an oro-antral communication (OAC), or through the introduction of a foreign body such as dental implants or obturation material (Figure 1) [2,15,16,17]. Although an OAC may epithelialize to become an oro-antral fistula (OAF), this is not necessary for the transmission of microbes to the maxillary sinus. A sinus lift is a dento-alveolar procedure of increasing popularity that incurs a 23.5% weighted risk of OAC creation [18]. In this procedure, a deliberate osteotomy is made to the lateral maxillary wall to access and ‘lift up’ the Schneiderian membrane, to provide space for a bone graft. This exposes the bilaminar Schneiderian membrane to microbes within the oral cavity and may inadvertently result in an OAC, thereby precipitating OMS [15]. The implantation of foreign bodies such as dental implants or amalgam for obturation provide vectors for infection [19]. A dental amalgam containing zinc oxide, sulphur or calcium salts can accelerate fungal growth, especially in those who are immunocompromised [3]. The extraction of native teeth has also been implicated in the formation of an OAC at rates of 0.31% to 4.7%, thereby promoting OMS [15].




2.2. Endodontic and Periodontic Disease


Endodontic and periodontic diseases include apical periodontal pathology (such as apical periodontitis with or without periapical lesions), odontogenic cysts, pulpal necrosis and root fracture (Figure 2) [14,16]. Periapical lesions refer to periapical cysts, abscesses, or granulomas [20]. The common developmental odontogenic cysts implicated in OMS include dentigerous cysts (Figure 3), whilst inflammatory odontogenic cysts associated with OMS include radicular cysts [21]. A periapical or endodontic infection occurs when oral bacteria accesses the vital pulp [15]. As it becomes immunologically shielded by the physical barrier of the tooth root, once an infection is within the vital pulp it can easily spread to the apical root causing periapical lesions which are in close proximity to the maxillary bone and sinus. Lechien et al., demonstrated that the upper molars, specifically the first and second molars, are most frequently implicated in OMS [3].




2.3. Microbiology


With regards to microbiology, the literature is unified in the polymicrobial nature of OMS [1,4,16,22,23]. Whilst anaerobic agents are more commonly found than their counterparts, there is less consensus in the literature regarding the primary causative organism in OMS [16]. In a recent retrospective study comparing cultures taken from 276 patients with chronic rhinosinusitis (CRS) or OMS, it was found that the common OMS microbes included a mixture of Fusobacterium species, Eikenella corrodens, and Streptococcus species [16]. Interestingly, there was no significant difference in the polymicrobial burden between OMS and CRS, however, Pseudomonas aeruginosa and Staphylococcus aureus, common pathogens in CRS, were less likely to be found in OMS [16]. Conversely, Zirk et al., found that Pseudomonas aeruginosa was significantly associated with migrated implants and obturation material in OMS [4]. The most frequent fungal infection, especially in apical periodontitis due to proximity to the maxilla, is Aspergillus species [24,25].





3. Presentation


Patients with OMS often complain of unilateral facial pain, pressure or nasal congestion, purulent anterior rhinorrhoea, post-nasal drip and cacosmia. For any sinus patient with unilateral symptoms, who describes a “foul smell”, odontogenic causes of sinusitis are always high on the differential list. Dental pain is present in only one third of such patients [26,27]. Importantly, OMS may arise as a late complication of dental implants, thus a thorough history of both recent and distant dental procedures should be obtained [26,28]. The examination should include a thorough inspection of the patient’s dentition, including the presence of implants and their condition, root fractures, OAF, and the condition of the dental pulp. The most common finding on nasoendoscopy is the occurrence of unilateral purulent discharge from the middle meatus and inflammatory changes of the nasal mucosa (Figure 4) [7,26].



Imaging plays a crucial role in diagnosis and in guiding management. Computed tomography (CT) of the paranasal sinuses is the gold standard for the evaluation of maxillary sinusitis, providing an excellent bone and soft tissue resolution [29]. Unilateral maxillary sinus opacification is the most common finding of OMS on CT, and is present in 70% to 100% of cases [8,27,28,30,31,32,33,34,35,36,37,38,39,40]. The presence of periapical lucencies is the most common indicator of an odontogenic source (Figure 5) [41]. It is important to note that dental pathology is often underreported by radiologists, with between 35% and 66% of dental disease missed on CT reports, necessitating the careful assessment of the maxillary dentition on CT by the clinician [30,33,42]. Though less sensitive, periapical radiography can be used as a tool to identify dental caries and periodontal disease [7]. Cone Beam CT (CBCT) scans are routinely used in many dental practices for both diagnostic purposes and when planning for implants. CBCT’s undeniable advantage of multiplanar reconstruction has revolutionized implant dentistry; it allows visualization without the superimposition of structures [43]. It is the authors’ opinion that most parameters are set to exclude the maxillary outflow tracts, therefore, when maxillary pathology is incidentally picked up, further management decisions are limited. An inclusion of the OMC would allow for better medical management options to be implemented.




4. Management


Cause directed management is crucial in OMS. Management options for OMS can be broadly divided into medical, dental, and surgical categories. In a retrospective analysis of cultures taken from 121 patients with OMS, Zirk et al. tested microbiological susceptibility to common antibiotics and determined that penicillin beta-lactamase inhibitor combinations (Piperacillin/Tazobactam 93%, Amoxicillin/Sulbactam 80%) and quinolones (Moxifloxacin 86.2%) induced the highest rates of susceptibility [4].



Whilst antimicrobial therapy alone is not advocated for in treating most cases of OMS, it can be useful in temporary symptom alleviation [14,36]. The inflammation and obstruction of sinus outflow tracts result in persistent sinonasal symptoms, and the addition or sole use of topical anti-inflammatories in the form of intranasal corticosteroids is often necessary to treat symptoms and OMS [44]. Furthermore, no studies have directly assessed the efficacy of antimicrobial therapy alone in treating OMS, with many case series focusing on dental and surgical intervention after the failure of antimicrobial-only therapy [36]. Thus, dental and surgical options for definitive treatment are necessary in combination with supportive antimicrobials and/or topical anti-inflammatories.



Dental treatment centers on root canal therapy or tooth extraction to obtain source control over endodontic infections [15]. Root canal therapy involves the removal of the neurovascular contents of a tooth (dental pulp) before it is replaced with obturation material. However, if this fails, tooth extraction may be required. When considering dental treatment alone, Longhini and Ferguson’s 21 patient case series found 90% resolution [27]. In addition to their small patient population, they did not consider sinonasal symptoms or the follow up duration when analyzing successful resolution. Larger retrospective studies, which include 43 and 39 patients, have shown lower success rates at 52% and 51% respectively [45,46]. In a more recent prospective study of 11 patients that accounted for sinonasal symptoms and nasoendoscopic findings, only 36% experienced resolution of OMS within 2.5 months of dental treatment alone [36].



Surgical options in the management of OMS must consider the access required and the sinuses involved. Surgery can be categorized as either endoscopic or open and is performed primarily by Otorhinolaryngologists. In circumstances that require greater access, the Caldwell-Luc approach has been used historically [28]. This was followed by a transoral approach through the anterior wall of the maxillary sinus or via the canine fossa [4,34,47]. However, with technical advances, trans-nasal endoscopic sinus surgery (ESS) has become the main form of treatment for maxillary sinusitis, including for that of odontogenic origin [14,48]. A multitude of endoscopic techniques have been used in the treatment of odontogenic disease, including maxillary antrostomy, “mega-antrostomy,” and modified medial maxillectomy (MMA). A systemic review of case reports showed these were effective and safe options [49]. In the authors’ experience, with MMA we are able to access and manage a variety of dental pathologies endonasally, including the repair of select OAF using vascularised floor mucosal flaps.



In our analysis of 556 MMA cases reviewed for a variety of pathologies including 17 that were odontogenic in origin, we demonstrated very low morbidity, with 1.3% of patients experiencing post operative bleeding, no orbital or lacrimal injuries, no cosmetic changes or permanent paraesthesia, and a mucostasis rate of 9.4% (non-functioning sinus with sumping), none of which occurred in the odontogenic group. We demonstrated a significant improvement in the SNOT-22 score and a revision rate of 3.4%, again with none of the odontogenic cases requiring revision. (Figure 6) (Current research unpublished).



Kim et al., found a 100% success rate for ESS which included antrostomies of the involved sinuses with the removal of inflammatory mucosa, when performed alone after the failure of antibiotics [50]. Whilst foreign bodies were removed and OAFs were closed with local flaps in their case series, dental implants that may have protruded into the maxillary sinus were not removed. Of the 19 patients with iatrogenic dental implant OMS that Kim et al. followed prospectively for 2 years, 4 were managed conservatively with antibiotics whilst the remaining 15 progressed to ESS after the failure of conservative therapy [50]. Contrastingly, both Chen et al., and Doud Galli et al., found lower success rates of 69% and 57% respectively for dental implant related OMS [39,51]. In both studies, those patients that did not respond to ESS found resolution with dental intervention. In Doud Galli et al.’s 14-patient study, ESS constituted a middle meatal maxillary antrostomy with the routine removal of visibly extruded dental implants [51]. However, in Chen et al.’s 18 patient study, an antrostomy of the involved sinuses was performed without the removal of dental implants during ESS [39].



Combined dental and ESS management consistently demonstrates high success rates of 90–100% in the management of OMS refractory to medical management [5,20,34,36,38,40,45,46,47,52,53]. Furthermore, Saibene et al., proposed a treatment protocol which combines dental and surgical input with a 97.6% success [53]. Treatment combinations of ESS, dental implant removal and OAC repair were determined by dividing patients into three groups based on whether they had pre-implant, implant-related, or dental disease [53].



Although there is a consensus that a combination of dental and surgical inputs is required in the workup and management of OMS refractory to medical therapy, the ideal sequence of which expert should first administer treatment is still not clear [14,53]. Previous studies suggest that primary dental intervention should be followed by ESS only if necessary [3,15,54]. Contrastingly, other multi-disciplinary groups have reached a consensus that primary ESS be performed in OMS, with those refractory to surgical management necessitating secondary dental intervention [14]. There is an absence of high-level evidence to suggest either is correct, and this remains an avenue for future research.




5. Recommendations


It is our opinion that odontogenic sinusitis, which does not respond to appropriate medical management, warrants effective endoscopic surgical intervention. The rationale is that this can safely relieve the sinus outflow obstruction and reduce the risk of OAF. Simply removing the offending tooth does not always settle the underlying sinus inflammation. Furthermore, by using MMA approaches, the dental disease can be partially or totally addressed in the same surgery. Close inspection of the maxillary outflow tract and OMC is critical in determining whether to proceed with ESS or dental intervention. In patients with patent OMC post medical management, it is reasonable to proceed with dental interventions. However, some patients with partially or completely obstructed OMC secondary to mucosal inflammation may have pathologies such as fungal debri or polyps, or anatomical restrictions such as infraorbital ethmoid cells, large concha bullosa or lateralized uncinates. In this situation, addressing the sinuses first is a better option in our opinion (Figure 7).




6. Conclusions


It is evident that a shared-care model be applied to OMS wherein the key stakeholders are Dentists, Otorhinolaryngologists, and the patient. The causative pathology of the patient’s OMS, their symptoms, and the risk of surgery should guide decision making with regards to the sequence of management. Future research should focus on producing high-level evidence to better guide the sequence of specialist management for the treatment of OMS.
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Figure 1. Computed tomography demonstrating iatrogenic left maxillary sinusitis secondary to (a) dental implant; (b) sinus lift; (c) sinus lift and dental implant and; (d) oro-antral fistula on the right (arrow) and evidence of a fungal ball and obstructed osteomeatal complex on the left (star). 






Figure 1. Computed tomography demonstrating iatrogenic left maxillary sinusitis secondary to (a) dental implant; (b) sinus lift; (c) sinus lift and dental implant and; (d) oro-antral fistula on the right (arrow) and evidence of a fungal ball and obstructed osteomeatal complex on the left (star).
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Figure 2. Computed tomography demonstrating maxillary sinusitis secondary to (a) periapical abscess on sagittal view (horizontal arrow) and; (b) periodontic disease on coronal view (vertical arrow). 
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Figure 3. (a) Computed tomography demonstrating left maxillary sinusitis secondary to a dentigerous cyst, and; (b) tooth extracted from dentigerous cyst after Modified Medial Maxillectomy approach. 
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Figure 4. Nasoendoscopic view showing purulent discharge from the right middle meatus. 
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Figure 5. Computed tomography demonstrating left maxillary sinus opacification with surrounding hyperostosis secondary to a periapical abscess (horizontal arrow). 
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Figure 6. (a) Nasoendoscopic view and (b) computed tomography demonstrating excellent access for disease monitoring post right medial maxillectomy. 
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Figure 7. (a) Minor mucosal changes but patent OMC (star) (b) infraorbital cells blocking OMC (cross) (c) Concha Bullosa blocking OMC (triangle). 
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