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    Abstract
During COVID-19 pandemic, mucormycosis has gained limelight with inadvertent increase in number of cases, despite being an uncommon, opportunistic, invasive mycotic infection otherwise. Suspected mucormycosis cases require rapid therapeutic and diagnostic intervention; delayed initiation of treatment is associated with increased mortality. It is of particular interest to prosthodontist because of the presenting symptoms and the oral and facial defects that result from the extensive surgical resection done in order to treat such aggressive disease.
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    Introduction


    In the recent times of COVID-19 pandemic, mucormycosis has gained limelight with inadvertent increase in number of cases, despite being an uncommon, opportunistic, invasive mycotic infection otherwise.[bookmark: ft1][1],[bookmark: ft2][2],[bookmark: ft3][3],[bookmark: ft4][4],[bookmark: ft5][5] The terms ‘mucormycosis’ and ‘zygomycosis’ are often used interchangeably in literature, however, after phylogenetic reanalysis of the Fungi kingdom the former is considered correct.[bookmark: ft1][1] The present review aims to highlight important attributes of mucormycosis from a dentists’ perspective which would capacitate and further augment the ability of dental practitioners to restore and recreate the deformity caused by the already developed havoc and hence, reduce the burden of the associated disfigurement.


    Epidemiology


    Globally, the reported prevalence of mucormycosis ranges from 0.005 to 1.7 per million population; however, the prevalence is nearly 80 times higher in India than in developed countries, in a recent estimate of year 2019–2020.[bookmark: ft3][3] An alarming increase in the number of COVID-19-associated mucormycosis has been observed in India.[bookmark: ft6][6] All-cause mortality rates for mucormycosis range from 40% to 80% with varying rates depending on underlying conditions and sites of infection.


    Etiology and Pathogenesis


    In earlier times, the infection was termed as “Zygomycosis” with fungi belonging to the phylum Zygomycetes as causative agents. However, the phylum Zygomycetes involves different orders of fungi which cause distinct types of infections, and thus, the terminology was considered to be very broad. The order Mucorales comprises 261 species in 55 genera, 38 of which have been associated with human infections.[bookmark: ft5][5] Over the years, the etiological fungi associated with mucormycosis have been methodically narrowed down to certain species belonging to the family Mucoraceae.[bookmark: ft6][6] The most common species all over the world is Rhizopus arrhizus (formerly Rhizopus oryzae). Other isolated fungi belong to the genera Lichtheimia, Mucor, Rhizomucor, Cunninghamella, Saksenaea, Apophysomyces, Cokeromyces, Actinomucor and Syncephalastrum.[bookmark: ft4][4] Mucorales can gain entry to a susceptible host through inhalation, ingestion of contaminated food, and through an abraded skin.[bookmark: ft7][7],[bookmark: ft8][8],[bookmark: ft9][9] The most important conditions that predispose to mucormycosis include diabetes mellitus (DM), with or without ketoacidosis, hematological malignancies (HM), other malignancies, transplantation, prolonged neutropenia, corticosteroids, trauma, iron overload, illicit intravenous drug use, neonatal prematurity and malnourishment.


    Clinical Presentation


    Tissue necrosis due to invasion of blood vessels and subsequent thrombosis are the hallmarks of invasive mucormycosis.[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft12][12] Accordingly, invasive mucormycosis is classified as one of the following 6 major clinical forms: (1) Rhinocerebral, (2) Pulmonary, (3) Cutaneous, (4) Gastrointestinal, (5) Disseminated, and (6) Miscellaneous, such as endocarditis, osteomyelitis, peritonitis, and renal infection [Table - 1].[bookmark: ft5][5] Any of the species of the Mucorales may cause infection at these sites.
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    Diagnosis


    Diagnosis consists of recognition of risk factors, assessment of clinical manifestations, early use of imaging modalities and prompt initiation of diagnostic methods based on histopathology, cultures and advanced molecular techniques. The application of immunohistochemistry with commercially available monoclonal antibodies or PCR techniques. The in-house tests that have been developed so far use different probes and primers. Three Mucorales species- Rhizopus arrhizus var. arrhizus, R. arrhizus var. delemar and R. microsporus, had distinct breath profiles of the volatile metabolite sesquiterpene, which could be used to identify these infections in vivo by thermal desorption gas chromatography/tandem mass spectrometry (GC–MS).[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13],[bookmark: ft14][14]


    Management


    Mucormycosis treatment recommendations were published by the European Conference on Infections in Leukemia (ECIL) in 2017 and updated by the European Confederation of Medical Mycology (ECMM) in 2019. Liposomal Amphotericin B (L-AmB) remains the first-line drug in mucormycosis therapy. Isavuconazole (ISZ) and new Posaconazole (PSZ) formulations have been added to the guidelines but in second-line treatment following L-AmB. Few anti-Mucorales drugs such as Rezafungin, SCY-078, Orolofim, and encochleated amphotericin B etc. are currently under development.[bookmark: ft5][5],[bookmark: ft6][6],[bookmark: ft7][7]


    Prosthodontic management


    Defects resulting from surgical debridement or disease extension from mucormycosis differ significantly from the defects that result from tumor resection because of the unpredictable, indefinable advancement of the fungus clinically and because of the probability that additional debridement procedures will be required. In addition, the marginal tissues may be ischemic, precluding the use of skin grafts to cover the raw tissue surfaces, at least during the treatment phase. These defects are allowed to epithelialize spontaneously, generally resulting in a nonkeratinized mucous membrane that provides a poor stress-bearing surface.[bookmark: ft6][6] Provision of prosthodontic rehabilitation is compounded in mucormycosis patients especially when they are also edentulous, as the resultant defect often cannot be used effectively to retain, support, or stabilize the obturator prosthesis. The size and extension of the defects differ widely depending on the invasion of the fungus and may extend inferiorly from the paranasal sinuses to the palate and intraoral regions, and may also extend posteriorly and laterally to involve orbital compartments and midfacial regions, thus giving rise to extraoral defects as well. Accordingly, the prosthodontic treatment options for rehabilitation needs to be customized for each case and hence, it varies from patient to patient. Definitive prosthodontic treatment should only be considered once the healing is complete since the presentation of the permanent defect is decided based on the healing process and scar contraction.


    Rehabilitation of intraoral defects


    An obturator prosthesis is most frequently the choice of treatment due to the complexity of maxillary surgical reconstruction and the uncertainty of the functional outcome. It can be surgical, interim or definitive obturator prosthesis, which recreates a partition between the oral and nasal cavities, restores facial contour, improves mastication, articulation, and speech intelligibility, provides lip support, supports orbital content to prevent exophthalmos and diplopia, and reduces drooling. Weight reduction is critically important when the prosthesis is suspended without much remnant bone and tooth support. A lighter obturator improves suspension cantilever mechanics, prevents overstressing of the remaining supporting structures, and increases retention.[bookmark: ft7][7] Since the margin of the defect resulting from surgery cannot be predicted beforehand, it is difficult to determine the exact extension of the immediate surgical obturator and often necessitates modification at surgery and after subsequent debridement procedures.. In order to cover the inadequate extension of the surgical resected site, soft liner is being used in immediate surgical obturator. The soft liner acts as a carrier of fungal and bacterial growth due to rough surface created by the leaching of the plasticizer and the poor maintenance of the prosthesis hygiene. Whereas, the delayed surgical obturator extends into the defect site without any additional reinforcement and benefits the patient during the swallowing providing comfort and reducing hypernasality. The impression for delayed surgical obturator is being made within few days of the surgical procedure; hence, the complete extension of the surgical site is obtained. It is highly recommended to reduce the time duration between an impression and obturator fabrication, as the time lag would result in tissue contraction and edema, making it extremely difficult to insert the obturator. An added advantage with delayed surgical obturator is that it could be easily converted into an interim obturator wherein the extension of the obturator is not compromised until a final prosthesis is fabricated. Definitive prosthodontic treatment should be considered only when healing is complete because the configuration of the permanent defect will be determined by the healing process and scar contraction will be a prominent feature. Definitive obturator prosthesis is fabricated when tissue changes or recurrence of the disease are unlikely. It incorporates a metal framework in its design which replicates the palate and supports the bulb portion of the obturator. The bulb portion of the obturator can be solid, open- hollow or closed- hollow in design.[bookmark: ft1][1] The open-hollow bulb design is preferred over the closed-bulb design because it is lighter in weight, easier to fabricate, and produces noticeably better articulation. However, it should be used when the weight of the prosthesis is a major concern, and only when regular follow-up is feasible because the open design tends to accumulate mucous secretions, which can be a source of infection.


    Rehabilitation of extraoral defects


    Facial defects also heal by secondary intention, with considerable scarring, contracture, and distortion of adjacent facial tissues. The defects that result is very difficult to restore prosthetically since the mucormycosis is not confined within convenient boundaries and has varied presentation among different patients. Facial defects may result from surgical debridement of isolated lesions involving only orbit or nose with or without involvement of intra- oral regions and may also extend to ala of nose or malar regions in the perisinusal areas on the affected side. A team approach involving the ophthalmologist, oto-rhinolaryngologist, clinical microbiologist, plastic surgeon and maxillofacial prosthodontist is needed to help patient survive the disease with good result.[bookmark: ft8][8] For the purpose of prosthetic rehabilitation of facial defects, biomaterials such as PMMA, PVC, polyurethane, and silicone have been used. Silicones gained more popularity through the years due to its good physical properties, excellent biocompatibility and good thermal stability. They can be extrinsically or intrinsically stained and is sanitary. Acceptable esthetic results usually can be obtained by a facial prosthesis. However, retention of a large prosthesis can be challenging. Various methods of auxiliary retention for facial prosthesis have been described in the literature; they include eyeglasses, denture extensions that engage tissue undercuts, magnets, facial prosthetic adhesives, or combination of the above, and craniofacial implants. All of these types of prosthesis retention can be broadly grouped under two headings: “osseointegrated systems” and “non- osseointegrated systems.” Osseointegrated implant retention systems include bar-clip, O-ring, or magnet. Furthermore, the “non- osseointegrated systems” retain prosthesis anatomically, mechanically, chemically, and surgically.[bookmark: ft1][1] For rehabilitation of facial defects caused by mucormycosis, a direct contact of adhesive-retained silicone prosthesis is not recommended because of the risk of accelerated deterioration of the prosthesis and to minimize the risk of recurrence of infection. Although the placement of implants has been documented, there is an increased risk of failure due to soft tissue infections, decreased vascular perfusion, poor remodeling capacity of the bone-implant surface, and lack of stabilizing bone volume in proximity to the frontal sinus.


    Rehabilitation of combined extra- and intraoral defects


    Extensive maxillary resection along with debridement of necrotic facial tissues leads to complex maxillofacial defect that needs rehabilitation with obturator along with facial or orbital prosthesis. For such combined prosthesis, the extra-oral and intra-oral components of the prostheses can be attached to each other with magnetic attachments and buttons, or other innovative tools such as a brass cylinder and housing, a pin and socket of an electricity plug, etc.[bookmark: ft9][9] For complex defects with compromised bony and dental support, where an increased movement of the obturator is expected, providing a non rigid attachment with a movable joint between both components helps to reduce the movement of the extraoral prosthesis when the obturator functions.


    Recommendations for Prosthodontic Rehabilitation of Mucormycosis


    Early recognition, diagnosis and prompt extensive surgical debridement of infected tissues must be emphasized which increases survival and limits the extent of disfigurement and suffering. Particular attention should be given towards recognition and correction of underlying predisposing factors. Explicit planning prior to surgery regarding the surgical margins may not be possible in mucormycosis cases which precludes the use of immediate surgical obturator. However, fabrication of delayed surgical obturator can be planned in such cases with careful consideration. Careful evaluation of surgical margins and tissue bed of the resected site facilitates planning for future prosthodontic rehabilitation, since prosthodontic planning prior to surgery is often not possible while treating such life threatening disease. Definitive rehabilitation should begin only after complete healing and after bypassing any chances of recurrence. Daily care of the prosthesis should be advised with suitable cleansing agents such as 1% chlorhexidine solution and oral hygiene procedures should be insisted at each visit. A frequent follow- up schedule must be devised for each patient to rule out recurrence and to evaluate functioning of the existing prosthesis.


    Conclusion


    As India is a developing country with limited health infrastructure, spreading mass awareness is crucial, since prevention of such life threatening disease would result in lesser economic burden than therapeutic control of the same, if outbreak occurs. It is important to understand various reconstructive and rehabilitative procedures and encourage prosthodontists to share their experiences which would ultimately help to cater services to these large group of population.
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Clinical forms

Pathogenesis of disease state

Underlying host risk factor

Clinical manifestations

Rhino-orbital-
cerebral

Pulmonary

Cutaneous

Gastrointestinal

Disseminated

Miscellaneous

Inhalation of sporangiospores into paranasal sinuses
which can further spread to involve sphenoid sinus,
cavernous sinus and brain tissue

Pulmonary blood vessels get invaded by hyphae which
can further lead to hemorrhage, ischemia, thrombosis,
infarction of distal tissue

Direct inoculation of spores into the skin which may
lead to disseminated disease, but chances are very less
to occur from internal organ to skin

By ingestion of contaminated milk, porridge, breads,
alcoholic drinks, herbal and homeopathic formulation
due to which stomach and colon get affected

Mucormycosis from one organ can spread to

other organ through blood, lungs infection is most
commonly associated with dissemination

Fungal infected/ contaminated medical devices,
Mucorales contaminated food stuff such as barley,
wheat, onions, cottons, sweet potatoes, oranges, honey
and tomatoes

Malignancy, Diabetes mellitus,
organ transplant

Under chemotherapy,
neutropenia, lung
transplantation

Trauma/ burn of skin in
susceptible host

Malnourished children,
diabetes mellitus, premature
baby, immunosuppression.

Iron overload

Traumatic inoculation during
surgery, contaminated medical
devices (catheters, adhesive
tapes), immunosuppressive
patients

Sinusitis, eye/facial pain,
facial numbness, blurry vision,
proptosis, headache
Prolonged fever,
nonproductive cough,
endobronchial lesion result

in obstruction of airway,
hemoptysis

Gradual onset to invasive one,
fulminant disease, can lead to
gangrene and hematogenous
dissemination

Appendiceal, gastric,

cecal, gastric perforation,
neutropenic patient with fever,
typhlitis and hematochezia
Depend on the site of
infection and intensity of
invasion

Infection of skin, prosthetic
valve endocarditis,
osteomyelitis, peritonitis,
gastrointestinal disease
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