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Mucormycosis is a fungal infection mainly introduced 
through the nasal and paranasal sinuses, which infiltrates 
into blood vessels, reduces blood flow to tissues, and caus-
es thrombosis. Fungal involvement of the jaw bone can 
cause osteomyelitis, especially in the maxilla and maxillary 
sinuses adjacent to the paranasal sinus.1,2 Mucormycosis 
of the jaw bone is very rare, and its clinical signs are also 
non-specific. Moreover, the characteristic imaging findings 
of mucormycotic osteomyelitis have not been detailed, 
making it difficult to diagnose on imaging. However, early 
diagnosis and aggressive treatment are essential because 
mucormycotic infections tend to expand aggressively, and 
the prognosis varies depending on the patient’s underlying 
condition.3,4

Since around 2020 and 2021, reports of mucormycosis 
cases in coronavirus disease 2019 (COVID-19) patients 
have been increasing rapidly, especially in India.1,2,5-9 Some 

literature has referred to this disease as COVID-19-asso-
ciated mucormycosis.2 COVID-19 is an infection caused 
by severe acute respiratory syndrome coronavirus 2, a pan-
demic disease that has been causing global problems since 
it was first reported in Wuhan, China in 2019. COVID-19 
affects not only the respiratory system, but also various 
organs in the body, causing various complications and op-
portunistic infections that can lead to death. In particular, 
the elderly, immunocompromised, or patients with under-
lying diseases such as diabetes or hypertension are more 
likely to experience serious symptoms and complications.10 
The purpose of this report was to present a case of mucor-
mycosis-related osteomyelitis of the maxilla with imaging 
findings in a patient with diabetes who had a history of 
COVID-19 infection.

Case Report
A 37-year-old male patient visited a local clinic with se-

vere pain in the right maxilla. The pain was not relieved 
even after root canal treatment and serial extraction of the 
right maxillary first premolar and first molar. Due to per-
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sistent pain and a sudden increase in the mobility of the 
right second premolar and molar, he was transferred to the 
Department of Oral and Maxillofacial Surgery at Seoul 
National University Dental Hospital 2 days later. The pa-
tient complained of extreme pain and a feeling of paralysis 
extending up to the head. The patient had been taking di-
abetes medication for 2 years and had mild hypertension. 
Panoramic radiography showed no significant pathological 
findings such as bone destruction in the right maxilla, other 
than radiopaque foci thought to be a filling material at the 
extraction site of the right maxillary first molar (Fig. 1). 
In an oral examination, pale bone exposure was found in 
the extraction socket of the right maxillary first molar, but 
there was no pus discharge. A blood test showed a serum 
glucose level of 185 mg/dL. At first, based on clinical find-
ings such as bone exposure limited to the extraction site, 
increased tooth mobility, and persistent pain, osteomyelitis 
was suspected, and contrast-enhanced computed tomogra-
phy (CT) of the paranasal sinuses was performed.

The enhanced CT scans were acquired by multi-detector 
CT (SOMATOM Definition Edge, Siemens, Erlangen, Ger-

many), using a tube voltage of 120 kV, tube current of 400 
mA, 3-mm slice thickness, and intravenous administration 
of non-ionic iodinated contrast material. The CT scans 
showed multiple air voids throughout the alveolus from 
the lateral incisor to the second molar of the right maxilla, 
presumed to be gas-forming (Figs. 2A and B). However, 
there was no evidence of destruction or isolation of corti-
cal bone, or periosteal new bone formation. Inflammatory 
changes in the surrounding soft tissues were not evident. 
Mucosal thickening with air-fluid level blocking the osti-
um was also observed in both maxillary sinuses, and it was 
especially severe on the right side (Fig. 2C). The first imag-
ing diagnosis was emphysematous osteomyelitis caused by 
gas-forming microbes. Based on clinical and imaging find-
ings, sequestrectomy was performed in the right maxillary 
first molar area (Fig. 3). After the first operation, co-admin-
istration of antibiotics and analgesics, wound dressings, 
and saline washing were continued for about 2 weeks be-
fore a histopathological diagnosis was obtained. However, 
after 3 days, a buccal gingival fistula was observed with a 
percussion response of the right maxillary lateral incisor. 

Fig. 1. Preoperative panoramic 
radiograph shows radiopaque foci 
thought to be a filling material at 
the extraction site of the right max-
illary first molar, but there are no 
significant pathological findings in 
the right maxilla.

A	 B	 C

Fig. 2. A. A bone setting computed tomographic (CT) image shows multiple air voids (arrows) throughout the right maxilla and inside the 
extraction socket of the maxillary first molar. B. An axial enhanced CT image shows no significant inflammatory changes in the soft tissue 
surrounding the right maxilla. C. An axial enhanced CT image shows mucosal thickening with air-fluid level in both maxillary sinuses.
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Palatal fistula formation was also observed. A few days 
later, the mobility of the right maxillary second molar in-
creased rapidly, and a slight pus discharge was observed 
in the gingival sulcus. The histopathological findings led 
to a diagnosis of an invasive fungal infection, consistent 
with mucormycosis (Fig. 4). Meanwhile, in the course of 
surgery and supportive care, it was found that the patient 
had been infected with COVID-19 about 2 weeks ago and 
received home treatment, and the COVID-19 infection was 
presumed to be related to the onset of mucormycosis. The 
patient was referred to the Department of Infectious Dis-
eases and started antifungal medication (amphotericin B). 
Additional sequestrectomy was then performed on the right 
maxilla, including the anterior and premolar region, maxil-
lary tuberosity, and right maxillary sinus (Fig. 5).

One month after discharge, the patient came to the hos-

pital for follow-up and complained of increased mobility 
and pain in the right anterior and canine areas. No signs of 
infection were observed on an oral examination. However, 
enhanced CT scans showed that bone destruction had pro-
gressed to the palatine bone and the left anterior maxilla 

(Figs. 6A and B). In addition, erosive bone changes had 
progressed upward to the sphenoid bones (Fig. 6C) on both 
sides of the middle cranial fossa, and mucosal thickening 
was also noted in the bilateral maxillary and sphenoid si-
nuses. Extraction and sequestrectomy were performed in 
the anterior maxilla and left maxillary premolar region (Fig. 
7). Antifungal medication was then continued for 3 months 
after discharge. No additional bone destruction or signs of 
infection were observed on follow-up CT images 2 months 
after the third operation.

Discussion
This report described a case of maxillary mucormycosis 

osteomyelitis in a 37-year-old man with diabetes. Initial-
ly, when the patient’s history of COVID-19 infection was 
unknown, he was first diagnosed with emphysematous 
osteomyelitis based on imaging findings. Small et al.11 de-
scribed the characteristic imaging findings of emphysem-
atous osteomyelitis as multiple intramedullary gas clusters 
with irregular sizes on the scale of millimeters, which they 
called the “pumice stone” sign. A secondary imaging fea-
ture is emphysema of the adjacent soft tissue without cor-
tical destruction. Ram et al.12 reported that intramedullary 
gas findings were the result of infiltrating gas-forming bac-
teria from the surrounding soft tissue into the bone. In this 
patient, however, there was no extraosseous gas formation. 
Unlike the initial diagnosis, this case was histopathologi-
cally confirmed as mucormycosis after the first operation.

Fig. 4. Periodic acid-Schiff-stained section shows broad, irregu-
larly branching hyphae characteristic of mucormycosis-causing 
organisms (original magnification × 40).

Fig. 3. Panoramic radiograph after 
sequestrectomy in the maxillary 
first molar area shows no significant 
pathological findings other than the 
postoperative findings.
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In healthy individuals, mucormycosis is an extreme-
ly rare infection, but immunocompromised patients are 
susceptible to opportunistic infections. Mucormycosis is 
classified into 6 types according to the anatomical site af-
fected.13 In particular, rhino-orbital-cerebral mucormycosis 
is most prevalent in patients with diabetes mellitus or pa-
tients who have undergone a renal transplant.14 Similarly, 
in this case, diabetes mellitus was a predisposing factor 
that induced rhinocerebral mucormycosis. The patient was 
on medication for diabetes, but a blood test at the time of 
admission showed uncontrolled hyperglycemia. Hyper-
glycemia and ketoacidosis in patients with diabetes lead 
to phagocyte dysfunction, impaired antioxidant mecha-
nisms, and increased serum levels of free iron.1,8,14 These 
conditions probably contributed to the morbidity of fungal 
growth, especially mucormycosis.

The imaging findings of mucormycosis are difficult to 
distinguish from bacterial infection, so a diagnosis based 
on imaging studies is challenging.13,15 Most cases reported 
by imaging were rhinosinusitis due to rhinocerebral mucor-

mycosis or pulmonary mucormycosis. In addition, there are 
few reports of imaging findings of mucormycosis develop-
ing in the jaw bone. Characteristic imaging findings have 
not been specifically documented, but sinus CT usually 
shows features such as mucosal thickening, air-fluid level, 
and bony erosion.3 In this case, the first contrast-enhanced 
CT scan showed air-fluid level in both maxillary sinuses, 
but bony erosion was not evident. However, multiple air 
voids were observed within the bone marrow space of the 
maxilla, which has also been described in several reports 
of mucormycosis affecting the jaw bone. In these cases, os-
teolysis with multiple small air voids was observed in the 
medullary space, resulting in loss of the normal trabecular 
bone pattern.16-19 These intramedullary air traps progressed 
to extensive or multiple bone necrosis as the infection 
worsened. In this case as well, bone destruction was aggra-
vated as the infection expanded. In other words, although 
very few cases of mucormycosis of the jaw bone have been 
reported to date, the intramedullary air traps may be regard-
ed as a characteristic imaging finding. Nevertheless, these 

A	 B	 C

Fig. 6. Axial bone setting (A) and enhanced computed tomographic (CT) (B) images taken at a 1-month follow-up after discharge show 
bone destruction extending to the palatine bone and the left anterior maxilla (arrow). C. A coronal enhanced CT image shows erosive bone 
changes upward to the sphenoid bone (arrow).

Fig. 5. Panoramic radiograph shows 
the postoperative condition after ad-
ditional sequestrectomy in the right 
maxilla, including the maxillary tub
erosity and maxillary sinus.
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radiographic findings may appear somewhat later than the 
clinical progression.3 Therefore, for an accurate early diag-
nosis, an aggressive biopsy is needed considering not only 
imaging findings, but also clinical symptoms and patient 
history.

Meanwhile, in the past 1-2 years, the number of cases 
of mucormycosis caused by co-infection after COVID-19 
has been on the rise. About 1% of reported cases occurred 
in the oral region.1,14 According to systematic reviews of 
COVID-19-associated mucormycosis,1,8 the majority of 
reported cases were in male patients, showing a distinct 
sex bias of 7 : 2. However, the age of affected patients var-
ied from young adults in their 20s and 30s to the elderly 
in their 60s to 80s. In more than 80% of cases, the patients 
had diabetes mellitus. Consistent with these reviews, the 
patient presented herein, a 37-year-old man, had pre-ex-
isting diabetes mellitus and was quarantined for treatment 
of COVID-19 approximately 2 weeks before the onset of 
mucormycosis. The predisposing factors for mucormyco-
sis in COVID-19 include long-term use of drugs such as 
steroids and broad-spectrum antibiotics, diabetes or hyper-
glycemia, and hypertension. Glucose level control is partic-
ularly important in COVID-19-associated mucormycosis, 
as COVID-19 may worsen the glucose profile of patients 
with diabetes, making them more susceptible to infection 
development.1 John et al.20 reported that patients with both 
uncontrolled DM and severe COVID-19 had a very high 
chance of developing rhino-orbital or rhinocerebral mucor-
mycosis, which induces necrosis of nasal structures, includ-
ing the nasal mucosa and palate.7 Extension to the maxilla 
via vascular invasion results in insufficient blood flow and 
necrotic osteomyelitis.8,21 When differential diagnosis is 
made in patients with a history of diabetes, hyperglycemia, 
and COVID-19, it should be considered that the likelihood 

of mucormycosis is high.
The main principles of treatment for mucormycosis are 

surgical debridement and supportive antifungal medica-
tion.14,22 Timely repeated and extensive debridement is 
essential to prevent infection spread and improve progno-
sis.23 The first-line antifungal medication is amphotericin 
B.22-24 Antifungal treatment should be continued until all 
symptoms of infection are resolved, and signs of recur-
rence should be evaluated through follow-up images.3,24 
Initially, this patient described herein was diagnosed with 
emphysematous osteomyelitis based on his clinical and 
imaging findings, and antibiotic treatment was continued 
for 2 weeks after the first operation. Antifungal medication 
was started only after the pathologic diagnosis of mucor-
mycosis. Although the patient underwent multiple sessions 
of sequestrectomy and surgical debridement, the infection 
progressed along the anterior and posterior alveolus of the 
maxilla. Missing the timing of appropriate antifungal treat-
ment might have been one of the reasons for the exacer-
bation of the infection. In summary, timely and active sur-
gery, along with antifungal treatment based on an accurate 
early diagnosis, is essential for a favorable prognosis and 
infection control. Therefore, if evidence of gas-forming os-
teomyelitis is observed in images of patients with certain 
clinical conditions, including predisposing factors such as 
diabetes mellitus or COVID-19 infection, mucormycosis 
should be included in the differential diagnosis list.

This report presented the imaging findings of mucormy-
cosis in the maxilla, a very rare condition. In particular, 
patients with diabetes mellitus have a high risk of devel-
oping mucormycosis. It is expected that this case will help 
radiologists diagnose mucormycosis in the maxilla. Since 
mucormycosis progresses aggressively, prompt diagnosis 
and treatment are important, but the clinical and imaging 

Fig. 7. Panoramic radiograph show-
ing the postoperative condition af-
ter the third sequestrectomy in the 
anterior maxilla and left maxillary 
premolar region.
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findings of mucormycosis are difficult to differentiate from 
those of a bacterial infection. In patients with risk factors 
such as diabetes or immunosuppression, if air voids in the 
intramedullary space of the maxilla are observed on ra-
diographic images such as paranasal sinus CT at an early 
stage, mucormycosis should be suspected at the time of 
initial diagnosis. It should also be noted that mucormycosis 
can occur as a sequela of COVID-19.
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