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In 2009, the International Society for Human and Ani
mal Mycology classified fungal rhinosinusitis into inva
sive and noninvasive forms based on histopathologic find
ings.1 The noninvasive type of fungal sinusitis mostly oc
curs in immunocompetent patients. However, certain inva
sive forms are associated with a high mortality rate and 
are common in immunocompromised patients. It has been 
proposed that a patient’s immunocompromised state may 
predispose the patient to conversion to an invasive type.2 
Fungus ball has been described as a noninvasive accumu
lation and dense conglomeration of fungal hyphae.1 Terms 
such as mycetoma, aspergilloma, and chronic noninvasive 
granuloma have been used for this entity. However, the 
term ‘‘fungus ball’’ is now favored.3 Fungus ball often aff
ects a single sinus, usually the maxillary sinus, without the 
involvement of the mucosa, submucosa, bony structures, 

or blood vessels.4 
It is important to differentiate fungus ball from chronic 

rhinosinusitis and other types of fungal sinusitis for proper  
treatment because invasive sinus disease may lead to death,  
and a misdiagnosis of fungus ball may lead to therapeutic 
misadventures.5,6

Among the currently available diagnostic tools, comput
ed tomography (CT) is the optimal imaging technique for 
detecting fungus ball preoperatively. One of the most com
mon CT findings is a partial or complete heterogeneous 
opacification of the involved sinus and the presence of 
intralesional hyperdensities with metallike calcified mate
rials.6,7 Patients with asymptomatic sinus fungus ball are 
occasionally diagnosed through the use of imaging studies 
that were performed for other purposes. If intralesional 
calcification of the maxillary sinus is detected, additional 
radiologic information should be obtained to confirm the 
diagnosis of fungus ball. Recently, conebeam computed 
tomography (CBCT) has assumed a significant role in the 
diagnosis of disorders of the teeth, jaws, and sinuses.8,9 
CBCT includes various fields of view (FOVs).10 Small
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FOV CBCT is usually used for dental problems due to its 
high resolution and low radiation dose.11 However, small
FOV CBCT may not show intralesional calcification in the 
upper region of the maxillary sinus; hence, a largeFOV 
CBCT is utilized in such cases due to its ability to detect 
calcifications in the upper maxillary sinus because it ex
tends to the ostiomeatal complex and can cover the whole 
region of the maxillary sinus. It is necessary to select an 
optimal size of the FOV for CBCT to adequately detect 
calcifications anywhere in the maxillary sinus. 

This report presents 2 cases of fungus ball with intrale
sional calcification in the middle and upper levels of the 
maxillary sinus. A literature review is also provided, with 
a particular focus on calcified materials in the maxillary 
sinus on CBCT. 

Case Report
Case 1
A 62yearold woman sought consultation at a dental 

hospital for a planned dental implant in the left mandibular 
first and second molars. A panoramic radiograph showed an 
edentulous region in the left posterior mandible and hazi
ness of the right maxillary sinus (Fig. 1), suggesting max
illary sinusitis. However, CBCT covered only the man
dible, the planned region for the dental implant. Deta iled 
radiographic information on the right maxillary sinus was 
not obtained. Implantation of the left mandibular molar  
was performed, and prosthetic treatment was successful. 

Four years after the implant therapy of the left mandible, 

the right maxillary second premolar and second molar ex
tracted due to severe tooth mobility (Fig. 2). The panoram
ic image still showed similar haziness in the right maxil
lary sinus (Fig. 3), implying a chronic and static inflamma
tory status. MediumFOV CBCT (169 × 119 mm, spatial 
resolution 0.2 mm, Asahi Alphard Vega, Kyoto, Japan) 
showed a faint calcified material in the upper region of the 
right maxillary sinus (Fig. 4). A fungus ball was strong
ly suspected due to the intralesional calcification within 
the sinus opacification. The patient was recommended to 
receive paranasal sinus (PNS) CT (spatial resolution: 0.3 

mm, Somatom Definition Edge, Siemens, Erlangen, Ger
many) including the ostiomeatal complex. The PNS CT 

Fig. 2. Periapical radiograph shows severe alveolar bone loss of 
the right maxillary second premolar and second molar.

Fig. 1. Panoramic radiograph shows an edentulous region of the left post  erior mandible and haziness of the right maxillary sinus, suggesting ma x 
 i llary sinusitis.
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showed heterogeneous, complete opacification with calci
fied materials in the right maxillary sinus on nonenhanced 
coronal images (Fig. 5A). Enhanced axial images present
ed sclerosis of the surrounding wall of the right maxillary 
sinus and nodular (Fig. 5B and C) and punctuate (Fig. 5C) 
calcified materials. These calcified materials presented in 
the middle and upper regions of the maxillary sinus. CT 
images also revealed sclerosis of the surrounding bony 
wall, bony erosion of the medial wall of the right maxil
lary sinus, and soft tissue protruding into the ostiomeatal 
complex (mass effect). 

Endoscopic sinus surgery under general anesthesia re
vealed that the right maxillary sinus was filled with a 
brownish claylike material, which was removed by saline 
irrigation and suctioning (Fig. 6). A histopathologic exam
ination showed fungal hyphae with acute angle branching 

and septation (hematoxylin and eosin stain, ×400, Fig. 
7A). These hyphae were highlighted by the Gomori meth
enamine silver stain (×400, Fig. 7B). These findings were 
morphologically consistent with Aspergillus infection. The 
patient remained diseasefree during a 3year followup pe
riod.

Case 2
A 40yearold woman sought consultation at a dental 

hospital for the treatment of right upper first molar pain. 
The periapical view (Fig. 8) showed partial pulpal treat
ment status. She was in the process of receiving endodon
tic treatment at a private practice. Due to the suspicion 
of tooth fracture, CBCT with a small FOV (102 × 102 

mm, spatial resolution: 0.1 mm) was performed. A defi
nite tooth fracture line in the right upper first molar was 
not seen. However, an opacification of the adjacent right 
maxillary sinus was partially and incidentally observed on 
parasagittal CBCT (Fig. 9). The primary working diagno
sis was chronic maxillary sinusitis. Calcified materials in 
the upper region of the maxillary sinus were not observed 
because of the limited FOV of the CBCT, precluding the 
confirmation of the working diagnosis. Endodontic treat
ment was successfully completed. One year later, she visit
ed the hospital’s emergency room with severe pain around 
the right upper first molar. She also complained of nasal 
obstruction, right facial pain, and rhinorrhea. The PNS 
CT showed heterogeneous opacification, sclerosis of the 
surrounding bony wall, bony erosion of the medial wall 
of the right maxillary sinus, mass extension into the right 
nasal cavity, and mucosal thickening in the right ethmoid

Fig. 3. Panoramic image shows similar haziness of the right maxillary sinus, compared with Figure 1. 

Fig. 4. Mediumsized coronal conebeam computed tomographic 
image shows faint calcified material in the upper region of the 
right maxillary sinus.
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al sinus (Fig. 10A). The CT image also showed calcified 
materials more distinctly on the enhanced CT image than 
on the nonenhanced CT image in the center and upper re
gion of maxillary sinus on the coronal (Fig. 10B) and axial 

(Fig. 10C) images. These punctate and nodular calcifica
tions were located in the middle and upper regions of the 
right maxillary sinus. The patient underwent endoscopic 
sinus surgery. Histopathologic findings showed a fungus 
ball with an intraluminal growth pattern and bundles of 
hyphae (Fig. 11). The patient remained diseasefree during 
a 9year followup period.

Discussion
Fungal sinusitis has been reported in about 10% of pati

ents requiring nose and sinus surgery, and between 13.5% 
and 28.5% of all maxillary sinusitis cases are of fungal or 
mixed fungal and bacterial etiologies.7,12 The noninva sive 
group of fungal sinusitis is composed of allergic fungal rhi
nosinusitis (AFRS) and fungus ball. The diagnostic crite
rion for AFRS is the presence of characteristic eosino phil
rich, allergic mucincontaining fungal elements. However, 
eosinophilic mucin is not present in the sinonasal tract in 
patients with fungus ball.13 Fungus ball is the most com
mon type of fungal disease and AFRS is extremely rare 
in Korea.14 To distinguish fungus ball from AFRS, the lo
cation of the disease is considered. AFRS is diffuse and 
bilateral and often associated with nasal polyps. The most 
commonly involved sinus in AFRS is the ethmoid sinus
es.15 Conversely, fungus ball mostly occurs in isolation 
and unilaterally, and preferentially involves the maxillary 
sinus.7 Fungus ball is also frequently found in the sphe
noid sinus,16 although frontal and ethmoidal fungus balls 
have been described.17 It has been reported that fungus ball 
may coexist with other forms of fungal sinusitis, including 
AFRS.6 Although AFRS is not considered invasive, if left 
untreated, the involved sinuses expand with subsequent 
intracranial or intraorbital extension, resulting in cranial or 
orbital symptoms.18 

Fungus ball can be eradicated completely with proper 
surgical treatment. A prompt and accurate diagnosis of 
sinonasal fungus ball eliminates unnecessary medication 
and treatment delays.5 Fungus ball is more common in 
middleaged and older women.19 Female predominance 
has been reported. Environmental and hormonal factors 
and the longer life expectancy of women may be a possi
ble rationale for the female predominance.12,20 Fungus ball 

Fig. 5. A non-enhanced coronal computed tomographic image shows heterogeneous complete opacification with calcified materials in the 
central and upper region of the right maxillary sinus. These calcified materials show nodular (B and C) and punctate (C) configurations on 
the enhanced, consecutive axial images.

A B C

Fig. 6. Postoperative findings of endoscopic surgery shows brownish 
claylike material in the right maxillary sinus.
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was once considered a relatively uncommon disease, but 
its incidence has increased dramatically over the last 2 de
cades.19 Although no definite reason for this increase is ap
parent, it is thought to be the result of improved knowledge 
of the disease, advances in diagnostic techniques, misuse of 
broadspectrum antibiotics, and the aging population.7,2022 

The common CT findings of fungus ball are partial or 
often complete heterogeneous opacification of the involved 
sinus with intralesional calcifications and sclerosis of the 
bony wall of an opacified sinus. These features, although not 
pathognomonic, strongly suggest a fungus ball diagnosis.7 
Fungus ball is more heterogeneous than other sinus opac
ities.23 Heterogeneous opacification of the involved sinus 
was observed in about 90% of partial or complete opacified 

sinuses, whereas homogenous opacification was observed 
in 10% of cases.7 Sinus fungus ball typically appears as a 
hyperattenuation on noncontrast CT scans because of the 
dense fungal hyphae and metabolic deposits. These matted 
fungal hyphae and metabolic deposits, as a conglomerate 
solid mass in the sinus,5 may contribute to the highdensity 
opacities in the sinus fungus ball. The detection of metallic 
hyperdensity on a CT scan suggests the presence of metal 
metabolites from the fungal organism. It has been reported 
that calcium phosphate and calcium sulfate were present 
within the fungus ball, especially in the necrotic center of 
the fungal mass corresponding to areas of high attenua
tion.7,24 Several heavy metallic elements, including copper, 

Fig. 7. A. Fungal hyphae with acute angle branching and septation are morphologically consistent with aspergillosis (hematoxylin and eo
sin stain, × 400). B. These hyphae are highlighted by Gomori methenamine silver stain ( × 400).

A B

Fig. 8. Periapical radiograph shows partial pulpal treatment of the 
right maxillary first molar.

Fig. 9. A definite tooth fracture line is not seen, but almost full 
opacification of the right maxillary sinus is incidentally, but partial
ly, observed on the parasagittal conebeam computed tomographic 
image.
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zinc, iron, and calcium, are essential for fungal growth and 
metabolic activation. As metallic elements, zinc and calci
um also contribute to microcalcifications or spots with a 
metallic density on the CT image.25 There are various rang
es in prevalence rate of intrasinus calcification on CT scans 
in patients with fungus ball which has been reported to be 
88%,26 77%,27 and on the other 50%83%28. The sensitivity  
and specificity of CT imaging, using sinus opacification and  
the presence of areas with hyperattenuation as a diagnostic 
criterion for fungus ball, were reported to be 62% and 99%, 
respectively. If intralesional calcification spots are not pres
ent on CT images of the sinuses, it is difficult to diagnose 
fungus ball in the maxillary sinus preoperatively.29 

Cha et al.28 reported that the sensitivity of only one CT 

feature of intralesional hyperdensity in fungus ball was 
rather low (0.749), and there was a considerable risk of 
false negative results. They concluded that it is necessary to  
add clinical features of age and other radiographic features, 
such as full haziness with the mass effect, to increase the 
sensitivity of CT for the diagnosis of fungus ball in the 
maxi llary sinus. The mass effect was defined as widening of  
the ostiomeatal complex or thinning of the maxillary sinus 
wall. It has been reported that if inadequate mucociliary 
clearance of the fungi occurs, these fungi produce an infla
mmatory response from the sinus mucosa, which soon bec
o  mes too large to escape the natural ostium of the sinus. 
This process continues until the sinus is full and can then 
become secondarily bacterially infected or expanded.15 

Fig. 10. A. Bony erosion of the medial wall of the right maxillary sinus, mass extension into right nasal cavity, and mucosal thickening in 
the right ethmoidal sinus are seen on nonenhanced computed tomography (CT). Enhanced CT shows calcified materials more distinctly 
than nonenhanced CT in the center and upper region of maxillary sinus on coronal (B) and axial views (C).

A B C

Fig. 11. A. Histopathologic examinations show a fungus ball with an intraluminal growth pattern. No tissue invasion is seen (hematoxylin 
and eosin stain, × 100), B. At high power, the fungus ball consists of tight bundles of hyphae (Gomori methenaminesilver stain, × 400).

A B
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In this report, complete opacification and soft tissue pro
trusion into the ostiomeatal complex were noted in both 
cases. These features are compatible with the aforemen
tioned mass effect.28 It is not easy to distinguish sinona
sal fungus ball from other forms of fungal or unilateral 
sinusitis based on radiologic findings alone, because the 
intralesional densities may also be found in AFRS and/or  
nonfungal maxillary sinusitis.5,16,28 The location of the cal
cifications on sinus CT was also categorized as peripheral, 
central, or mixed pattern according to its location within the 
sinus CT scan.5 Most of the calcifications in fungal sinus
itis were found to be centrally located within the maxi llary 
sinus, while calcifications in nonfungal sinusitis were usu
ally found at the periphery, near the wall of the maxillary  
sinus. The central location of the calcification can be ex
plained by the fact that the calcification develops within the  
mycelial mass, which is usually located in the center of the 
maxillary sinus.16 Nodular or linearshaped calcifications 
were found in both fungal and nonfungal sinusitis; however,  
fine punctate calcification was found only in fungal sinus
itis, while round or eggshelltype calcifications were found 
exclusively in the nonfungal variety.5,27 A flocculent type of 
fungus ball was also reported.6 The PNS CT in this report 
sufficiently showed the detailed images of the calcified 
materials. However, calcified materials with sizes smaller  
than 0.3 mm would not be visualized by PNS CT. The win
dow level of CT may be altered to enhance the contrast 
between the focal highdensity area and the surrounding 
infl ammatory tissue for the optimal evaluation of fine cal
cifications.5 Jiang et al.25 assumed that the sensitivity could 
be increased by improving the resolution of CT images. Al
though the spatial resolution of CBCT in this study, which 
was approximately 0.10.2 mm, was superior to that of PNS 
CT, CBCT could not provide detailed information on the 
calcified materials due to the limited FOV and low contrast 
resolution. Punctate or nodular, intralesional calcified ma
terials were clearly detected on PNS CT, but were not vis
ible in the CBCT findings of case 2 (small FOV, 0.1 mm) 
and faintly seen in the CBCT findings of case 1 (medi um 
FOV, 0.2 mm). These calcified materials were located in 
the upper and central regions of the maxillary sinus in both 
cases beyond the FOV of CBCT in this report. The spatial 
resolution of CBCT in this report was sufficient, but FOV 
was not adequate for the detection of intralesional calcifi
cations and mass effect in the ostiomeatal unit. 

CBCT is often the first sectional imaging technique used 
for workup of maxillary sinus disease because it is now 
wide ly available in the dental field due to its relatively low 
radia tion dose and high spatial resolution. Identification 

of an area of increased attenuation in maxillary sinus on 
CBCT can direct the dentist to focus on calcified materials. 
This enables the confirmation of fungus ball that would be 
otherwise be diagnosed as mucosal thickening or maxillary 
sinusitis. It is necessary to optimize the scan size of CBCT 
for the detection of upper sinus calcification.
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