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Objectives:  CT-scan hyperdensities (HD) are described in more than 60% of all paranasal 
sinus fungus ball (FB) cases. Two types can be distinguished according to their density: calcium 
and metal types. We aimed to establish the prevalence and density of the HD observed in sphe-
noid and maxillary sinus FB and their relation to dental factors.
Methods:  This retrospective study included 64 patients operated in a tertiary referral center 
for unilateral maxillary or sphenoid FB diagnosed by histology or mycology. Pre-operative CT 
scans were analyzed by three independent observers (two ENT and one radiologist).
Results:  There were 45 maxillary FB and 19 sphenoid FB. 63 FB showed HD. Metal-type 
HD were observed in 28 maxillary FB but not in sphenoid sinuses. Among maxillary FB, the 
prevalence of endodontic treatment was significantly more significant on the FB side than on 
the healthy side (p = 0.02). The prevalence of endodontic treatment on the pathological side 
was more significant in the metal-type group than in the group without metal-type HD (p = 
0.01). Isolated calcium-type HD were evidenced in 17 maxillary FB and 18 sphenoid FB (p = 
0.019).
Conclusion:  This study highlights the existence of two different types of HD in FBs of the 
paranasal sinuses with an association between metal-type HD and endodontic treatments.
Dentomaxillofacial Radiology (2022) 51, 20180384. doi: 10.1259/dmfr.20180384

Cite this article as:  Alharbi A, Reville N, Molinier S, Bastier P-L, de Gabory L. Characteriza-
tion of fungus ball CT-hyperdensities within maxillary and sphenoid sinuses. Dentomaxillofac 
Radiol (2022) 10.1259/dmfr.20180384.

Keywords:  Fungi; Sinusitis; Maxillary Sinus; Sphenoid Sinus; Root Canal Obturation

Introduction

Fungus ball (FB) is the most frequent type of non-
invasive fungal sinusitis in Western countries. The first 
diagnostic criterion described by DeShazo is: “ radio-
logical evidence of sinus opacification with or without 
associated flocculent calcifications “.1 The prevalence 
of hyperdensities (HD) in FB ranges from 60 to 100%, 
using radiological and CT-scan data.1–6 They have been 
described in several ways, including metal-dense spots, 
iron-like signals, flocculent calcifications, and micro-
calcifications.7–10 Krennmair, Lugmayr, and Lenglinger 

classified maxillary HD into two types depending on 
their density in Hounsfield units (HUs). Inorganic HD 
have a density >1500 HU, while organic HD are consid-
ered physiological with a density <1500 HU.11,12

Two theories have been propounded to explain the 
formation of FB. The aerogenic theory states that 
airborne fungus spores can penetrate the sinus and 
become pathogenic in anaerobic conditions.13 The 
odontogenic theory posits that fungi colonize the sinus 
through the intrasinusal extrusion of endodontic treat-
ment material.14 To date, metallic HD in maxillary FB 
have been considered the consequence of the extrusion of 
root filling material after endodontic procedures.3,11,14,15 
Moreover, an association between endodontic material 
and maxillary sinus aspergillosis has been shown.16
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On the opposite, metallic HD have rarely been 
described in sphenoid sinus FB.17,18 Their pattern has 
been described as calcifications due to the precipitation 
of calcium salts in the necrotic center of the FB.8,19,20 
The dental origin in sphenoid sinus FB seems less prob-
able than in the maxillary sinuses owing to the absence 
of direct contact between the dental roots and the sinus 
mucosa.

Further data in the exploration of FB physiopa-
thology may be gained by studying the different patterns 
of sinus HD. We hypothesized that the pattern of HD 
found in sinus FB might be related to their physiopa-
thology and might differ depending on their location 
and the presence of dental factors. This study aimed 
to describe the CT-scan sphenoid and maxillary FB 
patterns and analyze the relationship between dental 
pathologies and these patterns.

Methods and materials

The institutional review board approved this single-
center retrospective observational study of the Univer-
sity Hospital of Bordeaux. We analyzed patients' data 
for sinus FB in the Department of Otorhinolaryngology 
between August 2006 and June 2016. Only locations 
within the maxillary or sphenoid sinus were included. 
All FB had to be proven on pathological and/or myco-
logical examination (direct examination after Grocott-
Gomori stain and/or culture on Sabouraud dextrose 
agar). The final analysis included only the patients who 
met these preliminary conditions, with a sinus CT-scan 
exam available in DICOM format on CD or the local 
imaging network. Patients with mucosal fungal invasion 
on pathological examination and those with bilateral 
FB were also excluded, because the second aim of the 
study was to compare the dentogenic factors between 
both sides. Epidemiological data were recorded for the 
remaining patients: gender, age at surgery, pre-operative 
symptomatology, and mycological data.

Three observers analyzed all CT scans independently: 
two ENT (NR junior, PLB senior) and one neuroradiol-
ogist (SM, senior). CT scans were read with multiplanar 
reconstructions: axial views parallel to the hard palate 
line and coronal reconstructions perpendicular to the 
hard palate. No low-dose CTs were included, and the 
average DLP (dose–length product) was 80 mGy/cm. 
All CT scans were read with a window width of 3000 
and a length of 500. The presence of HD in the sinus 
content affected by FB was evaluated in each patient. 
Intrasinusal HD were classified as metal-type HD and 
calcium-type HD from their radiological features as 
follows (Figure 1): metal-type HD appeared as rounded, 
well-defined HD with a density higher than that of the 
adjacent bone, calcium-type HD were defined as punc-
tuated, poorly defined bone-dense signals and were 
distinguished from linear peripheral mucosa calcifi-
cations. Mean, minimal and maximal densities were 
measured for calcium-type HD and metal-type HD. 

The minimal region of interest (ROI) area required was 
2 mm². In the event of metal-type HD, the density of 
the endodontic material was systematically measured if  
present. Osseous modifications of the sinus walls were 
recorded: sinus wall thickening/sclerosis, sinus wall 
erosion, and ostial dilation. CT scans were read with 
Dx-MM 6.0 DICOM software (Medasys S.A., Clamart, 
France).

Endodontic treatment and extraction in the maxillary 
dental arches were assessed for the FB and the healthy 
sides. Canines, premolars, and molars were analyzed 
individually owing to their contact with the maxillary 
sinus floor. Every single tooth was classified as one of 
the following: non-analyzable (insufficient CT volume, 
bilateral third molar absence or extraction), no contact 
with the sinus, endodontic treatment (with or without 
overfilling), or dental extraction. This classification is 
illustrated in Figure  2. The prevalence of endodontic 
treatment or dental extraction was defined as the number 
of patients having one or more endodontic treatments 
or dental extractions in the whole group.

Quantitative variables were expressed as mean ± SD. 
Interobserver agreement for quantitative parameters 
was evaluated using the interclass correlation coeffi-
cient, and the mean values between the three observers 
were retained for further analysis. Mean densities were 
compared by using the Student’s t-test. Concerning 

Figure 1  Radiological patterns observed in this study. (a) no hyper-
densities – neutral opacification of sphenoid sinus (50 mA, 100 kV, 
WW350 WL2000); (b) flocculent isolated calcium-type hyperdensi-
ties (50 mA, 100 kV, WW350 WL2000); (c) association of metal-like 
hyperdensity with peripheric calcifications (70 mA, 100 kV, WW400 
WL2000); (d) isolated metal-type hyperdensity without sinus opacifi-
cation (70 mA, 100 kV, WW400 WL2000).
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qualitative parameters, interobserver agreement was 
evaluated with Fleiss' κ. Qualitative data were retained 
for analysis when at least two of the three observers 
agreed; otherwise, a second reading was performed. 
Associations between the type of HD and dental factors 
were obtained with χ2 or Fisher exact tests. A p-value < 
0.05 was considered statistically significant. All analyses 
were performed with GraphPad Prism 6.01 for Windows 
(GraphPad Software Inc, San Diego, CA).

Results

Epidemiology
Over a period of 10 years and 5 months, 168 patients 
underwent surgery for presumed paranasal sinus FB in 
the Otorhinolaryngology Department at the University 
Hospital of Bordeaux. Six patients were excluded owing 
to bilateral FB. Pathological or mycological examina-
tion failed to prove the presence of fungus in 32 patients. 
66 patients had no CT-scan DICOM data available. We 
included the 64 remaining patients. All patients and/or 
relatives gave oral or written informed consent to use 
their medical data. FB was located in the maxillary sinus 
in 45 patients and the sphenoid sinus in 19 patients. 
All patients underwent endonasal endoscopic surgery 

except one operated by a Caldwell-Luc approach. The 
mean age at surgery was 61.9 ± 14.9 years. The mean age 
at surgery did not differ significantly between maxillary 
or sphenoid FB, 60.2 ± 2.2 vs 66.0 ± 3.5 respectively, p = 
0.16. Symptoms of chronic rhinosinusitis were found in 
67 and 74% of maxillary and sphenoid FB, respectively.

Pathological examination was positive for clusters of 
hyphae in 60 patients (94%). The direct examination was 
positive in 50 cases (78%), whereas culture was positive 
only in 20 cases (31%). Aspergillus species were identi-
fied in 18 cultures (90%): Aspergillus fumigatus (n = 16), 
Aspergillus flavus (n = 2). The other fungi identified were 
Schizophillum com. and Fusarium spp.

Sinus hyperdensities evaluation
CT scan HD were observed in all FB patients except 
in one with a sphenoid sinus location. Four radio-
logical patterns were observed: no HD, calcium-type 
HD, metal-type HD, and association of calcium-type 
and metal-type HD. These patterns are illustrated in 
Figure 1.

Maxillary sinus FB exhibited metal-type HD in 28 
cases out of 45 (62%). Among these cases, metal-type 
HD were associated with calcium-type HD in 18 maxil-
lary sinuses. Isolated calcium-type HD were observed 
in 17 cases of maxillary sinus FB (38%). Conversely, 
metal-type HD were never observed in sphenoid sinus 
FB, whereas isolated calcium-type HD were observed 
in 18 cases (95%). Metal-type HD were significantly 
associated with a maxillary location, whereas calcium-
type HD were associated with a sphenoid sinus location 
(Table 1).

Fleiss' κ showed an almost perfect interobserver 
agreement for metal-type HD (κ = 0.94) and a substan-
tial agreement for calcium-type HD evaluation (κ = 
0.68). The mean density on CT scans was 4149 ± 343 
HU for metal-type HD and 694 ± 50 HU for calcium-
type HD (p < 0.0001) (Table 1). There was no difference 
between the mean densities of maxillary and sphenoid 
calcium-type HD (p = 0.25). Mean interclass correlation 
coefficients (ICC) showed excellent interobserver agree-
ment for the densities of calcium-type HD (ICC = 0.73) 
and nearly perfect agreement for metal-type HD (ICC = 
0.96). Concerning bone analysis, sclerosis was observed 
in 52 FB (81%), bone erosion in 21 cases (33%), and 
ostial dilation in 34 cases (53%) (Table 1).

Dental factors
Dental factors were analyzed in all the patients. The 
prevalence of endodontic treatment on the FB side was 
significantly higher in maxillary FB than in sphenoid FB 
(78% vs 42%; p = 0.02). Endodontic treatment overfilling 
was only observed on the FB side in 31% (14 patients) 
with maxillary sinus FB. Among the maxillary FB group, 
the prevalence of endodontic treatment was higher on 
the FB side than on the healthy side (78% vs 47%; p = 
0.01). The difference in the prevalence of endodontic 
treatment between the FB side and the healthy side was 

Figure 2  Dentogenic factors: dental extraction in axial view; root 
filling patterns evaluated in coronal views: extrusion into sinus lumen 
vs non-extrusion.
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not significant for sphenoid sinus FB (42% vs 42%; p = 
1). The prevalence of dental extractions on the FB side 
was not significantly different between maxillary and 
sphenoid FB (69% vs 47%; p = 0.27). Among the maxil-
lary FB group, the prevalence of dental extractions was 
not significantly different between the FB side and the 
healthy side (69% vs 67%; p = 0.82). The difference in 
the prevalence of dental extractions between the FB side 
and the healthy side was not significant in sphenoid FB 
(47% vs 68%; p = 0.19).

Association between hyperdensities and dental factors
To assess the association between metal-type HD 
and endodontic treatment in maxillary sinus FB, we 
performed a subgroup analysis between patients with 
metal-type HD and those without metal-type HD. On 
the FB side, the prevalence of endodontic treatment 
was higher in the group with metal-type HD than in 
the group without (89% vs 59%, respectively, p = 0.01). 
On the healthy side, the prevalence was not significantly 
different between both groups (46% vs 47%, p = 0.79). In 
the group of maxillary sinus, FB with metal-type HD, 
the prevalence of endodontic treatment on the FB side 
was statistically higher than on the healthy side (89% vs 
46%, p = 0.028). The prevalence was not significantly 
different in the group without metal-type HD (59% for 
the FB side vs 47% for the healthy side, p = 0.7). These 
results are illustrated in Table 2. The mean density of 
endodontic treatment material in maxillary sinus FB 
with metal-type HD was 3816 ± 420 HU. The densities 
of metal-type HD and endodontic treatment exhibited 

a significant positive correlation (Spearman coefficient 
ρ = 0.91, p = 0.0001).

Discussion

This study highlights two types of HD observed in 
maxillary or sphenoid FB. Metal-type HD seems 
specific to the maxillary sinus, and calcium-type HD can 
be found both in maxillary and sphenoid locations. A 
strong association was observed between maxillary FB, 
metal-type HD, and endodontic treatments.

The characteristics of FB HD according to their 
subjective and/or objective densities have been rarely 
studied to date.9,11,12,21,22 We can now describe metal- and 
calcium-type HD with a significant interobserver agree-
ment and a large difference in mean objective densi-
ties. Krennmair, Lenglinger et al described two types 
of HD in maxillary FB: organic type with a density 
<1500 HU and inorganic type with a density >1500 
HU.11,12 This 1500 HU cut-off  is close to our findings 
with a maximal density of 1578 HU for calcium-type 
HD (range 131–1578) and a minimum density of 2516 
HU for metal-type HD (range 2516–13,100), findings 
that are closer to the 2000 HU cut-off  described later by 
Lenglinger et al.12

The patterns of HD differed between maxillary and 
sphenoid sinus FB. Maxillary sinuses exhibited metal-
type HD in 62% of cases, with or without an associ-
ation with calcium-type HD. The association between 
metal-type HD and maxillary sinus FB has been widely 

Table 1  Main results illustrating different types of HD, density measurements in HUs, radiological features, and dental evaluations (NC)

Maxillary sinus (N = 45) Sphenoid sinus (N = 19) Total (N = 64) p-value

Presence of HD Isolated calcium-like HD 17 (38%) 18 (95%) 35 (55%) 0.019

Metal + Calcium like HD 28 (62%) 0 (0%) 28 (44%) 0.0003

Isolated metal-like HD 10 (22%) 0 (0%) 10 (16%) NC

No HD 0 1 (5%) 1 (1.6%) NC

Densities (HU) Mean ± SD (range) Calcium-like HD 701 ± 394 (131–1578) 679 ± 372 (143–1261) 694 ± 371 (131–1578) 0.25

Metal-like HD 4149 ± 343 (2516–13100) NC

Endodontic treatment on FB side Prevalence 35 (78%) 8 (42%) 45 (70%) 0.02

Mean Nbr ± SD 1.3 ± 1.5 0.7 ± 0.2 1.1 ± 1 0.04

Bone modifications Sclerosis 41 (91%) 18 (95%) 59 (92%) 1

Bone lysis 28 (62%) 8 (42%) 36 (56%) 0.14

Ostium dilation 25 (56%) 9 (47%) 34 (53%) 0.36

Dental extraction on FB side Prevalence 31 (69%) 9 (47%) 40 (63%) 0.27

Mean Nbr ± SD 1.4 ± 0.2 1.2 ± 0.3 1.3 ± 1.3 0.25

FB, fungus ball; HD, hyperdensities; HU, Hounsfield unit; NC, not calculated.

Table 2  Relationship between endodontic treatment prevalence and radiological patterns within the maxillary fungus ball subgroup

Endodontic treatment prevalence in maxillary FB (n = 45) FB side Healthy side p-value

FB with metal-HD (n = 28) 25 (89%) 13 (46%) 0.028
FB without metal-HD (n = 17) 10 (59%) 8 (47%) 0.7

p-value 0.01 0.79

FB, fungus ball; HD, hyperdensities.
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described, and its prevalence ranges from 67.5 to 
94%.7,11,15,18,23 On the contrary, in our series, calcium-type 
HD occurred in both locations. Furthermore, sphenoid 
FB never exhibited metal-type HD but showed isolated 
calcium-type HD in 95% of the cases, which is close 
to the prevalence rates of previous studies.21,24,25 These 
differences point to a specific fungal behavior that could 
be related to the physiopathology of the FB.

Stammberger et al analyzed the biochemical content 
of FB and found high concentrations of calcium phos-
phate, a little calcium sulfate, and traces of heavy 
metals.20,26 The denser areas were correlated with the 
highest concentrations of calcium salts, which corre-
spond to the central necrotic areas of FB. These necrotic 
areas with calcium salts could be due to the metabolism 
of the fungus. Consequently, the presence of HD in any 
sinus cavity may simply be fortuitous and have no link 
with the etiology of FB. While our results show a strong 
association between endodontic treatments and maxil-
lary FB, they concern only the group with metal-type 
HD, as investigated by other authors.7,14,15,17 In other 
words, while the dental care is statistically related to 
the presence of an FB, not all FB seem to be related to 
dental care.

Even though our study was limited by the retrospec-
tive gathering of data with a possible underestimation 
of previous endodontic treatments, it appears crucial 
to understand the pathogenesis of FB to make this 
distinction. The endodontic treatment and material can 
promote fungal growth in the maxillary sinus, and the 
association between endodontic treatments and FB has 
been reported. Mensi et al observed a prevalence of 89% 
for endodontic treatments in maxillary FB.7 However, 
their analysis included all teeth except the incisors, but 
the canines and the first premolars are rarely close to the 
maxillary floor, leading to an overestimated prevalence. 
Nicolai et al published a study of 120 patients with 
maxillary FB in whom 104 had a maxillary treated tooth 
on the ipsilateral side-of the FB (86.7%).17 On the other 
hand, Dufour et al found overfilling of a dental cavity 
in only 18 (10.4%) of 173 patients with maxillary sinus 
FB.5 Therefore, the statistical relationship is not suffi-
cient to establish a causal link. Moreover, the incidence 
of endodontic treatments with or without overfilling in 
the population without a FB should be established.

In the case of a metal-type HD, it is still impossible 
to know whether it is due to excessive endodontic treat-
ment or whether the fungus arises from a small amount 
of extruded material in the sinus. Until now, metal-
type HD has been suspected to be due to extruded root 
filling material, given the positive correlation between 
the density of such material and metal-type HD, as in 
our study.11,12 However, this density correlation does 
not mean a causal relationship. Moreover, in our work, 
almost all density measurements were limited to 3071 
HU due to the CT-scan devices' technical specifications. 
This technical limitation probably led to an underes-
timation of the densities of endodontic materials and 

metal-type HD without biasing the calcium-type HD 
evaluation. In the five CT scans in which densities 
>3071 HU were recorded, the mean maximal densities 
of metal-type HD and endodontic material tended to 
correlate (9569 ± 2883 HU and 8188 ± 4760 HU, respec-
tively). The high densities of endodontic treatments are 
due to their high concentration in heavy metals such 
as zinc, copper, lead, silver bismuth, and iron.27,28 This 
composition is entirely different from that found by 
Stammberger et al in FB.20,26 Zinc oxide, and bismuth 
salts have been shown to promote fungal growth in 
vitro29,30 and probably play a role in the sinus concre-
tions of maxillary FB.28,31 However, the authors did 
not analyze specifically the metal-type HD themselves 
compared to calcium-type HD and the remaining FB.

This odontogenic theory cannot explain the other 
locations of FB, so another mechanism leading to their 
formation may be involved. Milosev et al first described 
the aerogenic theory, which holds that spores inhaled 
into the sinus may become pathogenic in anaerobic 
conditions.11 However, computational fluid dynamic 
studies have demonstrated a very low flow velocity or no 
flow into the paranasal sinuses,32–34 supporting the theory 
that maxillary sinuses are not aerated through the ostio–
meatal complex. In fact, the role of the maxillary sinus 
is to produce nitric oxide, which passes from the sinus 
to the main airflow toward the nasal cavity.35–37 More-
over, these studies demonstrated sterile sinus cultures, 
but only bacteriological cultures were performed and 
not mycological cultures. Finally, Kostamo et al showed 
that chronic hyperplastic sinusitis and fungal sinusitis 
are not associated with exposure to moisture.38 However, 
whatever the mechanism, fungal spores are thought to 
reach the sinus cavity and develop FB. The penetration 
of fungal spores through the ostio–meatal complex 
could be assisted by a wider ostio–meatal complex, yet 
no patient develops an FB after middle antrostomy. 
Complex fluid dynamic changes like sneezing could be 
a cause. Alternatively, endodontic sealers may become 
porous several years after endodontic treatment.39 
These complex physiopathological mechanisms are 
still unclear and need further studies to be fully eluci-
dated. Finally, few authors have observed metal-type 
HD in sphenoid FB.17,18 The odontogenic theory cannot 
account for these findings owing to the distance between 
the two sites. A more plausible is the high accumulation 
of calcium salts in the fungal mass.

Conclusions

This study highlights two types of HD observed in 
maxillary or sphenoid FB. Metal-type HD seems 
specific to the maxillary sinus, while calcium-type HD 
can be found both in maxillary and sphenoid locations. 
We found a strong association between endodontic 
treatments, maxillary FB, and metal-type HD. The 
findings fuel the debate about FB physiopathology: FB 
with metal-type HD could be linked to an “endodontic” 
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etiology, while FB without metal-type HD could be the 
consequence of other causes allowing the penetration of 
fungal spores into the sinus cavity. Further studies with 
comparative spectrophotometric evaluations of metal-
type HD and endodontic treatment could help unravel 
the physiopathology of FB and give substance to the 
odontogenic theory.
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