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Abstract 

The unique appearance of apatite in fungus balls 
of aspergillosis in the maxillary sinus was investigated 
using scanning electron microscopy (SEM), energy-dis
persive spectroscopy (EDS), X-ray microdiffraction and 
Fourier transform infrared spectroscopy (FT-IR). Rod
shaped fragments with tubular structures, and globular 
vesicles covered with conidia were observed in the fun
gus balls. Massive fragments of a solid substance were 
demonstrated inside the fungus balls. Calcium and phos
phate were detected in necrotic areas of the fungus balls 
by EDS. X-ray microdiffraction and FT-IR showed the 
presence of an apatite-like substance, but failed to dem
onstrate the presence of calcium oxalate crystals usually 
found in such fungus balls. 

Key Words: Aspergillosis, maxillary sinusitis, calcium 
phosphate, scanning electron microscopy, energy-disper
si ve spectroscopy, X-ray m icrodi ffraction, Fourier trans
form infrared spectroscopy. 
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Introduction 

Recently, reports of fungal infection of the para
nasal sinus have increased, mainly in the otorhinolaryn
gology literature [I, 17] and to a lesser extent in the oral 
surgery literature [ 18, 19]. The necrotic calcified mate
rial has been reported to be calcium oxalate [3, 4, 10, 
14]. Deposition of calcium oxalate is considered to be 
a consequence of metabolic activity in aspergillosis, and 
no other crystalline phase has been associated with the 
disease [3]. 

This paper presents a case of aspergillosis of the 
maxillary sinus involving calcium phosphate formation, 
a new finding as far as the authors are aware. 

Materials and Methods 

Materials 

The materials used in this study were removed 
from the right maxillary sinus of a 53-year-old Japanese 
woman. She had undergone extraction of the upper right 
first molar in September 1988, following which the ex
traction cavity perforated through to the right sinus. 
Thereafter, she complained of spontaneous pain and 
swelling in the right buccal region, and subsequently vis
ited our hospital in May 1989. On her first visit, labo
ratory tests and examination of her general condition 
showed no abnormalities. A diffuse radiopaque lesion 
was found upon radiological examination (Fig. 1). She 
was diagnosed clinically as having odontogenic maxilla
ry sinusitis, and removal of the lesion was carried out in 
June 1989. Macroscopically, the removed materials 
consisted of grayish rubbery edematous sinus mucosae 
with partial necrotic bleeding and some calcified 
materials (Fig. 2). 

Light microscopy 

Following fixation with 10% neutral formalde
hyde solution, the materials were cut into several pieces 
and routine paraffin sections were made. The sections 
were stained with hematoxylin and eosin as well as by 
various other staining techniques including the periodic 
acid-Schiff reaction, Grocott-methenamine-silver (OMS) 
and von K6ssa' s method, in order to search for fungal 
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Figure 1. Panoramic radiograph showing a diffused radiopaque in the right maxillary sinus. 

Figure 2. Macroscopical view of sinus revealing inflammatory mucosae with partially necrotic areas (arrow). 

Figure 3. Photomicrograph of several infiltrating round cells and capillary dilatation covering with rough cuboidal 
and ciliated columnar epithelia (HE). Bar = 200 µm. 

Figure 4. Microscopic view of a mass of fungal hyphae with the characteristic appearance of aspergillus (GMS). Bar 
= 100 µm. 

hyphae. These specimens were observed by light and 
polarizing microscopy. 

Electron microscopy 

Part of the material fixed with 10% neutral form
aldehyde solution was washed with distilled water (OW) 
and refixed with 2% glutaraldehyde and I% osmium te
troxide. The material was washed with OW, dehydrated 
in a graded ethanol series, substituted with isoamyl ace
tate, and subjected to critical-point drying with carbon 
dioxide. After being sputter-coated with gold, the mate
rial was examined with a JEOL T-200 scanning electron 
microscope (SEM). 

Energy-dispersive spectroscopy (EDS) 

Part of the material fixed with I 0% neutral form
aldehyde solution was washed with OW, dehydrated in 
a graded ethanol series, substituted with isoamyl acetate, 
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and subjected to critical-point drying with carbon diox
ide. The surface of the material was not polished. EDS 
analysis was carried out by point-mode analysis on car
bon-coated samples using a JEOL JED-2000 attached to 
the JEOL T-200 SEM under the following measurement 
conditions: accelerating voltage, 25 kV; working dis
tance, 20 mm; X-tilt angle, 30°; take-off angle, 41.18°; 
counting time, 100 seconds. The atomic percentages of 
the elements were calculated using an AUTO-ZAP pro
gram assuming the total percentage weight of cationic 
atoms to be 100. 

X-ray microdiffraction 

X-ray microdiffraction patterns of powder sam
ples were obtained using an X-ray microdiffractometer 
(Rigaku, Tokyo) under the following conditions: X-ray 
tube voltage, 40 kV; tube current, 20 mA; target, Cu; 
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filter, Ni (wavelength, 0.15418 nm); scan speed, l 
degree (20)/min; time constant, 2. 

Fourier transform infrared spectroscopy (FT-IR) 

FT-IR was performed on KBr pellets using a 
Perkin-Elmer model 1600 spectrometer. 

Results 

Microscopically, histological examination showed 
severe inflammatory cell infiltration, fibrosis, capillary 
dilatation and edema in the submucosa covered with 
rough cuboidal and ciliated columnar epithelia (Fig. 3). 
Fungus balls were found in the lumen of the sinus with 
partially calcified necrotic areas. The fungi were com
posed of a mass of fungal hyphae and/or conidiophores, 
which branched in a peculiar unidirectional orientation, 
using GMS staining which revealed the characteristic ap
pearance of Aspergillus (Fig. 4). Calcified material was 
assumed to be stained black by von K6ssa's method. 
Under polarizing microscopy, weak birefringence was 
observed in the necrotic areas of the fungus balls, but no 
strong birefringence such as that shown by calcium 
oxalate was evident. 

Under SEM, the fungus balls showed rod-shaped 
fragments which corresponded to conidiophores and/or 
hyphae, and a globular formation that was considered to 
be a vesicle. Sterigmata and granulated conidial heads 
were found on the surface of the vesicle. The conidio
phores or hyphae showed a Y-shaped three-dimensional 
pattern (Fig. 5). These fungal structures were not seen 
inside the fungus balls, but massive solid substances 
were observed (Figs. 6 and 7). Figure 6 shows the 
appearance of the rough surface of the glass-like 
amorphous materials. 

The results of EDS analysis of fungus balls are 
given in Fig. 8 and Table 1. Calcium and phosphate 
were identified as the main components in necrotic areas 
of the fungus balls. The average Ca/P molar ratio of the 
analyzed material was 1.78 ± 0.12 (n = 10). 

X-ray microdiffraction patterns were obtained 
from the fungus balls, and the diffraction patterns of the 
material was compared with the data in a previous report 
[9]. The X-ray microdiffraction patterns of fungus balls 
had features similar to those of low-crystalline, so
called, biological apatite: superimposed on a broad 
amorphous background, peaks occurred at 25.8° and 31-
33 ° 20s, the location of the major apatite peaks (Fig. 9). 

The FT-IR spectrum of the fungus balls is shown 
in Figure 10. The strong absorption bands at 565, 603, 
872, 962, 1041, 1455, 1507, 1656 and 2926 cm- 1 were 
comparable to those of hydroxyapatite (HAP), which oc
cur at 563,601,872,961 1031 and 2963 cm- 1. The ab
sorption bands at 565, 603, 872, 962 cm- 1 corresponded 
to phosphate, and those at I 500 to 1600 cm- 1 are due to 
protein components [8]. 
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Figure S. Scanning electron micrograph on surface of 
the fungus ball showing conidiophore and vesicle. Bar 
= 100 µm. 

Figure 6. Scanning electron micrograph revealing the 
massive fragments solid substance inside of the fungus 
balls. Bar = 10 µm. 

Figure 7. Scanning electron micrography inside of the 
fungus balls. Bar = 10 µm. 
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Figure 8. EDS data of fungus balls. 
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Figure 9. X-ray microdiffraction pattern of fungus 
balls. 
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Table 1. EDS analysis data for fungus balls. 

Element Line Weight Normalized Net 
% atomic % intensity 

Mg K 2.08 3.08 8.43 
p K 26.84 31.19 244.25 
s K 7.64 8.58 55.09 
Cl K 1.61 1.64 12.07 
Ca K 61.82 55.52 319.03 

Total 100.00 100.00 

Discussion 

Morphologically, the septate vegetative hyphae of 
Aspergillus grow in or over the substrate. At intervals, 
the cell branches and sends a fertile hypha or conidio
phore into the air; the top of the conidiophore enlarges 
to form a vesicle, upon which numerous sterigmata are 
attached radially [2, 6, 15). Mature sterigmata with 
their simple or branched secondary segments are approx
imately 15 mm long [20]. Generally, in aerobic condi
tions, the conidiophore (fruiting body or conidial head) 
may be well developed [6]. However, these structures 
were not seen inside the fungus balls, since the environ
ment was anaerobic. This observation was in agreement 
with a SEM study reported by Hibino and Mori [5]. 

The necrotic areas of the fungus balls were inves
tigated using von K6ssa's staining and EDS analysis to 
show their chemical components. SEM observation was 
performed to search for structural differences in the 
fungus. In the present study, calcium phosphate was 
found mainly surrounding the necrotic areas by von 
K6ssa's staining. Under polarizing microscopy, strong 
birefringence characteristic of calcium oxalate was not 
observed in these regions. EDS analysis showed that 
calcium and phosphate were present in these regions. 
The average Ca/P molar ratio was I. 78 ± 0.12. The re
sults of X-ray microdiffraction indicated the presence of 
an apatite-like substance, and the FT-IR absorption 
bands were in good agreement with data for HAP, al
though with infrared absorption analysis, it may be diffi
cult to distinguish apatite from whitlockite. Based on 
the data summarized above, apatite was the main deposit 
in the calcified foci in the fungus balls. The deposition 
of apatite in aspergillosis has not been reported 
previously. 

Nime and Hutchins [14) studied 68 patients with 
aspergillosis from autopsy and surgical pathology files, 
and reported that eleven had calcium oxalate deposition 
in areas affected by aspergillosis using histochemistry 
only. Among these eleven patients, six had sinusitis 
with fungus balls in the antrum. Hara et al. [4] also de
tected calcium· oxalate monohydrate in fungal infection 
using X-ray diffraction, histochemistry and polarizing 
microscopy. Deposition of calcium oxalate may be a 
consequence of metabolic activity in aspergillosis [3, 
10]. 
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Biological apatites are the main mineral constitu
ents of vertebrates bones and teeth. Pathological miner
al deposits such as dental calculus, bursitis, arthritis and 
various other forms of ectopic calcification also include 
apatite-like materials [9, 11, 16]. The process of calci
um phosphate mineralization, where biologically active 
molecules may behave as both inhibitors and promoters 
of crystal growth, opens up intriguing possibilities for 
explaining the exquisite control observed during biomin
eralization [7, 13]. A number of minerals of biological 
importance can precipitate as different phases and poly
morphs depending on pH conditions, supersaturation, 
ionic strength, temperature and the nature of the solid 
phases already present. Nancollas and Gaur [12] re
ported that depending on the relative supersaturat~on, 
and the presence of natural inhibitors, both calcium 
oxalate and calcium phosphate phases may form in solu
tion after the addition of calcium oxalate seed crys~als. 

The present study revealed that the calcified mate-, 
rial deposited in a case of aspergillosis was biological 
apatite. The cause of deposition of biological apatite is 
obscure, but there are several possible reasons, includ
ing nucleation of calcium phosphate on calcium oxalate 
seed crystals, conversion of calcium oxalate into calcium 
phosphate, or direct precipitation of calcium phosphates 
due to excessive phosphate production by the metabolic 
activity of Aspergillus. 
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Discussion with Reviewers 

A.L. Boskey: How do the authors know the material in 
the deposit is not debris generated by the extraction? 
Authors: It is suggested that the calcium phosphate had 
been deposited in the fungus balls before the extraction. 
The likelihood of artificial deposition of calcium phos
phate is remote, because the materials used for EDS and 
X-ray microdiffraction were washed with distilled water. 
Furthermore, the extracted material did not include bone 
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or tooth-like material macroscopically. 

G. Daculsi: The identification of calcium phosphate is 
evident with EDS, but the demonstration of apatite, like 
biological apatite, in X-ray is unacceptable. The dia
gram revealed only poorly crystallized material, like 
amorphous calcium phosphate. 
Authors: The X-ray microdiffraction diagram (Fig. 9) 
shows broader peaks even though using highly crystal
line material. The position of the obtained peak maxima 
suggest the possibility of biological apatite, though we 
cannot deny the presence of poorly crystalline materials 
of other forms. However, we can compare our pattern 
to that of sialolith [Fig. 7A in reference 21]. 

G. Daculsi: The FT-IR data interpretation is incom
plete. It is necessary to discuss the large difference 
between HAP and fungus balls (range 1400-1700, 800, 
1200, 2950 ... ). 
Authors: The purpose of the FT-IR investigation in the 
present study was to discriminate between phosphate and 
oxalate in the fungus balls. The absorption bands at 
565, 603, 872, 962 cm- 1 corresponded to phosphate. 

G. Daculsi: How do you explain the high sulfur 
content? 
Authors: Sulfur is probably present as sulfated proteo
glycans. These proteoglycans may have some function 
in the formation of pathological mineral. 

G. Daculsi: Why, in this case, do you insist on 
comparison to HAP? The use of "calcium phos
phate" ,rather than apatite, is enough! 
Authors: We reported here that the calcified material 
deposited in a case of aspergillosis was calcium phos
phate, not calcium oxalate. 
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G. Daculsi: How do you explain the high Ca/P ratio for 
a "biological apatite" ? 
K.P .H. Pritzker: It is noted that the Ca/P ratio at 1. 78 
demonstrates excess calcium over that expected for Ca/P 
ratio in apatite 1.67. Has this excess calcium been de
posited amorphously or in crystals? Can the authors de
termine this from their studies? 
G. Valdre: The Ca/P molar ratio of fungus balls (1. 78) 
is quite far from 1.67 of stoichiometric apatite. Could 
you comment on that? In addition, what is the role of 
Mg(3%)? 
Authors: The Ca/P molar ratio of 1. 78 for the fungus 
ball is considered to be due to crystalline biological 
apatite including carbonate, and the chemical 
composition may have shifted from phosphate to 
carbonate. We think that Mg may play an important role 
in the initial formation of biological apatite. 

K.P.H. Pritzker: The authors seek to demonstrate apa
tite like calcium phosphate deposition in a case of maxil
lary sinus aspergillosis. This calcification is stated to 
occur in a necrotic area of fungi. What are the authors' 
criteria for necrotic fungi? 
Authors: It is considered that the structures of Asper
gillus are not observed inside the fungus balls by micros
copy. Because Aspergillus is an aerobic fungus, it 
shows poor viability inside the fungus balls. 

K.P.H. Pritzker: Figure 6 shows a crystal that does not 
have a habit associated with calcium apatite. It is pos
sible that this structure is a calcium oxalate. Figure 7 
shows a scanning electron micrograph which is consist
ent with calcium phosphate aggregates. 
Authors: Figure 6 is not like the calcium oxalate struc
ture that we have previously shown [Fig. 3 in reference 
21]. 
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