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INTRODUCTION

Sinonasal fungal balls (FBs) are non-invasive fungal infec-
tions that typically affect the sinuses of immunocompetent 
patients [1]. The most common causative organism is Asper-
gillus sp., which is found most frequently in elderly women [2]. 
FBs predominantly arise in the maxillary sinus, with the sphe-
noid sinus (SS) being the second most common site, and they 
are more commonly unilateral than bilateral [3]. 

Numerous studies have aimed to elucidate the pathogene-
sis of sinonasal FBs. Since sinonasal FBs are most frequently 
found in the maxillary sinus, the bulk of research has concen-
trated on patients with maxillary sinus fungal balls (MSFBs). 
In contrast, sphenoid sinus fungal balls (SSFBs) have been the 
subject of far fewer studies. Although the pathogenesis of FBs 
is not completely understood, it is generally categorized into 
odontogenic, aerogenic, and mixed (both odontogenic and 
aerogenic) pathways [4]. Odontogenic risk factors include the 
use of dental filling materials and a history of dental proce-
dures [5,6]. Factors such as nasal septal deviation (NSD), max-
illary sinus volume, and anatomical variations in the osteome-
atal unit (OMU) are considered to be aerogenic or local factors 
[7-9]. Our recent findings indicate a significant correlation 
between unilateral MSFB and ipsilateral odontogenic factors, 
as well as anatomical variations near the OMU. These varia-
tions include a posterior NSD towards the unaffected side and 
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Background and Objectives: Sinonasal fungal balls (FBs) most commonly occur in the maxillary sinus, followed by the sphenoid si-
nus (SS). Relatively little is known about the predisposing factors and pathogenesis of unilateral sphenoid sinus fungal balls (SSFBs) com-
pared to maxillary sinus FBs. We investigated whether anatomical variations have clinical implications for the location of unilateral SSFBs.
Methods: This study included 33 patients who underwent endoscopic sinus surgery for unilateral SSFBs between 2010 and 2021. Preop-
erative computed tomography scans were used to analyze the presence of anatomical variations, including sphenoid lateral recess, com-
plete accessory septum of the SS, types of SS pneumatization, anterior and posterior nasal septal deviation (NSD), cephalocaudal NSD, 
concha bullosa (CB), Haller cell (HC), paradoxical middle turbinate (MT), everted uncinated process (UP), and Onodi cell. 
Results: The presence of HC (33.3% vs. 12.1%, p=0.04), complete accessory septum of the SS (51.6% vs. 25.8%, p=0.04), and the sellar 
type of the SS (90.9% vs. 50%, p=0.003) differed significantly according to the presence or absence of FBs in the SS. However, other ana-
tomical variations, including NSD, CB, paradoxical MT, everted UP, Onodi cell, and sphenoid lateral recess, were not significantly asso-
ciated with the presence of unilateral SSFBs (all p>0.05). In the multivariable analysis, only sellar-type pneumatization of the SS showed 
a statistically significant relationship with SSFB, not the combined conchal and presellar type (adjusted odds ratio, 8.96; 95% confidence 
interval, 1.27–63.19; p=0.03).
Conclusion: We demonstrated that unilateral SSFBs were most strongly associated with the ipsilateral type of SS pneumatization, fol-
lowed by the presence of HC and a complete accessory septum of the SS. Intranasal anatomical variations may play a significant role in 
the location of unilateral SSFBs.
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the absence of concha bullosa (CB) and infraorbital cells (Haller 
cells [HCs]) [7]. Regarding SSFBs, we propose that the aero-
genic pathway is more likely than the odontogenic pathway to 
contribute to FB formation in the SS, given its anatomical po-
sition. The SS is aerated through the ostium of the sphenoeth-
moidal recess, and NSD may affect this aeration process [10]. 
Studies have suggested a link between NSD and both asym-
metry and pneumatization of the SS [11]. However, NSD and 
other anatomical variants potentially related to the aerogenic 
pathway have not been thoroughly investigated in the con-
text of unilateral SSFB formation. 

Therefore, the aim of this study was to identify predispos-
ing factors in patients with unilateral SSFBs. We categorized 
these factors into two groups: 1) those affecting nasal airflow 
and 2) those related to the SS and its surrounding structures. 
This categorization allowed us to concentrate on either aero-
genic or local factors. To determine the factors that influence 
the location of unilateral SSFBs, we compared the anatomical 
differences between the sides of the nasal cavity and parana-
sal sinuses with and without FB presence.

METHODS

We retrospectively analyzed the electronic medical records 
and preoperative computed tomography (CT) scans of pa-
tients diagnosed with unilateral SSFBs who underwent en-
doscopic sinus surgery at the Kyung Hee Medical Center from 
January 2010 to October 2021, with confirmed pathology. 
This study was approved by the Institutional Review Board of 
Kyung Hee University Hospital (IRB No. KHU 2021-12-001). 
Informed consent was waived due to the retrospective nature 
of the study. Among the 198 patients with FBs, patients with 

bilateral (n=2) or multiple FBs (n=163) in the paranasal sinus 
were excluded. Finally, we identified 33 patients with unilat-
eral SSFBs, reviewed their demographics, and analyzed their 
CT scans. We compared the SSs with and without FBs within 
the same patients as the case and control groups, respectively, 
to identify anatomical differences in unilateral SSFB formation.

First, the effect of NSD on nasal airflow was analyzed by 
dividing it into anteroposterior (coronal) and cephalocaudal 
(axial) NSD. Anteroposterior NSD was measured at two points 
according to Hwang [8]: anterior (at the anterior end of the 
inferior turbinate; Fig. 1A) and posterior (at the ostiomeatal 
unit level; Fig. 1B). Furthermore, we assessed cephalocaudal 
NSD in the axial plane to examine the impact of nasal airflow 
at the natural ostium level of the SS. Cephalocaudal NSD was 
defined as any bending of the nasal septal contour from the 
straight line connecting the midpoint of the nasal tip and the 
sphenoidal rostrum at the level where the natural ostium of 
both SSs was visible (Fig. 1C). Second, the presence of CB, HC, 
paradoxical middle turbinate (MT), and everted uncinate pro-
cess (UP) was analyzed to identify anatomical differences be-
tween the bilateral nasal passages. Third, the presence of On-
odi cells, sphenoid lateral recess, complete accessory septum 
of the SS in the coronal plane, and the type of SS pneumatiza-
tion were analyzed to evaluate the anatomical differences in 
the bilateral SSs and their surrounding structures. A sphenoid 
lateral recess is defined as a pneumatized area between the 
foramen rotundum and vidian canal (Fig. 2) [12]. Aksoy et al. 
[13] defined a complete accessory septum of the SS as the 
complete longitudinal division of the SS (Fig. 3). The accesso-
ry septum of the SS was defined as an additional septum rath-
er than the main septum (dividing the left sinus from the right 
sinus), and the complete accessory septum was defined as the 

Fig. 1. Anteroposterior (A and B) and cephalocaudal (C) nasal septal deviations. A: Anterior deviation of the nasal septum toward the 
left at the level of the nasal valve. B: Posterior deviation of the nasal septum toward the left at the level of the ostiomeatal unit. C: Cepha-
locaudal deviation of the nasal septum toward the right at the level of the both sphenoid ostia. point c, crista galli; point n, anterior nasal 
spine; point M, midpoint of nasal tip; point R, sphenoidal rostrum.
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origin and insertion into the SS’ bone walls [14]. Using the 
main septum as a reference point, the complete accessory 
septum located within the left sinus was designated as the left 
complete accessory septum. The same method was applied to 
the right side as well. SS pneumatization was assessed on the 
sagittal view of CT scans at the level where each side’s SS was 
most prominently visible. It was classified into three types—
conchal, presellar, and sellar—according to the relationship 
with the anterior wall of the sellar turcica [15]. Statistical anal-
yses were performed using SPSS version 20 (IBM Corp., Ar-
monk, NY, USA). The chi-square test was used to investigate 
the association between anatomical variations and the pres-
ence or absence of FB in each SS. Multivariable logistic regres-
sion analysis was performed to evaluate the predisposing fac-
tors of unilateral SSFBs. All significant predictors (p<0.05) in 
the univariable analyses were entered into a stepwise logistic 
regression analysis. Statistical significance was set at p<0.05. 

RESULTS

The clinical characteristics of the patients with unilateral 
SSFBs are summarized in Table 1. The mean age of the 33 pa-
tients was 62.8 years (range, 30–86 years), of whom 13 were 
men and 20 were women. There were 23 cases of FBs in the 

left SS and 10 in the right SS. None of the patients exhibited 
signs of immunodeficiency. Among the various chief com-
plaints reported by the patients, headache emerged as the pre-
dominant symptom (36%). Five patients (15%) were inciden-
tally diagnosed. Only one patient had a history of ipsilateral 
dental treatment. Histopathological examination revealed 27 
cases of aspergillosis and six cases of fungal disease with un-
specified etiology. 

Table 2 summarizes the variables identified as factors in-
fluencing the occurrence of unilateral SSFB. The prevalence 
of anterior NSD (48.5% vs. 48.5%) and posterior NSD (48.5% 
vs. 51.5%) did not show statistically significant differences ac-
cording to the presence or absence of FB in the SS. Cephalo-
caudal NSD showed a non-statistically significant relation-
ship with the absence of FBs in the SS (p=0.09). The presence 
of CB (33.3% vs. 24.2%), paradoxical MT (3.0% vs. 9.1%), 
everted UP (3.0% vs. 3.0%), Onodi cell (30.3% vs. 21.2%), and 
sphenoid lateral recess (61.3% vs. 38.7%) also did not show 

Fig. 2. Sphenoid lateral recess (white arrows). FR, foramen rotun-
dum; VC, vidian canal.

Fig. 3. Right complete accessory sphenoidal septum (white arrow).

Table 1. Clinical characteristics of patients with unilateral SSFB

Characteristic Value (n=33)
Sex

Male (58.1 yrs; 29–72 yrs) 13 (39)
Female (65.9 yrs; 30–86 yrs) 20 (61)

Direction 
Right sphenoid 10 (30)
Left sphenoid 23 (70)

Concomitant disease 
Diabetes 4 (12)
Hypertension 16 (48)
Cancer history 3 (9)
None 14 (42)

History of ipsilateral dental treatment 
Yes 1 (3)
No 32 (97) 

Chief complaint at visit
Rhinorrhea, PND 7 (21)
Facial pain 4 (12)
Headache 12 (36)
Foul odor 1 (3)
Hyposmia/anosmia 1 (3)
Asymptomatic (incidentally diagnosed) 5 (15)
Visual problem 3 (9)

Follow-up period 
<6 months 16 (48)
6 months–1 year 4 (12)
1–2 years 7 (21)
>2 years 6 (18)

Values are presented as n (%). SSFB, sphenoid sinus fungal ball; 
PND, post-nasal drip
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statistically significant differences in frequency between SSs 
with and without FBs (all p>0.05). Interestingly, the presence 
of HC (33.3% vs. 12.1%, p=0.04) and complete accessory sep-
tum of the SS (51.6% vs. 25.8%, p=0.04) were significantly dif-
ferent in frequency according to the presence of FB in the SS. 
We investigated the effect of pneumatization type on the pres-
ence of unilateral SSFBs. The prevalence of unilateral SSFBs 
according to pneumatization types of the SS was as follows: 
the pneumatization types of the SSs with FBs were conchal in 
0 (0%), presellar in 2 (9.1%), and sellar in 20 (90.9%), but those 
of the SSs without FBs were conchal in 2 (9.1%), presellar in 
9 (40.9%), and sellar in 11 (50.5%) patients. The prevalence of 

the conchal and presellar combined type versus the sellar type 
was 9.1% versus 90.9% in SSs with FBs, but 50% versus 50% 
in SSs without FBs (p<0.01).

In Table 3, both univariable and multivariable analyses dem-
onstrated a significant association between anatomical fac-
tors and SSFB occurrence. HC (odds ratio [OR]=3.63; 95% 
confidence interval [CI], 1.02–12.93; p=0.04) and complete 
accessory septum of the SS (OR=3.07; 95% CI, 1.05–8.93; p= 
0.04) showed a statistically significant association with the oc-
currence of unilateral SSFBs. In other words, FBs were more 
likely to be present in the SS on the side with the HC or com-
plete accessory septum of the SS. However, the presence of 

Table 2. Predisposing factors associated with unilateral sphenoid sinus fungal balls

Variable SS with FB (n=33) SS without FB (n=33) p
Nasal airflow

Anterior NSD 16 (48.5) 16 (48.5) >0.99
Posterior NSD 16 (48.5) 17 (51.5) 0.81
Cephalocaudal NSD 13 (39.4) 20 (60.6) 0.09
Concha bullosa 11 (33.3) 8 (24.2) 0.42
Haller cell 11 (33.3) 4 (12.1) 0.04*
Paradoxical MT 1 (3.0) 3 (9.1) 0.30
Everted UP 1 (3.0) 1 (3.0) >0.99

Sphenoid sinus and surrounding structures
Onodi cell 10 (30.3) 7 (21.2) 0.40
Sphenoid lateral recess 19 (61.3) 12 (38.7) 0.08
Complete accessory septum of SS 16 (51.6) 8 (25.8) 0.04*
Pneumatization type Conchal+presellar 2 (9.1)

Sellar 20 (90.9)
Conchal+presellar 11 (50)

Sellar 11 (50)
<0.01**

Values are presented as n (%). *significant at p<0.05; **significant at p<0.01. SS, sphenoid sinus; FB, fungal ball; NSD, nasal septal de-
viation; MT, middle turbinate; UP, uncinate process

Table 3. Associations of the predisposing factors and unilateral sphenoid fungal ball

Variables 
Univariable analysis Multivariable analysis

Odds ratio 
(95% CI)

p
Adjusted odds ratio 

(95% CI)
p

Nasal airflow
Anterior NSD 1.00 (0.38, 2.66) >0.99 NA
Posterior NSD 0.89 (0.34, 2.33) 0.81 NA
Cephalocaudal NSD 0.42 (0.16, 1.14) 0.09 NA
Concha bullosa 1.56 (0.53, 4.58) 0.42 NA
Haller cell 3.63 (1.02, 12.93) 0.04* 6.38 (0.53, 77.55) 0.15
Paradoxical MT 0.31 (0.03, 3.17) 0.30 NA
Everted UP 1.00 (0.06, 16.69) >0.99 NA

Sphenoid sinus and surrounding structures
Onodi cell 1.62 (0.53, 4.94) 0.40 NA
Sphenoid lateral recess 2.44 (0.89, 6.65) 0.08 NA
Complete accessory septum of SS 3.07 (1.05, 8.93) 0.04* 1.24 (0.27, 5.75) 0.78
Pneumatization type (sellar) 10.00 (1.87, 53.48) <0.01** 8.96 (1.27, 63.19) 0.03*

*significant at p<0.05; **significant at p<0.01. CI, confidence interval; NSD, nasal septal deviation; MT, middle turbinate; UP, uncinate 
process; SS, sphenoid sinus; NA, not applicable
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HC and complete accessory septum of the SS did not show a 
statistically significant relationship in the multivariable anal-
ysis (all p>0.05). 

Regarding the association between the types of SS pneu-
matization and the occurrence of unilateral SSFB, the pres-
ence of the sellar type was associated with significantly high-
er odds of unilateral SSFB on the same side (OR=10.00; 95% 
CI, 1.87–53.48; p<0.01) than the conchal or presellar type 
(Table 3). The results of logistic regression analysis compar-
ing pneumatization types (combined conchal and presellar 
versus sellar) are presented in Table 3. The presence of the sel-
lar type was associated with significantly greater odds of uni-
lateral SSFB (adjusted OR=8.96; 95% CI, 1.27–63.19; p=0.03) 
than the conchal or presellar type. 

DISCUSSION

The pathogenesis of paranasal FBs remains a subject of de-
bate, with limited understanding specifically in the context of 
SSFBs. The mechanisms by which these FBs develop are gen-
erally categorized as aerogenic, odontogenic, or a combina-
tion of both [4]. In cases involving MSFBs, odontogenic fac-
tors are believed to be more influential due to the proximity 
of the maxillary bone to the oral cavity and the potential for 
maxillary sinus manipulation during dental procedures. Eb-
erhardt et al. [16] reported that the average distance from the 
maxillary sinus to the apex of the mesiobuccal root of the max-
illary second molar is 1.97 mm. Basurrah et al. [17] found a 
higher incidence of tooth extractions and endodontic treat-
ments in patients with MSFBs compared to those with nor-
mal sinuses. However, for SSFBs, the likelihood of odonto-
genic factors playing a role appears to be lower than for MSFBs. 
Consequently, our research focused on the aerogenic path-
way, which involves the entry of airborne fungal spores into 
the sinus through the natural ostium, leading to the forma-
tion of FBs [18]. To our knowledge, this is the first study to 
explore the predisposing factors for the location of unilateral 
SSFBs as reported in the literature. The goal of this study is to 
identify anatomical differences between the SS with an FB and 
the sinus without an FB within the same individual. As such, 
we did not consider factors such as age, sex, underlying dis-
eases, and immune status, which could affect the occurrence 
of FBs across different patients.

NSD is one of the main factors affecting nasal airflow. Ac-
cording to our data, the anterior and posterior NSD had no 
significant effect on the formation of unilateral SSFBs (Tables 
2 and 3). This finding is consistent with the work of Lim et al. 
[19], who also reported no significant differences in NSD among 
patients with SSFBs. Furthermore, although NSD is common 
in patients with SSFBs, no statistically significant correlation 

has been found between the direction of the NSD and the pres-
ence of SSFBs [10]. Both of these studies evaluated NSD in 
the coronal plane. In our study, we observed a trend where 
cephalocaudal NSD toward the side without an FB was asso-
ciated with the occurrence of unilateral SSFBs (20/33 cases, 
60.6%) (Table 2), but this association did not reach statistical 
significance (p=0.09). This suggests that the concave nasal cav-
ity resulting from NSD toward the SS side with no FB may fa-
cilitate the development of unilateral SSFB by allowing more 
airborne fungal spores to reach the natural ostium. Further 
research is necessary to clarify the precise role of NSD in the 
development of SSFBs. 

Regarding other anatomical factors, we found that the pres-
ence of HCs was associated with an increased OR of unilat-
eral SSFB (OR=3.63; 95% CI, 1.02–12.93; p=0.04). The rea-
son why the presence of HC increased the likelihood of SSFB 
on the same side was not clear. In our previous study, the pres-
ence of HC decreased the likelihood of ipsilateral MSFB (ad-
justed OR=0.33, p<0.05) [7]. Some studies have reported that 
HCs reduce infundibular width [20]. Considering this, one 
possible hypothesis is that HCs may facilitate the flow of air 
containing fungal spores directly into the ostium of the SS on 
the same side, rather than into the maxillary sinus. Other an-
atomical factors including CB, paradoxical MT, everted UP, 
and Onodi cell did not exhibit significant associations with 
the occurrence of unilateral SSFB (Tables 2 and 3). Although 
relatively few studies on SSFBs have been published so far, 
Lim et al. [19] reported similar findings that CB was not relat-
ed to the location of the SSFB. In that study, CB was found in 
26.2% (116/442) of patients with unilateral FBs, but the pres-
ence of CB was not related to the location of the MSFB or SSFB.

Next, to examine the anatomical differences between the 
SSs on both sides, the type of pneumatization and the pres-
ence of a sphenoid lateral recess and inner septum within the 
sphenoid were investigated. The sellar type of the SS was iden-
tified as a significant predisposing factor to the presence of 
unilateral SSFBs in both univariable (OR=10.00; 95% CI, 1.87–
53.48; p=0.003), and multivariable analyses (aOR=8.96; 95% 
CI, 1.27–63.19; p=0.03) (Table 3). Başer et al. [21] reported an 
association between SS volume and pneumatization type with 
pathologies (fungi and polyps). Their conclusion indicated 
the absence of a statistically significant difference in pneuma-
tization types between the groups of polyps and fungi. How-
ever, the SS volume showed significant results. Isolated fungal 
chronic sphenoid sinusitis showed an association with a larg-
er SS volume, whereas isolated sphenoid sinusitis with polyps 
was associated with a smaller SS volume. Considering the re-
sults of our study and that of Başer et al. [21], the larger vol-
ume of the sellar type compared to the conchal and presel-
lar types might be related to FB formation. 
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The sphenoid lateral recess is a common site for spontane-
ous cerebrospinal fluid leaks, encephaloceles, and meningo-
encephaloceles [12,22]. As previously stated, we hypothesized 
that the sellar type of pneumatization, with a larger SS volume 
than the conchal or presellar type, was related to the occur-
rence of unilateral SSFB. Therefore, we postulated that the 
presence of a lateral recess in the SS, which is associated with 
a larger volume, might play a role in the formation of FBs. The 
frequency of the presence of a sphenoid lateral recess was high-
er in SSs with FBs than in SSs without FBs (61.3% vs. 38.7%, 
respectively), but the difference was not statistically signifi-
cant (p>0.05).

Lastly, we speculated that the presence of a complete acces-
sory septum in the SS could impact ventilation and potential-
ly serve as a predisposing factor for FB formation. The pres-
ence of a complete accessory septum of the SS increased the 
likelihood of unilateral SSFB (OR=3.07; 95% CI, 1.05–8.93; 
p=0.04), but this association was not statistically significant 
in multivariate logistic regression analysis (Table 3). 

The SS is surrounded by crucial neurovascular structures, 
and bone lysis without tissue invasion by fungal growth has 
been documented [23]. In fact, a study indicated that orbital 
complications occur in up to 17% of cases of SSFBs [24]. There-
fore, early diagnosis and treatment of SSFB are crucial. How-
ever, SSFB is often underdiagnosed because the symptoms are 
nonspecific. For a better understanding of pathogenesis of uni-
lateral SSFBs, this study aimed to identify predisposing factors 
influencing the location of unilateral SSFBs within individual 
patients. The limitations of this study involve its retrospective, 
single-center design, as well as the fact that it included rela-
tively few patients (n=33) since unilateral SSFB is not a com-
mon disease.

In conclusion, we found a significant association between 
unilateral SSFBs and anatomical variations on the SS side 
where the FB was present. These variations included the pneu-
matization type of the SS (sellar), the presence of complete ac-
cessory septum of the SS, and HC. However, there was no sta-
tistically significant association between NSD and the presence 
of unilateral SSFBs. Thus, intranasal anatomical variations may 
play a significant role in the location of unilateral SSFBs. 
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