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Dental implant as a potential risk

factor for maxillary sinus fungus
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Fungus ball is the most common form of non-invasive fungal sinusitis, and maxillary sinus is the most
commonly involved site. Maxillary sinus fungus ball (MFB) accounts for a considerable proportion of
unilateral maxillary sinusitis. The prevalence of MFB has recently increased; however, its contributing
factors are unclear. This study analyzed the association between MFB and dental implants. One
hundred one patients who underwent unilateral maxillary sinus surgery were divided into two
groups based on surgical biopsy results: unilateral bacterial sinusitis (UBS, n=45) and MFB (n=56).
Stratified random sampling of 30 patients from each group was performed to adjust for age. The
number of dental implants on maxillary teeth and degree of penetration into the maxillary sinus was
radiologically evaluated. The number of patients with dental implants was greater (P=0.085) and the
number of implants was significantly higher (P=0.031) in the MFB group. Dental implant can be a
potential risk factor for MFB development. Therefore, dental implant surgeons should take caution in
penetrating the maxillary sinus floor during implant insertion and otolaryngologists should consider
the possibility of fungus ball when assessing patients with sinusitis who have dental implants.

Fungus ball is the most common form of non-invasive fungal sinusitis. It is characterized by accumulation of
fungal debris in the sinus without mucosal invasion. Maxillary sinus is the most common site of fungus ball
formation in the nasal cavity and among paranasal sinuses. Previous studies, including a large multicenter study,
have reported increasing prevalence of sinonasal fungus ball"* Distinguishing between bacterial sinusitis and
macxillary sinus fungus ball (MFB) is important because they require different treatments. Odontogenic bacte-
rial sinusitis is initially treated with antibiotics and management of the infected teeth, whereas symptomatic
fungus ball requires surgical removal. Several studies have focused on identifying fungus balls on preoperative
imaging™*. In the globally ageing society, increased number of elderly have dental problems and dental implant
is one of the main methods of oral rehabilitation’.

While other dental procedures, such as endodontic treatment, have been suggested as risk factors for MFB
formation®®, the causative relationship between dental implant and MFB has not been established. In contrast to
previous investigations, the current study analyzed the number of dental implants and their degree of penetration
into the maxillary sinus. In this study, we aimed to investigate whether dental implant is a potential risk factor
for the development of MFB.

Results

Patient characteristics

Of the 101 patients analyzed, 45 patients (44.6%) had UBS and 56 patients (55.4%) had MFB. No significant
difference was found in the male-to-female ratio between the UBS and MFB groups (20:25 vs. 19:37, P=0.309);
however, the mean age of the MFB group was significantly higher than that of the UBS group (63.1+11.2 years vs.
47.2+15.1 years, ***P <0.001). Demographics of the patients analyzed are shown in Table 1. To adjust for age as a
confounding variable, stratified randomization was performed after classifying patients into each decade (Fig. 1).
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Unadjusted data

UBS (n=45) | MFB (n=56) | P value
Age, years 47.2+15.1 63.1+11.2 <0.001
Age group, n (%) 0.001
<65 years 38 (84.4) 29 (51.8)
=65 years 7 (15.6) 27 (48.2)
Sex, n (%) 0.309
Male 20 (44.4 19 (33.9)
Female 25 (55 37 (66.1)
Age-adjusted data

UBS (n=30) | MFB (n=30) | Pvalue
Age, years 56.4+10.6 57.5+11.2 0.682
Age group, n (%)
<65 years 22(73.3) 22(73.3)
>65 years 8(26.7) 8(26.7)
Sex, n (%)
Male 12 (40.0) 11 (36.7)
Female 18 (60.0) 19 (63.3)

Table 1. Demographic characteristics of patients with unilateral maxillary sinusitis. UBS unilateral bacterial
sinusitis, MFB maxillary sinus fungus ball.

101 subjects

with unilateral maxillary sinusitis

v

(n=

UBS group
45; age, 47.2 + 15.1 yrs)

Age distribution of UBS group

20-29 (n =5)
30-39 (n = 12)
40-49 (n = 5)
50-59 (n = 12)
60-69 (n = 8)
70-79 (n = 3)
80-89 (n =0)

v

\4

MFB group

(n=56; age, 63.1 + 11.2 yrs)

Stratified random sampling

Adjusted UBS group

(n =30; age, 56.4 + 10.6 yrs)

Figure 1. Flow chart of patient selection. UBS, unilateral bacterial sinusitis; MFB, maxillary sinus fungus ball.

Sixty age-matched patients—30 patients in each group—were selected. In the age-matched groups, the mean age
was not different between the groups (UBS: 56.4 + 10.6 years vs. MFB: 57.5 £ 11.2 years). In the age-matched UBS
group, five patients had diabetes mellitus and one patient had liver cirrhosis, and no patient had hematological
malignancy, was taking immunosuppressants, or had undergone chemotherapy. In the age-matched MFB group,
five patients had diabetes mellitus, two had liver cirrhosis, and one was taking immunosuppressants after kid-
ney transplant, and no patient had hematological malignancy or had undergone chemotherapy. No statistically
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significant difference was found between the two groups (Supplementary Table S1).

Dental implants in the UBS and MFB groups

Ten of the 101 patients analyzed had dental implants. Eight of them were male, and their average age was
63.10£11.0 years. One patient (2.2%) in the UBS group and nine patients (16.1%) in the MFB group underwent

placement of dental implants (*P=0.021; OR, 8.43, 95% CI, 1.03-69.24).
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In age-adjusted data (n=60), the number of patients with pathological maxillary teeth on the same side of
maxillary sinusitis was 21 (70.0%) in the UBS group and 19 (63.3%) in the MFB group (Supplementary Table S2).
The number of patients with dental implants was higher in the MFB group than in the UBS group [1/30 (3.3%) vs.
5/30 (16.7%), P=0.085], but statistical significance was not achieved (Table 2). Comparison of the total number
of pathological maxillary teeth showed that the number of dental implants was significantly higher in the MFB
group than in the UBS group [2/120 (1.7%) vs. 9/120 (7.5%), *P=0.031]. Additional analysis was performed
only on the odontogenic sinusitis cases, excluding those without dental problems on the CT scan. Even when
only odontogenic cases were examined, the incidence of dental implants was higher in the MFB group than in
the UBS group (Table 2). Data on the number of patients and number of pathological teeth other than implants
are shown in Supplementary Table S2.

Degree of dental implant penetration into the maxillary sinus and their distribution

Half of the implants in the UBS group (1/2) and 11.1% (1/9) of the implants in the MFB group were classified
as grade 1. Half of the implants in the UBS group (1/2) and 33.3% (3/9) of the implants in the MFB group were
classified as grade 2. Approximately 55.6% (5/9) of the implants in the MFB group were classified as grade 3,
whereas no implants in the UBS group were classified as grade 3. Statistical analysis showed no significance in
the linear-by-linear association (P=0.124). The UBS group had no dental implants in the premolar region but
had two implants in the molar region. In the MFB group, two implants were located in the premolar region, and
seven implants in the molar region.

Discussion

In this study, we investigated the association between dental implants and development of MFB. We found that
the number of patients with dental implants was higher in the MFB group than in the UBS group; however,
statistical significance was not achieved. Further, comparison of the number of teeth showed that the number
of dental implants was significantly higher in the MFB group than in the UBS group. All of the dental implants
with grade 3 penetration were those of the MFB group while dental implants in the UBS group were all classi-
fied into grade 1 or 2.

Cases of fungus ball arising in the background of dental implants, including zygomatic implants have been
reported’'% In a previous study that examined odontogenic factors in MFB compared with the healthy side,
the overall presence of odontogenic factors was correlated with fungus balls, whereas particular factors, such as
the presence of dental implants, were not significantly related'®. However, this study included only four patients
with dental implants in each group. Furthermore, the large difference in the number of patients with tooth
extraction (n=145) and dental implants (n =8) suggests that tooth extraction does not ensue dental implant in
other countries probably owing to medical costs or socioeconomic factors. With increasing number of elderly
in the globally aging population, more patients complain of dental problems. As dental implant is one of the
main methods of oral rehabilitation, the dental implant market is steadily increasing. In Korea, dental implant-
placement is a common dental procedure, and an increasing number of patients are considering this procedure
particularly after its coverage by the Korean National Health Insurance. This is possibly reflected by the greater
prevalence of dental implants in our study.

Biomaterial-associated infection is a major complication of dental implants and accounts for approximately
14% of total implant failures'®, and it is usually mediated by biofilm formation'. Biofilms are formed when
microbes adhere to the surface of a medical device and proliferate, resulting in several layers of microorganism
clusters. These microorganism clusters detach from the macrocolony, leading to a spread of the infection'®. Bacte-
rial biofilms have been suggested to play a role in the pathogenesis of chronic rhinosinusitis'’. In in vitro models,
including that of human sinonasal epithelium, Aspergillus was proven to form biofilm structures'>'®. Similarly,
a study investigated the formation of fungal biofilm by Candida albicans on dental implants'®. Given that dental
implant surface can act as a substrate for biofilm formation®, implants provide a potential medium for fungus
ball development. We evaluated the images focusing on the premolar and molar teeth in proximity to the maxil-
lary sinus. Maxillary teeth consist of two premolar and two molar teeth, and the proximity between the roots of
the maxillary teeth and maxillary sinus is a challenge in dentistry, particularly during dental implant placement,
because of the risk of penetration into the maxillary sinus. A study has shown that sinus membrane perforation
did not affect implant survival and sinus membrane thickening®, and from our experience not all implants
penetrating the maxillary sinus floor on preoperative CT scans show exposed implants during surgery as shown
in Supplementary Fig. 1. However, in extreme cases, dental implants can be displaced into the maxillary sinus

Number of affected patients, n/total n (%) Number of affected teeth, n/total maxillary teeth n (%)

UBS MFB Pvalue OR (95% CI) UBS MFB Pvalue OR (95% CI)
g“e‘gl‘)logi“l maxillary | 5, /3 (70) 19/30 (63.3) 0.583 0.74 (0.25-2.17) 39/120 (32.5) 37/120 (30.8) 0.781 0.93 (0.54-1.60)
Dental implant 1/30 (3.3) 5/30 (16.7) 0.085 5.80 (0.63-53.01) 2/120 (1.7) 9/120 (7.5) 0.031 478 (1.01-22.63)
Dental implantin =} 5 (4 gy 5/19 (26.3) 0.057 7.14 (0.75-67.97) 2/84 (2.4) 9/76 (11.8) 0.018 5.51 (1.15-26.36)
odontogemc sinusitis

Table 2. Number of patients and number of pathological teeth in the UBS and MFB groups. UBS unilateral
bacterial sinusitis, MFB maxillary sinus fungus ball.
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requiring surgical treatment?, and shorter implants have been used as alternatives to overcome having to perform

maxillary sinus lifts*>. We also analyzed the distribution of dental implants in the premolar and molar regions of
each group. In the MFB group, the molar region had three times more implants than the premolar region. The
distance between the molar and maxillary sinus is closer than that between the premolar and maxillary sinus*.
Furthermore, the incidence of MFB was higher with increasing degree of implant penetration (Fig. 2). Based on
these results, we hypothesized that the direct contact between the dental implant and Aspergillus contributes to
MFB development. We suggest three grounds on which we based this hypothesis.

First, inhalation of fungal elements is unavoidable during normal respiration; fungus is routinely deposited
within the nose and paranasal sinuses?. Fungal spores introduced into the maxillary sinus have a higher chance
of contacting the implant when the implant is exposed to the maxillary sinus, potentially serving as a medium
for biofilm formation on the implant surface. This could possibly explain the positive correlation between the
degree of implant penetration and the incidence of MFB (Fig. 2).

Second, the environment of the inflamed maxillary sinus is possibly more vulnerable to fungal compared
with bacterial biofilm formation. When the sinus ostium is obstructed, oxygen tension is reduced, creating an
anaerobic environment. Aerobes, such as Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus viri-
dans, and Pseudomonas aeruginosa, are the main microorganisms responsible for biofilm formation on indwelling
medical devices?; however, Aspergillus survives in an anaerobic environment and even in low-level nutritional
environment”’.

Finally, implant properties and implant status may affect development of fungus balls. Studies have shown that
peri-implantitis in sinus floor augmentation may be related to maxillary sinusitis*® and periodontitis is associated
with increased risks of fungus balls (adjusted hazard ratio, 1.46; p=0.002)*. Rough-surfaced implants promote
osseointegration; however, the rough surfaces increase the risk of peri-implantitis®. Various approaches, includ-
ing antibacterial surfaces and coatings that release antibiotics such as vancomycin and gentamycin, have been
applied to prevent peri-implantitis'*. These modifications on implant surface are mostly focused on antibacterial,
rather than antifungal effects. The development and use of antifungal implant materials and early treatment of
peri-implantitis may subsequently reduce the prevalence of fungal infections.

Although there have been some case reports, the relationship of fungus ball with dental implant is not
well established. Several studies have reported the relationship between root canal treatment and other dental
procedures with fungus ball; however, this is the first study to focus on the relationship with dental implants.
Furthermore, we have analyzed the dental implant’s degree of penetration into the maxillary sinus.

This study has some limitations. First, it was cross-sectional in nature; thus, we were not able to assess the
time interval between the dental procedure and the occurrence of MFB. This indicates the possibility that the
patients who underwent root canal treatment or dental implant placement without MFB at the time of CT scan
may develop MFB in the future. Second, because this was a retrospective cohort study, we could not obtain
information on the status of the patients’ implants such as peri-implantitis. Characteristics of each implant such
as surface properties and design or the presence of biofilm on the dental implants could not be assessed in this
study. Finally, the limited sample size at tertiary referral hospital may preclude generalization of the findings
to other populations. Further prospective studies with larger sample size assessing the status of the implant are
warranted to allow a more detailed, highly powered statistical evaluation of dental procedure-related factors.

In conclusion, dental implant can be a potential risk factor for MFB development. With increasing dental
implant cases, dental implant surgeons should take caution in penetrating the maxillary sinus floor during
implant insertion. Otolaryngologists should consider the possibility of MFB when assessing patients with uni-
lateral sinusitis who have dental implants.

Materials and methods

This retrospective study was conducted with the approval of the Institutional Review Board (IRB) of Seoul
National University Hospital (SNUH) (IRB approval number: H-1705-125-855) and performed in accordance
with Declaration of Hesinki. Informed consent was waived by IRB of SNUH due to the retrospective nature of the
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Figure 2. The number of implants according to degree of penetration into the maxillary sinus. UBS unilateral
bacterial sinusitis, MFB maxillary sinus fungus ball.
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study. Patients aged 19 years and older who underwent endoscopic sinus surgery for unilateral maxillary sinusitis
at SNUH between January 2016 and February 2017 were included. Those who were treated for postoperative
cheek cysts, mucoceles, foreign body-induced sinusitis, and benign or malignant tumors were excluded. A total
of 101 patients were included in the final analysis. They were divided into two groups according to the surgical
biopsy results: unilateral bacterial sinusitis (UBS) and MFB. Patients with surgical pathology results showing
chronic inflammation on hematoxylin and eosin (H&E) staining were determined as having UBS. Those with
numerous degenerated fungal hyphae on H&E staining and with fungal organisms that were morphologically
consistent with Aspergillosis on Gomori methenamine silver and periodic acid-Schiff staining were categorized
into the MFB group. To adjust for age as a confounding factor, 30 age-matched patients were selected from each
group using stratified random sampling (Fig. 1). We also evaluated known risk factors for fungal infections, such
as diabetes, liver cirrhosis, hematological malignancy, use of medical immunosuppressants, and chemotherapy.

Paranasal sinus computed tomography (CT) examination was performed using a helical CT scanner (Gen-
esis Highspeed; GE Medical Systems, Milwaukee, WI) or a multidetector CT scanner (Somatom Sensation 16;
Siemens Medical Systems, Erlangen, Germany) for preoperative evaluation. Images were obtained in axial planes
and reconstructed into coronal and sagittal planes with a 1-2-mm slice thickness. Two otolaryngologists and
one dentist analyzed the CT images for each patient in consensus. The presence of radiographically identifiable
dental procedures (root canal treatment and dental implant) and potential sources of odontogenic sinusitis
(periapical abscess, oroantral fistula, and a tooth extraction socket) were reviewed. Implants were further clas-
sified into three grades according to the degree of penetration into the maxillary sinus (Fig. 3). In grade 1, the
implants (Fig. 3a—c) did not penetrate through the bony floor of the maxillary sinus. In grade 2 (Fig. 3d-f), the
implants penetrated through the bony floor of the maxillary sinus, but the exposed length did not exceed 3 mm,
suggesting intact maxillary sinus floor mucosa. In grade 3 (Fig. 3g-i), the penetrated length of dental implants
exceeded 3 mm, suggesting injury of the maxillary sinus floor mucosa. The cutoff value was set at 3 mm because
it is the mean thickness of healthy sinus mucosa®’.

Figure 3. Evaluation of dental implants on paranasal computed tomography: screw part of dental implants are

seen as high density materials, some of which penetrates the maxillary sinus floor (black arrows). Grade 1 (a-c):
dental implant does not penetrate the maxillary sinus floor; Grade 2 (d-f): the implant penetrates the maxillary
sinus floor but does not 3 mm; Grade 3 (g-i): the length of penetration into the maxillary sinus exceeds 3 mm.
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Statistical analysis

Analyses were performed using SPSS 23.0 software (IBM, Armonk, NY), and statistical significance was set at
P<0.05. For sex, number of patients and teeth, and distribution of dental implants in the premolar and molar
regions, the Chi-square test or Fischer’s exact test was performed, and odds ratio (OR) and 95% confidence
interval (CI) were calculated. For the degree of implant penetration into the maxillary sinus, the linear-by-linear
association was performed. The independent t-test was used to compare the differences in age between the UBS
and MFB groups. To adjust for age as a confounding factor, age-stratified randomization was performed in Excel’s
random number generator function.

Data availability
Data are available from the corresponding author upon reasonable request.
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