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Abstract: Odontogenic sinusitis is a highly prevalent, yet, frequently overlooked condition. Since
anatomically, the roots of upper molars and premolars may be in close proximity with the maxillary
sinus, apical periodontitis affecting these teeth may be the responsible for the development of sinus
membrane thickening and odontogenic sinusitis. The aim of the present cross-sectional study was
to assess the relationship between images suggesting apical periodontitis and maxillary sinus
alterations. One-hundred and thirty CBCTs of the posterior maxilla were examined for the presence
of apical radiolucent lesions and thickening of the sinus membrane. The relationship between the
distance of the lesions to the sinus and the prevalence of sinus alterations were described and
compared. In the sample studied, 16.12% and 45.96% of the sinuses presented images suggesting
mucositis and sinusitis respectively. The mere presence of radiolucent apical images was not related
to sinus alterations. However, it was observed that in the groups in which the lesion was closer to
the sinus, the prevalence of mucosal thickening and sinusitis was higher. Thus, it can be concluded
that, in cases where images suggesting apical periodontitis are closely related to the sinus floor, the
prevalence of sinus alterations similar to mucositis or sinusitis is greater.

Keywords: odontogenic sinusitis; apical periodontitis; cone beam computed tomography

1. Introduction

Maxillary sinus pathosis is a frequently described imaging finding, even in asymptomatic
individuals [1]. Mucosal thickening is the most common alteration [2-5], with a prevalence ranging
from 23.7% [6] in young patients to up to 74.3% in dentate elders [7]. Although definitions may vary
among authors, it is accepted that a normal, healthy sinus presents no mucosal thickening, or only
mild thickening (<2mm) with an uniform and flat characteristic [8] and that mucosal thickening >
6mm indicates mucosal pathology [9].

Rhinosinusitis is the main cause of mucosal thickening in symptomatic individuals [1,10].
However, the cause of mucosal thickening among asymptomatic patients is still unclear [1], being
allergic problems the possible culprits [11]. Since both rhinosinusitis and allergic conditions usually
present as bilateral alterations, Otolaryngologists recognize that whenever unilateral mucosal
thickening or sinus opacification is found, or when a case of chronic rhinosinusitis does not respond
to antibiotics, patients must be referred to a Dentist and a dental cause must be sought [12,13].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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In fact, Odontogenic sinusitis (OS) is a long-time known condition, but frequently
underdiagnosed and still lacking a detailed and broadly accepted definition [14]. Although recently
published papers have thoroughly reviewed this topic [15,16] and retrospective studies estimated
that more than 70% of the cases of unilateral maxillary sinusitis have odontogenic etiology [17,18],
OS has been briefly described in the current guidelines for rhinosinusisits, such as the EPOS
(European Position Paper on Rhinosinusitis and Nasal Polyps) [19].

Regardless of the lack of consensus, based on the current knowledge, OS can be defined as:
“predominantly unilateral sinus opacification and sinus symptoms related to a history of dental
disease or dental treatment on the upper jaw (at the same side) in temporal relation to the symptoms
onset and CT findings” [20].

The biological rationale supporting the possible etiological role of odontogenic infections in the
development of MT (mucosal thickening) and OS is based on the well described anatomical proximity
of the apexes of maxillary premolars and molars to the maxillary sinus floor [10,21]. Often, the roots
of maxillary teeth may disrupt the contours of the sinus floor [10] leaving only the mucoperiosteum
separating the apexes from the sinus [21]. Such close relation allows the inflammatory exudate from
periapical or periodontal infection to erode through the bone and drain into the sinus, causing OS
[21] or, in milder cases, let the bacterial/inflammatory challenges stimulate a response from the sinus
membrane, leading to MT [22].

Three-dimensional imaging techniques, such as computed tomography (CT) and cone-beam CT
(CBCT), are the most accurate imaging exams to assess the spatial relationship between teeth and the
maxillary sinus, detect the presence of sinus alterations and their possible causes, and allow the
Dentist to prevent iatrogenic events leading to oroantral communication or the impingement of
dental materials or roots within the sinus [1,23-28]. However, an European Society of Endodontology
(ESE) joint position statement from 2019 pointed that CBCT must not be used routinely for
endodontic diagnosis or screening purposes [29], and thus, Specialists and GPs must request CT
and/or CBCT only in specific clinical situations, such as when OS is suspected [29].

Anatomically, first and second molars are the teeth most closely related to the maxillary sinus
floor, [23,25,30], being the palatal root of the first molar more prone to be related to MT and OS since
it penetrates the sinus in 34.2% of the cases [30].

Even though the concept of OS is established and well accepted by both Medical and Dental
literature (5,10,14,21,31,32), there is still some controversy among studies regarding the main cause
of the maxillary diseases of dental origin. Severe periodontal bone loss [1,11,31,32] and chronic apical
periodontitis [3,4,10,23,32,33] are the dental conditions most frequently associated to maxillary sinus
pathosis. However, some of these studies failed to find such association between endodontic lesions
and sinusal pathosis [1,31].

Several other conditions have been cited as being the leading cause of MT and/or OS, such as:
periapical abscess [32]; peri-implantitis [34]; oro-antral fistula [35]; dento-alveolar surgery [18,36];
overextension of endodontic material [34]; and dental implant related complications [36].

Identifying the dental causes of MT and OS is extremely important because such conditions do
not respond to the conventional therapy used to treat rhinosinusitis [10], frequently leading to
recalcitrant disease [14] and unsuccessful or unnecessary sinus surgery [23,38]. Besides that,
maxillary sinus infections can evolve into potentially serious conditions, such as, orbital and
intracranial abscess [39-41].

The proper diagnosis and treatment of OS frequently requires the collaboration between the
Otolaryngologist and the Dentist [14,17]. The dental cause should be removed previously [34] or
concomitant with endoscopic sinus surgery [14], and in some cases dental treatment alone is enough
to resolve OS [16,38].

Despite the recognition of MT and OS as frequently found conditions, affecting up to 90% of the
patients with periapical and/or periodontal bone loss, and corresponding to about 40% of the cases
of unilateral sinus disease [42], there are some controversies, yet to be cleared, regarding the role of
chronic apical periodontitis on the etiology of MT and OS.
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Thus, the present study aimed to investigate the relationship between chronic apical
periodontitis (CAP), MT and maxillary sinus opacification, using CBCT, in a population of
asymptomatic individuals referred for dental treatment.

2. Materials and Methods

Study sample: The Study was approved by the Research ethics committee of the Health Sciences
Center of Estacio de S& University (protocol number 50594215.8.0000.5284). A total of 130 posterior
maxilla CBCTs, obtained between August 2014 and July 2015, from patients referred to a private
radiology clinic (ODT Digital diagnostics, Rio de Janeiro, Brazil), were randomly selected and
screened by a previously trained specialist in both Endodontics and Radiology for the presence of
images suggestive of chronic apical periodontitis (primary or secondary) in at least 1 posterior teeth
(premolars and/or molars). For screening purposes, apical periodontitis was defined based on the
criteria proposed by Bornstein et al. (2012) [43] that defines CAP as a hypodense image, twice the
width of the periodontal ligament space, closely associated to the apex. All images were acquired
with PreXion Elite 3D (PreXion, Inc, San Mateo, CA, USA) using a field of view of 8x8cm and
operating at 4.0mA, 90kV, 0.1-0.15mm voxel size, and 37-second acquisition time in high resolution.
Then, images were reconstructed in high resolution, with 0.5mm thin slices. A total of 100 exams from
patients without previous diagnosis of rhinosinusitis were included in the study and were further
analyzed using an open access software for medical images viewing (InVesalius 3.0, Centro de
Tecnologia da Informagao Renato Archer, Campinas, SP, Brazil) and a 20-inches LCD screen.
Exclusion criteria was the presence of metal artifacts impairing the adequate visualization of the
posterior maxilla and whole maxillary sinus; the presence of images suggesting non-odontogenic
sinus pathologies, such as solid tumors; the presence of foreign bodies inside the sinus; and evidence
of sinus lifting, orthognathic surgery or corrective surgeries for the treatment of maxillofacial
complex fractures.

Selection of the slices, analysis of the anatomic relationship between teeth and maxillary sinus,
and assessment of sinus alterations:

After the whole tomographic volume was analyzed in sagittal and coronal views, the sagittal
slice that allowed the clearest visualization of the relationship between the apex and the maxillary
sinus floor was selected and the linear distance between the 2 structures measured (Figure 1). The
width of the sinus membrane was measured, whenever it was apparent, in the areas immediately
adjacent to each tooth. The parameters set by Nurbakhsh et al. (2011) [44], that considered as normal,
cases with up to Imm thick membrane; mucositis when the membrane width was up to 3.54mm; and
images suggestive of sinusitis in cases above 3.54mm were used as references to categorize the
condition of each membrane studied (Figure 2). Besides that, the maxillary sinus condition was
assessed using the LUND-MACKAY SCORE [45], in which, the maxillary sinus can be grouped in 3
categories according to the opacification detected on an image, being O=completely clean sinus;
1=partial opacification; 2=complete opacification. The Lund-Mackay score was used because it is a
simple score, that requires virtually no previous training and is frequently used by Otolaryngologists.
[51].
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Figure 1. Linear measures from the periapex to the cortical of the maxillary sinus floor.

Figure 2. Example of thickened sinus mucosa measured according to the parameters by Nurbakhsh
etal. (2011).
Evaluation of Dental Parameters

The distance between the most apical part of the periapical lesion of each apex to the maxillary
sinus floor cortical bone was measured, and teeth divided in 5 categories: O=absent; 1=apical
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periodontitis lesion not touching the sinus floor cortical bone; 2=apical periodontitis lesion in contact
with the intact cortical bone; 3=apical periodontitis lesion in contact with the sinus membrane, with
eroded cortical wall; 4=teeth without apical periodontitis. (Figure 3) Additionally, the presence of
endodontic treatment was registered, and a subdivision made: O=teeth without endodontic treatment
and no image suggesting apical periodontitis; 1= teeth without endodontic treatment and image
suggesting apical periodontitis; 2= teeth with endodontic treatment and no image suggesting apical
periodontitis; 3= teeth with endodontic treatment and image suggesting apical periodontitis.

Evaluated of the sinus condition

completely veiled F

partially veiled

totally clean

sinusitis

Mucositis

sinus health

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00%

® bilaterally ™ left side ®right side

Figure 3. Summary of the evaluation of the sinuses conditions.

All the CBCTs were evaluated by the same, previously calibrated, investigator (TMC) with
excellent intraoperator agreement. Age and gender of the patients were also obtained from the files.

Statistics

Data were tabulated, and descriptive statistics presented: the distances from the apex of each
root to the maxillary sinus floor cortical bone; the sinus membrane thickness in the area above each
root; the prevalence of maxillary sinuses with images suggesting health, mucositis or sinusitis; the
prevalence of each Lund-McKay score; and the prevalence of teeth with images suggesting apical
periodontitis. The association between apical periodontitis and maxillary sinus alterations was
investigated using a logistic regression model that included gender, age, distance and spatial
relationship between apical periodontitis lesion and maxillary sinus; and membrane thickness). Chi-
squared distribution was used to compare frequencies.

3. Results

One hundred CBCTs were assessed, being 76 unilateral and 24 bilateral images. A total of 124
maxillary sinuses presenting at least 1 adjacent tooth with a hypodense image, suggestive of PAC,
were included in the study.

Mean age of the patients was 54.6 years old (range: 17-86 years old) and 62% of the patients were
female. Figure 4 shows the mean distance (range) from the apex to the maxillary floor cortical bone
for each group of teeth.

Regarding the maxillary sinus membrane thickness, in the right side, 22.03% and 35.59% of the
sinuses presented images suggesting mucositis and sinusitis respectively. In the left side, 10.76% of
the cases presented images suggesting mucositis, and 55.38% suggesting sinusitis.
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When the whole sample was included, 16.12% and 45.96% of the sinuses presented images
suggesting mucositis and sinusitis respectively, while when only the teeth with images suggesting
apical periodontitis were evaluated, the prevalence of mucositis was 13.69% and of sinusitis 41.92%,
with no significant differences between both groups (p>0.05).

However, when the analysis was done separately for each group, according to the relationship
between the apical periodontitis and the sinus, it was observed that in the groups in which the lesion
was closer to the sinus, the prevalence of mucosal thickening and sinusitis was higher.

For teeth with lesion not touching the sinus floor, there was a prevalence of 7.25% of mucositis
and 9.67% of sinusitis, while in the group with lesions touching the preserved cortical floor bone the
prevalence of mucositis was 4.03% but sinusitis was higher (20.16%) (p<0.01). In the group where the
lesion was close to the eroded cortical wall, there were 2.41% of mucositis and 12.09% of sinusitis.
(Table 1).

Table 1. Prevalence of maxillary sinus alterations according to the anatomical relation between CAP
and the sinus floor.

IP1 * IP2 ** IP3 **
MUCOSITIS 7.25% 4.03% 2.41%
SINUSITIS 9.67% 20.16% 12.09%

IP1 - Suggestive image of a periradicular lesion not touching the cortical of the maxillary sinus floor. PI2 -
Suggestive image of a periradicular lesion in close contact with the cortical of the maxillary sinus. IP3 -
Suggestive image of a periradicular lesion promoting disruption of the cortical of the maxillary sinus. Statistical
analysis using qui squared test. **p<0,01 / * p>0,05.

4. Discussion

In the present study, a higher frequency of female patients was observed (62%), in agreement
with the findings of LITTLE et al. (2018) [46]; NUNES et al. (2016) [47] and TROELTZSCH et al. (2015)
[18]. The average age of the sample evaluated was 54.6 years, like observed in the work of
TROELTZSCH et al. (2015) [18]. These results are consistent with the prevalence of AP described in
the literature (FREDRIKSSON et al., 2017) [48].

The maxillary sinus is an anatomical structure localized between the nasal cavity and the oral
cavity, favoring greater vulnerability to the invasion of microorganisms (MEHRA & MURAD, 2004)
[21]. The roots of the premolars and molars are located below the floor of the maxillary sinus,
however the greatest anatomical proximity to the maxillary sinus was described in the roots of the
second upper molar, with an average distance of 1.97mm from the root apex to the floor of the sinus.
Such relation is similar to the results described by MEHRA & MURAD (2004) [21]; BROOK (2006)
[29] and MAILLET et al. (2011) [23].

It is noteworthy that in the present study, a large range was observed for each root, highlighting
the importance of individualized assessment for the diagnosis, planning and execution of endodontic
treatments as well as surgical procedures performed adjacent to the floor of the sinus. In the study
by MAILLET et al. (2011) [23], molars were 11 times more likely to be associated with odontogenic
sinusitis than premolars. This data agrees with the findings of the present study, suggesting that
second molars should be approached endodontically in a more cautious manner to prevent overflow
of filling material or irrigation solution into the maxillary sinus. In this study, bilateral first and
second premolars showed a higher frequency of healthy periradicular regions. Furthermore, the
premolars did not present lesions in close contact with the maxillary sinus. This last finding is
basically due to its anatomical position further away from the cortical bone of the maxillary sinus
(MEHRA & MURAD, 2004) [21].

In agreement with current literature [24,49,50], the high percentage of periradicular lesions can
be attributed to the sensitivity of the imaging technique used, since CBCT is a three-dimensional
examination that minimizes the limitations of the conventional radiographic technique. normally
used in the maintenance of endodontic treatments. The images suggestive of periradicular lesions
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observed in this study associated with endodontically treated teeth cannot be classified into
secondary or persistent periradicular lesions, or even repair, because this is a cross-sectional study.
Additionally, in this study, the quality of the endodontic treatment performed was not evaluated.

Of all the images observed, 18.93% were located below the cortex of the floor of the maxillary
sinus; 12.25% were in close contact with the cortex of the floor of the maxillary sinus, that was still
intact; and at a lower prevalence, 4.36% of images suggestive of periradicular lesion with
discontinuity of the maxillary sinus cortex were observed. The findings of this study can be compared
to literature reports by BROOK (2006) [29] and MAILLET et al. (2011) [23], which associate the low
incidence of odontogenic sinusitis, even with the high frequency of dental infections, due to the
thickness of the cortical bones that constitute an effective barrier to the penetration of odontogenic
infections.

To analyze the thickness of the sinus membrane and its possible relationship with sinus diseases,
the measurements proposed by NURBAKHSH et al. (2011) [44] were used. Therefore, in the sample
included in the study, we observed a high prevalence of images in which the sinus membrane was
thickened, being 16.12% compatible with mucositis and 45.96% compatible with sinusitis.

The relationship between the periradicular lesion and the cortical bone of the floor of the
maxillary sinus, triggering possible sinus alterations/pathology, is directly related to its spatial
location. In this matter, the results of our study showed that the smaller the distance between the
image suggestive of periradicular lesion and the cortical bone of the floor of the maxillary sinus, the
more expressive were the changes in the adjacent maxillary sinuses. When only the dental elements
that presented an image suggestive of a periradicular lesion were evaluated, the prevalence of an
image suggestive of mucositis was 13.69% and of an image suggestive of sinusitis was 41.92%, with
no statistical difference in the total sample regarding the groups with lesion and the general
prevalence (p>0.05 for both).

Comparing the findings of the present study with those described by NURBAKHSH et al. (2011)
[44], in which only elements with apical periodontitis were evaluated, a lower prevalence of cases of
thickening, suggestive of mucositis was observed in our sample (13.69% versus 56%).

However, when evaluating teeth with lesions, considering the relationship between the
periradicular lesion and the maxillary sinus, it was observed that in cases where the lesion was in
closer contact with the maxillary sinus, there was greater thickening of the sinus membrane, with an
image suggestive of sinusitis. Another interesting finding was the fact that, when evaluating only
cases in which the sinus membrane measured 10mm or more (n=28 maxillary sinuses or 22.58% of
cases), it was observed that in 92.85% of these cases (28 sinuses) there was at least 1 tooth with an
associated periradicular lesion.

Of this total, 19 maxillary sinuses (67.85% of the total number of sinuses with extensive veiling)
were associated with the presence of teeth in which lesions reached the cortical of the maxillary sinus.
It is noteworthy that in only 2 cases where there was a large thickening of the sinus membrane, there
was no periradicular lesion associated.

Still regarding mucous thickening, the literature reports that thickening of the sinus membrane
is almost 10 times more common in individuals with periradicular lesions, with the main cause being
endodontic or periodontal infection of the posterior teeth of the maxilla [15]. However, a study by
PHOTHIKHUN et al. (2012) [1] found no association between periapical lesions and endodontic
treatment and mucosal thickening, suggesting that periodontal bone loss alone could play the role in
the etiology of odontogenic sinusitis.These results differ from studies by VALO et al. (2010) [32] and
BORNSTEIN et al. (2012) [43] who observed that roots with periradicular lesions tend to have thicker
sinus membranes adjacent to them when compared to roots without periapical pathology.
BORNSTEIN et al. (2012) [43] found in their study that in the group that presented periradicular
lesions, the thickening of the sinus membrane was statistically greater in relation to the group that
did not present a periradicular lesion. Therefore, it was concluded that conditions that violate the
integrity of the maxillary sinus bone and the sinus membrane considerably increase the risk of
odontogenic sinusitis. The authors also observed that the thickening most frequently found was of
the flat and shallow type.
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In the present study, the presence of a periradicular lesion itself was not associated with
occlusion of the maxillary sinus (p=0.748). However, when evaluating the relationship between the
proximity of the lesion to the maxillary sinus and the presence of veiling, it was observed that in cases
where the lesion was in contact with the cortical bone of the maxillary sinus, there was a significant
association between the exposition and mucosal thickening of the maxillary sinus (p=0.012). Such
results are in agreement with the findings by HOSKISON et al. (2012) [33] that found odontogenic
sinusitis arising from upper posterior teeth that have a minimum or no distance to the cortex of the
adjacent maxillary sinus.

5. Conclusions

The present study failed to find an association between the mere presence of periradicular lesion
itself and changes in the sinus membrane or sinus pathologies, probably due to the great variability
between the distances observed between the periapex and the maxillary sinus. However, the results
suggest that AP in close proximity with the sinus may lead to repercussions as a result of the
infectious process of dental origin. In summary, when the infection or the inflammatory tissue
associated with it is located within the sinus or closely related to the maxillary sinus, the prevalence
of sinus mucosa thickening/sinus pathology is greater.
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