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Abstract

:

The aim of this study was to investigate the prevalence of maxillary sinus mucosal thickening and compare it to the presence of odontogenic pathology of adjacent teeth. Three hundred and twenty-one full maxilla cone-beam computed tomography scans were examined. The parameters investigated included signs of maxillary sinus mucosal thickening and the diagnosis and proximity of the adjacent teeth. Statistical analysis was conducted using IBM SPSS version-16.0 (SPSS Inc., Chicago, IL, USA). Out of the 2001 teeth examined, 888 (44.4%) were associated with mucosal thickening with a significant difference between the different tooth types (p = 0.04). Mucosal thickening in a maxillary sinus was more likely if the neighboring teeth had apical disease. Interruption of the maxillary sinus floor was noticed more in specific teeth, particularly the first and second molars (p < 0.001). Sinusitis of odontogenic origin can be more prevalent than clinicians expect. The treatment of odontogenic sinusitis should be straightforward, whereby the diseased tooth is root treated or extracted. The sinusitis will then resolve if there are no other etiological factors.
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1. Introduction


Sinusitis of odontogenic origin is a disease that is often overlooked. Patients suffering from sinusitis would normally present to their general medical practitioner and then be referred to an ENT surgeon long before there would be an assessment by a dentist [1]. The norm is referral to the dentist after all other sinusitis-causing factors have been medically excluded.



Sinusitis is defined as inflammation of the sinus mucosal lining epithelium. The etiology of sinusitis might include the common cold, influenza, measles, tumors, and anatomical problems and, in some cases, can be of odontogenic origin. Sinusitis of odontogenic origin was first reported and documented in 1943 by Bauer [2], with a reported prevalence of around 10% [3]. More recent studies—using three-dimensional imaging devices such as cone-beam computed tomography (CBCT)—identified sinusitis of odontogenic origin in up to 40% of cases. According to Ferguson [4], odontogenic sinusitis (OS) can be caused by apical periodontitis, periodontal disease, dental implants impinging on the maxillary sinus, or extrusion of dental materials. Patients were found to have a higher risk for postoperative OS when large amounts of bone grafts were used during sinus lifting procedures [5].



Unilateral sinus mucosal thickening (MT) is an important factor to consider in sinusitis of an odontogenic cause. Further dental examination and investigations of this precise area should be carried out to determine the etiology of the sinusitis [6,7,8]. Troeltzsch, Pache et al. [9] examined 173 cases of unilateral sinusitis, and upon diagnosing the etiology retrospectively, they found that 75% of the cases were linked to an odontogenic infection. In a study by Hoskison, Daniel et al. [10] conducted in the United Kingdom, where the authors reviewed the incidence of odontogenic sinusitis, they reported that 73% of the OS cases were caused by periapical (PA) lesions, 23% by oroantral fistula, and 4% by retained teeth; the study sample was small and consisted of twenty-six patients. Severe periodontal bone loss was also suggested as a major cause of OS. Phothikhun, Suphanantachat et al. [11] concluded that periodontal disease may be a major cause of OS, as it has been found that periodontal disease increases the incidence of apical pathology associated with increasing bone loss. Of all the maxillary teeth, it was found that the first molar, which lies in close proximity to the sinus membrane, is the most common tooth to cause OS. Of the three roots of the maxillary first molar, it has been stated that the palatal roots, followed by the mesiobuccal roots, were most commonly associated with the maxillary sinus [12,13].



Determining that sinusitis is of odontogenic origin can be challenging, as many factors should be considered, such as the degree of MT, and at what point the odontogenic factor should be considered as an etiology and when to exclude it, which proves that the diagnostic criteria are heterogenous [14]. Additionally, diagnosing OS using different imaging modalities by relying on unilateral MT without a proper clinical examination is not accurate and can end up in misdiagnosis. Other possible causes of unilateral MT can be caused by a cyst or tumor, and in both cases, further investigations would be necessary [15,16].



The American Association of Endodontists (AAE) issued a position paper [17] in 2018 on maxillary sinusitis of endodontic origin (MSEO). The presentation of MSEO was divided into three main categories: Periapical Osteoperiostitis (PAO), Periapical Mucositis (PAM), and Sinus Obstruction from MSEO. The position paper emphasized the importance of limited field of view (FOV) CBCT in the source detection of MSEO. It was concluded that MSEO can be easily overlooked, and emphasis was placed on the importance of endodontists in the process of the detection and treatment of MSEO.



The aim of this study was to detect the presence and prevalence of maxillary sinus mucosal thickening and assess its relationship to the adjacent teeth’s health and proximity.




2. Materials and Methods


Ethical approval for this study was granted by the ethical committee of the School of Dentistry at the University of Jordan (reference IRB 234/2020). All methods were performed in accordance with the university’s guidelines and regulations that align with the Helsinki Declaration. Due to the anonymity of the patients’ personal data and details, informed consent was waived by the ethical committee of the School of Dentistry at the University of Jordan. Four hundred and twenty-one cone-beam computed tomography (CBCT) scans were used in this study, undertaken between 7 October 2019 and 22 February 2020. The scans were identified from the radiology department logbook for patients seen by different specialty clinics at the Jordan University Hospital, Amman, Jordan. The scans were justified and needed for either treatment or follow-up. All identified scans included in this retrospective study were taken at the Jordan University Hospital (JUH). The number of scans included in this study was based on a previous similar study by de Lima, Devito [18]. After looking through the identified scans, the final number of scans which met the inclusion criteria was three hundred and twenty-one CBCT maxillary scans. Included scans needed to have a full view of the maxilla with at least one permanent maxillary first molar. Scans with a poor imaging technique, artifacts, or pathological features impeding visualization were excluded.



Two qualified general dentists were trained by an oral and maxillofacial radiologist to read CBCT scans and to identify the parameters investigated in this study. General dentists were chosen as the vast majority of CBCT scans are reported by the prescribing dentists. A sample of twenty scans was not included in the study, as they were used for the training of the reviewers. The results were then discussed with the radiologist, another round of training was conducted 2 weeks later to ensure consistency, and intra-examiner feedback was given. The first fifty scans included in the study were analyzed first by the two general dentists, and then all of them were reassessed with the radiologist to make sure the examiners correctly identified all the parameters. All the scans were examined by both general dentists, and they had to agree on the result. In the case of disagreement, the final decision was that of the maxillofacial radiologist. Data extraction was conducted ensuring standardized viewing conditions of a low-lit room and using a software that allows brightness and contrast adjustments. All CBCT scans were analyzed on the same workstation to minimize any screen bias. The extracted data consisted of the patients’ gender and number, type, and location of teeth, in addition to the parameters. Data were entered into the statistical data analysis software (IBM SPSS Data Editor) (Table 1).



Statistical analysis was performed using SPSS for Windows release 16.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were generated, and the chi-square test was used to examine differences between groups. Cramér’s V was used to express the effect size. The Cramér’s V value (abbreviated as V) was interpreted depending on the degree of freedom (df), as follows: df = 1 (0.10 = small effect) (0.30 = medium effect) (0.50 = large effect); df = 2 (0.07 = small effect) (0.21 = medium effect) (0.35 = large effect); df = 3 (0.06 = small effect) (0.17 = medium effect) (0.29 = large effect); df = 4 (0.05 = small effect) (0.15 = medium effect) (0.25 = large effect). The significance level was stated as p < 0.05.




3. Results


A total of 321 patients (176 females and 145 males) were examined, which resulted in 605 (300 right, 305 left) exposed maxillary sinuses that met our inclusion criteria. There were 2001 teeth examined, and of these, there were 468 first premolars, 455 second premolars, 488 first molars, 467 second molars, and 123 third molars.



There was mucosal thickening of the sinus lining in either or both of the maxillary sinuses in 178 (55.5%) of the patients (Figure 1).



Mucosal thickening was seen in 55.1% of the female patients compared to 55.9% of the males (p = 0.89). Among all the 605 exposed maxillary sinuses, 271 (44.8%) were associated with sinus mucosal thickening. Mucosal thickening was seen in 42.3% of the right maxillary sinuses compared with 47.2% of the left maxillary sinuses (p = 0.23). Out of the 2001 premolars and molars examined, 888 (44.4%) were associated with mucosal thickening, with a significant difference between the different tooth types (p = 0.04) (df = 4, V = 0.07) (Figure 2).



The periapical regions of the teeth were examined, and 688 teeth (34.4%) had periapical periodontitis (Figure 3). Among the teeth with periapical periodontitis, 38 were third molars, 147 were second molars, 185 were first molars, 144 were second premolars, and 174 were first premolars.



Mucosal thickening in a maxillary sinus was more likely if the neighboring tooth was associated with radiographic signs of apical disease (Figure 4).



Almost 54% of quadrants, of those that had periapical periodontitis, were associated with mucosal thickening of the adjacent maxillary sinus, compared to 31.6% when there was no periapical periodontitis (p < 0.001) (df = 1, V = 0.22). The odds ratio for having mucosal thickening when apical periodontitis was present was 2.52, while the relative risk for having mucosal thickening in the presence of apical periodontitis was 1.71. The prevalence of sinus mucosal thickening for each tooth type with periapical periodontitis is shown in Figure 5.



This section may be divided into subheadings. It should provide a concise and precise description of the experimental results, their interpretation, and the experimental conclusions that can be drawn.



When periapical periodontitis was present, third molars had the highest prevalence rate of sinus mucosal thickening (p = 0.007) (df = 4, V = 0.14).



Out of the 2001 teeth examined, 302 (15.1%) received root canal treatment. Only 28.2% of teeth with periapical lesions received root canal treatment. No association was found between sinus mucosal thickening and the presence of root canal treatment (p = 0.38) or the type of tooth with root canal treatment (p = 0.24).



Interruption of the maxillary sinus floor was noticed in relation to 79 teeth (3.9%), particularly the first and second molars (p < 0.001) (df = 4, V = 0.15). The vast majority (93.7%) of teeth associated with interruption of the sinus floor had periapical periodontitis (p < 0.001) (df = 1, V = 0.25), but no relation was found between sinus floor interruption and root canal treatment (p = 0.52).



The effect of the anatomical relationship between the root tip of the different posterior maxillary teeth and the sinus floor on the rate of sinus mucosal thickening is seen in Table 2. Generally, the rate of sinus mucosal thickening increased as the distance between the root tips and the sinus floor decreased, which was confirmed previously by Kuligowski, Jaroń et al. [19]. In addition, as shown in Table 3, the rate of sinus mucosal thickening increased when the roots were associated with periapical lesions.




4. Discussion


There are anatomical variations in human maxillary sinuses and paranasal sinuses. These structures begin to develop in the third week of gestation, and the development is not complete until early adulthood [20]. Studies conflict on the gender difference in the size of the sinuses—some studies found the size of the sinuses is larger in males [21], whilst others stated there is no difference between males and females [22,23]. Some believe that smaller sinuses have a reduced flow of air that can lead to low oxygen and reduced motility of the cilia. With both these situations, there may be mucus stagnation and bacterial growth [24].



This study found a difference in mucosal thickening between males (55.9%) and females (55.1%), but this was not significant p < 0.89. No significant difference was also found in another study [25]. However, others have found that there was a significant difference in males and females, with mucosal thickening being higher in males [26]. These differences could be accounted for by environmental factors such as smoking or occupation.



The prevalence of incidental paranasal inflammatory changes in the Jordanian population was 64.3%. This was found in patients who had MRI scans for neurological signs and symptoms [27]. The present study found a lower incidence (55.5%), but the previous study was conducted in a different area of Jordan, and environmental or demographic factors may be the reason for the difference.



There was a slightly higher percentage of thickening found in the right and left sinuses, with 47.2% and 42.3%, respectively. Even though the degree of nasal septum deviation was not among the parameters investigated, one explanation for this could be a deviated septum which can be influenced by the presence of a concha bullosa. The use of computerized tomography has been utilized to answer this question, and it was found that nasal septal deviation had a significant influence on developing maxillary sinusitis [23].



The relationship between different teeth and thickening of the mucosa of the maxillary sinus was explored, as can be seen in Figure 1. There was MT associated with 44.4% of molars and premolars, all of which did not undergo any type of apical surgery, e.g., root resection or apicectomy. There was a significant difference between the teeth, and the lowest percentage was found for the first molars. If looking at the relationship of teeth to the sinus, other studies assessed the relationship between the maxillary molar and premolar roots and the maxillary sinus [28,29,30,31]. In one of the studies, the mean distance between the maxillary posterior teeth and the maxillary sinus floor was found to be 1.97 mm [28]. In another study, the maxillary first and second molars were assessed, and it was found that they had a close relationship with the maxillary sinus floor in 40% of cases [30]. The palatal roots of molars have been shown to be closer to the antral floor and closer to the maxillary sinus than the palatal vault in 20% of cases [29]. This is probably due to the divergence of the roots and how the buccal and palatal roots saddle the sinus.



In a study by Kilic, Kamburoglu et al. [31], they looked at the distance and relationship between the tips of posterior teeth and the maxillary sinus. They classified the relationship into three groups:




	
Group 1: root tips in contact with the sinus floor;



	
Group 2: root tips penetrating into the sinus;



	
Group 3: root tips below the sinus floor.








They reported that for the right side, 60% of the root tips were in Group 3, 30% were in Group 1, and 10% were in Group 2; for the left side, 68% were in Group 3, 21% were in Group 1, and 11% were in Group 2. There was no significant difference in the right or left. They concluded in the results that the distance from the root tip to the sinus floor was the longest for the first premolar root tip and the shortest for the second molar distobuccal root tip [31]. This close relationship may explain the results of the presence of periapical pathology and mucosal thickening with an odds ratio of 2.52 CI of having mucosal thickening with periapical pathology.



In other areas of medicine, it was recognized that infections in sinuses such as the frontal, ethmoidal, or maxillary sinuses could be sources of orbital infections and that spread potentially occurs by direct extension through the sinus wall and/or by local thrombophlebitis in areas where the bone is thin and in close proximity [32]. The reverse may also happen with infection within bone from apical disease, which causes the spread of infection to the sinus.



In relation to root-treated teeth, in this study, it was found that there was no association between the presence of root canal treatment and mucosal thickening (p = 0.38). One study looked at the association of dental condition and maxillary thickening. This retrospective study on CBCT found that 42.1% had mucosal thickening of >2 mm where periapical pathology was absent, and 53.6% when pathology was present (p < 0.05) [33]. In the present study, it was also found that teeth with periapical pathology had an influence on mucosal thickening and that the more posterior molars had an increased percentage of thickening (Figure 2). This reflects that the closer the association with the sinus, the more posterior position the tooth occupies [31].



Thickening and periapical pathology were the highest in third molars, followed by second molars, first molars, and then first premolars. This reflects the prevalence of teeth with periapical pathology, and in other studies, it was found that the teeth most likely to have periapical pathology were molars, followed by first premolars [34]. In one study, the size of the lesion was compared using the periapical index, and it was concluded that the larger the periapical lesion, the greater the prevalence of mucosal thickening, and if more than one tooth had periapical pathology, the more severe the sinus disease recorded [35]. The fact that teeth have been root treated and the size of the lesion may be reduced or even healed would explain the results of no association with root canal treatment in the present study.



On exploring sinus floor perforation, 93.7% of teeth with periapical pathology had perforation of the sinus floor (p < 0.001). With the close relationship of the posterior teeth and the maxillary sinus [31], and the spread of infection in thin bone [32], this finding is what one would expect.




5. Conclusions


The reported incidence of the spread of infection from periapical tissues to the sinus is between 4.6 and 47% [36]. With the results of the present study, the close relationship of posterior teeth, the spread of infection, and the perforation of the sinus floor, the reported association with periapical disease and maxillary sinusitis can be understood.



The term endo-antral syndrome is used for the spread of periapical disease into the maxillary sinus [37,38,39]. All this shows there is a need to include dental investigation in cases of maxillary sinusitis, in particular where the etiology does not show ENT causes for the disease.



Computerized tomography is used for the evaluation of sinus disease within ENT. ENTs should routinely look for periapical pathology as a potential cause for sinusitis and regularly refer to dentists to assess these teeth before invasive sinus surgery.



With the major limitation of this study being that it was purely reliant on radiographic imaging to diagnose OS, it seems clear that future work should focus on conducting studies that possess both a clinical examination component and a radiographic one, to assess the presence or absence of signs and symptoms and monitor the change in symptoms after undergoing dental treatments.
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Figure 1. Mucosal thickening: no apical disease. 
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Figure 2. Different tooth types and their relation to sinus pathology. 
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Figure 3. Apical disease present: no mucosal thickening. 
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Figure 4. Mucosal thickening: apical disease present. 
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Figure 5. Types of teeth with apical pathology and their relation to sinus pathology. 
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[image: Applsci 12 03057 g005]







[image: Table] 





Table 1. Parameters investigated.






Table 1. Parameters investigated.








	
	(1)

	
Presence of apical disease around the apices of any of the posterior teeth;









	
	(2)

	
Presence of endodontic therapy of any of the posterior teeth;









	
	(3)

	
Thickening of the mucosal lining of the maxillary sinuses;









	
	(4)

	
Interruption of the bony floor of the maxillary sinus;









	
	(5)

	
Distance between the sinus floor and the root end.
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Table 2. The effect of the distance between the root tips and the sinus floor on the rate of sinus mucosal thickening.






Table 2. The effect of the distance between the root tips and the sinus floor on the rate of sinus mucosal thickening.





	
Root and Tooth Number

	
Rate of Sinus Mucosal Thickening

(%)

	
p Value

	
df

	
V




	
Apex-to-Sinus Distance




	
0 mm

	
≤5 mm

	
>5 mm






	
SR 4

	
71.4

	
80.6

	
77.8

	
0.78

	
2

	
0.06




	
BR 4

	
81.8

	
76.2

	
64

	
0.09

	
2

	
0.14




	
PR 4

	
76.9

	
80.5

	
62.3

	
0.048

	
2

	
0.18




	
SR 5

	
85.3

	
64.8

	
67.3

	
0.01

	
2

	
0.21




	
BR 5

	
94.1

	
57.1

	
55.6

	
0.01

	
2

	
0.41




	
PR 5

	
90.5

	
66.7

	
55.6

	
0.02

	
2

	
0.36




	
MBR 6

	
76.7

	
72.2

	
61.1

	
0.06

	
2

	
0.12




	
DBR 6

	
76.1

	
72.2

	
56.5

	
0.07

	
2

	
0.12




	
PR 6

	
77.2

	
69.1

	
58.8

	
0.02

	
2

	
0.14




	
MBR 7

	
85.3

	
68.5

	
27.3

	
<0.001

	
2

	
0.32




	
DBR 7

	
85.9

	
68.3

	
46.7

	
<0.001

	
2

	
0.27




	
PR 7

	
87.1

	
67.6

	
52.6

	
<0.001

	
2

	
0.28




	
MBR 8

	
91.5

	
90.9

	
66.7

	
0.37

	
2

	
0.17




	
DBR 8

	
93.6

	
90.5

	
50

	
0.03

	
2

	
0.33




	
PR 8

	
90.9

	
95.2

	
75

	
0.40

	
2

	
0.20








SR: single rooted, BR: buccal root, PR: palatal root, MBR: mesiobuccal root, DBR: distobuccal root, df: degree of freedom, V: Cramér’s V test.
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Table 3. The effect of the presence or absence of periapical lesions around the different tooth roots on the rate of sinus mucosal thickening.






Table 3. The effect of the presence or absence of periapical lesions around the different tooth roots on the rate of sinus mucosal thickening.





	
Root and Tooth Number

	
Rate of Sinus Mucosal Thickening (%)

	
p Value

	
df

	
V




	
Presence of Periapical Lesion




	
Yes

	
No






	
SR 4

	
63.1

	
36.3

	
<0.001

	
1

	
0.25




	
BR 4

	
52.4

	
39.5

	
0.04

	
1

	
0.13




	
PR 4

	
52.8

	
38.9

	
0.03

	
1

	
0.14




	
SR 5

	
53.8

	
36.7

	
0.002

	
1

	
0.16




	
BR 5

	
45.5

	
41.2

	
0.73

	
1

	
0.04




	
PR 5

	
47.8

	
43.4

	
0.72

	
1

	
0.04




	
MBR 6

	
63.1

	
30.5

	
<0.001

	
1

	
0.31




	
DBR 6

	
62.5

	
30.8

	
<0.001

	
1

	
0.31




	
PR 6

	
61.8

	
31.1

	
<0.001

	
1

	
0.30




	
MBR 7

	
63.8

	
37.7

	
<0.001

	
1

	
0.24




	
DBR 7

	
64.2

	
36.8

	
<0.001

	
1

	
0.25




	
PR 7

	
65.7

	
35.9

	
<0.001

	
1

	
0.28




	
MBR 8

	
82.4

	
44.6

	
<0.001

	
1

	
0.35




	
DBR 8

	
83.3

	
43.2

	
<0.001

	
1

	
0.37




	
PR 8

	
84.4

	
45.3

	
<0.001

	
1

	
0.35








SR: single rooted, BR: buccal root, PR: palatal root, MBR: mesiobuccal root, DBR: distobuccal root, df: degree of freedom, V: Cramér’s V test.
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