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Abstract: Maxillary sinus (MS) pathosis may have various origins, including odontogenic origin. This study aimed
to correlate between MS pathosis and size of periapical lesions (PLs) related to maxillary posterior teeth by
evaluating cone-beam computed tomographic (CBCT) images obtained from an archived collection. Methods: The
study sample was composed of Maxillary posterior CBCT scans of consecutive patients aged above 18 years having
MS pathosis, scans were evaluated retrospectively for the presence of PLs. Sinus pathosis were categorized as
mucosal thickening, sinus polyp, antral pseudocyst, nonspecific opacification, periostitis and antral calcification.
Periapical radiolucencies were categorized utilizing the CBCT periapical index (CBCTPAI), and the distance
between the MS floor and the PL superior border was measured. Data were analyzed at a level of significance set
at p<0.05. Results: There was a statistically significant relation between type of MS pathosis and size of PL,
mucosal thickening tended to occur more in case of PL with large dimension (score 4 or more), however, sinus
polyp tended to occur more in case of PL with small dimension (score 3 or less). There was a high statistically
significant difference between the means of PL sizes associated with different types of MS pathosis.
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1. INTRODUCTION

The bone between the maxillary sinus (MS) and the teeth roots gets thinner in the second premolar and molar area, and
the apices of these teeth roots may be situated just below the MS mucosa. A mean distance of about 1.97 mm between the
MS floor and the adjoining maxillary posterior teeth roots has been described (Shahbazian M, Jacobs R, 2012).

This close anatomic proximity of the sinus floor to the maxillary posterior teeth root apices offers a potential mechanism
for the spread of periapical and periodontal infection to the MS causing inflammatory changes within its mucosal lining
and, eventually, the development of odontogenic maxillary sinusitis [( Lu Y, et al, 2012), (Maillet M, et al, 2011)].

Proper interpretation of cone beam computed tomography (CBCT) images of MS is essential before implant planning,
diagnosis of lesions in posterior maxilla or extraction of impacted teeth. This process was described as odontogenic
sinusitis which accounts for about 10-12 % of all of the maxillary sinusitis cases [(Brook I, 2006), (Mehra P, Murad H,
2004)]. The reported rates of prevalence of maxillary sinusitis of odontogenic origin vary, ranging from 10 to 86%
[(Duan X, et al, 2012), (Maillet M, et al, 2011), (Shahbazian M, Jacobs R, 2012), (Ritter L, et al, 2011), (Phothikhun S, et
al, 2012)].
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The normal sinus mucosa is not apparent on conventional radiographs. However, when the mucosa gets irritated from
either an allergic or an infectious process, it may increase in thickness and become evident on CBCT images. Mucosal
thickness more than 2 mm is most likely pathological (Lu Y, et al, 2012).

A precise diagnosis of odontogenic maxillary sinusitis is important, since the causes and treatments for this disease vary
from those for another forms of maxillary sinusitis. If the underlying dental disease is not diagnosed, treatment of
odontogenic sinusitis will not be successful [(Shahbazian M, Jacobs R, 2012), (Legert KG, et al, 2004), (Nair UP, Nair
MK, 2010)].

CBCT s reliable for the assessment of structures in the maxillofacial region, which includes the MS and periapical
alveolar bone changes [(Lu Y, et al, 2012), (Phothikhun S, et al, 2012), (Brillmann DD, et al, 2012)].

Several studies have evaluated the prevalence of odontogenic MS pathosis using CBCT images [(Lu Y, et al, 2012),
(Maillet M, et al, 2011), (Ritter L, et al, 2011), (Briillmann DD, et al, 2012)]. These studies only assessed prevalence of
odontogenic sinus lesions, however, up to our knowledge the relationship between the MS pathosis and the periapical
lesions (PLs) of the maxillary posterior teeth were not assessed individually. Thus, the aim of our study was to correlate
between MS pathosis and size of PLs related to maxillary posterior teeth using CBCT.

2. PATIENTS & METHODS
Case selection:

This retrospective study was approved by the ethics committee, Faculty of Dentistry, Ain Shams University. Maxillary
posterior CBCT scans of consecutive patients aged above 18 years with MS pathosis were collected from the database at
the Oral and Maxillofacial Radiology department, Faculty of Dentistry, Ain Shams University, between November 2017
and November 2018. Selected CBCT scans were indicated for impacted teeth or implant planning in the anterior maxilla.
CBCT scans of the maxillary posterior teeth of patients having at least second premolar, first and second molars were
included in this study.

Patients with one or more maxillary posterior implants, one or more embedded or impacted posterior teeth or with beam
hardening artifacts were excluded from this study. Finally, scans of 70 MSs were included.

All CBCT scans were acquired using i-CAT next generation (Imaging sciences International, Hatfield, PA, USA). The
images were analyzed using On Demand software (On demand 3D™, Cybermed, Seoul, South Korea).

MS pathosis were classified according to Nunes et al, 2016 into the upcoming groups:

Mucosal thickening (Figure 1): { area with soft tissue density, thickness >2 mm, parallel to sinus bone wall}, sinus polyp
(Figure 2): { region with soft tissue density forming a fold (an extension) adjacent to thickened MS mucosa}, antral
pseudocyst (Figure 3): { region with soft tissue density and no mucosal thickening}, nonspecific opacification { soft
tissue density, total or partial (Figure 4) homogeneous MS opacification}, periostitis: { new bone may take the form of
one or more thin radiopaque lines (laminated) or the line may be thick, adjacent to cortical bone of MS floor, above
radiolucent area associated with the tooth apex} and antrolith (antral calcification) { solitary or multiple well-defined
radiopaque masses}.

Then maxillary posterior teeth were examined carefully on the cross-sectional and axial images and were classified
depending on the dimensions of the PLs according to Estrela C, et al:

A 6-point {0-5} scoring system:

- Score 0= intact periapical bone structures.

- Score 1= periapical radiolucency (PR) with the major dimension of 0.5 mm-1.0 mm.
- Score 2= PR with the major dimesnion of 1 mm-2 mm.

- Score 3= PR with the major dimension of 2 mm-4 mm.

- Score 4= PR with the major dimesnion of 4 mm-8 mm.

- Score 5= major dimension >8 mm.
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In the present study, size of the PL was calculated by measuring the mesio-distal, bucco-lingual, and vertical dimensions
of the lesion and recording the greatest measurement as the lesion size. Axial images were used to measure bucco-lingual
and mesio-distal dimensions of the PL, while cross-sectional images were used to measure the vertical dimension of the
PL. In cases where buccal and/or palatal cortical border(s) of PL was/were destructed, measurement of the BL dimension
was not achievable, and thus score D (cortical destruction) was used to refer for BL dimension and size of the lesion was
calculated as the greatest measurement of the mesio-distal and vertical dimensions. The size of PLs related to maxillary
posterior teeth was given a score according to CBCT periapical index (CBCTPAI) (Estrela C, et al, 2008). If the patient
had more than one PL, the largest was evaluated.

Evaluation of the images:

Two oral radiologists with 16 and 18 years of experience viewed the CBCT images. The observers modified the contrast,
magnification, brightness and sharpness for each image for proper visualization and measurement. Images were viewed in
the cross-sectional, axial, coronal, and sagittal images. Measurements of PLs were performed on cross-sectional and axial
images. Both observers repeated all measurements two weeks later, data were collected and tabulated using Microsoft
Excel spreadsheet.

....... 7.51 mm

3.84 mm

Fig (1): CBCT Cross-sectional images showing mucosal thickening (area with soft tissue density, thickness >2 mm, parallel to
sinus bone wall) in absence (A) and presence (B) of PL.

Fig (2): CBCT Cross-sectional image showing MS polyp (region with soft tissue density forming a fold adjacent to thickened
MS mucosa) in absence (A) and presence (B) of PL.
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Fig (3): CBCT Cross-sectional image showing antral pseudocyst (region with soft tissue density and no mucosal thickening) in
absence (A) and presence (B) of PL.

Fig (4): CBCT Cross-sectional image showing non specific opacification (partial homogeneous MS opacification) in absence (A)
and presence (B) of PL.

3. RESULTS

The data were statistically analyzed using IBM® SPSS® Statistics Version 17 for Windows. Quantitative variables were
described by the mean, standard deviation (SD), the range (minimum-maximum), and 95% confidence interval of the
mean. The statistical significance of the relation between type of MS pathosis and size of PL were evaluated using the Chi
square test. Fisher exact test was used to compare between two types of MS pathosis in relation to size of PL. One way
analysis of variance was used for comparing difference between the means of recorded PLs major dimension in three
groups or more. Multiple comparisons between the means of PL size associated with different types of MS pathosis were
carried out using Bonferroni method. Values of p<0.05 were considered statistically significant (S) while for P < 0.01
were considered highly significant (HS).

Regarding intra and inter-observer agreement of measurements, ICC (Intraclass correlation coefficient) was used, a value
of one corresponds to perfect agreement and a value of zero corresponds to no agreement. Regarding the size of PL the
intra-observer reliability was excellent (ICC=0.90) and the inter-observer reliability was very good (ICC=0.83).
Concerning the distance between MS floor and superior border of PL, both the intra and inter-observer reliability was
excellent [(ICC=0.92) and (ICC=0.90) respectively].
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Our results showed a statistically significant relation between type of MS pathosis and size of PL according to Chi
squared test, however, this test was not appropriate since many readings had zero frequency so two types were compared
considering score 3 or less against 4 or more by applying Fisher Exact test. It was found that mucosal thickening tended to
occur more in case of PL with large dimension (score 4 or more ), however, sinus polyp tended to occur more in case of
PL with small dimension (score 3 or less ) with high statistically significant difference.

Frequency of different types of MS pathosis associated with PLs, with their corresponding mean value of major PL
dimensions was recorded [Table (1)]. One way analysis of variance revealed that there was a high statistically significant
difference between the means of PL major dimensions (sizes) associated with different types of MS pathosis.

Comparing the means of PL size associated with different types of MS pathosis; our results showed that there was a high
statistically significant difference between the means of PL size associated with mucosal thickening and sinus polyp, i.e
mean of PL size associated with mucosal thickening was greater than that associated with sinus polyp [by 2.65] with high
statistical significance. On the other hand there was no statistically significant difference between the means of PL size
associated with non specific opacification (partial) and mucosal thickening as well as between the means of PL size
associated with non specific opacification (partial) and sinus polyp [Table (2)].

Table (1): Descriptive statistics of the size of PL [by major dimension] associated with different types of MS pathosis.

95% Confidence

N Mean SD Interval for Mean Minimum Maximum

Lower Upper

Bound Bound
Mucosal thickening 24 6.70 1.27 6.17 7.24 4.43 8.79
Sinus polyp 5 4.05 2.24 1.27 6.83 1.91 7.74
Antral pseudocyst 1 7.40 . . . 7.40 7.40
Non specific opacification Partial | 3 6.38 2.02 1.37 11.39 4.05 7.60

Table (2): Multiple Comparisons Bonferroni Method.

95% Confidence Interval
Mean P Value
Difference Lower Upper
Bound Bound
Mucosal thickening Sinus polyp 2.65 0.00348 | 0.78 4,52 P<0.01
Non specific opacification | Mucosal )
Partial thickening 0.32 1.00000 2.01 2.65 P> 0.05
Non specific opacification | .. i i
Partial Sinus polyp 2.33 0.12487 5.11 0.45 P> 005

P < 0.01 Highly significant
P > 0.05 Non significant
4. DISCUSSION

MS may show abnormalities such as mucosal thickening, polyps, antral pseudocysts, antrolith and opacification. There is
no agreement about how thick the mucosal lining of the sinus should be to be considered as mucosal thickening, a range
of values from 2-6 mm was considered as mucosal thickening in different studies [(Rege IC, et al, 2012), (Bornstein MM,
et al, 2012)]. Location of MS is of great dental importance due to its close proximity to root apices of maxillary posterior
teeth, thus, sometimes the extraction of these teeth may cause oroantral fistula, also the placement of an implant in this
area may lead to injury of sinus floor if there were no sufficient bone height.

As a result of the close anatomic proximity of upper posterior teeth to floor of sinus with an average distance of 1.97 mm
[(Lu Y, et al, 2012), (Maillet M, et al, 2011)], and bone thickness between sinus floor and tooth roots which gets thinner
in second premolar and molar area to the extent that apices of upper posterior teeth may be situated just under the sinus
mucosa (Shahbazian M, Jacobs R, 2012), hence, spreading of dental diseases into the antrum may occur (Kasikcioglu A,
Gulsahi A, 2016) and odontogenic MS pathosis may be suggested.
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Mucosal thickening, polyps, retention cysts, sinusitis and luminal opacification can be observed in the MS in relation to
tooth periapical infection [(Ritter L, et al, 2011), (Phothikhun S, et al, 2012), (Brillmann DD, et al, 2012), (Vallo J, et al,
2010)]. Conversely, tooth roots which are near or situated in the sinus may also be affected by MS infections (Kasikcioglu
A, Gulsahi A, 2016). And so the aim of our study was to correlate between MS pathosis and PLs related to maxillary
posterior teeth using CBCT.

In our study, we used CBCT for examining the MS and detection of PLs in accordance with several authors [(Nunes CA,
et al, 2016), (Kasikcioglu A, Gulsahi A, 2016), (Maillet M, et al, 2011), (Goller-Bulut D, et al, 2015), (Rege IC, et al,
2012), (Low KM, et al, 2008), (Khorshidi H, et al, 2016), (Luz J, et al, 2018)], counter to usage of computed tomography
by Guerra-Pereira et al (Guerra-Pereira I, et al, 2015). CBCT is considered reliable and accurate for the assessment of
structures in the maxillofacial area, including the MS and PLs [(Lu Y, et al, 2012), (Phothikhun S, et al, 2012),
(Brallmann DD, et al, 2012)]. It provides an accurate assessment of maxillary bone around root apices of posterior teeth
without the superimposition resulted from teeth and the surrounding structures [(Kilic C, et al, 2010), (Ardakani FE, et al,
2015)] and allows measuring the size of the PL and determining its exact location in relation to the sinus and other
structures.

The use of CBCT enabled analyses of 3D volume and examination of MS in all the orthogonal planes in order to detect
sinus pathosis and determine its type. The advantages of CBCT scanning over the CT (for example; low cost, less
radiation dose and less metal artifacts) may justify its use in MS imaging (Shanbhag S, et al, 2013).

We chose CBCT scans that showed sinus pathosis, patients over 18 years old were selected to ensure complete MS
development, also certain abnormalities such as opacification and mucosal thickening are common findings in early
childhood which don't indicate sinus disease (Rege IC, et al, 2012).

Patients with missing second premolar, first and second molars were excluded to avoid sinus pneumatization (Sharan A,
Madjar D, 2008), also patients having impacted and embedded teeth were excluded to avoid other factors that may affect
sinus floor. CBCT scans that were showing one or more implants in the maxillary posterior area or those that showed
beam hardening artifacts in this area were excluded from the study for proper visualization and evaluation of this region
and to avoid faulty determination of lesion measurements [(Lu Y, et al, 2012), (Rege IC, et al, 2012), (Maillet M, et al,
2011)].

MS abnormalities that were observed on CBCT scans in this study were classified according to (Nunes CA, et al, 2016)
into mucosal thickening, sinus polyp, antral pseudocyst, opacification (partial and total), periostitis and antrolith. We
considered mucosal thickening to be greater than 2 mm, similarly some previous studies considered same value for
mucosal thickening [(Janner SF, et al, 2011), (Shanbhag S, et al, 2013), (Lu Y, et al, 2012)], however, Nunes et al and
Rege et al recorded mucosal thickening when the mucosa was greater than 3 mm thick [(Nunes CA, et al, 2016), (Rege IC,
et al, 2012)]. Studies done by Low et al and Obayashi et al considered membrane thickening to have occurred only when
the thickness was greater than 4 mm [(Low KM, et al, 2008), (Obayashi N, et al, 2004)].

On CBCT images PL appears as a radiolucent region associated with the apex of tooth which shows thickness of at least
double that of the periodontal ligament (Low KM, et al, 2008) or only as a radiolucent region surrounding the apex of
tooth suggestive of bone destruction and undetectable or irregular lamina dura (Rege IC, et al, 2012). In this study,
CBCTPAI has been utilized to identify PL size using CBCT based on scores defined according to the dimension of the
radiolucent region. Its use is advantageous in the determination of PL size because of measuring the lesion in three
anatomic planes of reference on the 3D image provided by CBCT imaging yielding a more precise analysis of the size of
PL (Estrela C, et al, 2008).

Concerning the relation between "type of MS pathosis" and "size of the PL", in the present study, there was a high
statistically significant difference between the means of PL major dimension (size) associated with different types of MS
pathosis. Our results showed that mucosal thickening tends to occur more in case of PL with large dimension (score 4 or
more ) than in case of PL with small dimension (score 3 or less ), however, sinus polyp tends to occur more in case of PL
with small dimension (score 3 or less ) than in case of PL with large dimension (score 4 or more ) with high statistically
significant difference. In contrast, Nunes et al found that there were no significant differences between CBCTPAI scores
1, 2, 3, and 4 (different PL sizes) and the absence or presence of MS changes, although, when the PL dimension was
greater than 8 mm, all MSs showed abnormalities (Nunes CA, et al, 2016).
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However, studies made by Lu et al and Goller-Bulut et al showed similar results to our study where a positive correlation
between the incidence and severity of sinus mucosal thickening with the degree of apical periodontitis was found; the
prevalence of mucosal thickening of the MS increased dramatically with the size of PL. This may be due to invasion of
the sinus by bacteria and toxins present in apical lesions directly via the porous maxillary bone or indirectly through blood
and lymph vessels [(Sheikhi M, et al, 2014), (Jung YH, Cho BH, 2012)], thus infecting the mucosa of the antrum. An
increase in the amount of bacteria and toxins leads to an increase in the severity of PL and so increases the likelihood of
mucosal thickening of MS. However, when the PL size was limited, the prevalence rate of MS mucosal thickening
appeared to be unaffected [(Lu Y, et al, 2012), (Goller-Bulut D, et al, 2015)].

5. CONCLUSIONS

Our study concluded that a positive correlation between type of MS pathosis and size of PL was found, thus the size of a
PL influenced the type of sinus abnormality.
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