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ABSTRACT 

Background: Maxillary sinuses are related to many dental procedures in the dental clinics now a days and the diagnosis of an 

infection or a disease in the maxillary sinuses is mandatory by the operator. The purpose of the current paper was to compare the 

accurate rate between the use of cone beam computerized tomography (CBCT) and panoramic radiography in the detection of 

maxillary sinuses. Material and Methods: A total of 60 patients were used to collect data for the current study. Each of the patients 

was assessed using the two measures; CBCT and Panoramic radiography and the results analyzed using STATA Version 13.0.The 

findings of the study indicate that CBCT was better in analyzing the underlying cause of the patient’s symptoms by looking at Seven 

variables while the Panoramic radiography measure only analyzed two factors due to its dimensional limitation and superimposition 
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of anatomical structures. Results: Based on CBCT, 53% of the patients had the disease, but the panoramic radiography mechanism 

shows that 65% of the same group of patients had the disease. CBCT is offering a 3D assessment of maxillofacial structures which 

allows accurate measurements of the mucosal thickness and disease size and extensions. CBCT is more accurate when it comes to 

the diagnosis and detection of maxillary sinus disease although there are no statistically significant differences between the 

examined factors and both imaging modalities. This is explained by the small sample size of this study and the experience of the 

radiologist with both techniques. Conclusion: Panoramic radiographs would be indicated only as a screening procedure while CBCT 

should be wholly employed in the dental clinics whenever the assessment of maxillary sinuses is recommended. 

 

Keywords: Panoramic radiograph, CBCT, Cone beam computed tomography, Maxillary sinus disease. 

 

 

1. INTRODUCTION 

The maxillary sinus is the commonest paranasal sinus that presents in forms of headaches, foul-smelling nasal, and pharyngeal 

discharge (Tolstunov, 2016). Maxillary sinus impacts on the works of a dentist and is commonly detected using radiographs. Dentists 

make the diagnosis based on the orofacial pain that is usually sinogenic in origin and create a plan to manage the condition 

depending on its severity. The facial feature may be injured during a dental procedure leading to the damage of the sinus bone 

hence the development of sinusitis (Scarfe & Angelopoulos, 2018; Kademani & Tiwana, 2016; Lee, 2017). Progressive desorption of 

alveolar bone height, continuous pneumatization, and the presence of sinus all present with similar symptoms. Moreover, 

headaches, migraine, facial pain disorders, and dental problems may cause symptoms parallel to those associated with maxillary 

sinus. As such, different kinds of imaging have been coined to help dentists in carrying out differentiation assessment and accurately 

determining the presence of sinusitis (Patel, Harvey, Shemesh & Durack, 2016). The purpose of the current paper, therefore, is to 

compare the accuracy rate between the use of cone beam computed tomography (CBCT) and panoramic radiography in the 

detection of the maxillary sinus.  

Many radiographic imaging techniques are currently used to detect the presence of sinuses in patients today (Pandolfo & 

Mazziotti, 2014; Miles & Danforth, 2014). Paranomic radiography is the commonly used measure because of its low costs and 

reduced levels of radiation. The two-dimensional radiography provides a generalized evaluation of the orofacial complex, which can 

be used to determine if a person is suffering from sinusitis or other facial problems (Otto, 2015). However, due to its two-dimension 

nature, the results of panoramic radiography can be easily interfered with by the presence of an overlapping structure. The 

mechanism has been accused of presenting an inaccurate depiction of the anatomy and pathology of the sinus, thus making it 

unreliable. Additionally, panoramic radiography produces unequal magnification which makes it difficult for the practitioner to 

determine whether a patient suffers from sinusitis or any other kind of nasal inflammation (Nosaka, 2014; Luis, 2017; Patel, 2019).  

Cone beam computerized tomography (CBCT) has been preferred by many practitioners in the detection of maxillary sinusitis 

because of its three-dimensional features (Kalu & Ghoneima, 2018; Tolstunov, 2016). CBCT enhances the anatomical structures 

making it easy for the dentist to see the location of the pain and the underlying problems. Moreover, CBCT has been praised in its 

ability to minimize the risks involved with dental and facial surgical procedures, but the cost associated with the measure and high 

radiation dose has made it difficult for significant healthcare facilities to adopt the mechanism (Kapila, 2014; Scarfe & Angelopoulos, 

2018). As such, some studies shows the effectiveness of CBCT and panoramic radiography in the detection of the maxillary sinus to 

encourage healthcare facilities to embrace the use of the toll with better results as a way of enhancing the quality of care offered to 

the patients (Kao, 2014; Karjodkar, 2019). The purpose of this study was to evaluate the difference between panoramic radiographs 

and CBCT in the detection of maxillary sinuses in dental practice. 

 

2. MATERIAL AND METHODS 

All cases were selected fromthe Radiology department at King Abdelaziz University Dental Hospital (KAUDH) after obtaining 

approval from the King Abdulaziz University Research Ethics Committee (Proposal no.034-04-20). Cases were obtained from the 

implant treatment planning patient files who were examined from January 2019 to December 2019 and were scanned by CBCT (I-

CAT Cone Beam 3D Imaging, Imaging Sciences International Hatfield) and digital panoramic radiographs (Kodak  8000,  Hemel  

Hempstead, United Kingdom). Dicom Archive for the CBCT scans were examined with iCat vision software (iCAT, CT Dent Ltd, 

London, UK) while the digital panoramic images was viewed by Kodak software. The CBCT mechanism uses three-dimensional 

technology, making it easy for the practitioner to look for many aspects that can create a proper differential diagnosis. A total of 60 

patients were used to analyze the accuracy rate of CBCT and panoramic radiography in the detection of maxillary sinuses. Of the 

chosen sample, 28 were male, and 33 of the patients were female. The researcher used patients within the ages of 15 years and 71 



                             

© 2020 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

P
ag

e1
9

7
7
 

ARTICLE ANALYSIS 

years to ensure that all age groups were covered in the study. Both mechanisms were used on each patient and the results recorded 

for further analysis. American board-certified Oral and maxillofacial the radiologist (OMF Radiologist) was interpreted the CBCT 

scans included in the study. Then the same examiner read all panoramic images for the same patients at different times. The CBCT 

interpretation was evaluating seven aspects including the presence of the disease, location of the disease, unilateral sinus only or 

bilateral the right and left sinuses, presence of root canal treatment (RCT) close to the sinus, presence of apical periodontal, roots in 

contact with the sinus, missing tooth in the affected area and the thickness of the mucosa. On the other hand, the panoramic 

radiography only allowed the researcher to view two measures due to its dimensional limitation and superimposition of anatomical 

structures, namely the presence of the disease and the location of the mucosal thickening. STATA Version 13.0 (Stata Corp, College 

Station, Texas, USA) was used to analyze the data collected and the results used in a comparative way to determine the difference 

between the use of CBCT and panoramic radiography in terms of accuracy and information provision. 

 

Ethical committee approval details 

The study includes collections of CBCT from radiology department following all ethical guidelines and was approved by the 

chairman of oral diagnostic sciences department and Research Ethical Committee of KAU (034-04-20).  

 

3. RESULTS 

The results of the study show that both the paranomic radiography and CBCT were able to detect the presence of maxillary sinuses 

disease but at different rates. Based on table 1 (Fig. 1), the panoramic radiography indicated that 65% of the patients had sinusitis 

which diagnosed radiographically as mucosal thickness, while 35% were not suffering from the disease. In comparison to the CBCT, 

the findings indicate only 53% of the patients with maxillary sinus disease. In terms of location; the affected sinus may be either right 

sinus, left sinus of both maxillary sinuses. The CBCT showed that 37% of the cases were unilateral; only one of the maxillary sinuses 

were affected, 30% bilateral.  

 

 

Figure 1 Bar Chart demonstrates the presence of maxillary sinus disease in panoramic radiographs and CBCT diseases 

 

Table 1 Distribution of Study Population and frequency of maxillary sinus diseases by panoramic radiographs and CBCT 

 Number Frequency (%) 

Gender    

Male 28 47% 

Female 32 53% 

Presence of maxillary sinus disease 

CBCT 

Yes  32 53% 

No 28 47% 

Panorama   

Yes  39 65% 

No 21 35% 

Disease location 

CBCT   
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NA 20 33% 

Unilateral 22 37% 

Bilateral  18 30% 

Panorama 

NA 20 34% 

Unilateral 19 32% 

Bilateral  10 34% 

 

On the other hand, paranomic radiography results indicated that 34% of the patient’s mucosal thickening was bilateral, 32% 

unilateral. While, the rest of the sinuses did not shows maxillary sinus disease (Figure 2).  

 

 

Figure 2 Distribution of maxillary sinus disease location. Comparison between CBCT and panoramic radiographs in terms of location 

of the sinus disease: Unilateral or bilateral 

 

Table 2 shows the frequency of Maxillary sinus disease characteristics concerning attached teeth diagnosed by using CBCT scans. 

Almost half of our study cases had missing teeth in the maxillary sinus area. The thickness of maxillary sinus mucosa was variable 

and classified into four categories; No mucosal thickness, mucosa between 1-2 mm, 3-10 mm, and more than 10 mm. 

 

Table 2 Frequency of Maxillary sinus disease characteristics concerning attached teeth diagnosed by using CBCT scans. 

Characteristic Number Frequency (%) 

Presence of RCT near sinus 18 30% 

Presence of Apical periodontitis 17 28% 

Root in contact with the sinus 19 27% 

A missing tooth in the sinus area 32 54% 

Thickness of mucosa 

WNL 21 35% 

1 to 3 mm 14 33% 

>3 to 10 mm 12 20% 

>10 mm 13 22% 

 

Table 3 shows the Distribution of different variables of the Study in detail; frequency of maxillary diagnosed by using CBCT.  
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Table 3 Distribution of different variables of the Study diagnosed by using CBCT; the presence of RCT teeth close to the sinus, 

presence of apical periodontal, missing teeth in the affected area and frequency of presence of maxillary sinus disease. 

Tooth characteristic Number 
Frequency 

(%) 

Presence of RCT near sinus   

No 42 70 

First Molar 1 2 

Second molar 0 0 

Premolars 2 3 

First and second molar 6 10 

Molar and premolar 9 15 

   

Presence of Apical periodontitis   

No 43 72 

First Molar 2 3 

Second molar 0 0 

Premolars 3 5 

First and second molar 4 7 

Molar and premolar 8 13 

   

A missing tooth in the sinus area   

NO 27 46 

First Molar 4 7 

Second molar 2 3 

Premolars 3 5 

First and second molar 1 2 

Molar and premolar 23 37 

 

Tables 4, 5 and 6 show an association between CBCT, panoramic radiographs, and the study variables. There is no statistically 

significant difference between CBCT and panorama in detecting sinus diseases. Also, there is no association between the presence of 

RCT near sinus or apical periodontitis or root contacting the sinus and missing tooth in the sinus area with mucosa thickening (P-

value >0.05). There is no statistically significant difference between CBCT and panorama to determine the location of the disease (p-

value =0.2).  

 

Table 4 Association between panoramic radiographs and CBCT in the detection of the disease in the maxillary sinuses (P-value 

>0.05) 

  Panorama 
P-Value    Yes No 

CBCT 
Yes 24 8 

0.7 
No 15 13 

 

Table 5 Associations between presence of RCT near sinus, apical periodontitis, root contacting the sinus or missing tooth in the 

sinus area with mucosa thickening (P-value >0.05). Fisher exacts test and Chi-square test was used. There is no association between 

the presence of RCT near sinus or apical periodontitis or root contacting the sinus and missing tooth in the sinus area with mucosa 

thickening (P-value >0.05). 

 Thickness of mucosa 
P-Value 

  WNL 1 to 3 >3 to 10 >10 

Presence of RCT near sinus      

Yes 6 4 5 3 0.8 
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No 15 10 7 10 

      

Presence of Apical periodontitis      

Yes 2 3 7 5 
0.8 

No 19 11 5 8 

      

Root in contact with the sinus      

Yes 6 5 3 5 
0.9 

No 3 2 0 2 

        

A missing tooth in the sinus area        

Yes 11 9 6 6 
0.8 

No 9 5 6 7 

 

 

3 [A] 

3 [B] 

 

Figure 3 CBCT is better in the detection of abnormality in maxillary sinuses as mucous retention cyst: (A) Panoramic radiograph 

represents a dome-shaped well-defined soft tissue density/ radiopaque entity located at left maxillary sinus. Most probably mucous 

retention cyst. (B) Clear dome-shaped soft tissue density associated with mucous retention cyst is presented in the sagittal view of 

CBCT. 
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Table 6 Association between imaging modality and the location of maxillary sinus disease (P-value >0.05). Fisher exacts test was 

used 

  Panorama 
P-Value 

    NA Unilateral Bilateral  

CBCT 

NA 9 7 3 

0.2 Unilateral 7 7 8 

Bilateral  4 5 9 

 

4. DISCUSSION 

Based on the findings of the study, CBCT is a better measure in the evaluation of maxillary sinus disease. The approach makes it 

possible for the practitioner to use different factors in coming up with differential diagnoses (Hargreaves, Berman & Rotstein, 2016; 

Weiss & Read-Fuller, 2019). As stated earlier, many conditions have symptoms that resemble those depicted by maxillary sinuses 

which necessitate the need to carry out further investigation to determine if one is suffering from dental complication, facial 

structure issues or sinusitis (Tang, Liu & Chen, 2017; Dau et al., 2017). Rather than just showing that an individual is suffering from 

maxillary sinusitis, CBCT helps the practitioner to discover the actual cause of the problem thus making it easy for the proper 

treatment to be offered to the patient. For example, in the current case, the CBCT measures showed the severity of the condition by 

indicating whether the patient’s sinusitis was within the normal limits, the presence of tumors, polyp, mucous retention cysts, and 

lesions within the sinus (Figure 3). The additional information gathered through the three-dimensional CT helps practitioners create 

an ideal treatment plan which is not possible with panoramicradiography (Malina-Altzinger, Damerau, Gratz & Stadlinger, 2015; 

Alkurt, Peker, Degerli, Cebaci & Sadik, 2016; Bell, Joshi & MaCleaod, 2015).  

Panoramicradiography can detect maxillary sinuses, but the measure is not able to show other factors that may impact the mode 

of treatment offered to the patient (Kumar, Shanavas, Sidappa & Kiran, 2015; Malik et al., 2017). This is a well-known limitation of 

the panoramic radiographs because it shows an only two-dimensional aspect of a three-dimensional object and it has 

superimposition of many anatomical landmarks at the maxillary sinus area. For instance, in case one has a cyst inside the sinus, a 

special kind of care is preferred to minimize the spreading of infectious materials that may result in different types of diseases. 

Moreover, the imaging provided by panoramicradiography does not give the actual thickness of the mucosa which makes it 

impossible for the practitioner to correctly identify the severity of the condition (Malik et al., 2017; Alzain et al., 2018; Constantine, 

Clark, Kiermeir & Anderson, 2019) (Figure 4).  

 

 

Figure 4 Odontogenic periapical lesion appears clearly with CBCT while barely to detect by panoramic radiograph: (A) CBCT scan, 

sagittal view shows the true bone density and extension of the periapical disease. There are rarifying osteitis and sclerosing osteitis 

associated with root treated teeth. (B) Panoramic radiograph usually shows the super-imposition of the hard palate and airway space 

in this area and difficult to diagnose periapical infection. Apical periodontitis is possibly associated with tooth #16. 

 

Most of the panoramic radiography evaluations depend on the examiner's interpretation, meaning that different results can be 

achieved depending on the person responsible for the imaging process. In other words, based on the results of the current study, 

precise evaluation of maxillary sinus can only be found through CBCT which analyses all aspects of the maxillofacial region making it 

  

4[A]                                                                                                           4[B] 
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possible for the dentists to correctly identify the source of the problem (Haggerty & Laughlin, 2015); Arx & Lozanoff, 2017; 

Greenberg, 2018) (Figure 5).  

 

 

Figure 5 CBCT scan can detect extension of the abnormality in the Naso-meatal complex: (A) Coronal view shows soft tissue 

thickening of both maxillary sinuses. There is an abnormal bone entity inside the left inferior concha associated with nasal 

constriction. The nasal septum is deviated to right slightly. (B) Sagittal view shows an enlargement of the inferior concha of the left 

mano-meatal structure. 

 

In our study, we did not find any statistically significant difference between CBCT and panorama in detecting sinus diseases. Also, 

there is no association between the presence of RCT near sinus or apical periodontitis or root contacting the sinus and missing tooth 

in the sinus area with mucosa thickening (P-value >0.05). There is no statistically significant difference between CBCT and panorama 

to determine the location of the disease (p-value =0.2). Only 32 out of 60 selected cases showed maxillary sinus disease diagnosed 

by CBCT. If we consider CBCT as the gold standard of this study, the difference between diagnosis by panoramic radiographs and 

CBCT is only 7 cases. This is a small number that may not reflect the association between two method accuracy. Besides, all cases 

were interpreted by OMF radiologists with 10 years of different imaging modalities training. Maybe this reduced the number of 

misdiagnoses. General dentists may get the same or different results. We recommend making this study in the future with more 

than 2 OMF radiologists and dentists with different specialties and examining the inter and intra examiners' reliability.      

 

5. CONCLUSION 

The findings of the current study agree with previous researches that the use of both panoramic radiography and CBCT has been 

instrumental in promoting the diagnosis and the treatment of maxillary sinus in the recent past. The results further show that there 

is no significant difference between the accuracy offered by CBCT and panoramic radiography in the detection of the presence, 

location, and severity of maxillary sinus disease. With the growth of technology, it is wise for the healthcare practitioners to make 

use of CBCT in future diagnosis because the mechanism allows the dentist to analyze various aspects associated with the disease 

thus making the diagnosis accurate and reliable. Moreover, the use of CBCT will help in cutting down the cost of operation for the 

institution while making health care services affordable to the patients at the same time. The cross-sectional images produced via 

CBCT will make the management of maxillary sinusitis easier if the tool is applied in today’s healthcare industry wholesomely. 

Panoramic radiographs would preliminarily screening for patients in case no maxillary sinus procedure is required while CBCT should 

be wholly employed in the dental clinics whenever the assessment of maxillary sinuses is recommended.  

 

Clinical significance 

The present research is emphasizing the importance of using the CBCT examination for evaluating the maxillary sinus disease related 

to maxillary teeth regardless of the presence or absence of a panoramic radiograph for the patient. 
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