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ABSTRACT 

Objectives:  There is increasing research regarding pathology of the maxillary 

sinus in dentistry.  This may be attributed to the increasing routine use of cone beam 

computerized tomography (CBCT) for diagnosis and treatment planning of complex 

dental treatments, and incidental findings identified by clinicians during the process.  

This study aims to compare two different CBCT viewing software programs, and 

evaluate their detection of pathological findings in the maxillary sinus of a group of 

patients at Temple University School of Dentistry.  

Methods:  A total of 316 CBCT scans taken on 176 females and 140 males (202 

Caucasian, 69 African-American, 30 Asian, and 15 Hispanic) between 2009 and mid-

2013 by the Division of Oral & Maxillofacial Radiology at Temple University School of 

Dentistry were evaluated using i-CAT and INFINITT viewing software programs.  The 

CBCT scans were examined with both viewing programs, and classified each time by 

independent evaluators as yielding one of 5 categories of maxillary sinus pathology as 

follows:  healthy status with mucosal thickening ≤ 3 millimeters, mucosal thickening > 3 

millimeters, polypoidal mucosal thickening, partial opacification, or complete 

opacification.  

Results:  The i-CAT viewing program revealed 193 (61.1%) scans with a healthy 

maxillary sinus presenting with mucosal thickening ≤ 3 millimeters, and 123 (38.9%) 

scans yielding various forms of maxillary sinus pathology.  In comparison, the INFINITT 

viewing program found 194 (61.4%) scans with healthy maxillary sinus conditions 

without pathology, and 122 (38.6%) scans with various types of maxillary sinus 
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pathology.  The difference in detection of maxillary sinus pathology between the i-CAT 

and INFINITT viewing programs was not statistically significant. 

Conclusions:  The i-CAT and INFINITT viewing software programs for 

evaluation of human CBCT scans used in dental treatment planning provided nearly 

identical information relative to detection of maxillary sinus pathology.  This suggests 

that both viewing programs may be employed interchangeably by clinicians in their pre-

treatment evaluation of the maxillary sinus in dental patients.  
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CHAPTER 1 
 

INTRODUCTION 
 
            Cone beam computerized tomography (CBCT) was first introduced in the 1990s 

by Arai et al. (1999).  Although combinations of plain radiographic images and 

panoramic radiography could be adequate in a number of clinical situations, the use of 

advanced computerized tomography (CT) imaging has been increasing over the years.  

The introduction of CBCT for the maxillofacial region facilitated its more frequent use in 

the field of dentistry, providing an alternate solution to the challenges of the cost, 

availability, and radiation dose emitted by conventional CT.  Currently, CBCT images 

are used to solve complex diagnostic and treatment planning problems, such as dental 

implant site assessment, growth abnormalities, maxillofacial trauma, and orthodontics 

analysis.  Due to the increasing routine use of CBCT for diagnosis and treatment 

planning of dental implants and maxillofacial pathology, more incidental findings in the 

maxillary sinus are noted (John et al. 2015).   

            The first reported application of CBCT in periodontology was for diagnostic and 

treatment outcome evaluation of periodontitis (Ito et al. 2001).  With the images, 

periodontal intrabony defects, fenestrations, dehiscence, and root furcation involvements 

may be diagnosed.  In 2012, the American Academy of Oral Maxillofacial Radiology 

published a position paper on CBCT imaging for the diagnostic phase of dental implant 

therapy to improve the long-term success of dental implants.  To optimize implant 

placement and to avoid surgical complications, it is important to identify local anatomic 

or pathologic conditions that may restrict implant placement.  For the mandible, CBCT 

imaging can show the location of the mental foramen and inferior alveolar canal among 
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other vital structures.  In the maxilla, the posterior maxilla poses a unique challenge 

compared with other areas of the mouth.  The maxillary sinus tends to pneumatize in an 

inferior direction after tooth extraction, which can compromise bone volume available for 

dental implant placements.  Seong et al. (2011) showed that of more than 500 posterior 

maxillary implants that were placed over a 4-year period, 54% required sinus 

augmentation prior to or at the time of dental implant placement.  Therefore, CBCT 

reveals multiple anatomic features that are important for complex diagnosis and treatment 

planning.  The maxillary sinus is a region of special interest for many medical specialists, 

including those in the fields of maxillofacial surgery, otorhinolaryngology, and dentistry. 

The maxillary sinus begins to develop between the second and third month of 

pregnancy.  It is about 0.1 to 0.2 cm3 in size and remains small until eruption of 

permanent teeth (Testori 2009).  Sinus pneumatization, which is the increase of volume 

of air contained in it, is completed by adolescence.  The volume increases further in an 

inferior direction after tooth loss (Misch et al.  2008). 

The inner walls of the sinus are covered by the Schneiderian membrane, which is 

covered by pseudo-stratified, columnar, ciliated epithelium.  Normal Schneiderian 

membrane thickness ranges from 0.13 to 0.5 mm.  The membrane can undergo thickening 

due to various pathologies.  An ENT consultation is advisable when a thickened 

membrane more than 3 to 4 mm is noted (Testori 2009).  Rak et al. (1991) confirmed that 

mucosal thickenings of up to 3 mm are common and lack clinical significance in 

asymptomatic patients.  Minimal mucosal thickening is thought to be a normal variant 

and possibly a function of the physiologic nasal cycle.  
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There are 6 general categories of maxillary sinus pathology that have been 

described in the literature: 1) inflammatory lesions, 2) cystic conditions, 3) neoplasms, 4) 

developmental, 5) calcification, and 6) traumatic (Misch et al. 2008). 

Inflammatory lesions are the most common category of maxillary sinus 

pathology.  They can be divided into acute, chronic rhinosinusitis, or allergic sinusitis. 

Etiologies may be derived from odontogenic and/or non-odontogenic sources. 

Inflammatory odontogenic sinusitis occurs when the Schneidarian membrane is violated 

by conditions such as odontogenic pathology of the maxillary bone, periapical abscess, 

periodontitis, radicular cysts, lateral periodontal cysts, maxillary dental trauma, or 

iatrogenic causes such as dental extractions, placement of dental implants, and maxillary 

osteotomies in orthognathic surgery.  Management of sinus diseases of odontogenic 

origin often requires treatment of sinusitis and the odontogenic source (Mehra et al. 

2004). 

There are numerous non-odontogenic causes such as viral, bacterial, fungal and 

allergy.  Traditionally, rhinosinusitis has been classified by symptom duration: acute (less 

than 4 weeks), subacute (4-12 weeks), or chronic (more than 12 weeks with or without 

acute exacerbations) (Rosenfeld et al. 2007, Chan et al. 2009).  Acute rhinosinusitis is 

usually infectious in origin, with clinical symptoms of purulent nasal drainage, nasal 

congestion, and possible facial pressure or pain.  It is often due to viral or bacterial 

infection from the upper respiratory tract that spreads from the nasal cavity to involve one 

of the paranasal sinuses.  The osteomeatal complex patency may become compromised as 

a result of this inflammatory process.  The bacteria flora of chronic rhinosinusitis, 
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comparing to acute rhinosinusitis, is shifted more toward anaerobic species.  Rare cases 

of fungal infection and eosinophilic fungal rhinosinusitis have also been reported.   

Allergic sinusitis is an allergic inflammation of the nasal airways.  It occurs when 

an allergen such as pollen or animal dander is inhaled.  The symptoms resemble a cold or 

flu.  Without treatment, 15-60% of cases may develop into a chronic rhinosinusitis.  

Radiographic features for inflammatory lesions can be increasing radiopaque thickness of 

mucous membrane, which indicate the accumulation of secretions that accompany 

sinusitis reducing air content to complete sinus opacification.  Odontogenic-related 

sinusitis appears as an “antral halo”, with resorption of the antral floor surrounding the 

tooth.  In some cases, a more generalized thickening may occur adjacent to the infected 

teeth.  Acute sinusitis may present an air-fluid level in the maxillary sinus.  However, 

chronic sinusitis does not present an air-fluid level in the maxillary sinus, but instead, 

causes a thickening of the sinus membrane, opacification of the sinus, and sclerosis or 

thickening of surrounding bone.  In allergic sinusitis, the mucosa will be more lobulated, 

with polyps forming on the sinus membrane.  The polyps are well-delineated, smooth, 

and dome-shaped thickened areas on the Schneiderian membrane.  Fungal infections may 

appear as a mild thickening to complete opacification of the maxillary sinus.   

 Cystic lesions are the next most common category after inflammatory conditions. 

Maxillary sinus cysts are usually clinically benign and generally divided into two 

categories, secretory and non-secretory cysts.  Secretory cysts include retention cysts and 

mucoceles.  Retention cysts are expanding, destructive lesions that result from the 

obstruction of the seromucinous gland duct of the sinus mucosa.  The reported incidence 

of this condition in the general population varies from 1.4% to 9.6% (Wang et al. 2007).  
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Retention cysts radiographically present as small, rounded, dome-shaped, relatively 

radiopaque shadows originating from the wall or floor of the sinus.  They are associated 

with symptoms, including headache, nasal obstruction, facial pain in the sinus areas, 

postnasal drip and nasal discharge.   

Mucoceles are benign, expansive, cyst-like lesions that are completely filled with 

mucous and lined with epithelium.  Non-secretory cysts do not present with an epithelial 

lining and are referred as “pseudocysts”.  “Pseudocysts” are inflammatory in origin and 

caused by accumulation of exudate that raises the mucosa from the bone of the antral 

floor.  “Pseudocysts” are often secondary to odontogenic infections.  Radiographically, 

they may present as a dome-shaped radiopacity on the floor of the sinus.  They may vary 

in size from a small dome-shaped lesion to a very large lesion within areas of 

opacification in the maxillary sinus.   

Neoplasms in the maxillary sinus can arise from various origins.  Maxillary 

tumors are classified by histologic type into epithelial, mesenchymal, metastatic, and 

other lesions (Reino 2000) (Table 1).   

Table 1.  Various neoplasms in maxillary sinus, adapted from Reino (2000) 
_______________________________________________________________________ 

  Maxillary Sinus Sphenoid Sinus 
 

Inverted papilloma 
 

390 9 

Cylindrical cell papilloma 
 

4 0 

Squamous cell carcinoma 
 

8,500 75 

Verrucous carcinoma 
 

9 0 

Transitional cell carcinoma 
 

85 8 

Spindle cell carcinoma 5 0 
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Undifferentiated carcinoma (SNUG) 
 

151 11 

Subtotal 
 

9,144 103 

 
Glandular oncocytoma 
 

2 0 

Myoepithelioma 
 

4 0 

Pleomorphic adenoma 
 

2 0 

Adenocarcinoma 
 

237 21 

Adenoid cystic carcinoma 
 

221 24 

Mucoepidermoid carcinoma 
 

29 3 

Acinic cell carcinoma                                        
 

4 0 

Malignant oncocytoma 
 

2 0 

Malignant myoepithelioma 
 

4 0 

Carcinoma ex pleomorphic adenoma      
 

3 0 

Malignant mixed tumor 
 

2 0 

Subtotal 
 

510 48 

 
Neuroectodermal meningioma 
 

12 15 

Paraganglioma 
 

0 0 

Neuroectodermal tumor of infancy   
 

2 0 

Melanoma 
 

83 3 

Esthesioneuroblastoma 
 

3 11 

Sinonasal neuroendocrine carcinoma (SNEC)   
 

37 2 

Carcinoid 
 

2 0 

Teratocarcinosarcoma 1 0 
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Teratoma 
 

0 1 

Subtotal 140 34 
______________________________________________________________________ 

Neoplasms affecting the maxillary sinus include squamous cell carcinoma, 

adenoid cystic carcinoma, and adenocarcinoma.  A wide range of radiographic 

appearances may be found, including total sinus opacification, expansion or loss of bony 

walls, radiopaque masses of soft tissues, displacement of the teeth, and irregular 

radiolucent area in the surrounding bone. 

Developmental syndromes and other disease processes associated with maxillary 

sinus are Crouzon’s syndrome, Treacher-Collin’s syndrome, Binder’s syndrome (maxilla 

nasal dysplasia), osteopetrosis, Paget’s disease, cemento-ossifying fibroma and fibrous 

dysplasia.  Crouzon’s syndrome is a genetic disorder affecting the first brachial arch, 

which is the precursor of the maxilla and mandible.  Treacher-Collin’s syndrome presents 

with nasal deformity and an underdeveloped zygoma.  Binder’s syndrome is a 

developmental disorder primarily affecting the anterior part of maxilla and nasal 

complex.  Dysplastic and fibro-osseous conditions can cause partial or complete 

occlusion of the sinus.  Paget’s disease of bone can also cause cotton ball radiopaque 

sclerotic deposits of both maxillary sinuses and cortical expansion.  The radiopacities 

may obscure the image of the sinus or may actually encroach on the sinus.  

Common calcified masses within the maxillary sinus are anthroliths.  The nidus of 

calcification may be extrinsic, such as a foreign body in the sinus, or intrinsic such as 

stagnant mucous or a fungal ball.  Most of these are small and asymptomatic, while larger 

ones may cause symptoms such as pain and discharge.  Radiographic features are well-
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delineated, with smooth or irregular outlines of round ovoid radiopaque structure 

embedded within the mucoperiosteum, with the sinus wall intact.  Single or multiple 

lesions may be present.  

Traumatic conditions may be fractures of the maxilla, tuberosity, nasal bone, 

zygoma or orbital floor, hematoma, foreign bodies displaced into the sinus, oral antral 

fistulas, and sinus contusion.  Dislodged bone fragments are generally radiopaque.  With 

a hematoma, a haziness of the sinus may be observed due to edema.  Hemorrhage or 

increasing sinus fluid levels may also make the sinus appear opaque.  With an oral-antral 

fistula, there will be a break in the continuity of the floor of the maxillary sinus, which 

may be seen as a misalignment of a small portion of the cortical layer of bone.  

Radiographic features of acute or chronic sinusitis may also be present.   

With CBCT images, various anatomical structures can be differentiated based 

upon relative densities.  The Hounsfield scale (HU) applies to medical CT scans.  With 

CBCT, there is a linear relationship to derived HU using grey levels (Mah et al. 2010).  

With HU, water is classified as the center of the scale, and is assigned as HU = 0.  

Anatomical structures denser than water are given a positive value, and structures with 

density less than water are assigned a negative value, such as air with value of -1,000 HU 

(Hounsfield 1973).  HU values for bone ranges from +700 for cancellous bone, to + 

3,000 for dense bone, and soft tissues from + 100 to + 300 (De Vos et al. 2008).  As a 

result, spaces filled with air appear completely radiolucent (black), areas of bone will 

appear radiopaque (white), and soft tissues will have varying shades of grey.   

In viewing CBCT images of the maxillary sinus, areas appearing radiolucent 

(black) are considered to be filled with air.  In comparison, the Schneiderian membrane 
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appears as a gray shade, depending on its density.  When no mucosal thickening is 

present, the Schneiderian membrane is not able to be demarcated between spaces of air in 

the sinus cavity and the surrounding bone.  When there is evidence of sinus pathology, 

grey masses representing the thickened tissue or fluid may be observed (Misch et al. 

2008).  

 The early detection of insidious maxillary sinus disease may be important for the 

patient’s prognosis, especially in the case of malignant neoplasia.  Incidental radiographic 

findings are important to follow up with an otorhinolaryngologist medical consultation 

prior to dental care requiring sinus augmentation for placement of dental implants.  

             The aim of this study was to compare i-CAT and INFINITT viewing software 

programs in their ability to identify specific pathological conditions present on CBCT 

scans of human maxillary sinuses using the same CBCT raw data.  
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CHAPTER 2 
 

MATERIALS AND METHODS 
 

This study is based on a retrospective evaluation of CBCT scans taken from 2009 

to July 31, 2013, utilizing two different viewing software programs (i-CAT and 

INFINITT).  The study received Temple University Office for Human Subjects 

Protections Institutional Review Board approval. 

The CBCT scans were performed using i-CAT machine (Imaging Science 

International, Inc. Hatfield, PA, USA) with flat panel image detector.  Images were taken 

at 120 kvp, 5 mA, and a voxel size of 0.3 mm, with an exposure time of 8.9 seconds.  

Fourteen (14) bits gray scales and 8.9 second scan times.  The number of slices in one 

CBCT volume is 327.  

Images with inadequate information (e.g., absence of maxillary sinus, field of 

images not including orbital floor and ostium, unclear images, multiple data of same 

subject) were excluded.  Also, data not compatible with the INFINITT viewing software 

were excluded.  Total of 317 scans were able to be analyzed by both the i-CAT and 

INFINITT viewing software programs.   

Viewing of CBCT Images for Maxillary Sinus Pathology 

The obtained CBCT images were viewed using i-CAT software and INFINITT 

software, giving a reconstruction view module and the MPR screen module, i.e. axial, 

sagittal and coronal slides.  All images were assessed under standardized conditions at the 

same examination workplace (Window XP with Microsoft Offices Software).  All scans 

were analyzed twice by a single newly-trained periodontist (Dr. Daniel Kim), with 

questionable findings discussed with a board-certified oral and maxillofacial radiologist 
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(Dr. Jie Yang), and 10% of the data calibrated with a board-certified periodontist (Dr. 

Yueh Hsiao).  The data set obtained from the two software programs was then entered 

into Microsoft Excel software for comparative analysis (Table 2). 

Table 2.  Examples of data collection 
_______________________________________________________________________ 

Patient 
 

RP-iCAT LP-iCAT RP-INFINITT LP-INFINITT 

1 
 

1 1 1 1 

2 
 

1 1B N/A N/A 

3 
 

1 1 1 1 

4 
 

1 1 1 1 

5 
 

1 1 N/A N/A 

6 
 

1 1 1 1 

7 
 

1 1 1 1 

8 
 

1 1 N/A N/A 

9 
 

1B 1B 1B 1B 

10 
 

1 1 N/A N/A 

11 
 

1 1 1 1 

12 
 

1B 1B N/A N/A 

13 
 

1 1 1 1 

14 1 1B N/A N/A 
_______________________________________________________________________ 

The maxillary sinuses findings were categorized into various groups according to 

level and pattern of sinus opacification, appearance of the Schneiderian membrane, and 

inflammation.  The categories were healthy, mucosal thickening > 3 mm, polypoidal 
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mucosal thickening, partial air/fluid level, and complete opacification.  Patients who were 

categorized as healthy exhibited from 0 to 3 mm of mucosal thickening (Rak et al. 1991, 

Testori 2009).  When the mucosal thickening was polypoidal in nature, the findings were 

subcategorized into small, large, and multiple when pseudocysts or nasal polyps were 

present.  The partial air and or fluid level category were applicable when mucosal 

thickening was found with more than 50% sinus opacification and presence of an air/fluid 

level.  Complete opacification was noted when the sinus cavity was completely occupied 

with opacification from a blocked ostium.  Figures 1 to 6 provide examples of the various 

categories of maxillary sinus pathology, and Figure 7 how measurements were made.  

Figure 1.  Examples of Category 1A. Top: i-CAT, Bottom: INFINITT 
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Figure 2.  Examples of Category 1B. Top: i-CAT, Bottom: INFINITT 
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Figure 3.  Examples of Category 2. Top: i-CAT, Bottom: INFINITT 
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Figure 4.  Examples of Category 3. Top: i-CAT, Bottom: INFINITT 
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Figure 5.  Examples of Category 4. Top: i-CAT, Bottom: INFINITT 
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Figure 6.   Examples of Category 5. Top: i-CAT, Bottom: INFINITT 
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Figure 7: Examples of measurements.  Left: INFINITT, Right: i-CAT 
 
 

 



 

19 
 

 
Data Analysis 

Fisher’s exact test was used to evaluate differences in proportions, using a two-

tailed P-value of ≤ 0.05 as a critical threshold for statistical significance, between the two 

CBCT viewing programs relative to detection of maxillary sinus pathology among scans 

and sinuses.   

The PC-based STATA/SE 14.2 for Windows (StataCorp PL, College Station, TX) 

64-bit statistical software package was used in the data analysis. 
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CHAPTER 3 

 
RESULTS 

 
            Among the 316 patient scans scored with the two viewing software programs, a 

total of 176 of them were taken on females and 140 on males, with 202 of these persons 

having a racial/ethnic identification as Caucasian, 69 as African American, 30 as Asian 

and 15 as Hispanic.   

The i-CAT viewing program revealed 193 patient scans without any maxillary 

sinus pathology (61.1%), and 123 scans with some form of maxillary sinus pathology 

(38.9%).  The identified pathology was further subdivided into unilateral (55.3%) and 

bilateral (44.7%) between the right and left maxillary sinuses per study patient.  

In comparison, the INFINITT viewing program yielded 194 patient scans without 

any maxillary sinus pathology (61.4%), and 122 scans with various maxillary sinus 

pathology (38.6%).  The pathology seen with this viewing software program was further 

subdivided into unilateral (55.7%) and bilateral (44.3%) in its occurrence within 

individual study patients. 

Of the 632 sinuses reviewed, the i-CAT viewing program showed 454 healthy 

sinuses, and the remaining 178 exhibited some evidence of maxillary sinus pathology.  

This translated to a prevalence of maxillary sinus pathology of 28.2% in the population 

studied, with the remaining 71.8% was not significant for any finding of maxillary sinus 

pathology (Table 3).   
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Table 3.  Maxillary sinus pathology categories in sinuses detected with the i-CAT  
 
               viewing software program 
_____________________________________________________________________ 

Pathology category Number of sinuses 
 

1 (No Pathology) 454  
 

2 102  
 

3 56 
 

4 17 
 

5 3 
 

With pathology (2,3,4,5) 178 
 

Total sinuses 632  
_______________________________________________________________________ 

Of 454 healthy sinuses, 262 sinuses (57.7%) had no mucosal thickenings, and of 

192 sinuses (42.3%) had slight mucosal thickenings (< 3 mm).  Of 178 sinuses which 

exhibited pathology, 3 sinuses (1.7%) showed complete opacification, 17 sinuses (9.6%) 

showed partial opacification, 58 sinuses (31.5%) showed polypoidal mucosal thickening, 

and 102 sinuses (57.3%) showed mucosal thickenings of more than 3 mm.  

As for INFINITT, 455 sinuses were healthy, and the remaining 177 exhibited 

some evidence of maxillary sinus pathology.  This translated to a prevalence of maxillary 

sinus pathology of 28.0% in the population studied, with the remaining 72.0% devoid of 

any maxillary sinus pathology (Table 4).  
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Table 4.  Maxillary sinus pathology categories in sinuses detected with the INFINITT  
 
               viewing software program 
_____________________________________________________________________ 

 Pathology categories Number of sinuses 
 

1 (No Pathology) 
 

455 

2 100 
 
3 

59 

 
4 

15 

 
5 

3 

 
With Pathology (2,3,4,5) 

177 

 
Total Sinuses 

632 

_______________________________________________________________________ 

Of 455 healthy sinuses, 269 sinuses (59.1%) had no mucosal thickenings, and 186 

sinuses (40.9%) had slight mucosal thickenings (< 3 mm).  Of 177 sinuses which 

exhibited pathology, 3 sinuses (1.7%) showed complete opacification, 15 sinuses (8.5%) 

showed partial opacification, 58 sinuses (32.8%) showed polypoidal mucosal thickening, 

and 101 sinuses (57.1%) showed mucosal thickenings of more than 3 mm. 

The distribution of maxillary sinus pathology for each of the two viewing 

software programs by gender and race/ethnicity is presented in Tables 5 and 6. 
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Table 5.  Maxillary sinus pathology evaluation outcomes by gender and viewing  
 
               program 
_____________________________________________________________________ 

CBCT viewing program No pathology Pathology 

i-CAT 112 Female 64 Female 

i-CAT 81 Male 59 Male 

INFINITT 113 Female 63 Female 

INFINITT 81 Male 59 Male 

_____________________________________________________________________ 

Table 6.  Maxillary sinus pathology evaluation outcomes by race/ethnicity and viewing  
 
               program 
_____________________________________________________________________ 

CBCT viewing program No pathology Pathology 

i-CAT (Caucasian) 116 86 

i-CAT (African American) 46 23 

i-CAT (Hispanic) 13 2 

i-CAT (Asian) 18 12 

INFINITT (Caucasian) 116 86 

INFINITT (African American) 47 22 

INFINITT (Hispanic) 13 2 

INFINITT (Asian) 18 12 

_____________________________________________________________________ 
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From the 316 reviewed CBCT scans, 4 scans were found to have discrepancies 

in categories of pathology.  This translated to a discrepancy of 1.3% between the two 

viewing software programs, which was statistically not significant (P > 0.05).  Screening 

by the number of sinuses, there were 7 sinuses that showed categorical discrepancies.  

This translated into 1.1% discrepancy between the two viewing software programs, 

which was also statistically not significant (P > 0.05) (Table 7). 

Table 7.  Number of scans and sinuses with discrepancies in maxillary sinus pathology  
 
                identified by the two viewing software programs  
_____________________________________________________________________ 
 
 

 

Total data 

 

Excluded from 

present study 

 

Included in 

present study 

Discrepancy in identification of 

maxillary sinus pathology between 

two viewing software programs 

680 Scans 363 Scans 316 Scans 4 (1.3%) 

1,360 sinuses 726 sinuses 632 Sinuses 7 (1.1%) 

_____________________________________________________________________ 
 
 A listing of the nature of the 4 noted discrepancies in identification of maxillary 

sinus pathology between two viewing software programs is given in Table 8, and 

presented in Figures 8 to 11.  
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Table 8.  Examples of discrepancies in categories of maxillary sinus pathology between  
 
               the two software viewing programs  
_____________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 

_____________________________________________________________________ 
 
 

 
 

Figure 8. Discrepancies-1/1 

Scan RP-i CAT LP-i CAT RP-INFINITT LP-INFINITT 

1 4 4 1 1 

2 4 4 1 1B 

3 1B/3B 1B 3 3 

4 5 2 5 3B 
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Figure 9.  Discrepancies-1/1B 
 
 

 
 

Figure 10.  Discrepancies-3/3 
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Figure 11.  Discrepancies-5/3B 
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CHAPTER 4 

 
DISCUSSION 

  
The findings from this study were based on the limited number of scans available 

for INFINITT software.  The major reasons for their unavailability were mainly 

incompatibility of the software program, conversion conflict, and outdated patient data.   

The classification of sinus pathology into five distinct categories was 

uncomplicated.  Due to the nature of CBCT, detection of pathology with sub-millimeter-

accuracy was effortless.  The most time-consuming part was to launch the file and 

waiting for the scans to be loaded.  Once a scan was loaded, identifying pathology and 

measuring the size of it were accomplished within minutes. 

The similarity of the results within marginal discrepancy (1.3%) between the two 

viewing software programs is largely due to the accuracy of the raw data (DICOM - 

Digital Imaging and Communications in Medicine).  The first few packets of information 

in a DICOM image file constitute the “header.”  It stores demographic information about 

the patient, acquisition parameters for the imaging study, image dimensions, matrix size, 

color space, and additional information required by the computer to correctly display the 

image.  This feature requires a proprietary viewer program in the system to view the 

images.  Disabling the view of the contents of the image is performed by simply double 

clicking on them.  This property helps protect the file from corruption, and guarantees 

quality reproduction regardless of the software, as long as it is compatible to the file. 
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The four scans that showed marked discrepancies between the two viewing 

programs displayed differences in size of pathology large enough to be placed into 

different pathology categories.  Two of the four scans showed discrepancies within two 

categories, but the other two scans showed marked differences (4 to 1) that warrant 

scrutiny for data corruption.  Further investigation is required to ascertain the true reasons 

for these particular discrepancies between the two viewing programs. 
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CHAPTER 5 

 
CONCLUSIONS 

 
Overall, 38.8% of patients referred to the Temple University School of Dentistry 

for CBCT scans had evidence of pathology in their maxillary sinuses.  Of 634 sinuses, 

28.1% presented with some form of sinus pathology, whereas 71.9% were free of 

significant sinus pathology.  Within healthy sinuses, 53.7% had no mucosal thickening 

present, and 46.3% presented with slight mucosal thickening < 3 mm.  Out of the 230 

sinuses with evidence of pathology, 43.5% exhibited mucosal thickening > 3 mm, 25.7% 

had polypoidal mucosal thickening, 6.5% demonstrated opacification air or fluid levels > 

50%, and 1.3% displayed complete opacification. 

The i-CAT and INFINITT viewing software programs for evaluation of human 

CBCT scans used in dental treatment planning provided nearly identical information 

relative to detection of maxillary sinus pathology, with no statistically significant 

differences between the two viewing programs in the detection of maxillary sinus 

pathology.  This suggests that both viewing programs may be employed interchangeably 

by clinicians in their pre-treatment evaluation of the maxillary sinus in dental patients.  

 
 
               
 



 

31 
 

 
REFERENCES CITED 

 
American Academy of Oral and Maxillofacial Radiology. (2013). Clinical  

recommendations regarding use of cone beam computed tomography in 
orthodontics. Position statement by the American Academy of Oral and 
Maxillofacial Radiology. Oral Surgery, Oral Medicine, Oral Pathology, Oral 
Radiology, 116, 238-257. 

 
Arai, Y., Tammisalo, E., Iwai, K., Hashimoto, K., & Shinoda, K. (1999). Development of  

a compact computed tomographic apparatus or dental use. Dentomaxillofacial 
Radiology, 28, 245-248. 

 
Chan, Y., & Kuhn, F. A. (2009). An updated on the classifications, diagnosis, and  

treatment of rhinosinusitis. Current Opinion in Otolaryngology & Head and Neck 
Surgery, 17, 204-208.  

 
De Vos, W., Casselman, G. R., & Swennen, J. (2009). Cone-beam computerized  

tomography (CBCT) imaging of the oral and maxillofacial region: A systematic 
review of the literature. International Journal of Oral and Maxillofacial Surgery, 
38, 609-625. 

 
Hsiao, Y. (2014). Prevalence of maxillary sinus pathology in a United States patient  

population. Unpublished master’s thesis, Temple University, Philadelphia, PA 
 
Hounsfield, G. N. (1973). Computerized transverse axial scanning (tomography). British  

Journal of Radiology, 46, 1016-1022.  
 
Ito, K., Yoshinuma, N., Goke, E., Arai, Y., & Shinoda, K. (2001). Clinical application of  

a new compact computed tomography system for evaluating the outcome of 
regenerative therapy: a case report. Journal of Periodontology, 72, 696-702. 

 
John, G. P., Joy, T. E., Mathew, J., & Kumar, V. R. (2015). Fundamentals of cone beam  

computed tomography for a prosthodontist. Journal of Indian Prosthodontic 
Society, 15, 8-13. 

 
Lim, W. K., Ram, B., Fasulakis, S., & Kane, K. J. (2003). Incidental magnetic resonance  

image sinus abnormalities in asymptomatic Australian children. Journal of 
Laryngology & Otology, 117, 969-972. 

 
Low, K.M., Dula, K., Bürgin, W., & Arx, T. V. (2008). Comparison of periapical  

radiography and limited cone-beam tomography in posterior maxillary teeth 
referred for apical surgery. Journal of Endodontics, 34, 557-562. 



 

32 
 

 
 
Mah, J. K., Huang, J. C., & Choo, H. (2010). Practical applications of cone-beam  

computed tomography in orthodontics. Journal of the American Dental 
Association, 141, 7S-13S. 

 
Mehra, P. M., & Murad, H. (2004). Maxillary sinus disease of odontogenic origin.  

Otolaryngologic Clinics of North America, 37, 347-364. 
 
Misch, C. E., Resnik, R. R., & Misch-Dietsh, F. M. (2008). Maxillary sinus anatomy,  

pathology, and graft surgery. In: Misch, C. E., Contemporary Implant Dentistry. 
3rd edition (pp. 905-974). St. Louis, MO: Mosby.  

 
Rak K. M., Newell, J. D., Yakes, W. F., Damiano, M. A., & Luethke, J.M. (1991).  

Paranasal sinuses on MR images of the brain: significance of mucosal thickening. 
AJR. American Journal of Roentgenology, 156, 38-44 . 

 
Reino, A. J. (2000). Factors in the pathogenesis of tumors of the sphenoid and maxillary  

sinuses: a comparative study. Laryngoscope, 110, 1-38. 
 
Rosenfeld, R. M., Andes, D., Bhattacharyya, N., Cheung, D., Eisenberg, S., Ganiats,  

T. G., Gelzer, A., Hamilos, D., Haydon, R. C. 3rd, Hudgins, P. A., Jones, S., 
Krouse, H. J., Lee. L. H., Mahoney, M. C., Marple, B. F., Mitchell, C. J., Nathan, 
R., Shiffman, R. N., Smith, T. L., & Witsell, D. L. (2007). Clinical practice 
guideline: adult sinusitis. Otolaryngology--Head and Neck surgery, 137, S1–S31.  

 
Seong, W. J., Barczak, M., Jung, J., Basu, S., Olin, P. S., & Conrad, H. J. (2013).  

Prevalence of sinus augmentation associated with maxillary posterior implants. 
Journal of Oral Implantology, 39, 680-688. 

 
Testori, T. (2009). Maxillary sinus surgery and alternatives in treatment. Hanover Park,  

IL: Quintessence Publishing Co. 
 
Varma, D. R. (2012). Managing DICOM images: Tips and tricks for the radiologist.  

Indian Journal of Radiology & Imaging, 22, 4-13. 
 
Wang, J. H., Jang, Y. J., & Lee, B. J. (2007). Natural course of retention cysts of the  

maxillary sinus: long-term follow up results. Laryngoscope, 113, 341-344.  
 
 



 

33 
 

 

 


	Kim title page - new format
	Kim thesis - new format

