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ABSTRACT 

Objectives: To assess maxillary sinus dimensions and pneumatization in adults presenting with 

skeletal Class II malocclusion with anterior open bite (AOB) compared to those with skeletal Class 

II and Class I malocclusions without AOB. Materials and Methods: This retrospective cross-

sectional cone beam computed tomography (CBCT) study was conducted on 43 adults (Class II 

AOB group= 11; Class II controls=16; and Class I controls= 16). Subjects were obtained from one 

private practice in Rochester, NY. The inclusion criteria was adult (ages 18 and above) females 

and males with good overall health condition, and full permanent dentitions (excluding third 

molars). Skeletal Class II malocclusion defined as having ANB angle of 3.2° or more, 

hyperdivergent growth pattern with mandibular plane angle (sella–nasion line to mandibular plane 

angle [SN-MP]) greater than 38° Dentoalveolar AOB greater than 1 mm, measured from canine to 

canine. No history of Orthodontic treatment, and Presence of pre-treatment CBCT records of 

adequate quality, showing a complete maxillary sinus, including the osteomeatal complex and 

entire maxillary floor. Dolphin imaging software was used to measure maxillary sinus 

craniocaudal, anteroposterior, and mediolateral heights, alveolar and basal bone heights, and 3D 

volume. All maxillary sinus dimensions and volume were compared between the three groups 

using One way ANOVA followed by Tukey Honestly Significant Difference (HSD). Results: The 

mean age of the sample was 41.2 ± 13. The AOB group exhibited a significantly greater maxillary 

posterior alveolar bone height (P <0.05) compared to the control groups. The basal bone height in 

the region between the first molar and the second premolar was significantly greater in the AOB 

group than in the two control groups (P <0.05). There were no statically significant differences 

among the groups in the craniocaudal height, anteroposterior, and mediolateral dimensions and 

volume of maxillary sinus. Conclusion: There were statistically significant differences among the 
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groups in the basal bone height in the region between first molar and second premolar, where AOB 

group showed higher means compared to the control groups. There were no statically significant 

differences among the groups in the craniocaudal height, anteroposterior, and mediolateral 

dimensions and volume of maxillary sinus. Key words: Maxillary sinus; cone-beam computed 

tomography; anterior open bite; skeletal Class II malocclusion. 
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Chapter I 

LITERATURE REVIEW 
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1.1 DEFINITION OF ANTERIOR OPEN-BITE: 

Open bite was defined by Subtelney and Sakuda as open vertical dimension between the incisal 

edges of the maxillary and mandibular anterior teeth. (1)It can also be defined as the absence of 

vertical overlap of the lower incisors by the upper incisors when the posterior teeth are in full 

occlusion. 

The Glossary of Orthodontic terms defined open bite as lack of tooth contact in an occluding 

position, which can be developmental or acquired, and it’s also called Apertognathia. 

The term “open bite” was first introduced by Caravelli in 1842 as a specific classification of 

malocclusion. (2) 

Vander Linder, has indicated that the overlap criterion is inconsistent and is associated with the 

sagittal relation between teeth involved. The absence of an occlusal stop between the upper and 

lower teeth or the opposing gingiva is of greater significance. Moyers also stated that it is 

important to use the term open bite for all conditions characterized by absence of an occlusal 

stop. (3) 

1.2: ETIOLOGY OF ANTERIOR OPEN BITE: 

According to Dawson (4)the major causes of an anterior open bite are forces that result from 

thumb or finger sucking, pacifier use; lip and tongue habits; airway obstruction; inadequate nasal 

airway creating the need for an oral airway; allergies; septum problems and blockage from 

turbinates; enlarged tonsils and adenoids; and skeletal growth abnormalities. Ngan, P et al 
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explained that one factor is unlikely to be the causative agent, but a multifactorial etiology will 

most likely explain the open bite problem(5) 

Thumb or Finger sucking or pacifier use: 

Non-nutritive sucking habits, which was described by Johnson and Larson(6) as habits that 

involve digits, pacifiers, and other environmental influences, is the major cause of anterior open 

bite in young children (excluding open bites associated with the transition from the primary to 

mixed dentitions). In such cases, anterior open bite will improve spontaneously after stopping the 

habit, provided that no other secondary dysfunctions have set in. By adolescence, environmental 

causes of anterior open bite are less important than skeletal factors. A typical malocclusion 

characteristics of a thumb-sucker include an asymmetric anterior open bite due to digit position, 

a transverse constriction of the maxillary arch, and proclined upper anterior teeth.(5) 

Lip and tongue habits: 

Dentists and speech therapists often associate open bite malocclusion to abnormal tongue 

function. According to Proffit and Mason, tongue thrust is more likely to be an adaptation to the 

open bite, and no therapy is needed to change the swallowing pattern.(7) 

Given the physiology of tooth movement, resting tongue posture plays a role in the etiology of 

open bite rather than tongue thrust. 

Equilibrium theory advocates that tooth movement and position are due to light continuous 

forces. Abrupt, intermittent forces (tongue forces due to swallowing) are less likely to be a 

causative factor.(8) 

3 



  

 

      

         

       

    

          

         

           

       

     

       

          

          

  

           

     

 

  

           

         

Airway obstruction 

Patients with skeletally disproportionately long faces are often suspected of having an airway 

obstruction. These patients’ facial appearances are characterized as adenoid facies: narrow 

cheeks, narrow and pinched nostrils, separated lips, and often there are exaggerated shadows 

beneath the eyes. (5, 9) 

Hypertrophic lymphoid tissues and nasal obstruction may cause the tongue to remain in a 

position that allow breathing through the oropharyngeal rather than nasopharyngeal space. (10) 

Generally, lymphoid tissues undergo involution during puberty, which allows the tongue to be in 

a posterior position than what is assumed normal. (1) 

According to Linder-Aronson et al, there is statistically significant relationship between 

obstructing adenoid tissue and certain skeletal and dental patterns. These changes included a 

clockwise rotation of the mandible, which caused the mandible to be in a more vertical and 

backward direction, resulting in elongation of the lower anterior face height, open bite, and 

retrognathia. (11) 

In a study done by Hultcrantz, they found that a higher proportion of open bites occurred in 

children with tonsillar obstruction than in children with unobstructed airways. (12) 

Skeletal growth abnormalities: 

In 1931, Hellman proposed that open bite is due primarily to skeletal deficiencies. In his study on 

43 treated and untreated open bite cases, he found that the percentages of successful treatments 

4 



  

       

           

 

           

             

          

          

             

           

  

 

      

             

         

           

   

 

      

         

     

and the self-correcting cases are equal in the untreated group. Using anthropologic 

measurements, he found that subjects with open bite had shorter rami and greater total facial 

height. 

In another study by Schudy,(13) clockwise rotation of the mandible (as viewed from the patient’s 

right) was a result of excessive vertical growth. This kind of growth pattern occurs when vertical 

growth in the molar region is greater than growth at the condyle. 

Genetic and environmental factors that encourage vertical growth in the molar region, which are 

not compensated by growth at the condyle or posterior ramus, will result in anterior open bite. 

(13)Similarly, forces that prevent the eruption in the incisal region will also result in anterior 

open bite. (5) 

1.3: PREVALENCE OF ANTERIOR OPEN BITE: 

The incidence of anterior open bite ranges from 1.5% to 11%.(14) The prevalence of dental open 

bites in U.S. children is approximately 16% in the black population and 4% in the white 

population.(15) During mixed dentition, the prevalence of the anterior open bite can reach up to 

18.5%, and decreases with age.(16) 

1.4: CLASSIFICATION OF ANTERIOR OPEN BITE: 

Open bite is classified by Sassouni(17) as (Criterion-Angle of mandibular plane) skeletal open 

bite and dentoalveolar open bite. 

5 



  

    

            

             

             

               

    

   

           

        

           

         

         

      

          

         

           

             

        

           

            

           

    

Dentoalveolar anterior open bite: 

Open bite of dentoalveolar origin is restricted to the anterior teeth, and patients will have normal 

facial and skeletal features. It can be due to thumb sucking, lip and tongue habits, and 

underdevelopment of the anterior processes of the maxilla and the mandible. The eruption of 

teeth will determine the extent of an open bite. Some of the primary etiologic factors can be the 

supraeruption of molars and infraocclusion of incisors. 

Skeletal anterior open bite: 

Open bite of skeletal origin occurs as a result of increased downward and backward rotation of 

mandible. Deviation in mandibular morphology have been shown to occur in patients with open 

bites. The gonial angles are significantly larger and are associated with large mandibular plane 

angles and short posterior facial heights.(1, 18-21). Transverse discrepancies may also be 

present. Additionally, other features include lip incompetence, profile convexity, marked incisors 

labial inclination and crowding may occur(22). Schudy(13) characterized patients with skeletal 

open bite as hyperdivergent, which reflects the skeletal phenotype. The anterior and posterior 

dentoalveolar heights tend to be excessive in hyperdivergent open bite patients. They also show 

flatter palatal plane angles, and increased mandibular plane angles (23). In this circumstance, the 

mandibular rotation is in downward and backward direction, and the patient is likely to have a 

Class II jaw relationship in addition to the vertical problem. (24) 

On cephalometric analysis, short ramus and downward rotation of posterior maxilla are the major 

indicators of a skeletal open bite. Both contribute to the increase of anterior facial height and 

anterior teeth separation. Patients with skeletal open bite and large total face height are 

characterized by Proffit as having “long face syndrome”.(3) 

6 
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1.5 CLASS II MALOCCLUSION: 

In 1899, Edward Angle who is considered the father of modern orthodontics, published the first 

classification of malocclusion. The classifications are based on the relationship of the mesiobuccal 

cusp of the maxillary first molar and the buccal groove of the mandibular first molar. Class II 

malocclusion is when the mesiobuccal groove of the mandibular first molar is distally positioned 

when in occlusion with the mesiobuccal cusp of the maxillary first molar. Class II Malocclusion 

has 2 subtypes to describe the position of anterior teeth. Division 1 occurs when the maxillary 

anterior teeth are protruded. Teeth are proclined and a large overjet is present, and division 2 

occurs when the maxillary central incisors are retroclined. A Class II sub-division occurs when a 

Class II molar relationship exists on one side and the other side has a normal Class I molar 

relationship. 

In 1972, Andrews (25) proposed the six keys to normal occlusion and described a classification of 

the anteroposterior occlusal discrepancy more precisely. The six keys are: molar inter-arch 

relationship, crown angulation, crown inclination, rotations, tight contacts and occlusal plane. 

Class II malocclusion can be due to skeletal or dental maxillary protrusion, mandibular retrusion 

or a combination of both. 

1.6 PREVALENCE OF CLASS II MALOCCLUSION: 

In the 1960s(15, 26), two large- scale surveys by the US Public Health Service provided the first 

extensive data for malocclusion in the United States. It was part of the first National Health and 

Nutrition Examination Survey (NHANES I). In 1988 to 1991(27), a similar large-scale national 

7 



  

           

         

        

       

            

       

             

           

             

       

 

   

              

        

       

          

          

  

    

      

survey of health care problems and needs in the United States (NHANES III) in which data for 

malocclusion were obtained as well. They studied 7,000 individuals, and the study was statistically 

intended to estimate 150 million persons in the sampled racial/ethnic and age groups. A current 

information of malocclusion in US children and youths was provided by the data, it also included 

the first national data set of malocclusions in Mexican- Americans and adults, and compared the 

current malocclusion prevalence to that of 30 years ago. 

In 1998, a study done by Proffit et al(28) concluded that Severe Class II malocclusion that needs 

orthodontic correction affects 4% of the population and is more prevalent in blacks and Mexican-

Americans than in whites, and for the total population, Class II malocclusion drops from 20% at 

ages 8 to 11 years to 13% for adults. 

1.7 SKELETAL CLASS II: 

Class II malocclusion is not a single entity as reported by many investigators, but rather a 

combination of different skeletal and dental components. Four possible conditions associated with 

Class II malocclusions were reported by Baldridge in 1941.(29) 

1. Normal size and position of the mandible with the maxilla being prognathic 

2. Normal relationship of the maxilla to mandible, with the maxillary teeth being forward in 

relation to the maxilla 

3. Orthognathic maxilla and underdeveloped mandible 

4. Orthognathic maxilla and retrognathic mandible 

8 



  

            

        

            

          

          

  

             

        

        

         

 

The skeletal mandibular retroganthism was suggested as the major component of Class II 

malocclusion by some studies.(30-32) Some investigators suggested that prognathic maxilla is 

the primary component in Class II malocclusion,(33, 34) while others (31, 35, 36)associated 

Class II malocclusion with a normal or slightly retrognathic maxilla. Elsasser and Wylie(37) 

reported an interesting finding that females have a normal maxillary position and males have a 

prognathic maxilla. 

In a study done by Sassouni (19), the relation of size, position, form and proportions of different 

vertical and horizontal deviations of dentofacial structures were summarized, and classified 

vertical disproportions (skeletal open bite and skeletal deep bite) with the anteroposterior 

disproportions (skeletal Class II and skeletal Class III malocclusions). 

9 



  

 

 

 

                

  

Figure 1. Class II Skeletal Type (adpted from Sassouni V. A classification of skeletal facial types. American journal 

of orthodontics. 1969;54(2):109-23) 
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Figure 2. Tracings and analyses of four basic and four combination facial types. (adpted from Sassouni V. A classification 

of skeletal facial types. American journal of orthodontics. 1969;54(2):109-23) 
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1.8 PARANASAL SINUSES 

The air-filled spaces that are located within the bones of the skull and face, and centered on the 

nasal cavity are called “paranasal sinuses”. They contribute to the humidifying and heating of the 

inspired air. In addition, they reduce the weight of the skull, increase the speech resonance, and 

serve as a buffer zone to protect vital structures against facial trauma.(38) 

There are four sets of paired sinuses: maxillary, frontal, sphenoid and ethmoid. The largest of the 

sinuses is the maxillary sinus that is located in the body of the maxilla. 

1.9 MAXILLARY SINUS 

The development and growth of the maxillary sinus show changes in its dimension and shape. As 

for the dimensions, at birth, the maxillary sinus is around 7 to 8 mm in length, 3 to 4 mm in width 

and 4 to 6 mm in height. The length is its greatest measurement when the maxilla develops, and 

up to the third year its height is greater than its width. The sinus width becomes greater than its 

height by the sixth year of age. The sinus continues to grow rapidly after that, and measures an 

average of 27 mm in length, 17 mm in height and 18 mm in width by the seventh year of life.(40) 

As the maxilla increases in size, the pneumatization, which is the development of air cells or 

cavities, increases at the rate of 2 mm per year in the vertical plane and 3 mm anteroposteriorly for 

eight years from birth. Due to the close relationship of the developing teeth to the orbit, the lateral 

expansion is less rapid.(40) The pneumatization of the maxillary sinus is influenced by different 

factors, such as; the development and eruption of teeth, pneumatization of the maxillary alveolar 

12 



  

        

          

           

        

 

                    

                   

                  

               

             

           

             

         

       

            

                   

          

             

                

               

         

        

process, masticatory apparatus function and the viscerocranium growth. Although the presence or 

absence of maxillary sinus is not dependent on dental morphology. The expansion of the maxillary 

sinus can be constraint by permanent teeth development. In addition, it has been shown that the 

volume of the maxillary sinus correlates significantly with environmental factors.(39) 

At birth, the maxillary sinus is the size and shape of a small lima bean. Its lower border is 4 mm 

above the nasal floor at this time. Its floor reaches the same plane as the nasal floor by eight or 

nine years of age. The expansion of the transverse plane reaches its limit by the age of nine, that 

is when the sinus penetrates the malar bone. Thereafter progress is slow and stops at 15 years of 

age, except at the inferior angle, which descends after third molar eruption.(40) Therefore, during 

development, the maxillary sinus pneumatization invades the zygomatic bone. The invasion of the 

alveolar process following the eruption of the upper permanent teeth is related to the inferior 

growth of the maxillary sinus(41), and subsequently, the dental and skeletal malocclusions can 

affect the development of the maxillary sinus. (42) 

The upper three molars are in constant relationship to the maxillary sinus. However, the first molar 

might not be in close relation with the cavity if the sinus was small. The roots of three molars and 

the second premolar are approximal to the maxillary sinus. The canine is rarely found in the 

anterior wall of the cavity and the first premolar is slightly more often. Regularly, some cancellous 

bone is present between the sinus cavity and the roots, but in some cases only the sinus mucosa 

covers the roots, and dental nerves and vessels.(40) In adults, the floor of the maxillary sinus is 

extended between adjacent teeth, which creates elevations in the antral surface.(43, 44) Therefore, 

orthodontic tooth movement such as intrusion or bodily movement can be negatively affected(45). 

13 



  

        

         

          

            

          

         

        

     

 

 

 

               

           

  

In an animal study and human biopsy study(46), root resorption, pulp ischemia, alveolar bone loss, 

and sinus membrane perforation occurred while moving the teeth through the maxillary sinus. 

In 1943, Bauer(47) described the extension of periapical inflammation into the maxillary sinus. 

He found that periapical inflammation can affect the sinus mucosa with or without perforation of 

the cortical bone of the sinus floor, and that infection and inflammatory mediators can spread to 

the maxillary sinus directly or via bone marrow, blood vessels, and lymphatics. 

The sinus is occasionally divided into two or more separate cavities by septa, which may 

communicate or be separated from each other.(40) 

Figure 3. Left maxillary sinus opened from the side; the sinus is divided by an almost vertical bony plaque into anterior and 

posterior cavities (adapted from Alberti PW. Applied surgical anatomy of the maxillary sinus. Otolaryngologic clinics of 

North America. 1976;9(1):3-20) 

14 



  

              

           

   

            

          

           

           

           

     

          

             

       

        

              

          

       

         

 

      

       

      

The blood supply and innervation of the lining mucosa, teeth in close proximity to the sinus and 

the maxillary bone are from the posterior superior alveolar, infraorbital, and anterior superior 

alveolar nerves and vessels.(40) 

Recently, a mini-implant which is used as a maxillary molar anchorage unit, is placed in the 

buccal interalveolus between the maxillary second premolars and the first molars from the buccal 

side(48). It is necessary to evaluate the morphology of the maxillary sinus to be able to deal with 

problems such as the tooth root injury and sinus perforation(49) (50), and adequate knowledge of 

the development and size of the maxillary sinus may be crucial for diagnosing and treating 

various cases of malocclusion. (41) 

There are only few studies on the relation between the growth and development of the maxillary 

sinus and malocclusion. A study done by T. Endo et al found that the maxillary sinus size 

showed no significant differences in size between sexes or among malocclusion classes (41). In 

addition, Oktay (42)found that malocclusion and sex factor had no effect on maxillary sinus size 

and that sex was a significant factor only in Angle Class II malocclusion. However, there was no 

explanation as to why the female subjects with Angle Class II malocclusions have larger 

maxillary sinuses. There is only one study comparing the maxillary sinus dimensions between 

adult patients with anterior open bite and adult patients with normal occlusion(51). 

1.10 MEASURMENTS OF THE MAXILLARY SINUS 

Maxillary sinus measurement procedures have improved with time and technology. Cadaveric 

skulls(52), dry skulls(53), panoramic radiographs(42), lateral cephalometric(41),computed 

15 



  

        

         

        

     

 

 

    

        

           

     

           

   

          

              

        

           

           

        

       

            

         

tomography (CT) images(39, 52-55), and magnetic resonance imaging (MRI) scans(56) were 

used in previous studies to measure the growth and development of the maxillary sinus. In 

orthodontics, the most commonly used radiographs for diagnosis and treatment outcome 

evaluations are the cephalometric radiographs. 

1.11 CONE-BEAM COMPUTED TOMOGRAPHY (CBCT) 

In 1998, cone-beam computed tomography (CBCT) was introduced, and its usage has increased 

and continues to grow(57-60). In dentistry, the use of advanced imaging is limited because of 

cost, availability and radiation dose. With the introduction of cone-beam computed tomography 

(CBCT) for the maxillofacial region, it provided opportunities for dental practitioners to request 

multiplanar imaging. (61) 

CBCT scanners are based on volumetric tomography, which uses a 2D extended digital array to 

provide an area detector. This is combined with a 3D x-ray beam. This cone-beam technique is a 

single 360° scan in which x-ray source and a reciprocating area detector move around the 

patient’s head at the same time, and is stabilized with a head holder. Single projection images, 

known as “basis” images are captured at certain degree intervals. To generate a 3D volumetric 

data set, software programs that incorporate sophisticated algorithms which includes back-

filtered projection are applied to these image data. This can provide primary reconstruction 

images in 3 planes (axial, sagittal and coronal). (61) CBCT has been in use for almost 2 decades, 

but only recently, with the development of inexpensive x-ray tubes, high-quality detector 
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systems and powerful personal computers that affordable systems become commercially 

available.(61) 

These units can be categorized according to their x-ray detection system(62, 63). Recently a 

system employing a flat panel imager (FPI) was released (i-CAT)(64). 

CBCT is applicable for the craniofacial area imaging. Clear images of highly contrasted 

structures are presented and is extremely useful for bone evaluation(64, 65). Currently, there are 

some limitations in the use of this technology for soft-tissue imaging, and efforts are directed 

toward the advancement of techniques and software algorithms to develop signal-to-noise ratio 

and increase contrast.(61) 

Advantages of CBCT for maxillofacial imaging in comparison with conventional CT include: 

1. X-ray beam limitation 

2. Image accuracy 

3. Rapid scan time 

4. Dose reduction 

5. Display modes unique to maxillofacial imaging 

6. Reduced image artifact 

1.12 OBJECTIVES 

This retrospective CBCT study aims to assess and compare the maxillary sinus dimensions 

between adults presenting with Class II AOB and those with Class II malocclusion but without 

AOB. 
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Chapter II 

MATERIALS AND METHODS 
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2.1. RESEARCH METHODOLOGY 

2.1.2. Study Design 

The objective of this retrospective comparative cross-sectional study was to assess maxillary sinus 

dimensions in adults presenting with skeletal Class II malocclusion with anterior open bite (AOB) 

and compare them to those with skeletal Class II malocclusion and skeletal Class I malocclusion 

but without AOB, using cone beam computer tomography (CBCT) images. The samples for the 

AOB and Control groups were both obtained from one private practice, “Get It Straight 

Orthodontics” located in Rochester, NY. 

The study was approved by the Health Sciences Institutional Research Board of the University at 

Buffalo (# STUDY00002105) on February 2018. The study was conducted between September 

2018 and February 2019. 

2.1.3. Sample Population 

2.1.4. Participant Selection Criteria 

The following inclusion criteria were considered for the AOB group: 

1) Adult (ages 18 and above) females and males with good overall health condition 

2) Full-permanent dentitions (excluding third molars) 

3) Skeletal Class II Division 1 and 2 malocclusions defined as having ANB angle of 3.2° or more 

4) Hyperdivergent growth pattern with mandibular plane angle (sella–nasion line to mandibular 

plane angle [SN-MP]) greater than 38° 

5) Dentoalveolar AOB greater than 1 mm, measured from canine to canine 
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6) No history of Orthodontic treatment 

7) Presence of pre-treatment CBCT records of adequate quality, showing a complete maxillary 

sinus, including the osteomeatal complex and entire maxillary floor. 

The following inclusion criteria were considered for the control groups: 

Inclusion criteria for the first control group (CL I): 

• Patients age 18 and above 

• Skeletal Class I malocclusion with ANB angle of 1.6° ± 1.5° 

• Positive overbite, defined as the overlap of the maxillary central incisors over the mandibular 

central incisors 

• Normal mandibular plane angle with SN-MP angle of 32.9° ± 5.2° 

Inclusion criteria for the second control group (CL II): 

• Patients age 18 and above 

• Skeletal Class II malocclusion with ANB angle of more than 3.2°, both Division 1 and Division 

2 were included 

• Positive overbite defined as the overlap of the maxillary central incisors over the mandibular 

central incisors 

• Normal mandibular plane angle with SN-MP angle of 32.9° ± 5.2° 

Patients were excluded if they presented with normal occlusion, missing at least one permanent 

tooth, had craniofacial deformities such as cleft lip or palate, and previous history of orthodontic 
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treatment or orthognathic surgery. Patients with serious medical conditions were also excluded to 

prevent any confounding effects of these conditions or medications on the results. 

2.1.5. Sample Size Calculation 

The sample size calculation was based on the findings of Ryu et al published in 2016. A sample 

of at least 16 subjects per group was considered adequate to detect differences among the groups 

at a power of 80%. 

2.1.6. Study Procedure 

Patient records of cases completed between 2012-2019 were screened for eligibility. Pre-treatment 

charts were identified by searching through the date of birth, when patients ages 18 and above 

were identified, skeletal Class II malocclusion of ANB angle of 3.2 or more were then selected. 

When eligible, CBCTs were examined to include all adult patients who had skeletal anterior open 

bite with high mandibular plane angle (SN-MP angle of more than 38). 

A total of 150 CBCTs were examined for inclusion. Fifteen CBCTs were identified for the AOB 

group, two of them were excluded due to bad quality, and two others were excluded due to missing 

anatomic structures on the CBCTs. Only eleven records were included in the AOB group (N=11). 

A total of 32 control records were randomly selected from the same 150 CBCT sample frame. For 

the Class I control group, 16 records were randomly selected of adult patients who have skeletal 

Class I malocclusion, normal mandibular plane angle and no AOB. Another randomly selected 16 
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adult patients with Class II malocclusion, normal mandibular plane angle and no AOB were 

included for the Class II control group. 

150 CBCTs 
screened 

16 Class I 16 Class II 15 Class II 
AOB 

11 cases 
included 

4 cases 
excluded 

Figure 4. Flow chart of the records 

Data were then deidentified and transported from the private practice to The State University of 

New York at Buffalo, department of orthodontics. Dolphin 3DTM (Version 11.7.05.66 Premium, 

Dolphin Imaging and Management Solutions, Chatsworth, California) was used to measure 

maxillary sinus 3D volume, cross-section area, as well as linear measurements. 

CBCT image acquisition 

All CBCT images were taken by one of two calibrated technicians at Get It Straight Orthodontics 

with an i-CAT scanner (Imaging Sciences International, Hatfield, Pa) as a part of routine records. 

Pre- orthodontic treatment CBCT images were obtained with the subjects in a standard upright 

position. The mid-sagittal plane was aligned to be perpendicular to the horizontal plane using 
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vertical and horizontal alignment beams as recommended by the manufacturer (scanning time: 4.8 

seconds; field of view, 130: 120 kV; 5 mA; .4 voxel size, with slice thickness of 1 mm). 

Lateral cephalometric analyses: 

Lateral cephalograms were constructed from the acquired CBCT and were digitized using Dolphin 

2D Imaging, by one examiner (GA). The following variables were collected, ANB,Wits, Go-Me, 

Overjet, SN-MP(sella-nasion line to the mandibular plane angle), FMA(angle of the Frankfort line 

to the mandibular plane), SN-PP (angle of sella-nasion line to the palatal plane), FH-PP (angle of 

the Frankfort line to the palatal plane ), PP-MP (angle of the palatal plane to the mandibular plane), 

SN-OP (angle of sella-nasion line to the occlusal plane), AFH (anterior facial height) PFH 

(posterior facial height), facial height ratio (the ratio of posterior facial height to anterior facial 

height) U6-PP (maxillary posterior alveolar height). 

ANB 
Wits Appraisal (mm) 
FMA (MP-FH) (º) 
MP - SN (º) 
Corpus Length (Go-Me) (mm) 
Palatal-Mand Angle (PP-MP) (º) 
NF - FH (PP-FH) (º) 
SN-Palatal Plane (º) 
Occ Plane to SN (º) 
Anterior Face Height (NaMe) (mm) 
Posterior Face Height (SGo) (mm) 
P-A Face Height (S-Go/N-Me) (%) 
Overjet (mm) 
U6 - PP (UPDH) (mm) 
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 Figure 5. Lateral Cephalometric measurements 
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Maxillary sinus measurements: 

The measurements included the following: 

• Linear measurements of the maxillary sinus height 

• Linear measurements of the maxillary sinus width (AP dimension) and height (ML 

dimension) 

• Basal bone height 

The scans were first oriented in the frontal, sagittal and coronal planes. In the frontal view, a line 

intersecting the most inferior point on the inferior margin of the left and right orbits was oriented 

parallel to the horizontal plane. In the sagittal view, the Frankfort Horizontal Plane (FHP) (porion 

- orbitale) was oriented parallel to the horizontal plane. If right and left planes were both visible, 

the midline between the two was used. From the coronal view, crista galli and the midline of 

foramen magnum were oriented parallel to the vertical plane. 

Figure 6. A – frontal view of axial and midsagittal plane, B – right side view axial plane set to Frankfort Horizontal plane 

(parallel to the floor) and coronal plane 
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1. Linear measurements of the maxillary sinus height (craniocaudal height) were performed on 

the Coronal cut. The sagittal cut orientation axis was adjusted so that the vertical line is 

between the upper second and first molars, and the horizontal line is parallel to the Frankfort 

Horizontal Plane, and on the axial cut, the horizontal line is at the level of the zygomatic root. 

The maxillary sinus height was measured from the lowest point of the cortical boundary of the 

orbital floor to the lowest border of the cortical boundary of the sinus floor. 

Figure 7. Orientation of the coronal slice, showing the orientation axis on the sagittal and axial slices. 
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2. Linear measurements of the maxillary sinus width (AP dimension) and height (ML dimension) 

were performed on the axial cut. The coronal cut orientation axis was adjusted to be exactly 

passing bilaterally along the inferior cortical boundary of the nasal cavity and root of zygoma. 

The measurements were repeated until the maximum AP measurement was obtained, and then 

the ML measurement was performed on a 90° line perpendicular to the AP line. 

Figure 8. Orientation of the axial slice, showing the orientation axis on the coronal slices. 
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                       Figure 9. Orientation of the Axial slice, showing the ML measurement that was performed on a 90° line perpendicular to the AP line. 
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3. Basal bone height measurements were performed on the sagittal cut for both sides. Axial cut 

orientation was made parallel to the maxillary posterior occlusal plane at the alveolar crest 

level, and the sagittal cut orientation was adjusted to be midway between buccal and palatal 

cortices, adjusting the coronal cut by rotating the axial image till the orientation axis for the 

coronal cut becomes perpendicular on buccal cortex. The same adjustments were repeated for 

the regions between the maxillary first and second molars, second premolar and first molar; 

the coronal cut was precisely oriented in the interdental regions. The basal bone height was 

measured from the lowest point of the cortical boundary of the sinus floor to the lower border 

of the alveolar crest. 

Figure 10. Orientation of the sagittal slice for basal bone height of the region between the first molar and second 

premolar, showing the orientation axes on the coronal and axial slices. 
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Figure 11. Orientation of the sagittal slice for basal bone height of the region between the second molar and first molar, showing the orientation 

axes on the coronal and axial slices. 
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4. To measure the maxillary sinus volume: 

a) The type of tissue was set: Hard (hard tissues). 

b) Reorientation of the volume in the three spatial planes was applied, correcting any errors in the 

positioning of the skull during the CT scan. 

c) The Sinus/Airway tool function of Dolphin was set as follows 

• Step 1: “clipping boundary and seed points”, where the sinus structure has been identified 

selecting boundary points (seed points) in the coronal plane. 

• Step 2: Adding seed points around the outer borders of the maxillary sinus, slice sensitivity 

was set at 40 

• Step 3: “Update volume”, where selecting this option the volume was calculated. 
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Figure 12. Volume measurements on the coronal cut 

32 



  

   

          

         

            

 

   

            

         

        

 

  

          

           

           

          

 

         

        

          

      

2.1.7. Intra-examiner reliability: 

Ten radiographs were re-measured 2 weeks apart by the same examiner (GA) to determine 

reliability. Paired sample t-test and intra-class correlation coefficient were used to detect the 

differences between the first and second measurements with the level of significance set at p<0.05. 

2.1.8. Inter-examiner reliability: 

10 radiographs were measured by another examiner (SA) to determine reliability. Paired sample t 

test and intra-class correlation coefficient were used to detect the differences between the first and 

second measurements with the level of significance set at p<0.05. 

Statistical analysis: 

Data were analyzed with IBM SPSS Software statistics for Windows (version 24.0 Armonk, NY: 

IBM Corp). Descriptive statistics for all variables were initially conducted to explore the 

distribution of the data. The data were found to be normally distributed; therefore, arithmetic 

means, standard deviations (SD), maximums and minimums for each outcome of interest were 

reported. 

The differences in the maxillary sinus dimensions and volume between the 3 groups were 

compared using One way ANOVA followed by post hoc Tukey Honestly Significant Difference 

(HSD) procedure. The Shapiro-Wilk test was used to verify the normality of data distribution. Data 

were interpreted at the 5% significance level. 
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CHAPTER III 

RESULTS 
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3.1. Method Error 

Intra-examiner reliability tested using Intraclass Correlation Coefficient showed that the level of 

reproducibility for right and left maxillary sinuses on the CBCT was very high for all 

measurements. All of the coefficients were near the maximum of one for the CBCT measurements. 

(Table 1) 

Inter-examiner reliability tested using Intraclass Correlation Coefficient showed a high (>90%) 

agreement in measurements of the right and left sinuses for the repeated measurements on the 

CBCT images between the two examiners. Indicating that a very good level of reproducibility was 

achieved. All of the coefficients were near the maximum of one for the CBCT measurements. 

(Table 2) 

3.2. Descriptive Statistics of the Sample: 

The study included a total of forty-three subjects. 11 subjects in the skeletal Class II AOB group, 

16 subjects in the Class II normal angle control group, and 16 subjects in the Class I normal angle 

control group (age range 18-60 years, mean age 41.21, SD of 13 years) of which 35 were female 

and 8 were male. 

As seen on Table 3, the mean age for the skeletal Class II with AOB was 45, SD of 13.6. For Class 

I control group, the mean age is 39.63, SD of 10.3, and for Class II control group mean age is 

40.44, SD 15.2. No significant differences detected in mean age between groups. 
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3.3. Cephalometric Values 

Tables 4 and 5 show the mean values of the cephalometric measurements that were used to classify 

each group. 

ANB angle was used to identify the skeletal malocclusion. Class I control group mean was 2.08°, 

SD .94 °, Class II control group mean was 5.41°, SD 1.16°, and skeletal Class II with AOB mean 

was 5.93°, SD 1.68°. There was statistically significant difference between the groups p< 0.05 

Wits Appraisal mean in Class I control group was .38 mm, SD 1.93 mm, Class II control group 

mean was .87 mm, SD 1.77 mm, and skeletal Class II with AOB mean was 2.99 mm, SD 3.53 mm. 

There was statistically significant difference between the groups p< 0.05 

MP- SN angle was used to indicate whether the subject has a low, normal or high mandibular plane 

angle. Class I control group mean was 30.35°, SD 3.93°, Class II control group mean was 34.58°, 

SD 2.77°, and skeletal Class II with AOB mean was 45.67 °, SD 6.51°. Which shows that subjects 

with skeletal Class I and II malocclusions had normal mandibular plane angle and subjects with 

skeletal Class II with AOB had high mandibular plane angle. There was statistically significant 

difference between the groups p< 0.05 

Corpus Length (Go-Me) mean in Class I control group was 97.65 mm, SD 4.42 mm, Class II 

control group mean was 75.04 mm, SD 6.11mm, and skeletal Class II with AOB mean was 72.60 

mm, SD 3.95 mm. There was statistically significant difference between the groups p< 0.05 

Anterior Face Height (Na-Me) mean in Class I control group was 112.14 mm, SD 3.71 mm, Class 

II control group mean was 110.20 mm, SD 4.30 mm, and skeletal Class II with AOB mean was 
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140 mm, SD 3.62 mm. Which indicates that subjects with Class I and II malocclusion had normal 

anterior face height, and subjects with skeletal Class II AOB had increased anterior face height. 

There was statistically significant difference between the groups p< 0.05 

Posterior Face Height (S-Go) mean in Class I control group was 74.98 mm, SD 4.68 mm, Class II 

control group mean was 69.65 mm, SD 3.73 mm, and skeletal Class II with AOB mean was 67.98 

mm, SD 8.83 mm. There was statistically significant difference between the groups p< 0.05 

U6 – PP mean in Class I control group was 23.36 mm, SD 1.86 mm, Class II control group mean 

was 20.86 mm, SD 1.91 mm, and skeletal Class II with AOB mean was 24.08 mm, SD 3.50 mm. 

There was statistically significant difference between the groups p< 0.05 

3.4.Test of Normality 

As shown on Table 6, there was evidence that the requirement of Normality may not be true for 

Anteroposterior [AP] axial mm in the Class II control group (p = 0.031) and Skeletal Class II AOB 

(p=0.002) groups. For this measurement, the non-parametric Kruskall-Wallis test with post hoc 

Mann-Whitney pairwise tests were used. 

For the other 5 measurements (height, basal bone height (M2-M1) basal bone height (M1-P2), 

mediolateral, and volume), a parametric One way ANOVA was used after the measurements 

passed the Levene test of homogeneity of variance. 
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3.5.Test of Homogeneity of Variances 

As seen on Table 7, there was no indication of heteroscedasticity of variance (p>0.05) for any of 

the measurement types. The parametric One way ANOVA was used to determine differences 

among the groups, followed by the post hoc Tukey Honestly Significant Difference (HSD) 

procedure, except for Anteroposterior [AP] for which the non-parametric Kruskal-Wallis test was 

used. 

3.6.Maxillary Sinus Measurements 

There were no statistically significant differences between right and left sinuses in all 

measurements. Therefore, the average between the right and left sinuses was calculated. 

As seen on Table 8, a parametric One way ANOVA was used for the average of both right and left 

sinuses after the measurements passed the Levene test of homogeneity of variance, and there were 

no statistically significant differences detected (p>0.05) for any measurement type except basal 

bone height M1-P2 (p=0.039.) 

On Table 9, post hoc Tukey Honestly Significant Difference (HSD) procedure was done on basal 

bone height M1-P2. There is insufficient information to detect which groups differ. This could be 

due to the smaller number of subjects in the skeletal Class II AOB group. 

Table 10 provides the results of the non-parametric test for all measurement types. The only one 

of interest is # 5, Anteroposterior [AP], as the Shapiro-Wilk's test indicated that Normality was 

questionable for this measurement type in 2 of the 3 groups to be compared. As seen on the table, 
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no statistically significant differences exist among the groups (p=0.633) and as a result a post-hoc 

test is not appropriate. 
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Chapter IV 

DISCUSSION 
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This retrospective cross-sectional CBCT study evaluated maxillary sinus dimensions and 

pneumatization in adults with skeletal Class II malocclusion with AOB. The AOB sample was 

compared with controls presenting with skeletal Class II and Class I malocclusions without AOB. 

In this study, only adults aged 18-65 years old were included to ensure that the maximum growth 

and development of cranium and paranasal sinuses has occurred. When age was compared among 

the three groups, no statistically significant differences were observed. This finding is consistent 

with those reported by Sahlstrand-Johnson et al (66). On the other hand, other studies had 

suggested that the maxillary sinus volume increases with both age (67) and loss of teeth (71). Ariji 

(72) examined the association between height of the maxillary sinus, chronological age, and status 

of dentition. The study measured the anteroposterior and transverse dimensions on axial CT of 107 

subjects with normal maxillary sinuses and analyzed the relationship between these values and 

sinus volume. The author found no significant difference in height of maxillary sinus between 

dentate and edentulous adult patients. 

The maxillary sinus dimensions in this study were evaluated using 3D CBCT imaging as compared 

to multiple previous studies that assessed the same structure using 2D cephalometric analyses 

(42,78). This study found a statistically significant difference between the AOB and control groups 

in mean basal bone height in the region between the first molar and the second premolar region 

(Class I control group mean= 11.83 mm, SD 2.72, Class II control group mean= 9.89 mm, SD 

2.21, and Skeletal Class II with AOB mean= 12.21 mm, SD 2.66) (p= .039). Basal bone height 

was significantly greater in the skeletal AOB Class II than the two control groups. This could be 

due to the over-eruption of the dentoalveolar process of the posterior teeth in the AOB group. This 

finding however, disagrees with the results reported by Ryu et al (51) who found that basal bone 
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height in the regions between first and second molars, second premolar and first molar, and first 

and second premolars were significantly smaller in the open-bite group compared to patients with 

normal occlusion. 

This study found no statistically significant differences in craniocaudal height, anteroposterior and 

mediolateral maxillary sinus dimensions between the AOB and the control groups. This agrees 

with Sassouni (73) who noted that sinuses do not have a bearing on the facial balance and 

malocclusion. Similarly, Endo et al (78) found that the maxillary sinus measurements were not 

significantly different in the different skeletal classes when analyzed by gender. Conversely, Oktay 

(42) in his orthopantomographic evaluation, revealed that female subjects with Angle Class II 

malocclusions had larger maxillary sinuses than male subjects. 

Ryu et al (51) studied the maxillary sinus dimensions and pneumatization in adults with skeletal 

Class I AOB, and compared them with adults with normal occlusion. The investigators found 

greater vertical pneumatization of the maxillary sinus floor in the region between the first and 

second molars and between the second premolar and first molar in the skeletal Class I AOB group 

than in those without AOB. However, they reported no significant differences between the groups 

in the anteroposterior and mediolateral dimensions. These results contradict with this study. This 

may be due to the different ethnic groups included in the study, palatal height and width, different 

bone density, and the overall body size. All these factors may have contributed to the variability 

in pneumatization. Okşayan et al (81) assessed the maxillary sinus dimensions in 60 adults with 

different vertical craniofacial growth patterns and found that maxillary sinus length and width were 

significantly lower in the high-angle group as compared to the low-angle group. 
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The maxillary posterior alveolar height (U6-PP) was greater in the skeletal Class II AOB group 

than the non-AOB control groups. This increase may be associated with the significant extrusion 

of the maxillary molars in AOB group which is consistent with multiple previous studies (51-88-

89). 

In this study, there was no statistically significant difference in maxillary sinus volume between 

the AOB and control groups. While, our study did not compare between genders due to the small 

sample size, future studies are warranted to confirm differences in maxillary sinus volume and 

other dimensions between genders. Emirzeoglu et al (39) Ariji et al (67) and Sahlstrand-Johnson 

et al (66) assessed sexual dimorphism and found a significant difference in maxillary sinus volume 

between male and female adults. Jalal (69) also reported a significant increase in maxillary sinus 

height and length in males compared to females. On the contrary, Pirner et al (68) found no 

significant difference in volume between genders. 

Symmetry in morphology between right and left maxillary sinuses was evident in this study. In 

fact, there was no statistically significant differences between right and left maxillary sinuses in 

linear craniocaudal, anteroposterior, mediolateral, and volumetric measurements among the 

samples. Shahbazian et al. (87) studied the maxillary sinus anatomy, its variations and volume in 

101 patients presenting for maxillary implant placement. The authors reported symmetric 

morphology of maxillary sinus in 83% of patients, while the remaining 17% showed asymmetric 

morphology between the two sinus sides. Furthermore, in the three-dimensional linear and 

volumetric analysis of maxillary sinus pneumatization by Hamdy et al (90), no significant 

difference between the right and left maxillary sinus linear and volumetric measurements was 

found. 
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To eliminate bias, only subjects with normal craniofacial development were included in this study. 

Craniofacial abnormalities such as cleft lip and palate have been shown to impact maxillary sinus 

dimensions. Nowak and Mehls (74) and Koch and Kreidler (75) studied subjects with cleft palate, 

and reported that the maxilla affected by the cleft had a smaller sinus dimension when compared 

with the sinus in the normal maxilla. However, Robinson et al (76) and Harvold (77) found that 

there was no relationship between the sinus development in subjects with cleft palate and those 

without clefts. 

Incidental findings on the right and left maxillary sinuses were noted in 35% of the subjects in this 

study including but not limited to, mucus retention, polyp, cyst, and thickening of the mucosal 

lining. This correlated with previous studies in which mucosal changes in the paranasal sinuses 

were detected in 17-42.5% of CT scans for non-rhinological disease (82-83). 
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4.1.Limitations: 

This study had several limitations. The small sample size restricted the ability to extrapolate 

findings to the general population. Of the 150 subjects screened, only 14 subjects were skeletal 

Class II with AOB. Four of them were excluded due to poor image quality and missing anatomic 

structures. 

Additionally, our patient population had only skeletal Class I malocclusion, skeletal Class II 

malocclusion with normo-divergent pattern, and skeletal Class II with AOB. Evaluation of 

different skeletal patterns such as skeletal Class III with AOB will be helpful. In addition, more 

studies are needed to evaluate maxillary sinus dimensions in different vertical growth patterns. 

Another limitation related to Dolphin 3D Imaging software utilized to measure sinus volume. The 

presence of any mucosal thickening, polypoid masses, retention cysts or any pathology may have 

affected the accuracy of the maxillary sinus volume measurement because the measurement of 

sinus volumes was made by assessing the air volume rather than the actual sinus volume. 
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4.2.Implications for future studies: 

Future studies should consider including a larger sample and studying different craniofacial 

patterns, genders, and ethnic backgrounds. 

In addition, more CBCT studies are needed to further understand the association between the 

maxillary sinus dimensions and upper and lower facial heights in larger and more uniform adult 

subjects. 

4.3.Implications for clinical practice: 

Many orthodontic treatment modalities can successfully correct a dentoalveolar AOB such as 

high-pull headgear, chin-cups, extractions, multiloop edgewise arch wires, bite-blocks, and 

functional appliances. However, in severe skeletal anterior open bite, orthognathic surgery to 

superiorly reposition the maxilla has been the only way to create significant rotation of the 

mandible, decreasing anterior face height and subsequently correcting the anterior open bite. 

Recently, temporary anchorage devices (TADs) have been used in the camouflage treatment of 

anterior open bite by intruding the maxillary posterior teeth allowing autorotation of the mandible. 

Therefore, complete knowledge of the maxillary sinus floor levels in different skeletal 

malocclusion is imperative before establishing orthodontic treatment especially in open bite cases 

where posterior intrusion is necessary. 
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CONCLUSIONS 
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This study concluded the following: 

• There were statistically significant differences among the groups in the basal bone height 

in the region between first molars and second premolars, where AOB group showed higher 

means compared to the control groups. 

• There were no statically significant differences among the groups in the craniocaudal 

height, anteroposterior, and mediolateral dimensions and volume of the maxillary sinus. 

• Maxillary sinus dimensions were not influenced by vertical skeletal growth pattern in this 

controlled CBCT study. 
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Table 1. Intra-Examiner Reproducibility 
Intraclass Correlation Coefficient 

Right Sinus
Value 

Intraclass 
Correlation 

95% Confidence Interval 
F Test with True Value 0 

Lower 
Bound 

Upper
Bound 

Value df1 df2 Sig 

Height mm .95 .83 .98 44.77 9 9 <0.001 

Basal bone .99 .96 .99 235.16 9 9 <0.001 
height
M2-M1 mm 

Basal bone .98 .94 .99 152.71 9 9 <0.001 
height
M1-P2 mm 

Mediolateral .98 .95 .99 184.22 9 9 <0.001 
[ML] mm 
Anteroposterior
[AP] mm 

.99 .98 .99 484.93 9 9 <0.001 

Volume mm³ .99 .99 1.00 3950.88 8 8 <0.001 

Left Sinus Intraclass 95% Confidence Interval 
Value Correlation F Test with True Value 0 

Lower 
Bound 

Upper
Bound 

Value df1 df2 Sig 

Height mm .98 .95 .99 177.67 9 9 <0.001 

Basal bone .98 .95 .99 172.67 9 9 <0.001 
height
M2-M1 mm 

Basal bone .99 .97 .99 362.37 9 9 <0.001 
height
M1-P2 mm 

Mediolateral .99 .97 .99 293.32 9 9 <0.001 
[ML] mm 
Anteroposterior
[AP] mm 

.99 .97 .99 355.41 9 9 <0.001 

Volume mm³ .99 .99 1.00 3451.79 9 9 <0.001 
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Table 2. Inter-Examiner Reproducibility 
Intraclass Correlation Coefficient 

Right Sinus
Value 

Intraclass 
Correlation 

95% Confidence 
Interval F Test with True Value 0 

Lower 
Bound 

Upper
Bound 

Value df1 df2 Sig 

Height mm 1.00 .99 1.00 13177.93 8 8 <0.001 

Basal bone 1.00 .99 1.00 5050.73 8 8 <0.001 
height
M2-M1 mm 

Basal bone 1.00 .99 1.00 4244.07 8 8 <0.001 
height
M1-P2 mm 

Mediolateral .99 .99 1.00 3866.37 8 8 <0.001 
[ML] mm 
Anteroposterior
[AP] mm 

1.00 .99 1.00 5054.52 8 8 <0.001 

Volume mm³ 1.00 1.00 1.00 194991422.96 7 7 <0.001 

Left Sinus Intraclass 95% Confidence 
Value Correlation Interval F Test with True Value 0 

Lower 
Bound 

Upper
Bound 

Value df1 df2 Sig 

Height mm 1.00 1.00 1.00 69745.44 8 8 <0.001 

Basal bone 1.00 .99 1.00 4734.68 8 8 <0.001 
height
M2-M1 mm 

Basal bone .99 .99 1.00 2384.08 8 8 <0.001 
height
M1-P2 mm 

Mediolateral 1.00 .99 1.00 11637.00 8 8 <0.001 
[ML] mm 
Anteroposterior 
[AP] mm 

.99 .99 1.00 3490.75 8 8 <0.001 

Volume mm³ 1.00 1.00 1.00 77641793.90 6 6 <.0001 
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Table 3. Mean Ages of the three samples 

Patient Age N Mean Std. 
Deviation 

Std. Error Minimum 
Maximum 

Skeletal Class I 16 39.63 10.340 2.585 20 54 

Skeletal Class II 16 40.44 15.218 3.805 20 68 

Skeletal Class II 11 45.00 13.622 4.308 24 64 
Open Bite 
Total 43 41.21 13.011 2.008 20 68 

Table 4. Cephalometric Measurements 

N Mean Std. Deviation Std. Error 
Skeletal Class I 16 2.08 .94 .23 
Skeletal Class II 16 5.41 1.16 .291 

ANB (º) Skeletal Class II Open Bite 11 5.93 1.68 .506 
Total 43 4.30 2.12 .324 
Skeletal Class I 16 .38 1.93 .483 

Wits Appraisal Skeletal Class II 16 .87 1.77 .443 
(mm) Skeletal Class II Open Bite 11 2.91 3.53 1.06 

Total 43 1.23 2.56 .39 
Skeletal Class I 16 21.08 3.15 .78 
Skeletal Class II 16 24.84 2.74 .68 

FMA (º) Skeletal Class II Open Bite 11 37.82 5.41 1.63 
Total 43 26.76 7.67 1.17 
Skeletal Class I 16 30.35 3.93 .98 
Skeletal Class II 16 34.58 2.77 .69 

MP - SN (º) Skeletal Class II Open Bite 11 45.67 6.51 1.96 
Total 43 35.84 7.46 1.13 

Go-Me (mm) Skeletal Class I 16 79.65 4.42 1.10 
Skeletal Class II 16 75.04 6.11 1.52 
Skeletal Class II Open Bite 11 72.60 3.95 1.19 
Total 43 76.13 5.69 .86 

PP-MP (º) Skeletal Class I 16 24.96 3.91 .97 
Skeletal Class II 16 27.38 3.40 .85 
Skeletal Class II Open Bite 11 42.16 6.55 1.97 
Total 43 30.26 8.41 1.28 

PP-FH (º) Skeletal Class I 16 -3.88 3.49 .87 
Skeletal Class II 16 -2.53 2.78 .69 
Skeletal Class II Open Bite 11 -4.50 3.72 1.12 
Total 43 -3.54 3.33 .50 
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N Mean Std. Deviation Std. Error 
Skeletal Class I 16 5.40 4.15 1.03 
Skeletal Class II 16 7.21 2.42 .60 

SN-PP (º) Skeletal Class II Open Bite 11 3.33 6.45 1.94 
Total 43 5.54 4.53 .69 
Skeletal Class I 16 12.87 4.37 1.09 
Skeletal Class II 16 18.84 2.42 .60 

OP-SN (º) Skeletal Class II Open Bite 11 18.53 7.91 2.38 
Total 43 16.54 5.66 .86 
Skeletal Class I 16 112.14 3.71 .92 
Skeletal Class II 16 110.20 4.30 1.07 

Na-Me (mm) Skeletal Class II Open Bite 11 140.00 3.62 1.09 
Total 43 118.54 13.32 2.03 
Skeletal Class I 16 74.98 4.68 1.17 
Skeletal Class II 16 69.65 3.73 .93 

S-Go (mm) Skeletal Class II Open Bite 11 67.98 8.83 2.66 
Total 43 71.20 6.36 .97 
Skeletal Class I 16 66.84 3.39 .84 
Skeletal Class II 16 63.21 2.32 .58 

S-Go/N-Me (%) Skeletal Class II Open Bite 11 48.50 6.25 1.88 
Total 43 60.80 8.43 1.28 
Skeletal Class I 16 3.67 1.05 .26 
Skeletal Class II 16 3.85 .97 .24 

Overjet (mm) Skeletal Class II Open Bite 11 5.64 2.73 .82 
Total 43 4.24 1.79 .27 
Skeletal Class I 16 23.36 1.86 .46 
Skeletal Class II 16 20.86 1.91 .47 

U6 - PP (mm) Skeletal Class II Open Bite 11 23.93 3.35 1.01 
Total 43 22.58 2.65 .40 
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Table 5. ANOVA test of Cephalometric Measurements 

Sum of 
Squares df Mean Square Sig. 

ANB (º) Between Groups 127.57 2 63.78 P<0.05 

Within Groups 62.08 40 1.55 

Total 189.65 42 

Wits Appraisal
(mm) 

Between Groups 

Within Groups 

47.65 

228.18 

2 

40 

23.82 

5.70 

P<0.05 

Total 275.83 42 

MP - SN (º) 
Between Groups 1570.00 2 785.00 P<0.05 

Within Groups 771.84 40 19.29 

Total 2341.84 42 

Go-Me (mm) Between Groups 354.19 2 177.09 P<0.05 

Within Groups 1009.72 40 25.24 

Total 1363.92 42 

Na-Me (mm) Between Groups 6837.61 2 3418.80 P<0.05 

Within Groups 616.54 40 15.41 

Total 7454.16 42 

S-Go (mm) Between Groups 380.81 2 190.40 P<0.05 

Within Groups 1319.98 40 33.00 

Total 1700.79 42 

U6 - PP (mm) 
Between Groups 77.04 2 38.52 P<0.05 

Within Groups 219.65 40 5.49 

Total 296.69 42 
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Table 6. Test of Normality 

Average Sinus Value 
Group Statistic df Sig. 

Skeletal Class I .92 16 .173 

Height mm Skeletal Class II .90 16 .088 

Skeletal Class II Open 
Bite 

.91 11 .313 

Skeletal Class I .93 16 .339 
Basal bone height
M2-M1 mm Skeletal Class II .96 16 .767 

Skeletal Class II Open 
Bite 

.96 11 .775 

Skeletal Class I .92 16 .239 
Basal bone height
M1-P2 mm Skeletal Class II .91 16 .157 

Skeletal Class II Open 
Bite 

.97 11 .956 

Skeletal Class I .95 16 .585 

Mediolateral [ML] Skeletal Class II .95 16 .508 
mm 

Skeletal Class II Open 
Bite 

.92 11 .389 

Skeletal Class I .95 16 .615 
Anteroposterior [AP] 
mm Skeletal Class II .87 16 .031 

Skeletal Class II Open 
Bite 

.74 11 .002 

Skeletal Class I .93 15 .313 

Volume mm³ Skeletal Class II .94 16 .440 

Skeletal Class II Open 
Bite 

.95 11 .750 
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Table 7. Test of Homogeneity of Variances 

Average Sinus Value Levene Statistic df1 df2 Sig. 

.22 2 40 .802 
Height mm 

.01 2 40 .984 
Basal bone height
M2-M1 mm 

.47 2 40 .624 
Basal bone height
M1-P2 mm 

1.62 2 40 .209 
Mediolateral [ML] mm 

.41 2 40 .660 
Anteroposterior [AP] mm 

.92 2 39 .405 
Volume mm³ 
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Table 8. ANOVA results of sinus average 

Sum of Squares df Mean Square Sig. 

Between Groups 28.58 2 14.29 .579 

Height mm Within Groups 1032.02 40 25.80 

Total 1060.60 42 

Basal bone Between Groups 26.37 2 13.18 .063 

height
M2-M1 mm 

Within Groups 177.91 40 4.44 

Total 
204.28 42 

Basal bone 
Between Groups 44.94 2 22.47 .039 

height
M1-P2 mm 

Within Groups 

Total 

256.05 

301.00 

40 

42 

6.40 

Mediolateral [ML] 
mm 

Between Groups 

Within Groups 

20.22 

821.63 

2 

40 

10.11 

20.54 

.615 

Total 
841.86 42 

Anteroposterior
[AP] mm 

Between Groups 

Within Groups 

8.383 

435.905 

2 

40 

4.191 

10.898 

.683 

Total 444.287 42 

Between Groups 1651158.91 2 825579.45 .941 

Volume mm³ Within Groups 530136348.60 39 13593239.70 

Total 531787507.52 41 
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Table 9. Post hoc Tukey Honestly Significant Difference (HSD) procedure on 
Basal Bone Height M1-P2 of the average sinus value 

Group N Subset for alpha = 0.05 
1 

Skeletal Class II 16 9.89 

Skeletal Class I 16 11.83 

Skeletal Class II Open Bite 11 12.21 

Table 10. Hypothesis Test Summary 

Null Hypothesis Sig. Decision 

1 The distribution of Height in mm (average .722 Retain the null 
sinus value) is the same across hypothesis. 
categories of group. 

2 The distribution of Basal bone height M2- .056 Retain the null 
M1 in mm (average sinus value) is the hypothesis. 
same across categories of group. 

3 The distribution of Basal bone height M1- .033 Reject the 
P2 in mm (average sinus value) is the null 
same across categories of group. hypothesis. 

4 The distribution of Mediolateral [ML] in .721 Retain the null 
mm (average sinus value) is the same hypothesis. 
across categories of group. 

5 The distribution of Anteroposterior [AP] in .633 Retain the null 
mm (average sinus value) is the same hypothesis. 
across categories of group. 

6 The distribution of Volume in mm³ .849 Retain the null 
(average sinus value) is the same across hypothesis. 
categories of group. 
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