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ABSTRACT (ENGLISH) 
# # 6175813032 : MAJOR ORAL AND MAXILLOFACIAL SURGERY 
KEYWORD: Maxillary sinus, Residual ridge height, Lateral wall thickness, Sinus septa, 

Posterior superior alveolar artery, Sinus membrane thickness, Ostium, Cone 
beam computed tomography, Sinus augmentation, Sinus lift 

 Nutcha Benjaphalakron : Evaluation of maxillary sinus on anatomical 
characteristics and related factors using cone beam computed tomography images. 
Advisor: Assoc. Prof. Pornchai Jansisyanont, D.D.S., M.Sc., Ph.D. Co-advisor: 
VANNAPORN CHUENCHOMPOONUT, D.D.S, Ph.D. 

  
Objective: The aim of this study was to evaluate prevalence of the anatomical 

characteristics in maxillary sinuses; and its association with sex, age, tooth area and dental 
status using cone beam computed tomography (CBCT). 

Methods: Retrospectively reviewed CBCT images of maxillary sinuses from 370 
sinuses in 185 patients at the Faculty of Dentistry, Chulalongkorn University were 
evaluated.  Residual ridge height (RRH), lateral wall thickness (LWT), sinus septa, posterior 
superior alveolar artery (PSAA), membrane thickness (MT) and ostium were evaluated and 
compared according to sex, age, tooth area and dental status. 

Results: Mean RRH was 12.13 ± 3.64 mm. Mean LWT was 2.23 ± 0.95 mm. Prevalence 
of septa was 22.43%. The most orientation of the septa was mediolateral (89.13%). Septa was 
mostly at the first molar and second molar region (66.3%). PSAA were detected in 32.16% and 
most (52.85%) had an intraosseous location. The diameter was mostly <1 mm (80.31%). Most 
PSAAs (65.28%) were >15 mm from the alveolar crest. Mean MT was 1.3 ± 2.05 mm. The 
ostium was mostly patency (94.05%) and located at the first molar and second molar region 
(95.98%). Mean distance of ostium from the sinus floor was 30.03 ± 5.08 mm. 

Conclusion: Although the anatomical characteristics of maxillary sinus related to sex, 
age, tooth area and dental status, they also had variation. The surgeon should evaluate case 
by case using CBCT for planning surgery, in order to minimize the risk of complications related 
to sinus surgery. 
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Chapter I Introduction 
 

1. Title 

Evaluation of maxillary sinus on anatomical characteristics and related factors 

using cone beam computed tomography images 

การประเมินลักษณะทางกายวิภาคของโพรงอากาศข้างจมูกและปัจจัยที่เกี่ยวข้องโดยใช้

ภาพรังสีโคนบีมซีที 

2. Background and Rationale  

Maxillary sinus is the paranasal sinus that impacts the maxillofacial surgeons. 

The presence of the maxillary sinus above the surgical area complicate the 

installation of implants. As following the loss of upper posterior teeth, bone 

resorptions cause an expansion of the inferior aspect of the maxillary sinus. (1) That 

results in inadequate bone height to support dental implant. Accordingly, sinus 

augmentation or sinus lift is required to elevate the sinus floor for increasing the 

vertical height, prior to successful implants placement. (2) 

The most common complication of sinus lift is perforation of the sinus 

membrane. The perforation rate was 19.5% (up to 58.3%) and other complications 

such as excessive bleeding or sinusitis also occurred. (3)  

The risk of sinus membrane perforation was increased by the sinus 

anatomical variations. Post-operative complications such as sinusitis and loss of graft 

materials may be induced by the sinus membrane perforation. Moreover, 

Schneiderian membrane is an important structure for containing bone graft. The 

maxillary sinus septum is one of these variations. The technique of sinus lift may be 

difficult with a septum. (4, 5) In addition, lateral sinus wall thickness should be 
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considered before sinus augmentation. It is possible to evaluate for minimizing the 

occurrence of a Schneiderian membrane perforation during an osteotomy. (6) 

The other intra-complication is bleeding. Posterior superior alveolar artery 

(PSAA) must be taken into consideration owing to the potential risk of bleeding during 

the procedure. Surgery that involves the artery during bony window preparation can 

lead to bleeding. The vision of surgical field will be concealed by bleeding and the 

chance of maxillary sinus membrane perforation will increase.  (7) 

 Postoperative complication of sinus augmentation is sinusitis. The reduction 

of the patency, or complete obstruction ostium associated with the risk of 

postoperative sinusitis and this can lead subsequently graft failure. (8) Besides, sinus 

membrane thickness might indicate a higher correlation with sinusitis and is an 

anatomic factor that effect sinus membrane perforation and cause implant failure. 

Thick Schneider’s membrane more than 2 mm is less prone to perforated during 

surgery and therefore it reduces the incidence of complication. (9) In addition, 

Shanbhag et al. found that sinus membrane thickening was a reliable predictor of 

ostium obstruction. (10) 

Although maxillary sinus can be visualized on the Water's view, panoramic 

radiograph, magnetic resonance imaging (MRI), computed tomography (CT) and cone-

beam computed tomography (CBCT). However, CBCT is extremely useful for 

evaluating bone and provides clear images with highly contrasted structures. It 

displays maxillofacial anatomy and pathology with 3-dimensional visualization. So, it 

is well suited for imaging this area. Moreover, the use of CBCT provides more 

advantages than medical CT. This technique is advantageous on account of its cost-

effectiveness, higher resolution, easier operation, lower radiation dose and shorter 

scan time compared to CT. Since CBCT images were commonly found anatomic 
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variations and lesions of the maxillary sinus. Thus, CBCT is a diagnostic method that 

suitably assesses the risk and prognosis of treatment. (11-14) 

Further to mentioned anatomical characteristics that have surgical relevance 

with the sinus surgery. Understanding of the anatomic is important when planning 

surgery.  The sufficient knowledge of the maxillary sinus anatomy should be 

concerned in order to prevention of intra-operative and post-operative complications 

in sinus augmentation procedure. Previous studies reported various prevalence of 

anatomical characteristics. (11, 15-42) Moreover, the investigations showed disparate 

the relation of anatomical structures and sex, age, tooth area and dental status. (6, 

11, 15-31, 33, 35-39, 41-49) For this reason, the purpose of this study is to assess 

prevalence of the anatomical characteristics in maxillary sinus and association with 

sex, age, tooth area and dental status using cone beam computed tomography 

(CBCT) images. 
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3. Research objectives 

• The purpose of the present study is to evaluate prevalence of the 

anatomical characteristics in maxillary sinuses using cone beam 

computed tomography (CBCT). 

• Second purpose is to investigate association of the anatomical 

characteristics in maxillary sinus with sex, age, tooth area and dental 

status using cone beam computed tomography (CBCT).  

4. Research question  

• What is the prevalence of anatomical characteristics in maxillary sinus 

using cone beam computed tomography (CBCT)? 

• Do the anatomical characteristics of maxillary sinus associate with 

sex, age, tooth area and dental status in cone beam computed 

tomography (CBCT)? 

5. Hypothesis 
H0: There are no significant differences in the anatomical 

characteristics of maxillary sinuses on sex, age, tooth area and dental 

status. 

H1:   There are significant differences in the anatomical characteristics 

of maxillary sinuses on sex, age, tooth area and dental status. 
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6. Conceptual Framework 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Conceptual framework 
 

The anatomical characteristics 

in maxillary sinus 

• Residual ridge height  

• Lateral wall thickness 

• Maxillary sinus septa 

• Posterior superior alveolar 

artery 

• Sinus membrane thickness 

• Ostium 
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Chapter II Review of literature 
 

1. Maxillary sinus 

The maxillary sinus is a four-sided pyramid. The medial surface is formed by 

the lateral nasal wall. The floor of the orbit is the roof of the sinus. The posterior 

wall extends the length of the maxilla and steeps into the maxillary tuberosity. 

Anterior and lateral wall of the sinus extend to the first premolar or canine teeth. 

The floor of the sinus is formed by the base of the alveolar process. 

The maxillary sinus is lined by respiratory epithelium, a mucus-secreting 

pseudostratified, ciliated, and columnar epithelium. The opening of maxillary sinus is 

at the end of the semi-lunar hiatus, which locate in the middle meatus between the 

inferior and middle nasal conchae of the nasal cavity. The cilia of lining epithelium 

move the mucus and any foreign material toward the ostium and drain into the 

nasal cavity. (1) 

Blood Supply 

The posterior superior alveolar artery (PSAA) and infraorbital artery, the 

branches of the maxillary artery, supply the lateral sinus wall, Schneiderian 

membrane and posterior maxillary teeth. (50, 51) The veins accompany the arteries, 

and drain into anterior facial vein and then to pterygoid plexus of veins. The 

lymphatic drainage of maxillary sinus is through the infraorbital foramen or through 

the ostium and then to submandibular and deep cervical lymph nodes. (7) 
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Nerve Supply 

Superior dental nerves (anterior, middle and posterior), and infraorbital nerve 

supply the maxillary sinus. These are maxillary division branches of trigeminal nerve. 

(1) 

Embryology of maxillary sinus 

The maxillary sinuses are the first development of the paranasal sinuses (e.g., 

maxillary, frontal, ethmoid, and sphenoid). They begin in the third month of fetal 

development as mucosal invaginations or pouching of the ethmoid infundibula. The 

initial development or primary pneumatization grows as the invagination expands 

into the cartilaginous nasal capsule. Secondary pneumatization starts in the fifth 

month of fetal development. 

 After birth, the maxillary sinus expands or pneumatizes into the developing 

alveolar process. It extends from the base of the skull with anterior and inferior 

direction that match the growth rate of the maxilla and the development of the 

dentition. The sinus expanded its floor on the same horizontal level as the nasal 

floor about age 12 - 13 years old. (1) When the permanent teeth completely 

develop, the maxillary sinuses achieve their mature size about age 20 years old. (52) 

The sinus normally ceases the expansion after the eruption of permanent teeth, but 

the pneumatization of sinus will occur after the removal of posterior maxillary teeth 

and extends into the residual alveolar ridge. The maxillary sinus is significantly larger 

size in edentulous patients compared with complete dentition patients at posterior 

maxilla region.(1)  

Besides, decreases of maxillary sinus volume or maxillary hypoplasia relate 

with severe congenital anomalies such as Crouzon syndrome, Apert syndrome and 
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Cleidocranial dysostosis. (53) In addition, H. Suzuki et al. indicated that maxillary 

sinusitis related with cleft lip and palate. (54) 

2. Maxillary sinus augmentation 

Elevation of the maxillary sinus floor was first reported by Boyne in the 1980s. 

(55) Maxillary sinus augmentation or sinus lift is a technique of bone reconstruction 

that design to increase the vertical dimension of posterior maxillary alveolar for 

placement of dental implants. With the evolution of predictable sinus lift methods, 

this technique has become one of the surgical options allowing installation of dental 

implants in the posterior maxilla. (2) 

The most common complication of sinus lift is the Schneiderian membrane 

perforation. A systematic review showed the perforation rate was 19.5% (up to 

58.3%) and other complications such as excessive bleeding or sinusitis also occur. (3) 

Although the principles of the sinus lift procedure are simple, several anatomic 

variations and techniques should be considered to achieve reliable outcomes. 

Parameters such as lateral wall thickness, presence of sinus septa, alveolar antral 

artery course, residual bone height, membrane thickness and ostium must be 

investigated and examined preliminarily. 

3. Lateral wall thickness  

Lateral window sinus augmentation technique has to prepare the door at this 

area. The Schneiderian membrane is an important structure for containing the bone 

graft. Consequently, the lateral sinus wall thickness must be concerned because the 

Schneiderian membrane can perforate during this procedure. Thick buccal bone 

requires more time to expose the membrane and overturning the bone window 

inside the sinus without perforation is challenge. (6) Besides, the thick lateral sinus 

wall causes difficult to free the sinus membrane because approaching membrane 
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with a deep cleft-like cannot be reached easily by the instruments. (5) Monje et al. 

showed the lateral wall thickness tended to increase from the second premolar to 

the second molar and positively correlates with alveolar ridge heights and age. In 

addition, the thinner the lateral wall found with the longer the edentulous span. (46)  

The schneiderian membrane should be maintained intact to contain the graft 

material and provide a vascular bed for it. Thereby, lateral sinus wall thickness 

should be considered prior sinus augmentation for minimizing the occurrence of a 

Schneiderian membrane perforation during osteotomy. 

4. Maxillary sinus septa 

Maxillary sinus septa are bony ridges in the sinus. Radiating septa vary in 
individual. The septa extend from the inner to the outer walls and are usually knife 
edged. The sinus can be divided into 2 cavities or more than 2 cavities by the septa. 
Opening for sinus lift with only one window may not allow adequate access for bone 
grafting. The sinus membrane adheres to the septa and the difficulty of membrane 
elevation was increased. Thereby, pre-existing septa during sinus lift with lateral 
window technique is affected. (4, 5)  Irinakis et al. showed the incidence of 
membrane perforation with interfering septa was 44.7 %. (25) Low height septa with 
less than 2 mm do not require additional treatment. (41) The design of the lateral 
window was influenced by the number, location, size and orientation of the septa. 
As mention previously the morphology and location of the septa were necessary to 
concern for the best surgical approach. (4, 5)   

Toraman-Alkurt M et al. demonstrated panoramic radiography images  
detected maxillary sinus septa with low reliability and CBCT images could provide 
useful information about the presence and location of the septa. (56) In agreement 
with systematic review study, panoramic radiographs produced 29.3 % incorrect 
results compared with computed tomography. In panoramic radiographs, the sagittal 
sinus septum may not be diagnosable and lead to the wrong assumption with 
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narrow sinus anatomy. These may cause no bone graft of the medial aspect of the 
sinus cavity. (47) 

The prevalence of maxillary sinus septa in CBCT images were studied by 
several authors. The septa’s prevalence varies between 20.6 and 66.7 % based on 
the number of sinuses. (11, 15-21, 24-29, 41, 42) and between 27.2 and 68.4 % based 
on the number of patients. (15-23, 41) 

Qian et al. (15) found significantly greater prevalence rate of septa in the 
edentulous dentition (57.4%) compared with the dentulous dentition (39.7%) similar  
to  Pommer et al.’s result. (47) 

As mention above, it demonstrated the important knowledge of sinus septa 
morphology in CBCT to avoid complications during surgery and to arrange an 
accurate treatment plan.  

5. Posterior superior alveolar artery 
Posterior superior alveolar artery (PSAA) runs though the lateral wall of 

maxillary sinus and supplies the posterior maxillary teeth, the maxillary sinus and the 

Schneiderian membrane. Surgical involvement this artery during bony window 

preparation can lead to bleeding. The surgical field will be obscured by bleeding and 

the chance of sinus membrane perforation increases. (7) The risk for bleeding is 

higher with artery larger than 2 mm. Maridati et al. demonstrated that the damaging 

of PSAA less than 2 mm did not affect the performance of the surgical procedure.  

(57) Varying prevalence of PSAA visualization ranged from 48.6–89.3 %. (20, 26, 27, 

30-40)  

Velasco-torres et al. showed that the dentition status can also influence the 

location of the posterior superior alveolar artery. (43) Moreover, Khojastehpour et al. 

found the diameter of the artery increased with alveolar resorption and correlated 

with the number of tooth loss and age. (35) 
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For this reason, it is necessary to insist on the following points before 

operating: 

- Its position (superficial, intraosseous or intrasinus) and distance from 

alveolar ridge 

 In the intraosseous and intrasinus location, the artery can be masked by 

the thickness of the osseous wall. Bleeding is caused by removing the bone 

and unsticking the membrane. 

- Its diameter  

The risk of bleeding associated with the size of PSAA. The bigger 

diameter’s artery had greater risk of bleeding during the sinus surgery. (35) 

These data may help surgeons to estimate the bleeding risk for a sinus 

augmentation.  

6. Membrane thickness 

Schneiderian membrane thickness might indicate a higher correlation with 

sinusitis and was an anatomical factor that effect sinus membrane perforation and 

cause implant failure. Previous study found mucosal thickness more than 2 mm was 

less prone to perforate during sinus augmentation and could tolerate compressing 

forces that compact the bone graft. These will be following with preferable 

osseointegration and more implant survival rate. (9) 

The prevalence of membrane thickening ranged from 35.1 to 66% in 

systematic review and the cutoff point of thickening 1-3 mm was considered as 

normally. (58) Bayrak et al. presented that sex and age affected the membrane 

thickening. (59) 

Carmeli et al. found the sinus floor mucosal thickening more than 5 mm had 

significantly greater risk for ostium obstruction. (60) Similar to Shanbhag et al. showed 
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that thickness of up to 5 mm, 5-10 mm and more than10 mm correlated with a risk 

of ostium obstruction of 6.7%, 24% and 35.3%, subsequently. This study concluded 

that sinus membrane thickening was a reliable predictor of ostium obstruction. (10) 

Thus, to reduce chance of damaging the Schneiderian membrane that 

covering material for vascular function, and avoid loss of bone graft into the sinus, 

this membrane is important structure that should be regard and evaluate carefully 

before the surgery. 

7. Ostium 

The maxillary sinus osteomeatal complex (OMC) opened at the medial sinus 

wall. If the ciliated epithelium of the ostium has impaired function, it could threaten 

the sinus physiology. (5)  

The shorter of the ostium height is easier drainage of sinusal content, then it 

reduces the occasion of accumulated secretion. Lower ostium presented a greater 

correlation with normal sinusal content, while higher ostium showed presence of 

mucous thickening. A.B.G. de Carvalho et al. observed that male found higher ostium 

height. They concluded that the determining factor of presence normal sinusal 

content was ostium height. (61) 

Moreover, Simsek Kaya et al. presented that the blockage of drainage in the 

maxillary sinus might be caused by the excessive bone graft below the ostium. 

Thereby, the surgeon should be essential particular care the patient with a low 

distance of the ostium from the sinus floor in sinus augmentation procedure. (20) 

In sinus floor elevation, sinus drainage can be compromised by the 

obstruction ostium and lead to develop complications such as sinusitis and failed 
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surgery. (8) So the patency and location of the ostium should be concerned before 

sinus surgery to avoid iatrogenic blockage of the ostium. 

8. CBCT 

CBCT are based on volumetric tomography and used a two-dimensional 

extended digital array providing an area detector. The x-ray source of cone-beam 

technique involves a single 360° scan and a reciprocating area detector move around 

the patient’s head. CBCT can generate a three-dimensional volumetric data set and 

provide reconstruction images in 3 planes (axial, sagittal and coronal). 

CBCT is well proper for imaging the craniofacial region because it provides 

clear images with highly contrasted structures and is useful for evaluating bone. The 

use of CBCT provides several advantages compared with medical CT: 

• Limitation of X-ray beam: The collimation of the primary x-ray beam to the 

interested area result in reducing the size of the irradiated area and minimizing the 

radiation dose.  

• Accurate of image: The volumetric data set comprises a 3D block of cuboid 

structures or voxels. Each voxel represents a specific degree of x-ray absorption. The 

resolution of the image is defined the size of voxels. The voxels of medical CT are 

rectangular cubes or anisotropic. The axial slice thickness is the longest length of the 

voxel. CT voxel depth is usually in 1 – 2 mm, but it can be as small as 0.625 mm. 

Voxel resolutions of CBCT are isotropic that equal in all 3 dimensions. This provides a 

submillimeter resolution range from 0.4 mm to as low as 0.08 mm (Accuitomo). 

• Rapid scan time: Scan time of CBCT is rapid (5-40 seconds). The faster 

scanning time reduced motion artifacts from subject movement. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 15 

• Dose reduction: CBCT is significantly reduced effective dose of radiation in 

98% compared with medical CT.  

• Reduced image artifact: CBCT images had a low level of metal artifact, 

distinctly in viewing the teeth and jaws with secondary reconstructions designed. (12, 

14) 

The anatomical characteristics were reported to be important factors for 

surgical complications during sinus surgery. Therefore, three-dimensional radiographic 

examination using CBCT before sinus surgery could help for diagnostic evaluation and 

treatment planning. (11) Previous studies reported various prevalence of anatomical 

characteristics. (11, 15-42) Moreover, the investigations showed disparate the relation 

of anatomical structures and sex, age, tooth area and dental status. (6, 11, 15-31, 33, 

35-39, 41-49) For this reason, the purpose of this study is to assess prevalence of the 

anatomical characteristics in maxillary sinus and association with sex, age, tooth area 

and dental status using cone beam computed tomography (CBCT) images. 
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Chapter III Research methodology 
 

1. Study design 
A retrospective study 

2. Ethical consideration 

The protocol of study was approved by the Human Research Ethics 

Committee of the Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand. 

(HREC-DCU 2019-058) 

3. Sample  

A retrospective reviewed CBCT images from May 2017 to May 2019 of patients 

who presented for CBCT at Faculty of Dentistry, Chulalongkorn University. The images 

were acquired as part of patient care and not for research. 

Sample size calculation from following formula: (62) 

Proportion (p) = 0.60 

Error (d) = 0.05 

Alpha (α) = 0.05 

Z (0.975) = 1.959964 

Sample size (n) = 369 

A sample size was calculated by using data of the previous studies. (40) It was 

estimated that a sample size of 369 sinuses or approximately 185 subjects at the 5% 

significant level.  
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Inclusion criteria: 

(1) Patients who had CBCT scan from May 2017 to May 2019. 

(2) CBCT covered all maxillary arch and maxillary sinus including entire 

maxillary floor and the ostiomeatal complex. 

(3) Age ≥ 20 years old 

Exclusion criteria: 

(1) CBCT had poor quality. Image is unclear or incomplete such as 

artifact. 

(2) Patient who did not have the first premolar and the position of canine 

contact with second premolar due to orthodontic treatment. 

(3) Patients with severe crowding at maxillary posterior teeth. Sum of 

displaced or overlapped teeth with more than 6 mm were severe 

crowding. (63) 

(4) Impacted maxillary third molar superior to root of maxillary second 

molar. 

(5) Pathology that can affect the measurement such as tumor.  

(6) Patients with a known history of trauma at the maxillofacial region. 

(7) Maxillary posterior teeth with periodontal disease and periapical 

inflammatory disease. 

(8) Grafted sinus or implants placement. 

(9) Patients with developmental maxillofacial anomaly e.g. cleft lip and 

cleft palate, cleidocranial dysostosis, Apert syndrome and Crouzon 

syndrome. 

(10) Patients with systemic disease that affect to bone such as 

osteoporosis, Paget’s disease, hyperparathyroidism, or maxillary 

osteonecrosis. 
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4. Variable 
Independent variables:  

• Sex 

• Age 

• Tooth area 

• Dental status 

Dependent variables:  

• Residual ridge height (mm) 

• Lateral wall thickness (mm) 

• Maxillary sinus septa: Prevalence, number, type and location                                                                                                                                                                                                                                                                                                                                                  

• Posterior superior alveolar artery: Prevalence, location, diameter and 

distance from the artery to the alveolar crest (mm) 

• Sinus membrane thickness (mm) 

• Ostium: patency, location and distance from the ostium to the sinus 

floor (mm) 

 

5. Methods 
5.1 Image analysis 

Using a database search, Patients who met the study’s criteria seen May 2017 
to May 2019   were categorized by sex, age, tooth area and dental status following: 
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1. Sex  

- Female 

- Male 

2. Age  

- 20-29 years 

- 30-39 years 

- 40-49 years 

- 50-59 years 

- ≥60 years 

3. Tooth area 

- First premolar (1PM) 

- Second premolar (2PM) 

- First molar (1M) 

- Second molar (2M) 

4. Dental status 

- Edentulous area 

- Dentate area 

All CBCT images were performed using 3D Accuitomo 170 (J Morita MFG. 

CORP., Kyoto, Japan) with 80 - 90 kVp, 5 - 10 mA and 17.5 seconds exposure time 

and a field of view larger or equal from 10 x 10 cm. The images were reconstructed 

with a voxel size of 0.25 mm. Measurements were made using the digital ruler 

included in the i-Dixel software (version 2.1.7.3 J morita MFG.CORP 2010, Kyoto, 

Japan). One examiner reviewed the CBCT scans under the close supervision of an 

experienced radiologist and an oral and maxillofacial surgeon.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 20 

The sinuses on both sides were assessed. The patients’ demographic data 

were recorded according sex, age, tooth area and dental status.   

The CBCT images were adjusted to make the occlusal plane parallel to the 

floor. The 4 reference points measured were the center of each tooth (the first 

premolar, second premolar, first molar, and second molar). To locate the reference 

points in the edentulous area, the length of this area was divided by the number of 

missing teeth and the center of this distance was measured. 

5.2 The anatomical characteristics of maxillary sinuses are assessed:  

(1) Residual ridge height (RRH)  

(2) Lateral wall thickness (LWT) 

(3) Maxillary sinus septa  

(4) Posterior superior alveolar artery (PSAA) 

(5) Sinus membrane thickness (MT) 

(6) Ostium 
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5.2.1 Residual ridge height (RRH)  

Measurements performed in the coronal plane. Residual ridge height (RRH) 

was perpendicular measured in millimeters (mm) between 2 lines, which presented  

the most coronal point of the alveolar crest and the lowest point of sinus floor 

(Figure 2) at 4 positions: first premolar (1PM); second premolar (2PM); first molar 

(1M); second molar (2M). The measurement reference points were the center of each 

tooth. 

 

     

Figure 2  Measurement of residual ridge height in coronal view 
 A = Horizontal line at the lowest point of the sinus floor 

 B = Horizontal line at the most coronal point of the alveolar 

crest 

 C = The residual ridge height 
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5.2.2 Lateral wall thickness (LWT)  

Measurements observed in the coronal plane. The thickness of the lateral 

wall was measured 2 millimeters from the lowest point of the sinus floor (Figure 3), 

simulating the lower osteotomy line of the lateral window access during the sinus lift 

procedure. (64) Measurements were performed parallel to the horizontal line and 

registered in millimeters at 4 positions: first premolar (1PM); second premolar (2PM); 

first molar (1M); second molar (2M). The measurement reference points were the 

center of each tooth. 

 

   

Figure 3 Measurement of lateral wall thickness in coronal view 
A = Horizontal line at the lowest point of the sinus floor  

B = Horizontal line of 2 mm from the lowest point of the sinus 

floor 

C = The lateral wall thickness 
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5.2.3 Maxillary sinus septa: Prevalence, number, type, orientation and 

location         

Multiplanar reconstruction images (axial, coronal and sagittal) were assessed 

for detection of maxillary sinus septa. If the height of the septa was more than 2 

mm, the septa included in this study. 

Numbers of septa was recorded. 

The type of septa was divided into 2 types: (20)  

1. Complete septa: divided the sinus into separate anatomic cavities 

(Figure 4A)  

2. Incomplete septa (Figure 4B) 

 

Figure 4 Axial view of maxillary sinuses illustrated a complete septum (A) and an          
incomplete septum (B) 
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The orientation of septa was divided into 3 classes: (47) (Figure 5) 

1. Mediolateral: displayed in the bucco-palatal direction in the arch 

connects the buccal and palatal floors. 

2. Sagittal: displayed parallel to the orientation sagittal plane. 

3. Transverse: displayed parallel to the sinus floor 

 

 

Figure 5 The orientation of septa 

(Arrows indicate the septa) 

(A) Mediolateral septum showed in a sagittal cut of the maxillary sinus 
(B) Sagittal septum showed in a coronal cut of the maxillary sinus 
(C) Transverse septa showed in a coronal cut of the maxillary sinus 
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The location of the maxillary sinus septa was classified into 3 classes: (18) 

(Figure 6)   

1. Anterior: the area between the anterior wall of the sinus and the 

distal of the second premolar 

2. Middle: the area between the distal of the second premolar and the 

distal of the second molar. 

3. Posterior: the area between the distal of the second molar and the 

posterior wall of the sinus. 

 
 

Figure 6 The classified location of maxillary sinus 
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5.2.4 Posterior superior alveolar artery (PSAA): Prevalence, location, 

diameter and distance from the artery to the alveolar crest (mm) 

The prevalence of the PSAA was examined in the coronal sections and 

multiplanar reconstruction was used to confirm that the regions contained an artery. 

The location of the PSAA was divided into 3 types: (31) 

1. Intra-sinus or below the sinus membrane (Figure 7A) 

2. Intraosseous (Figure 7B) 

3. Superficial or at the outer cortex of the lateral sinus wall (Figure 7C) 

 

Figure 7 The location of the posterior superior alveolar artery in coronal view of 
maxillary sinuses  

A: Intra-sinus B: Intraosseous C: Superficial (Arrows indicate the artery location) 
 

The diameter of the artery was measured in millimeters (mm) and divided 

into 3 categories: (30) 

1. Less than 1 mm 

2. 1-2 mm 

3. More than 2 mm 
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The distance between the lower borders of the PSAA and the most coronal 

point of the alveolar crest was measured in millimeters (mm) (Figure 8) at 4 

positions: first premolar (1PM); second premolar (2PM); first molar (1M); second molar 

(2M). The measurement reference points were the center of the first premolar, 

second premolar, first molar and second molar. 

The distance was divided into 2 groups. (20) 
1. Less than or equal to 15 mm 
2. More than 15 mm 
 

 

Figure 8 Measurement between the posterior superior alveolar artery and the 
alveolar crest in coronal view of maxillary sinus 

A = Horizontal line is the lower border of the artery 

B = Horizontal line is the most coronal point of the alveolar crest 

C = The distance of the artery from the alveolar crest 
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5.2.5 Sinus membrane thickness (MT) 

The thickness of the sinus membrane was measured perpendicular to 

underlying bone at the base of the sinus (Figure 9) in 4 positions: first premolar 

(1PM); second premolar (2PM); first molar (1M); second molar (2M). The 

measurement reference points were the center of each tooth. The thickness of the 

sinus mucosa was measured in millimeters (mm). 

 

Figure 9 Measurement of the sinus membrane thickness in coronal view of maxillary 
sinus 

A = Horizontal line at the lowest point of the sinus floor 

B = Horizontal line at the highest border of the sinus membrane 

C = The sinus membrane thickness 
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5.2.6 Ostium: Patency, location and distance from inferior border of 

the ostium and the lowest point of the maxillary sinus floor (mm) 

Ostium patency was evaluated in the coronal view of each sinus and 

categorized as “patent” or “obstructed”. If it is filled with mucosa or had anatomic 

blockage, it will be classified to obstructed. (Figure 10) (11) Obstructed ostium could 

not accurately identify, therefore we did not measure the location and distance of 

theirs. 

  

 

Figure 10 Coronal view of maxillary sinuses illustrated patent ostium (A) and 

obstructed ostium (B). Arrows indicate the ostium. 

 

The location of the maxillary sinus ostium was classified into 3 classes 

(Figure 6)  : (20)  

1. Anterior: the area between the anterior wall of the sinus and the 

distal of the second premolar 

2. Middle: the area between the distal of the second premolar and the 

distal of the second molar. 

3. Posterior: the area between the distal of the second molar and the 

posterior wall of the sinus. 
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The distance: A measurement was drawn a vertical line from the inferior 

border of the ostium and the lowest point of the maxillary sinus floor, perpendicular 

to the occlusal plane and calculate in millimeters (mm). (Figure 11) 

 

Figure 11 Measurement distance of the maxillary sinus ostium in coronal view 
A = Horizontal line is the inferior border of the ostium. 

B = Horizontal line is the lowest point of the maxillary sinus floor. 

C = The distance of the maxillary sinus ostium. 
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6. Statistical analysis 
Data were recorded as the frequency (%) and the mean ± standard deviation 

(SD). The data were analyzed by using statistical software (SPSS version 22.0, IBM, NY, 

USA). 

All quantitative data parameters were evaluated with the Kolmogorov-

Smirnov test for normal distribution test. For normal distribution data, independent t-

test was applied for two groups comparison and ANOVA was used for comparison of 

more than two samples. For non-parametric data, Mann Whitney U test was applied 

for two sample comparison and Kruskal Wallis H test was used for comparison of two 

or more samples.  

Qualitative data were evaluated with Chi-square test. Spearman’s rank 

correlation test was used for calculation of correlation. A p-value of less than 0.05 

was considered statistically significant. 

The examiner repeated evaluation 40 sinuses with a minimum time gap of 2 

weeks to test intra-observer reliability. Kappa coefficient was used for nominal data. 

Intraclass correlation coefficient (ICC) was evaluated ordinal and quantitative data.  
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8. Expected benefit 
Understand of the anatomic characteristics that are important for planning 

surgery in order to facilitate prevention of intra and post-operative complications 

 

9. Budget 
 

1. Documents       3,000 Bath 

2. Publication fee      2,000 Bath 

  Total       5,000 Bath 
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Chapter IV Results 
 

 CBCT images from 185 patients or 370 sinuses were included in this study. 

The intra-observer reliability coefficients were range 0.865-1. There were no 

significant differences between left and right sides in all variable, thus the data from 

both sides were combined. The patients comprised 23.24% males and 76.76% 

females. The mean age was 48.66 ± 16.6 and the range was 20-87 years. Most of the 

patients were fully dentate (61.62%) and ≥ 60 years old comprised the largest 

percentage (31.89%) (Table 1 & 2). 149 sinuses (40.27%) CBCT images presented the 

variation of maxillary sinus that did not extend anteriorly to the first premolar area.  

Table 1 Frequency of samples according to age group and dental status 

Sex N % 
Age group 

(years) 
N % Dental status N % 

Male 43 23.24 20-29 39 21.08 Edentulous 15 4.06 
Female 142 76.76 30-39 18 9.73 Partially edentulous 127 34.32 

   40-49 28 15.14 Fully dentate 228 61.62 

   50-59 41 22.16    
   ≥60 59 31.89    

Total 185 100 Total 185 100 Total 370 100 

 
Table 2 The distribution of dental status in each tooth area 

Area 
Dental status 

Edentulous area 
(N) 

% 
Dentate area 

(N) 
% 

First premolar 53 14.32 317 85.68 

Second premolar 57 15.41 313 84.59 

First molar 83 22.43 287 77.57 

Second molar 67 18.11 303 81.89 
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1. Residual ridge height (RRH) 
 Mean residual ridge height was 12.13 ± 3.64 mm and mean of each tooth 

position was shown in Table 3. The first premolar had the highest RRH and the first 

molar had the lowest RRH. 

Table 3 Mean residual ridge height in each tooth area 

Area N 

Residual ridge height (mm) 

Mean ± SD Min Max 

First premolar 221 18.46 ± 7.16 4.78 36.29 
Second premolar 370 14 ± 5.77 2.72 32.97 

First molar 370 8.76 ± 3.69 1.25 22.26 
Second molar 370 9.61 ± 3.03 1.56 21.74 

Overall mean residual ridge height 370 12.13 ± 3.64 4.27 24.55 
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Male had statistically significant different with female except the first 

premolar area. (Table 4) Female tended to have a greater residual ridge height than 

male. 

Table 4 Residual ridge height divided by sex in each tooth area 

Area Sex N % 
Residual ridge height 

(mm) 
(Mean ± SD) 

p-value a 

First premolar 
Male 51 13.78 17.51 ± 7.31 

0.249 
Female 170 45.95 18.74 ± 7.10 

Second premolar 
Male 86 23.24 12.35 ± 4.91 

0.002* 
Female 284 76.76 14.50 ± 5.92 

First molar 
Male 86 23.24 7.63 ± 2.84 

0.001* 
Female 284 76.76 9.10 ± 3.85 

Second molar 
Male 86 23.24 8.93 ± 2.89 

0.021* 
Female 284 76.76 9.81 ± 3.05 

Overall mean 
residual ridge height 

Male 86 23.24 10.95 ± 3.66 
0.000* 

Female 284 76.76 12.48 ± 3.73 
a Mann Whitney U test 

* Significant difference p < 0.05 
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For dental status, Edentulous area had significant different with dentate area 

at second premolar, first molar and second molar. (Table 5) Dentate area had a 

tendency of residual ridge height more than edentulous area. 

Table 5 Residual ridge height divided by dental status in each tooth area 

Area Dental status N % 
Residual ridge height 

(mm) 
(Mean ± SD) 

p-value a 

First premolar 
Edentulous area 34 9.19 17.28 ± 7.49 

0.368 
Dentate area 187 50.54 18.67 ± 7.09 

Second premolar 
Edentulous area 57 15.41 12.52 ± 6.09 

0.02* 
Dentate area 313 84.59 14.27 ± 5.68 

First molar 
Edentulous area 83 22.43 7.88 ± 4.26 

0.007* 
Dentate area 287 77.57 9.01 ± 3.48 

Second molar 
Edentulous area 67 18.11 8.53 ± 3.46 

0.003* 
Dentate area 303 81.89 9.84 ± 2.88 

Overall mean 
residual ridge 
height 

Edentulous 15 4.05 11.17 ± 3.31 

0.111 Partially edentulous 127 34.32 11.70 ± 3.74 

Fully dentate 228 61.62 12.43 ± 3.58 
a Mann Whitney U test 

* Significant different p < 0.05 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 39 

Relationship between RRH and age was tested by Spearman's rank 

correlation. The second molar area had significantly low residual ridge height in 

elderly. (Table 6) 

Table 6 Correlation between residual ridge height and age in each tooth area 

Correlation between residual ridge height and age 

Area p-value a r 

First premolar 0.491 - 

Second premolar 0.057 - 

First molar 0.552 - 

Second molar 0.007* - 0.141 

Overall mean residual ridge height 0.976 - 
a Spearman's rank correlation 

* Significant different p < 0.05 

 

2. Lateral wall thickness (LWT) 
 Mean lateral wall thickness was 2.23 ± 0.95 mm and mean of each area 

demonstrated in Table 7. LWT tended to increase form the first premolar to the first 

molar and decrease in the second molar. 

Table 7 Mean lateral wall thickness in each tooth area 

Area N 
Lateral wall thickness (mm) 

Mean ± SD Min Max 

First premolar 221 1.75 ± 0.67 0.72 5.20 
Second premolar 370 2.09 ± 0.95 0.58 6.24 

First molar 370 2.67 ± 1.79 0.42 18.31 

Second molar 370 2.16 ± 1.34 0.52 9.10 
Overall mean lateral wall thickness 370 2.23 ± 0.95 0.81 9.40 
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  When comparing the thickness of lateral wall between sex, male tended to 

have a significant thicker lateral wall than female except in the second molar. (Table 

8) 

Table 8 Lateral wall thickness divided by sex in each tooth area 

Area Sex N % 
Lateral wall thickness 

(mm) 
(Mean ± SD) 

p-value a 

First premolar 
Male 51 13.78 2.26 ± 0.83 

0.000* 
Female 170 45.95 1.61 ± 0.53 

Second premolar 
Male 86 23.24 2.67 ± 1.07 

0.000* 
Female 284 76.76 1.92 ± 0.84 

First molar 
Male 86 23.24 2.93 ± 1.41 

0.009* 
Female 284 76.76 2.59 ± 1.89 

Second molar 
Male 86 23.24 2.57 ± 1.74 

0.051 
Female 284 76.76 2.03 ± 1.16 

Overall mean lateral 
wall thickness 

Male 86 23.24 2.64 ± 0.87 
0.000* 

Female 284 76.76 2.11 ± 0.94 
a Mann Whitney U test 

* Significant different p < 0.05 
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Lateral wall thickness had statistically significant difference in dental status 

except in second molar area. (Table 9) Dentate area had a greater lateral wall 

thickness than edentulous area. In fully dentate had the most thickness following by 

partially edentulous and edentulous. 

Table 9 Lateral wall thickness divided by dental status in each tooth area 

Area Dental status N % 
Lateral wall thickness 

(mm) 
(Mean ± SD) 

p-value  

First premolar 
Edentulous area 34 9.19 1.56 ± 0.59 

0.033 a, * 
Dentate area 187 50.54 1.79 ± 0.68 

Second premolar 
Edentulous area 57 15.41 1.74 ± 0.73 

0.001 a, * 
Dentate area 313 84.59 2.16 ± 0.98 

First molar 
Edentulous area 83 22.43 1.96 ± 1.17 

0.000 a, * 
Dentate area 287 77.57 2.88 ± 1.88 

Second molar 
Edentulous area 67 18.11 2.01 ± 1.26 

0.146 a 
Dentate area 303 81.89 2.19 ± 1.35 

Overall mean 
lateral wall 
thickness 

Edentulous 15 4.05 1.68 ± 0.66 

0.000 b, * Partially edentulous 127 34.32 2.05 ± 0.74 
Fully dentate 228 61.62 2.37 ± 1.04 

a Mann Whitney U test 
b Kruskal Wallis H test 

* Significant different p < 0.05 
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 Lateral wall thickness had significant association with age in the second 

premolar, the first molar and the overall mean lateral wall thickness. (Table 10) 

Older tended to have a thinner lateral wall. 

 

Table 10 Correlation between lateral wall thickness and age in each tooth area 

Correlation between lateral wall thickness and age 

Area p-value a r 

First premolar 0.895 - 

Second premolar 0.00* -0.229 

First molar 0.00* -0.225 

Second molar 0.173 - 

Overall mean lateral wall thickness 0.00* -0.214 
a Spearman's rank correlation  

* Significant different p < 0.05 
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3. Septa 

 The prevalence of septa within maxillary sinuses was 83 (22.43%) in this study 

(Table 11). The unilateral septa were present mostly in 48 patients (73.85%) and 

bilateral septa were 26.15%. 74 sinuses (89.16%) demonstrated one septum and 9 

sinuses (10.84%) had 2 septa. (Table 12) Type of septa was mostly an incomplete 

septum (94.57%).  The most common orientation of the septa was mediolateral 

(89.13%) while 9.78% showed sagittal and 1.09% showed transverse orientation. 

Location of septa was most common seen at the middle region (66.3%), followed by 

the posterior (22.83%) and the anterior (10.87%) region. (Table 13) 

Table 11 Prevalence of septa in sinus 

Septa 
N 

(sinus) 
% 

No detection 287 77.57 

Detection  83 22.43 

Total 370 100 

 

Table 12 Distribution of septa in patient and number of septa in sinus 

Septa in patient 
N 

(patient) 
% 

Number of 
septa in 

sinus 

N 
(sinus) 

% 

Unilateral septa 48 73.85 1 septum 74 89.16 

Bilateral septa 17 26.15 2 septa 9 10.84 

Total 65 100 Total 83 100 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 44 

Table 13 Distribution of type, orientation and location of septa 

Type of septa 
N 

(septa)  
% 

 Orientation 
of septa 

N 
(septa) 

% 
Location 
of septa  

N 
(septa) 

% 

Incomplete septa 87 94.57 Mediolateral 82 89.13 Anterior 10 10.87 

Complete septa 5 5.43 Sagittal 9 9.78 Middle 61 66.3 

   Transverse 1 1.09 Posterior 21 22.83 

Total 92 100 Total 92 100 Total 92 100 
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 Detection septum in female (68.67%) was statistically significant more than 

male (31.33%) by using Chi-square test (p = 0.048). No relationship statistically 

significant of septa between age and dental status. The distribution of septa 

according to sex, age and dental status were shown in Table 14 - 17. 

Table 14 Detection and number of septa in sinus according to sex, dental status and 
age 

Septa 
Detect 
(sinus) 

% 

Number of septa in a sinus 

1 
septum 
(sinus) 

% 
2 

septa 
(sinus) 

% 

Sex 
Male 26 31.33 21 25.30 5 6.02 

Female 57 68.67 53 63.86 4 4.82 

Dental 
status 

Edentulous 1 1.20 1 1.20 0 0.00 

Partially edentulous 29 34.94 24 28.92 5 6.02 

Fully dentate 53 63.86 49 59.04 4 4.82 

Age 
(years) 

20-29 17 20.48 16 19.28 1 1.20 

30-39 10 12.05 9 10.84 1 1.20 

40-49 13 15.66 111 133.73 2 2.41 

50-59 28 33.73 26 31.33 2 2.41 

≥60 15 18.07 12 14.46 3 3.61 

Total 83 100.00 74 89.16 9 10.84 
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Table 15 Type of septa in sinus according to sex, dental status and age 

Septa 
Type of septa 

Incomplete septa 
(septa) 

% 
Complete septa 

(septa) 
% 

Sex 
Male 31 33.70 0 0.00 

Female 56 60.87 5 5.43 

Dental 
status 

Edentulous 1 1.09 0 0.00 

Partially edentulous 31 33.70 3 3.26 

Fully dentate 55 59.78 2 2.17 

Age 
(years) 

20-29 17 18.48 1 1.09 

30-39 9 9.78 2 2.17 

40-49 14 15.22 1 1.09 

50-59 29 31.52 1 1.09 

≥60 18 19.57 0 0.00 

Total 87 94.57 5 5.43 
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Table 16 The orientation of septa in sinus according to sex, dental status and age 

Septa 
Orientation of septa 

Mediolateral 
(septa) 

% 
Sagittal 
(septa) 

% 
Transverse 

(septa) 
% 

Sex 
Male 27 29.35 3 3.26 0 0.00 

Female 54 58.70 6 6.52 1 1.09 

Dental 
status 

Edentulous 1 1.09 0 0.00 0 0.00 

Partially edentulous 28 30.43 5 5.43 1 1.09 

Fully dentate 53 57.61 4 4.35 0 0.00 

Age 
(years) 

20-29 16 17.39 2 2.17 0 0.00 

30-39 9 9.78 2 2.17 0 0.00 

40-49 13 14.13 1 1.09 1 1.09 

50-59 27 29.35 3 3.26 0 0.00 

≥60 17 18.48 1 1.09 0 0.00 

Total 82 89.13 9 9.78 1 1.09 
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Table 17 The location of septa in sinus according to sex, dental status and age 

Septa 
Location of septa 

Anterior % Middle % Posterior % 

Sex 
Male 3 3.26 23 25.00 5 5.43 

Female 7 7.61 38 41.30 16 17.39 

Dental 
status 

Edentulous 1 1.09 0 0.00 0 0.00 

Partially edentulous 5 5.43 19 20.65 10 10.87 

Fully dentate 4 4.35 42 45.65 11 11.96 

Age 
(years) 

20-29 1 1.09 13 14.13 4 4.35 

30-39 0 0.00 7 7.61 4 4.35 

40-49 3 3.26 7 7.61 5 5.43 

50-59 3 3.26 20 21.74 7 7.61 

≥60 3 3.26 14 15.22 1 1.09 

Total 10 10.87 61 66.30 21 22.83 
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4. Posterior superior alveolar artery (PSAA) 
 Posterior superior alveolar arteries were detected in 119 sinuses (32.16%). The 

distribution of PSAA at different tooth areas were summarized in Table 18. The 

prevalence rate in female had greater than male, especially in the first molar area 

had significant differences (P=0.025) (Table 19). The PSAA prevalence in the first 

premolar area was found only 4 arteries in male. PSAA could be detected in the 

dentate area more than the edentulous area, especially the first molar area showed 

significant differences (P=0.015) (Table 20). There was no significant relationship of 

prevalence with age. 

Table 18 The prevalence of posterior superior alveolar artery in each tooth area 

Area N 

Posterior superior alveolar artery 

Detection % 
First premolar 221 4 1.81 

Second premolar 370 33 8.92 
First molar 370 54 14.59 

Second molar 370 102 27.57 
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Table 19 The prevalence of posterior superior alveolar artery divided by sex in each 
tooth area 

Area Sex 
Posterior superior alveolar artery p-value a 

Detection % 
No 

detection 
%  

First premolar 

Male 4 1.81 47 21.27 

0.003* Female 0 0.00 170 76.92 

Total 4 1.81 217 98.19 

Second premolar 

Male 12 3.24 74 20.00 

0.062 Female 21 5.68 263 71.08 

Total 33 8.92 337 91.08 

First molar 

Male 19 5.14 67 18.11 

0.025* Female 35 9.46 249 67.30 

Total 54 14.59 316 85.41 

Second molar 

Male 28 7.57 58 15.68 

0.237 Female 74 20.00 210 56.76 

Total 102 27.57 268 72.43 

Full mouth 

Male 34 9.19 52 14.05 

0.095 Female 85 22.97 199 53.78 

Total 119 32.16 251 67.84 
a Chi-square tests  

* Significant different p < 0.05 
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Table 20 The prevalence of posterior superior alveolar artery divided by dental 
status in each tooth area 

Area Dental status 
Posterior superior alveolar artery 

p-value a 
Detection % No detection % 

First 
premolar 

Edentulous area 2 0.54 32 8.65 
0.113 

Dentate area 2 0.54 185 50.00 

Second 
premolar 

Edentulous area 7 1.89 50 13.51 
0.333 

Dentate area 26 7.03 287 77.57 

First molar 
Edentulous area 19 5.14 64 17.30 

0.015* 
Dentate area 35 9.46 252 68.11 

Second 
molar 

Edentulous area 22 5.95 45 12.16 
0.286 

Dentate area 80 21.62 223 60.27 

Full mouth 

Edentulous 6 1.62 9 2.43 

0.160 Partially edentulous 48 12.97 79 21.35 

Fully dentate 65 17.57 163 44.05 
a Chi-square tests  

* Significant different p < 0.05 
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The location of PSAA in different areas were shown in Table 21. The most 
frequent location was intraosseous (52.85%), followed by intra-sinus (46.11%) and 
superficial (1.04%). Comparison of the location with sex, age and dental status were 
not statistically significant. 
Table 21 The location of posterior superior alveolar artery in each tooth area 

Area 

Location of posterior superior alveolar artery 

Intrasinus Intraosseous Superficial 

N % N % N % 
First premolar 0 0 4 100 0 0 

Second premolar 7 21.21 25 75.76 1 3.03 

First molar 33 61.11 21 38.89 0 0 
Second molar 49 48.04 52 50.98 1 0.98 

Total 89 46.11 102 52.85 2 1.04 

 
The mean diameter of PSAA was 0.84 ± 0.2 mm (range 0.38-1.82 mm). The 

diameter of PSAA at different areas were presented in Table 22. The diameter of 
PSAA was less than 1 mm in most patients (80.31%) and diameter between 1 and 2 
mm was 19.69%. Comparison of the diameter with age and dental status were not 
statistically significant in difference. The diameter was significantly different between 
sex except in the first premolar and the first molar area. Male had significantly a 
greater mean diameter of PSAA than female that demonstrated in Table 23. 
Table 22 The mean diameter of posterior superior alveolar artery in each tooth area 

Area 

Diameter of posterior superior alveolar artery (mm) 

Mean ± SD Min Max 
<1 mm 1-2 mm >2mm 

N % N % N % 

First premolar 1.06 ± 0.51 0.74 1.83 3 75 1 25 0 0 
Second premolar 0.86 ± 0.26 0.52 1.74 28 84.85 5 15.15 0 0 

First molar 0.9 ± 0.2 0.52 1.74 41 75.93 13 24.07 0 0 

Second molar 0.84 ± 0.23 0.38 1.96 83 81.37 19 18.63 0 0 
Overall mean diameter 0.84 ± 0.2 0.38 1.82 155 80.31 38 19.69 0 0 
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Table 23 The mean diameter of posterior superior alveolar artery divided by sex in 
each tooth area 

Area Sex 
Diameter (mm) 

(Mean ± SD) 
p-value a 

First premolar 
Male 1.06 ± 0.51 

- 
Female - 

Second premolar 
Male 1.01 ± 0.35 

0.041* 
Female 0.78 ± 0.14 

First molar 
Male 0.94 ± 0.23 

0.820 
Female 0.88 ± 0.18 

Second molar 
Male 0.94 ± 0.29 

0.017* 
Female 0.8 ± 0.2 

Overall mean 
diameter 

Male 0.93 ± 0.24 
0.013* 

Female 0.81 ± 0.17 
a Mann Whitney U test 

- cannot calculate due to low sample number at this area 

* Significant different p < 0.05 

 
Mean distance of the PSAA was 16.75 ± 3.7 mm. The mean distance in 4 

positions were presented in Table 24. In Figure 12 displayed the course of the PSAA, 
which the highest distance from alveolar crest at the first premolar and decrease to 
the most inferior site in the first molar area. The comparison of distance with sex and 
age found not statistically significant differences using independent t-test and 
Spearman's rank correlation. Dentate area had higher distance than edentulous area, 
especially the first molar area showed significant differences (P=0.000) (Table 25). 
The distance of PSAA less than 15 mm demonstrated in Table 26 - 28. The most 
arteries in this study had distance to the alveolar crest more than 15 mm (65.28%) 
(Figure 13) and had the most diameter less than 1 mm (51.81%) (Table 29 - 31). 
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Table 24 The mean distance of posterior superior alveolar artery in each tooth area 

Area 

Distance of posterior superior alveolar artery 
(mm) 

Mean ± SD Min Max 
First premolar 20.22 ± 7.77 12.79 27.53 

Second premolar 18.77 ± 4.06 9.78 25.38 

First molar 15.63 ± 3.69 6.03 23.30 
Second molar 16.43 ± 3.98 6.14 28.40 

Overall mean distance 16.75 ± 3.7 6.14 28.40 

 

 

 

Figure 12 The distribution of the mean distance (mm) from the posterior superior 
alveolar artery to the alveolar crest in each tooth area 
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Table 25 The mean distance of posterior superior alveolar artery divided by dental 
status in each tooth area 

Area Dental status 
Distance  

(mm) 
(Mean ± SD) 

p-value a 

First premolar 
Edentulous area 13.52 ± 1.03 

- 
Dentate area 26.92 ± 0.87 

Second 
premolar 

Edentulous area 16.64 ± 4.83 
0.120 

Dentate area 19.34 ± 3.73 

First molar 
Edentulous area 13.29 ± 3.88 

0.000* 
Dentate area 16.89 ± 2.92 

Second molar 
Edentulous area 16.39 ± 5.13 

0.959 
Dentate area 16.44 ± 3.64 

Overall mean 
distance 

Edentulous 16.34 ± 1.89 
0.503 Partially edentulous 16.26 ± 4.50 

Fully dentate 17.15 ± 3.13 
a Independent t-test  

- cannot calculate due to low sample number at this area 

* Significant different p < 0.05 
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Figure 13 The distribution on the prevalence of the posterior superior alveolar artery 
according to the distance from alveolar crest ≤ 15 mm and >15 mm 
 

Table 26 The location of the posterior superior alveolar artery according to the 
distance from alveolar crest ≤ 15 mm  

Distance ≤ 15 mm 
N % 

Location of the posterior superior alveolar artery 

Area Intrasinus % Intraosseous % superficial % 

First premolar 2 0.90 0 0.00 2 0.90 0 0.00 

Second premolar 6 1.62 1 0.27 5 1.35 0 0.00 

First molar 22 5.95 13 3.51 9 2.43 0 0.00 

Second molar 37 10.00 21 5.68 16 4.32 0 0.00 

Total 67 34.72 35 18.13 32 16.58 0 0.00 
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Table 27 The mean diameter and diameter group of the posterior superior alveolar 
artery according to the distance from alveolar crest ≤ 15 mm  

Distance ≤ 15 mm Diameter (mm) Diameter Group 

Area Mean ± SD Min Max <1 mm % 1-2mm % 

First premolar 0.84 ± 0.00 0.84 0.84 2 0.90 0 0.00 

Second premolar 0.91 ± 0.26 0.61 1.36 4 1.08 2 0.54 

First molar 0.95 ± 0.21 0.66 1.74 18 4.86 4 1.08 

Second molar 0.79 ± 0.21 0.38 1.33 31 8.38 6 1.62 

Overall mean 0.81 ± 0.19 0.38 1.18         

Total       55 28.50 12 6.22 

 

Table  28 The mean distances of the posterior superior alveolar artery according to 
the distance from alveolar crest ≤ 15 mm  
 

Distance ≤ 15 mm Distance (mm) 

Area Mean ± SD Min Max 

First premolar 13.52 ± 1.03 12.79 14.25 

Second premolar 12.38 ± 1.70 9.78 14.77 

First molar 12.03 ± 2.41 6.03 14.87 

Second molar 12.50 ± 2.18 6.14 14.88 

Overall mean 12.34 ± 2.18 6.14 14.88 
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Table 29 The location of the posterior superior alveolar artery according to the 
distance from alveolar crest > 15 mm  

Distance > 15 mm 
N % 

Location of the posterior superior alveolar artery 

Area Intrasinus % Intraosseous % superficial % 

First premolar 2 0.90 0 0.00 2 0.90 0 0.00 

Second premolar 27 7.30 6 1.62 20 5.41 1 0.27 

First molar 32 8.65 20 5.41 12 3.24 0 0.00 

Second molar 65 17.57 28 7.57 36 9.73 1 0.27 

Total 126 65.28 54 27.98 70 36.27 2 1.04 

 

Table 30 The mean diameter and diameter group of the posterior superior alveolar 
artery according to the distance from alveolar crest > 15 mm  

Distance > 15 mm Diameter (mm) Diameter Group 

Area Mean ± SD Min Max <1 mm % 1-2mm % 

First premolar 1.29 ± 0.77 0.74 1.83 1 0.45 1 0.45 

Second premolar 0.85 ± 0.26 0.52 1.74 24 6.49 3 0.81 

First molar 0.87 ± 0.18 0.52 1.25 23 6.22 9 2.43 

Second molar 0.86 ± 0.25 0.41 1.96 52 14.05 13 3.51 

Overall mean 0.85 ± 0.21 0.41 1.82         

Total       100 51.81 26 13.47 
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Table  31 The mean distances of the posterior superior alveolar artery according to 
the distance from alveolar crest > 15 mm 

Distance > 15 mm Distance (mm) 

Area Mean ± SD Min Max 

First premolar 26.92 ± 0.87 26.3 27.53 

Second premolar 20.19 ± 2.87 15.74 25.38 

First molar 18.10 ± 1.96 15.29 23.30 

Second molar 18.66 ± 2.89 15.17 28.40 

Overall mean 18.51 ± 2.53 15.08 28.40 

 

 

5. Membrane thickness (MT) 
 Mean sinus membrane thickness was 1.3 ± 2.05 mm. Mean membrane 

thickness in each tooth area was shown in Table 32. 

Table 32 Mean sinus membrane thickness in each tooth area 

Area 
Membrane thickness (mm) 

Mean ± SD Min Max 

First premolar 0.64 ± 2.08 0.00 17.14 
Second premolar 1.22 ± 2.46 0.00 14.56 

First molar 1.69 ± 2.68 0.00 17.16 

Second molar 1.24 ± 2.21 0.00 16.54 
Overall mean thickness 1.30 ± 2.05 0.00 13.68 
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Male had statistically significant thicker sinus membrane than female in all 

areas. (Table 33)  

Table 33 Sinus membrane thickness divided by sex in each tooth area 

Area Sex N % 
Membrane thickness 

(mm) 
(Mean ± SD) 

p-value a 

First premolar 
Male 51 13.78 1.54 ± 3.70 

0.035* 
Female 170 45.95 0.38 ± 1.13 

Second premolar 
Male 86 23.24 2.41 ± 3.38 

0.000* 
Female 264 71.35 0.86 ± 1.97 

First molar 
Male 86 23.24 3.00 ± 3.44 

0.000* 
Female 264 71.35 1.30 ± 2.27 

Second molar 
Male 86 23.24 2.03 ± 2.73 

0.000* 
Female 284 76.76 1.00 ± 1.97 

Overall mean 
membrane thickness 

Male 86 23.24 2.34 ± 2.75 
0.000* 

Female 284 76.76 0.98 ± 1.67 
a Mann Whitney U test 

* Significant different p < 0.05 
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Edentulous area had a greater membrane thickness than dentate area in the 

first premolar, the second premolar and the first molar area, especially the first 

molar had statistically significant differences. Whereas dentate area had thicker 

membrane than edentulous area in the second molar area. In edentulous had the 

most membrane thickness following by partially edentulous and fully dentate. 

(Table 34) 

Table 34 Sinus membrane thickness divided by dental status in each tooth area 

Area Dental status N % 
Membrane thickness 

(mm) 
(Mean ± SD) 

p-value  

First 
premolar 

Edentulous area 34 9.19 1.02 ± 3.12 
0.642 a 

Dentate area 187 50.54 0.58 ± 1.83 

Second 
premolar 

Edentulous area 57 15.41 1.23 ± 2.72 
0.640 a 

Dentate area 313 84.59 1.22 ± 2.41 

First molar 
Edentulous area 83 22.43 2.14 ± 2.69 

0.014 a, * 
Dentate area 287 77.57 1.56 ± 2.67 

Second 
molar 

Edentulous area 67 18.11 1.19 ± 1.62 
0.270 a 

Dentate area 303 81.89 1.25 ± 2.32 

Overall mean 
membrane 
thickness 

Edentulous 15 4.05 1.92 ± 2.70 

0.074 b Partially edentulous 127 34.32 1.37 ± 2.00 

Fully dentate 228 61.62 1.21 ± 2.03 
a Mann Whitney U test 
b Kruskal Wallis H test 

* Significant different p < 0.05 
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Relationship between membrane thickness and age was tested by Spearman's 

rank correlation. Sinus membrane thickness had statistically significant association 

with age except in the second premolar area. (Table 35) Older tended to have a 

greater membrane thickness. 

Table 35 Correlation between sinus membrane thickness and age in each tooth area 

Correlation between sinus membrane thickness and age 

Area p-value a r 

First premolar   0.002* 0.212 

Second premolar 0.127 - 

First molar  0.035* 0.11 

Second molar  0.000* 0.184 

Mean 0.004* 0.149 
a Spearman's rank correlation  

* Significant different p < 0.05 

 

6. Ostium 
 94.05% of sinuses showed patency of ostium while 5.95% showed ostium 
obstruction. The most location of ostium was middle (95.98%) following with anterior 
(3.73%) and posterior (0.29%). (Table 36) Mean distance of ostium from the sinus 
floor was 30.03 ± 5.08 mm and ranged in 11.96 – 47.69 mm. 

Table 36 The distribution of patency and location of ostium 

Ostium  N % Location of ostium N % 

Patent 348 94.05 Anterior 13 3.73 

Obstruct 22 5.95 Middle 334 95.98 

   Posterior 1 0.29 

Total 370 100 Total 348 100 
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Male had significantly greater ostium distance than female (p=0.000). Fully 

dentate tended to had longer ostium distance than partially edentulous and 

edentulous area. Elderly had significantly shorter ostium distance (p= 0.004, r= - 

0.154). (Table 37) 

Table 37 The distance of ostium divided by sex, dental status and age 

Distance of ostium 
Distance (mm) 
(Mean ± SD) 

p-value 

Sex 
Male 33.25 ± 4.91 

0.000 a, * 
Female 29.07 ± 4.73 

Dental status 

Edentulous 28.38 ± 5.00 

0.006 b, * Partially edentulous 29.01 ± 4.57 

Fully dentate 30.70 ± 5.25 

Age (years) 

20-29 31.14 ± 5.49 

0.004 c, * 

30-39 31.48 ± 4.91 

40-49 28.75 ± 5.73 

50-59 30.71 ± 4.75 

≥60 28.97 ± 4.39 
a Independent t-test 
b One-way ANOVA 
c Spearman's rank correlation  

* Significant different p < 0.05 
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7. Correlation between residual ridge height and lateral wall thickness 
The results showed a statistically significant greater residual ridge height with 

thicker lateral wall thickness in the first molar, second molar and overall mean of 4 

areas. But it was controversy in the second premolar that showed a significant greater 

residual ridge height with thinner lateral wall thickness. (Table 38) 

Table 38 Correlation between residual ridge height and lateral wall thickness 

Correlation between residual ridge height and lateral wall thickness 

Area p-value a r 

First premolar 0.106 - 

Second premolar 0.029* -0.114 

First molar 0.000* 0.198 

Second molar 0.002* 0.164 

Overall mean 0.030* 0.113 
a Spearman's rank correlation  

* Significant different p < 0.05 
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8. Correlation between residual ridge height and membrane thickness 
The results displayed a statistically significant greater residual ridge height with 

thinner membrane only in the first premolar. (Table 39) 

Table 39 Correlation between residual ridge height and membrane thickness 

Correlation between residual ridge height and membrane thickness 

Area p-value a r 

First premolar 0.043* -0.136 

Second premolar 0.102 - 

First molar 0.250 - 

Second molar 0.833 - 

Overall mean 0.098 - 
a Spearman's rank correlation  

* Significant different p < 0.05 
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9. Correlation between lateral wall thickness and diameter of posterior 
superior alveolar artery 

Our results exhibited the relationship that thicker lateral wall tended to have 

larger diameter of PSAA. There were statistically significant differences at the first 

molar and overall mean of 4 areas. (Table 40) 

Table 40 Correlation between lateral wall thickness and diameter of posterior 
superior alveolar artery 

Correlation between lateral wall thickness  
and diameter of posterior superior alveolar artery 

Area p-value a r 

First premolar 0.051 - 

Second premolar 0.454 - 

First molar 0.010* 0.349 

Second molar 0.078 - 

Overall mean 0.006* 0.250 
a Spearman's rank correlation  

* Significant different p < 0.05 
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10. Correlation between membrane thickness and patency of ostium 
In obstruct ostium, membrane thickness showed significant thicker than patent 

ostium in all areas (p= 0.000). (Table 41)  

Table 41 Correlation between membrane thickness and patency of ostium 

Area Patency  N % 
Membrane thickness 

(mm) 
 (Mean ± SD) 

p-value a 

First premolar 
Patent 208 94.12 0.44 ± 1.58 

0.000* 
Obstruct 13 5.88 3.91 ± 4.91 

Second premolar 
Patent 348 94.05 0.99 ± 2.16 

0.000* 
Obstruct 22 5.95 4.82 ± 3.80 

First molar 
Patent 348 94.05 1.48 ± 2.50 

0.000* 
Obstruct 22 5.95 4.97 ± 3.27 

Second molar 
Patent 348 94.05 1.06 ± 1.95 

0.000* 
Obstruct 22 5.95 4.19 ± 3.70 

Overall mean 
membrane thickness 

Patent 348 94.05 1.09 ± 1.81 
0.000* 

Obstruct 22 5.95 4.49 ± 2.93 
a Mann Whitney U test 

* Significant different p < 0.05 
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Chapter V Discussion 

 
The current study evaluated the anatomical characteristics of maxillary sinus 

on sex, age, and dental status. The results indicated that there were some significant 
differences in these parameters between groups. Based on these results, the null 
hypothesis was rejected. 

In present study, 59.72 % of CBCT images presented the maxillary sinus 
variation that extend anteriorly to the first premolar area. Whereas, Lim et al. studied 
in Asian population that showed the presence of maxillary sinus wall in this area with 
80.7 % and 39.4 % in canine area. (6) 

Lozano- Carrascal et al. displayed mean RRH at second premolar was 8.66 ± 
3.95 mm, 4.90 ± 2.28 mm at first molar, and 5.26 ± 2.13 mm at second molar. (36) 
Our results showed higher mean RRH (12.13 ± 3.64 mm) than other studies. Owing to 
most of samples in our population were fully dentate (61.62 %) and samples of 
previous studies with ≥ 1 missing tooth caused a higher mean RRH. (10, 36, 65)  

Our results exhibited that female had a significant greater RRH than male. 
Older had significantly low RRH. Dentate area had a significant tendency of RRH more 
than edentulous area that concurred with Farina et al. (66) RRH correlated with 
edentulous span. (46) As expected, the reduction in ridge height at edentulous area 
resulted from the apical displacement of the alveolar crest and the expansion of the 
sinus cavity in a cranial–caudal direction. (66) After extraction of maxillary posterior 
teeth, it caused the sinus pneumatization. (67, 68) 

Previous study found that 91% of the sinus membrane perforation occurred 
with RRH  < 3.5 mm, and 9% with RRH >3.5 mm. (65) In addition, Ardekian et al. 
found that perforation of the sinus membrane occurred in 85% of cases in RRH 3 
mm, while perforation was observed in 25% in RRH 6 mm. They demonstrated low 
RRH as a significant risk factor for sinus membrane perforation. (69) As our results of 
higher mean RRH were 11.17 ± 3.31 mm in fully edentulous and 11.70 ± 3.74 
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partially edentulous, thereby our population had low risk of sinus membrane 
perforation. 

Neiva et al.  analyzed in European skulls and found mean of the sinus wall 
thickness was 0.91±0.43 mm (range 5.0 - 2.0 mm). (70) Study in korean cadavers 
reported LWT ranges from 1.23 to 1.86 mm. (44) In CBCT study found mean LWT in 
2.1 ± 0.88 mm nearly with our study (2.23 ± 0.95). (20) This disparity might cause of 
differences in methods, measuring reference and race of the patients. 

The results showed LWT increase from the first premolar to the first molar 
after which decrease in the second molar. These were similar to other studies. (6) In 
contrast with Kang et al. ’s result, anterior region had thicker LWT than the posterior. 
(23) Accordingly, the access for sinus augmentation requires the application of less 
pressure in the premolar area. While in the first molar area might drill deeper as the 
LWT increases in thickness in this area. (6) The first molar area had maximum LWT 
18.31 mm because one sample was sinus hypoplasia that caused thicker bone. 
(Figure A in Appendix) 

We observed that male tended to have a significant thicker LWT than female 
in agreement with other studies. (6, 37, 44, 45) However, previous study found no 
correlation between sex and LWT. (46) Older tended to have a thinner LWT in our 
samples. In contrast with Monje et al.’s results, LWT is positively correlated with age. 
(46) In addition, some studies found no correlation between age and LWT. (6, 37, 45) 
Current study showed that dentate area had a greater LWT than edentulous area. In 
fully dentate had the most thickness following by partially edentulous and 
edentulous. These concordance with Monje et al. They found that the edentulous 
span with adjacent teeth influenced to mean LWT. Longer edentulous span had 
thinner LWT. (46) These could suggest that the result caused by sinus expansion 
when tooth lost. 

Moreover, our results showed a significant greater RRH with thicker LWT in the 
first molar, second molar and overall mean of 4 areas. In the same with previous 
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study, LWT was positively correlated with RRH or these could imply that the less RRH 
had the thinner the lateral sinus wall. (46) 

In review literature, CBCT studies showed the septa’s prevalence between 
20.6 and 66.7 %. (11, 15-21, 24-29, 41, 42) The prevalence of septa in this study was 
22.43%. This difference might be as a result of systematic review study that found 
significantly lower prevalence of the septa in Asian population. (47) Number of septa 
had mostly one septum in the same as other studies. (16, 19, 20, 47) The most 
common orientation of the septa was mediolateral (89.13%) that concurred with 
previous studies. (15, 16, 18-20, 22, 25, 36, 47)  Location of septa was mostly at the 
middle region (66.3%) that like other studies. (19, 21, 22, 47-49) The presence of 
septa in the first molar to second molar area might be problematic since it is 
generally chosen for window opening. Therefore, surgeons should be aware of 
planning in sinus surgical procedures. 

The present study showed a prevalence of septum in female (68.67%) was 
more than male (31.33%) and found no relationship of septa between age and 
dental status. Some studies reported prevalence in male more than female. (18, 49) 
A higher prevalence was found in younger patient. (24, 42) Besides, Hungerbuhler et 
al. (19) demonstrated that edentulous presented more septa compared with fully 
and partially dentition and this was similar to other studies. (15, 47) 

In previous studies the PSAA prevalence ranged from 48.6–89.3 %, whereas, 
this study found a lower prevalence (32.16%). (20, 26, 27, 30-40) The different results 
may be due to differences in the racial variations and sample sizes between studies. 
In addition, the lower radiographic detection of the PSAA might be related to small 
diameter of artery. Our study used CBCT images with a voxel size of 0.25 mm. 
Thereby, the diameter of artery lower than 0.25 mm could not be detected. 
However, cadavers’ studies revealed that the PSAA was present in 100% of the 
samples. (50, 71) This finding indicated that although PSAA was not found for every 
patient via CBCT analysis, there was an artery present. Because our study measured 
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at peripheral artery with small diameter and might have been below the sensitivity 
of the CBCT. (39)  

The prevalence of a PSAA in females was greater than that of males, 
however, the difference was not significant. In contrast, Kim et al. (33) and Yalcin & 
Akyol (39) found  a significantly higher prevalence in males. This difference might be 
due to the different ratio of males and females in this study. Other studies (35, 39) 
demonstrated that older individuals were more likely to have a PSAA, whereas our 
study found no relationship between the PSAA prevalence and age. In dentate areas, 
a PSAA was detected more often compared with edentulous areas, with the 
detection in the first molar area being significantly higher. This result concurred with 
the study of Ilguy et al. (27) 

The location of the PSAA was mostly intraosseous (52.85%), followed by 
intra-sinus (46.11%), and superficial (1.04%), which conformed with the results of 
prior studies. (20, 23, 26, 27, 31, 37, 39) However, Lozano-Carrascal et al. (36) found 
that the PSAA was most commonly located below the sinus membrane (53.85%). 
Other studies (27, 38) showed a significant relationship between the location of the 
artery and sex; however, our study did not find this relationship. 

In the present study, the most common PSAA diameter (80.31%) was less 
than 1 mm. This result concurred with previous studies. (23, 27, 30, 36) Nonetheless, 
our results were different from other studies that found the most common diameter 
was between 1 and 2 mm and ranged from 55.8–74.8 %. (20, 26, 37, 38) Maridati et 
al. (57) reported that damaging an artery less than 2 mm did not affect the 
performance of the sinus surgical approach. We did not find PSAA’s with a diameter 
larger than 2 mm. Furthermore, most arteries were less than 1 mm. Therefore, these 
results suggest that this study population would have a low occurrence of severe 
bleeding during sinus surgery.  

The PSAA diameter was significantly different between sexes, except in the 
first molar area. Males had a larger artery diameter compared with females, which 
was in accordance with other reports. (23, 35, 37, 38) The current study found no 
relationship between PSAA diameter and age or dental status that matched the 
findings of Guncu et al. (31) and Danesh-Sani et al. (37). Nevertheless, other studies 
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demonstrated that older individuals had a greater artery diameter. (35, 43) Kang et al. 
found a thicker sinus lateral wall with a significant larger vessel diameter. (23) Our 
results showed this relation at the first molar area. 

The mean distance from the PSAA to the alveolar crest was 16.75 ± 3.7 mm, 
which was similar to the findings of Mardinger et al. (30) (16.9 ± 4.4 mm), Tehranchi 
et al. (38) (16.7 ± 3.96 mm), Chitsazi et al. (26) (16.17 ± 1.63 mm), and Simsek Kaya et 
al. (20) (16.95 ± 1.9 mm). The present study revealed that dentate areas had a higher 
distance compared with edentulous areas. This finding was in concordance with 
Velasco-Torres et al., who reported that the distance from the alveolar crest reduced 
when teeth were lost. (43) This might be the effect of tooth loss that caused alveolar 
ridge resorption and decreased the distance between PSAA and alveolar crest. The 
sex and age of the subjects did not significantly affect this distance in our study. In 
contrast, Khojastehpour et al. (35) and Tehranchi et al. (38) reported that males had 
a significantly greater distance compared with females. Moreover, our results 
demonstrated that the course of the PSAA had the highest distance from the 
alveolar crest at the first premolar and decreased to its most inferior level in the first 
molar area. These results were concordant with Kim et al. (33), Jung et al. (32), and 
Aung et al. (40) who demonstrated that the PSAA was closer to the alveolar crest in 
the molar area. The course of the artery could be explained by it moves up toward 
the infraorbital artery that was higher at the anterior region. (37) 

The lateral wall sinus lift technique uses a superior horizontal osteotomy line 
up to 15 mm from the alveolar crest, which is adequate for exposing the lateral wall 
of the sinus surgery and placing dental implants. (30, 72) We found that most PSAAs 
had a distance to the alveolar crest of more than 15 mm (65.28%) nearly with Kang 
et al. (69%). (23) A distance less than 15 mm was seen in only 5.95% of images in the 
first molar area and a lower prevalence in the first premolar and the second 
premolar area of 0.9% and 1.62%, respectively. These PSAAs could present a low 
occurrence of hemorrhage in sinus surgery. If the osteotomy line is more than 15 
mm, the surgeon should be concerned about potential bleeding during surgery. 
Accordingly, the surgeon should plan the surgery using CBCT to avoid damaging the 
artery and be prepared to control bleeding if it occurs. 
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 The results showed that overall mean sinus membrane thickness was 1.3 ± 
2.05 mm and the first premolar area only had mean MT < 1 mm. Yilmaz et al. 
reported a significant correlation between MT < 1 mm and membrane perforation. A 
reason for these results was that the thin membrane might not be tolerated by the 
force of membrane elevation. (65) The study in cadavers showed that thicker 
membrane had significantly higher load limits and it had more resistance to 
perforation during detachment membrane. (73) Male had statistically significant 
thicker sinus membrane than female that conformed with other studies. (29, 59, 
74)This might be the reason of their lifestyle such as smoking. (74) Older had a 
greater membrane thickness in the present study. These results conformed with 
other studies. (29, 59, 75) These results might be affected by exposed with more 
chronic inflammatory diseases in older patients such as periodontitis. (75) Although, 
our population had low risk of membrane perforation, the surgeon should pre-
operatively evaluate with CBCT before performing the sinus surgery. 

Yeung et al. (76) found that females had a significant higher incidence of 
ostium patency than males, but our study did not find this. We found the most 
location of ostium was middle (95.98%) and mean distance of ostium from the sinus 
floor was 30.03 ± 5.08 mm nearly with Simsek Kaya et al.’s study (28.2 ± 2.89 mm). 
(20) Male had significantly higher ostium distance than female. Our finding conformed 
with A.B.G. de Carvalho et al.’s results. They reported that male had a higher ostium 
height and had a significant association with the presence of mucous thickening and 
the antral pseudocyst. (61) Fully dentate had longer ostium distance than partially 
edentulous and edentulous area. Elderly had significantly shorter ostium distance. 
This affirmed with previous study which found negative relationship between age and 
distance to the meatus. Moreover, they demonstrated indirect correlation between 
distance to the meatus and tooth loss. Their explanation was the loss of tooth that 
lack of masticatory function, promote more ridge resorption and result in a reduction 
in all measurements of sinus. (77) Besides, lower ostium presented a greater 
correlation with normal sinusal content, while higher ostium presented mucous 
thickening. These supported the effect of ostium height on accommodation the sinus 
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drainage. The high ostium could make difficulty empty the sinusal content and 
caused the mucous thickening or antral pseudocyst. (61)  

In current study, the obstruct ostium showed significant sinus membrane 
thicker than patent ostium. These concurred with Dobele et al. who found a 
relationship between membrane thickening and ostium obstruction. (11) Besides, 
Carmeli et al. reported that an increasing risk for ostium obstruction following sinus 
grafting is related with sinus membrane thickening > 5 mm. (60) Furthermore, 
Shanbhag et al. concluded sinus floor membrane thickening could be reliable 
predictor of ostium obstruction. (10) 

A limitation of our study was no clinical data about patients’ sinusitis history 
and symptoms, thereby the relationship between sinus membrane thickening or 
ostium obstruction and the clinical sinus disease could not made. Some CBCT images 
presented the anterior wall of the maxillary sinus that did not extend to the first 
premolar area (40.27%).  These images might affect the PSAA prevalence in the first 
premolar area where only 4 arteries were found. These limited samples could not be 
statistically analyzed. Moreover, the lower number of males compared with females 
might not have been enough to identify a significant difference based on sex. 
Accordingly, further studies should have equal number of females and males and 
the maxillary sinus that extend to all posterior maxillary teeth. 
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Chapter VI Conclusion 
 

Based on our findings: 

- Mean RRH were 11.17 ± 3.31 mm.  
- LWT tended to increase from anterior to posterior region but decrease 

in second molar. 

- Prevalence of septa was 22.43%. The presence of septa was mostly in 
the first molar to second molar area. The most common orientation 
of the septa was mediolateral. 

- Most of the PSAAs had a diameter ≤1 mm and the distance of the 
artery from the alveolar crest was > 15 mm that should have a low 
chance of severe bleeding during surgery.  

- Mean of sinus membrane thickness was 1.3 ± 2.05 mm. 
- Mean height of ostium from the sinus floor was 30.03 ± 5.08 mm. 

Even though, the anatomical characteristics of maxillary sinus related to sex, 
age, tooth area and dental status and our population had low risk of complication. 
Due to variation on the anatomical characteristics of maxillary sinus, it should be 
evaluated case by case prior to the surgery. We recommend using CBCT for planning 
surgery, in order to minimize the risk of complications related to sinus surgery.  
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Table A Residual ridge height divided by age group in each tooth area 

Area Age (years) N % 
Residual ridge height (mm) 

(Mean ± SD) 

First premolar 

20-29 57 15.41 20.49 ± 6.51 
30-39 26 7.03 15.29 ± 5.62 

40-49 25 6.76 15.73 ± 6.67 

50-59 47 12.70 18.41 ± 7.12 
≥60 66 17.84 19.01 ± 7.84 

Second premolar 

20-29 78 21.08 13.49 ± 4.69 

30-39 36 9.73 11.83 ± 5.23 
40-49 56 15.14 14.73 ± 5.79 

50-59 82 22.16 13.40 ± 5.42 
≥60 118 31.89 15.06 ± 6.55 

First molar 

20-29 78 21.08 8.72 ± 2.66 

30-39 36 9.73 7.50 ± 2.84 
40-49 56 15.14 10.08 ± 4.41 

50-59 82 22.16 7.79 ± 3.52 

≥60 118 31.89 9.22 ± 4.00 

Second molar 

20-29 78 21.08 10.36 ± 2.37 

30-39 36 9.73 9.31 ± 2.61 
40-49 56 15.14 10.37 ± 3.51 

50-59 82 22.16 8.67 ± 2.66 

≥60 118 31.89 9.49 ± 3.36 

Overall mean 
residual ridge height 

20-29 78 21.08 12.72 ± 2.93 

30-39 36 9.73 10.75 ± 3.05 

40-49 56 15.14 12.45 ± 3.90 
50-59 82 22.16 11.28 ± 3.43 

≥60 118 31.89 12.57 ± 4.06 
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Table B Lateral wall thickness divided by age groups in each tooth area 

Area Age (years) N % 
Lateral wall thickness (mm) 

(Mean ± SD) 

First premolar 

20-29 57 15.41 1.65 ± 0.49 

30-39 26 7.03 1.82 ± 0.61 

40-49 25 6.76 1.93 ± 0.75 
50-59 47 12.70 1.72 ± 0.68 

≥60 66 17.84 1.78 ± 0.78 

Second premolar 

20-29 78 21.08 2.34 ± 0.98 
30-39 36 9.73 2.16 ± 1.09 

40-49 56 15.14 2.34 ± 1.13 

50-59 82 22.16 1.97 ± 0.75 
≥60 118 31.89 1.88 ± 0.87 

First molar 

20-29 78 21.08 2.90 ± 1.26 
30-39 36 9.73 2.54 ± 1.37 

40-49 56 15.14 3.74 ± 3.39 

50-59 82 22.16 2.47 ± 1.24 
≥60 118 31.89 2.19 ± 1.09 

Second molar 

20-29 78 21.08 2.26 ± 1.47 

30-39 36 9.73 1.93 ± 0.85 
40-49 56 15.14 2.75 ± 1.85 

50-59 82 22.16 2.06 ± 1.32 
≥60 118 31.89 1.94 ± 0.97 

Overall mean 
lateral wall 
thickness 

20-29 78 21.08 2.34 ± 0.73 

30-39 36 9.73 2.14 ± 0.72 
40-49 56 15.14 2.89 ± 1.66 

50-59 82 22.16 2.11 ± 0.74 

≥60 118 31.89 1.97 ± 0.61 
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Table C Prevalence of posterior superior alveolar artery divided by age groups in 

each tooth area 

Area 
Age 

(years) 
Posterior superior alveolar artery 

Detection % No detection % 

First premolar 

20-29 0 0.00 57 15.41 

30-39 0 0.00 26 7.03 
40-49 0 0.00 25 6.76 

50-59 0 0.00 47 12.70 

≥60 4 1.08 62 16.76 

Second 
premolar 

20-29 8 2.16 70 18.92 

30-39 1 0.27 35 9.46 

40-49 3 0.81 53 14.32 
50-59 10 2.70 72 19.46 

≥60 11 2.97 107 28.92 

First molar 

20-29 10 2.70 68 18.38 

30-39 3 0.81 33 8.92 

40-49 8 2.16 48 12.97 
50-59 11 2.97 71 19.19 

≥60 22 5.95 96 25.95 

Second molar 

20-29 16 4.32 62 16.76 
30-39 12 3.24 24 6.49 

40-49 16 4.32 40 10.81 

50-59 21 5.68 61 16.49 
≥60 81 21.89 81 21.89 

Full mouth 

20-29 23 6.22 55 14.86 
30-39 13 3.51 23 6.22 

40-49 16 4.32 40 10.81 

50-59 26 7.03 56 15.14 
≥60 41 11.08 77 20.81 
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Table D Location of posterior superior alveolar artery divided by age groups in each 

tooth area 

Area 
Age 

(years) 
Location of posterior superior alveolar artery 

Intrasinus % Intraosseous % Superficial % 

First 
premolar 

20-29 0 0.00 0 0.00 0 0.00 

30-39 0 0.00 0 0.00 0 0.00 
40-49 0 0.00 0 0.00 0 0.00 

50-59 0 0.00 0 0.00 0 0.00 

≥60 0 0.00 4 100.00 0 0.00 

Second 
premolar 

20-29 2 6.06 5 15.15 1 3.03 

30-39 1 3.03 0 0.00 0 0.00 

40-49 0 0.00 3 9.09 0 0.00 
50-59 2 6.06 8 24.24 0 0.00 

≥60 2 6.06 9 27.27 0 0.00 

First molar 

20-29 6 11.11 4 7.41 0 0.00 
30-39 3 5.56 0 0.00 0 0.00 

40-49 5 9.26 3 5.56 0 0.00 
50-59 6 11.11 5 9.26 0 0.00 

≥60 13 24.07 9 16.67 0 0.00 

Second 
molar 

20-29 7 6.86 9 8.82 0 0.00 
30-39 8 7.84 4 3.92 0 0.00 

40-49 8 7.84 8 7.84 0 0.00 

50-59 14 13.73 7 6.86 0 0.00 
≥60 12 11.76 24 23.53 1 0.98 
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Table E Mean diameter of posterior superior alveolar artery divided by age groups in 

each tooth area 

Area Age (years) 
Diameter of posterior superior alveolar artery 

(mm) (Mean ± SD) 

First premolar 

20-29 - 

30-39 - 
40-49 - 

50-59 - 
≥60 1.06 ± 0.51 

Second premolar 

20-29 0.85 ± 0.29 

30-39 0.91 ± 0.00 
40-49 0.68 ± 0.19 

50-59 0.84 ± 0.16 

≥60 0.94 ± 0.33 

First molar 

20-29 0.86 ± 0.98 

30-39 0.95 ± 0.58 

40-49 0.92 ± 0.18 
50-59 0.90 ± 0.16 

≥60 0.91 ± 0.26 

Second molar 

20-29 0.83 ± 0.22 

30-39 0.70 ± 0.13 

40-49 0.80 ± 0.22 
50-59 0.89 ± 0.19 

≥60 0.87 ± 0.28 

Overall mean 
diameter 

20-29 0.84 ± 0.21  
30-39 0.75 ± 0.12 

40-49 0.80 ± 0.19 

50-59 0.89± 0.15 
≥60 0.86 ± 0.24 
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Table F Mean distance of posterior superior alveolar artery divided by age groups in 

each tooth area 

Area Age (years) 
Distance of posterior superior alveolar artery 

(mm) (Mean ± SD) 

First premolar 

20-29 - 

30-39 - 
40-49 - 

50-59 - 
≥60 20.22 ± 7.77 

Second 
premolar 

20-29 17.83 ± 1.39 

30-39 21.67 ± 0.00 
40-49 21.05 ± 3.76 

50-59 19.98 ± 4.32 

≥60 17.47 ± 5.04 

First molar 

20-29 16.83 ± 3.42 

30-39 13.80 ± 6.77 

40-49 16.37 ± 2.48 
50-59 15.46 ± 4.04 

≥60 15.14 ± 3.67 

Second molar 

20-29 16.71 ± 2.99 

30-39 16.16 ± 3.57 

40-49 16.28 ± 3.73 
50-59 15.48 ± 4.40 

≥60 17.00 ± 4.40 

Overall mean 
distance 

20-29 17.34 ± 2.72 
30-39 16.30 ± 3.79 

40-49 16.32 ± 3.74 

50-59 16.81 ± 4.16 
≥60 16.69 ± 3.97 
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Table G Mean membrane thickness divided by age groups in each tooth area 

Area Age (years) Membrane thickness (mm) (Mean ± SD) 

First premolar 

20-29 0.08 ± 0.32 

30-39 0.54 ± 1.13 
40-49 0.81 ± 2.67 

50-59 0.36 ± 1.34 

≥60 1.31 ± 3.06 

Second premolar 

20-29 0.90 ± 1.45 

30-39 0.96 ± 2.21 
40-49 1.32 ± 2.85 

50-59 0.89 ± 2.16 

≥60 1.70 ± 2.95 

First molar 

20-29 1.19 ± 2.05 

30-39 1.77 ± 3.58 

40-49 1.95 ± 2.78 
50-59 1.78 ± 3.17 

≥60 1.82 ± 2.29 

Second molar 

20-29 0.69 ± 1.31 

30-39 1.23 ± 2.52 

40-49 1.43 ± 2.64 
50-59 1.22 ± 2.65 

≥60 1.52 ± 2.00 

Mean 

20-29 0.80 ± 1.20 
30-39 1.23 ± 2.27 

40-49 1.48 ± 2.46 

50-59 1.20 ± 2.16 
≥60 1.63 ± 2.10 
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Figure A Sinus hypoplasia caused the thickest lateral wall of maxillary sinus in our 

study  

 

 
 

Figure B Mucosal thickening and ostium obstruction at left and right maxillary sinus 

in coronal view 
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Figure C Mucosal thickening at left and right maxillary sinus in coronal view 
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