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ABSTRACT 
 

Objectives: Progressive resorption of the alveolar ridge in the posterior maxilla and 

pneumatization of the maxillary sinus creates a challenging situation for rehabilitation 

with endosseous dental implants. Lateral wall sinus augmentation technique has proved 

to be predictable in gaining vertical bone height by the addition of bone graft under the 

schneiderian membrane. Cone beam computed tomography (CBCT) is essential for 

planning this bone augmentation technique to identify any concerns such as the presence 

of bony septae, sinus pathology, an intraosseous vascular canal, etc. that may contribute 

to potential complications. The purpose of this study is to investigate the prevalence of 

intraosseous anastomosis of the posterior superior alveolar artery (PSAA) and infraorbital 

artery (IOA) in the lateral wall of the maxillary sinus in patients of Temple University 

Kornberg School of Dentistry utilizing cone beam computed tomography (CBCT).		

 

Materials and Methods: 821 CBCT scans taken at Temple University Kornberg School 

of Dentistry Department of Oral Maxillofacial Radiology between January 2009 to 

December 31, 2015 were analyzed with iCATVisionQ software for the presence of an 

intraosseous artery in the lateral wall of the maxillary sinus, the most anterior tooth 

associated with the canal and the vertical distance from the artery to the floor of the sinus. 

Age, gender, ethnicity, and dentition status were also evaluated. Of the 821 scans 

reviewed, 447 patients met the inclusion criteria of the study. The 447 patients were 

subdivided by gender into 249 females and 199 males, and subdivided by ethnicity into 

292 Caucasians, 42 Asians, 24 Hispanics, and 90 African Americans. The data was 

documented in an excel spreadsheet and analyzed.  
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Results: Based on the 447 scans included in this study, there was an anastomosis of the 

posterior superior alveolar artery and infraorbital artery in the lateral wall of the sinus in 

752 (84%) of the sinuses evaluated. The majority of the detected vascular canals were 

seen bilaterally. There was also a presence of multiple canals in 155 (17%) sinuses, the 

majority being two canals. The highest number of canals visualized was four canals in 

four sinuses. The tooth most associated with the vascular canal was the second premolar. 

The average distance from the vascular canal to the floor of the sinus was 12mm.  

 

Conclusions: Based on the results of this retrospective study, the prevalence of an 

intraosseous anastomosis in the lateral wall of the maxillary sinus is greater than 

previously reported (30-70%). In some cases, multiple intraosseous vascular canals were 

identified. With this knowledge, the importance of locating the vascular canals prior to 

surgery is important to minimize bleeding complications.  Cone beam computed 

tomography (CBCT) should be a diagnostic tool for surgeries involving the lateral wall of 

the maxillary sinus.  

 

  



	iv	

ACKNOWLEDGEMENTS 

 I would like to thank my thesis advisor, thesis committee members, co-residents, 

and faculty for their guidance and support. Without your efforts, this thesis would not 

have been possible.  

  



	v	

TABLE OF CONTENTS 
 

Page 
ABSTRACT…………………………………………………………………...……...…..ii 
 
ACKNOWLEDGEMENTS…………………………………………………………..…..iv 

LISTS OF FIGURES……………………………………………………………..………vi 

LISTS OF TABLES…………………………………………………………………….viii 

CHAPTER 

1. INTRODUCTION……………………………………………………………...……..1 

2. MATERIALS AND METHODS………………………………………………..….…8 

3. RESULTS……………………………………………………………………………11 

4. DISCUSSION………………………………………………………………………..20 

5. CONCLUSIONS……………………………………………………………...……..25 

REFERENCES CITED………………………………………………………..…………26 

  



	vi	

LIST OF FIGURES 

 

Figure                                                                                                                             Page 

1. Varying presentations of the relationship between posterior teeth and the 
maxillary sinus (Sharon and Madjar 2008)……………………………………1 
 

2. Two techniques for the lateral window procedure for bone augmentation; 
preserving bone of lateral window (A-C) or completely removing lateral 
window as part of preparation (D-F). (Newman et al. 2012)….……………....3 

 
3. Location and anatomy of the maxillary sinus from frontal (A) and lateral (B) 

views and the arterial blood supply of the maxillary sinus (C) (Newman et al. 
2012)…………………………………….….……..…………...….…..………4 
 

4. Schematic representation of left maxillary sinus with blood vessels (Solar et al. 
1999)…………………………………………………………………..………4  
 

5. Photograph of intraosseous anastomosis between PSAA and IOA (Solar et al. 
1999)…………………………………………………………….....………….5 
 

6. Photograph of the different branches of the PSAA and IOA, including 
intraosseous anastomosis (Solar et al. 1999).....................................................5 
 

7. Intraosseous artery on CBCT and clinical dissection (Elian et al. 2005)..........6 

 
8. Presence of a single vascular canal in the lateral wall of the sinus..................10  

 
9. Presence of multiple canals in the lateral wall of the sinus……………….…10 

10. Presence of the intraosseous anastomosis of the PSAA and IOA in the lateral 
wall of the sinus...............................................................................................11 
 

11. Graph representation of sinuses exhibiting bilateral or unilateral 
presentation...………………………………………………………………...12 

 
12. Depiction of canals in left and right sinuses....................................................12 

13.  Pie chart of multiple canals present………………………...…………….…14 



	vii	

14. Pie chart representation of the predominant tooth classification associated 
with the most anterior presence of vascular 
canal.................................................................................................................15 
 

15. Representation of the predominant tooth associated with the most anterior 
presence of vascular canal...............................................................................15 

 
16. Graph representation of the average vertical distance (mm) from the floor of 

the sinus to the vascular canal..........................................................................17 

 



	viii	

LIST OF TABLES 

Table                                                                                                                               Page 

1. Excel worksheet for data collection...................................................................9 
 

2. Number of sinuses exhibiting bilateral or unilateral representation................11 

3. Number of canals in left and right sinuses…………………………………...12 

4. Number of multiple canals present…………………………………………..13  

5. Number of multiple canals present on the left and right sinuses…………….14 

6. Predominant tooth classification associated with the most anterior presence of 
vascular canal………………………………………………………………...15 
 

7. Predominant tooth associated with the most anterior presence of vascular 
canal…………………………………………………………….……………16 
 

8. Average vertical distance from the floor of the sinus to the vascular canal…17 

9. Analysis of variance (ANOVA) of the total population right vs. left sinuses 
distance………………………………………………………………………18 
 

10. Analysis of variance (ANOVA) of the African American population right vs. 
left sinuses distance…………………………………………………..………18 

  
11. Analysis of variance (ANOVA) of the Asian population right vs. left sinuses 

distance………………………………………………………………………18 

 
12. Analysis of variance (ANOVA) of the Caucasian population right vs. left 

sinuses distance……………………………………………………..………..19 

 
13. Analysis of variance (ANOVA) of the Hispanic population right vs. left 

sinuses distance………………………………………………………………19  
 



	1	

 

 
 

CHAPTER 1 
INTRODUCTION 

 
Due to low bone quality and progressive resorption after tooth loss, the posterior 

maxilla has been a highly complicated area for rehabilitation with implant-supported 

prostheses. Loss of teeth can lead to pneumatization of the sinus in an inferior direction. 

Sinus pneumatization coupled with alveolar ridge resorption results in a lack of vertical 

height to place endosseous dental implants. Sharon and Madjar in 2008 evaluated the 

inferior expansion of the maxillary sinus after tooth extraction in the posterior maxilla on 

paired panoramic radiographs with fixed anatomic landmarks (see figure 1). This study 

noted larger expansion after 2nd molar extractions and after the extraction of two or more 

adjacent posterior teeth. Seong et al. 2011 reported that of more than 500 posterior 

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

augmentation prior to or at the time of implant placement. The lateral wall sinus 

augmentation technique was developed to circumvent the insufficient bone volume 

predicament in the edentulous posterior maxilla.  

 
Figure 1: Varying presentations of the relationship between posterior teeth and the   
                 maxillary sinus (Sharon and Madjar 2008). 
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The lateral wall sinus augmentation is a technique that allows for the placement of 

dental implants of a proper length without perforation of the schneiderian membrane. 

Implant survival rates for implants placed in lateral wall grafted sites are reported 

between 90-100%. Froum 2010 reports survival rates above 95%.  A multicenter study by 

Testori et al. reports five-year implant survival to be 93% in grafted sinuses. A systematic 

review by Wallace and Froum reports an average survival rate of 91.8% of implants 

placed in sinuses augmented by lateral window technique. Higher survival rates were 

seen with rough-surface implants, particulate grafts and when a membrane was placed 

over the lateral window.  

According to the 1996 consensus conference on maxillary sinus bone grafting, 

lateral wall sinus augmentation implant success rate is 90%. Based on the high survival 

rate of implants placed in grafted sinuses, this reconstructive bone graft surgery should be 

considered a highly predictable and effective therapeutic modality. Although slightly 

lower survival rate than traditional dental implant placement, the lateral wall sinus 

augmentation procedure allows implant rehabilitation of the significantly atrophied 

posterior maxilla.  

The lateral wall sinus augmentation involves an osteotomy in the lateral wall of 

the sinus, progressive lifting of the sinus membrane from the bony walls and the addition 

of bone graft material under the sinus membrane to gain vertical height to place 

endosseous implants.  The bony window can either be pushed inside to become the new 

inferior border of the maxillary sinus or can be removed completely (see figure 2). The 

1996 consensus conference on maxillary sinus bone grafting concluded allografts, 

alloplasts, and xenografts, alone or in combination with autogenous bone, can be 
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effective as bone substitute graft materials for sinus bone augmentation. A potential 

complication of this surgical procedure involves injury and/or invasion of the 

intraosseous anastomosis of the posterior superior alveolar artery (PSAA) and the 

infraorbital artery (IOA). This vascular canal traverses the lateral wall of the maxillary 

sinus, sometimes in the location of the window osteotomy.  

 
Figure 2: Two techniques for the lateral window procedure for bone augmentation;  
                 preserving bone of lateral window (A-C) or completely removing lateral  
                 window as part of preparation (D-F). (Newman et al. 2012). 
 

Knowing the anatomy of the maxillary sinus and evaluation of cone-beam 

computed tomography (CBCT) is critical to anticipate and/or avoid complications during 

this invasive procedure. The maxillary sinus is bordered superiorly by the floor of the 

orbit and laterally by the wall of maxilla, alveolar process and zygomatic arch (see figure 

3). The blood supply to the maxillary sinus is derived from branches of the maxillary 

artery, the terminal branch of the external carotid artery.  The four main branches include 

the posterior superior alveolar artery (PSAA), infraorbital artery (IOA), greater palatine 

artery and sphenopalatine artery.  
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C  
Figure 3: Location and anatomy of the maxillary sinus from frontal (A) and lateral  
                (B) views and the arterial blood supply of the maxillary sinus (C)  
                (Newman et al. 2012). 
 

From the maxillary artery, the posterior superior alveolar artery (PSAA) and 

infraorbital artery (IOA) form an endosseous and extraosseous anastomosis, termed 

double arterial arcade, to supply the lateral wall of the sinus (see figures 4, 5 and 6). The 

intraosseous branch supplies maxillary molar and maxillary sinus while the extraosseous 

supplies attached gingiva and mucosa of maxillary posterior teeth (Hur et al. 2009). 

Human cadaver studies report 100% presence of the intraosseous anastomosis, while 

current CBCT studies only report a 30-70% presence radiographically. The anastomosis 

of IOA and PSAA is referred to as the anterior superior alveolar artery. The anterior 

superior alveolar artery not only negotiates the surgical site for lateral wall sinus 

augmentation procedure, but also provides the blood supply to the implanted graft 

material.  

 
Figure 4: Schematic representation of left maxillary sinus with blood vessels (Solar  
                 et al. 1999). 
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Figure 5: Photograph of intraosseous anastomosis between PSAA and IOA (Solar  
                 et al. 1999). 
 

 
Figure 6: Photograph of the different branches of the PSAA and IOA, including  
                 intraosseous anastomosis (Solar et al. 1999). 
 

Location of the intraosseous anastomosis of the PSAA and IOA is an important 

surgical landmark for lateral wall sinus augmentation, as well as Lefort I osteotomies and 

Caldwell-Luc procedures. Blood supply is important for vascularization of graft material, 

but also important to avoid surgical complications.  Potential complications during a 

lateral wall sinus augmentation include, but are not limited to, perforation of schneiderian 

membrane, intraoperative bleeding, perforation of buccal flap, and injury to infraorbital 

nerve (Froum 2010). The best way to prevent complications is by identifying concerning 

anatomy.  
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Intraoperative bleeding induced by injury to the intraosseous anastomosis is not 

life threatening and in most cases, self-limiting. Hemorrhage from severing or damaging 

the vascular supply can complicate the surgical procedure due to decreased operator 

visibility that can lead to membrane perforation, complicate graft placement and stability, 

in addition to increasing the length of the surgical procedure. In order to minimize these 

complications, knowledge of the anatomy and proper planning is necessary.  

Even though the CBCT studies report a significantly lower prevalence of the 

intraosseous anastomosis between the PSAA and IOA, CBCT evaluation is the most 

accurate tool available for surgical planning. CBCT is a potentially low-dose cross-

sectional technique for visualizing bony structures in the head and neck. In 2012, the 

American Academy of Oral Maxillofacial Radiology position paper published, “to 

optimize implant placement and to avoid surgical complications, it is important to 

identify local anatomic or pathologic conditions that may restrict implant placement.” 

Temmerman et al. proved CBCT imaging to be superior to panoramic radiographs. Since 

the panoramic radiographs underscored the distance of available bone in all subjects, this 

study recommends the use of CBCT for visualizing anatomic structures (see figure 7).   

 
Figure 7: Intraosseous artery on CBCT and clinical dissection (Elian et al. 2005). 
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In preparation for a lateral wall sinus augmentation, an assessment of the lateral 

wall for an intraosseous canal should be completed in order to determine surgical risk. 

The diameter of the intraosseous canal can be a tool to gauge the amount of concern since 

some of the smaller canals may have deteriorated. The operator must keep in mind that 

the absence of an intraosseous vascular canal does not mean it is not present or large 

enough to cause an intraoperative bleed. 

The present study aims to evaluate the prevalence of the intraosseous anastomosis 

of the PSAA and IOA in the maxillary sinus in patients of Temple University Kornberg 

School of Dentistry utilizing cone beam computed tomography. The radiology 

department’s database of CBCT scans was available for review of patients who were 

referred for a head and neck CBCT for the purpose of diagnosis and treatment planning. 

Based on the inclusion and exclusion criteria, the pertinent scans can be evaluated for the 

presence of the vascular canal in the lateral wall of the maxillary sinus, the distance of the 

vascular canal to the floor of the sinus, and the tooth associated with the vascular canal.  
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CHAPTER 2 

MATERIALS AND METHODS 
 

The research was approved by the Institutional Review Board for Clinical 

Research and Temple University (protocol No. 23564). A retrospective analysis of eight 

hundred and twenty one (821) CBCT scans taken from January 2009 to July 31, 2013 

from the Temple University Kornberg School of Dentistry database was completed. The 

scans taken with the i-CAT machine (Imaging  Science International, Inc. Hatfield, Pa, 

USA) were evaluated using the iCATVisionQ software.  

The study group consisted of 821 CBCT scans from patients at Temple University 

Kornberg School of Dentistry. These scans were screened based on the inclusion and 

exclusion criteria. Inclusion criteria required all dentate patients age 18-82 years old with 

a CBCT scan attained during January 1, 2009 to July 31, 2013 including the maxillary 

sinus. Scans were excluded based on the following factors: completely edentulous 

patients, patients missing all posterior teeth, patients with only a mandibular CBCT scan, 

poor quality scans, patients with maxillary deficiency, patients younger than 18 years old, 

complete implant restoration and posteriorly edentulous patients restored with implants.  

Based on the inclusion and exclusion criteria, the 821 scans were narrowed down 

to four hundred and forty-seven (447) scans that were applicable to the present study. The 

participants included 199 males and 249 females. The race distribution included 292 

Caucasian, 90 African American, 42 Asians and 24 Hispanics. 

Three trained examiners viewed each scan bilaterally for the presence of an 

intraosseous anastomosis on the lateral wall of the maxillary sinus in sagittal slices on the 

panoramic view. All images were assessed under standardized conditions at the same 
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examination workplace (Window XP with Microsoft Offices Software). The examiners 

were trained together to radiographically identify the structures. At least two examiners 

were in the room and cases were discussed if clarification was necessary.  

The most anterior presence of an anastomosis was used as the location for 

measurements. A measurement was taken vertically from the floor of the sinus to the 

vascular canal and the tooth location was indicated. In addition to evaluation of the 

CBCT scan, factors of gender, age, and ethnicity were included in the study. The data 

was recorded using Microsoft Excel spreadsheet (see table 1). Once the data was 

recorded, the data was analyzed to determine prevalence, associated tooth and the 

distance from the floor of the sinus to the intraosseous canal.  

 

 
Table 1: Excel worksheet for data collection.  
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The data for vascular canal prevalence was further divided into unilateral or 

bilateral and right sinus versus left sinus presence. Of the scans with an identifiable 

vascular canal, the associated tooth was noted (see figures 8 and 9). The tooth 

classification and specific tooth number was documented to determine the prevalence. 

The vertical distance to the floor of the maxillary sinus was determined and also further 

divided to establish left versus right sinus distances.  

 

    
Figure 8: Presence of a single vascular canal in the lateral wall of the sinus. 
 

     
Figure 9: Presence of multiple canals in the lateral wall of the sinus.  
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CHAPTER 3 
RESULTS 

 
A total of 447 CBCT scans were evaluated for a total of 894 sinuses. Of the 447 

scans, the presence of at least one vascular canal in the lateral wall of the sinus was seen 

in 752 sinuses, 84.12% (see figure 10).  Presence of a canal was identified in 369 right 

sinuses while the left sinus identified 383 canals. A bilateral presence of the intraosseous 

anastomosis was seen in 352 sinuses, 78.75% (see figure 11 and table 2). Of the 142 

sinuses with an undetectable vascular canal, 48 were unilateral while 47 were bilaterally 

undetectable. Slightly more undetected canals in the right sinus (78 vs. 64) than the left 

sinus, which is not statistically different since the data was primarily bilateral (see table 3 

and figure 12). 

 

 
Figure 10: Presence of the intraosseous anastomosis of the PSAA and IOA in the  
                   lateral wall of the sinus. 
 

 
Bilateral Unilateral 

Detectable 352 48 

Undetectable 47 48 
Table 2: Number of sinuses exhibiting bilateral or unilateral representation. 

Present	
84%	

Absent	
16%	

Presence	of	Intraosseous	
Canal	



	12	

 
Figure 11: Graph representation of sinuses exhibiting bilateral or unilateral  
                   presentation. 
 

 
Figure 12: Depiction of canals in left and right sinuses. 
 

 
Right Left 

Detectable 369 383 

Undetectable 78 64 
Table 3: Number of canals in left and right sinuses. 
 

0	
100	
200	
300	
400	

Unilateral	
Bilateral	

0	
200	
400	
600	
800	

Left	
Right	
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The presence of multiple vascular canals in the lateral wall of the maxillary sinus 

was evident in some patients. Of the 894 evaluated sinuses, 155 (17.3%) sinuses 

exhibited multiple canals. In order to differentiate additional canals from marrow spaces 

or less radiodense areas, the supposed canal had to display a continuation of radiolucency 

throughout progressive sagittal slices. If the supposed canal could not be identified in 

subsequent slices, it was not included in the data set.  

The majority of the scans displayed a solitary vascular canal (66.8%) while 

sinuses exhibiting two canals were seen in 127 (14.2%) of sinuses, three canals in 24 

(2.7%) sinuses and four canals seen in 4 (0.4%) sinuses (see table 4 and figure 13). The 

distribution between right and left sinuses for multiple vascular canals was insignificant 

among the groups (see table 5). Scans with two canals had 63 seen in the right sinus 

while 64 were seen in the left sinus. Scans with three canals had 14 seen in the right sinus 

and 10 seen in the left sinus. All of the four canal sinuses were seen in the left sinus. The 

presence of multiple canals could be contributed to branching of the vessels.  

 

Number of Canals Number Percentage 

One Canal 597 66.8% 

Two Canals 127 14.2%  

Three Canals 24 2.7% 

Four Canals 4 0.4%  

Table 4: Number of multiple canals present.  
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Figure 13: Pie chart of multiple canals present. 
 

Number of Canals Right Left 

One Canal 293 304 

Two Canals 63 64 

Three Canals 14 10 

Four Canals 0 4 
Table 5: Number of multiple canals present on the left and right sinuses. 
 

The scans identified to contain the intraosseous anastomosis were evaluated 

further to determine the most anterior presence of the anastomosis related to tooth 

position.  The scans revealed a higher prevalence in the premolar regions (77.2%). The 

canals were associated with 159 molars, 581 premolars, and 12 canines (see figure 14 and 

table 6). For the molar canals, a higher prevalence was seen in the 1st molar over the 2nd 

molar (144 vs. 15).  The premolar group showed a higher prevalence in the 2nd premolar 

than 1st premolar, 338 and 243 respectively (figure 15 and table 7). The predominance of 

the canals visualized in the first molar and second premolar positions is concerning being 

that they are common sites for lateral wall osteotomy.  

Quan%ty	of	Canals	Present	

One	Canal	

Two	Canals	

Three	Canals	

Four	Canals	
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Figure 14: Pie chart representation of the predominant tooth classification  
                   Associated with the most anterior presence of vascular canal. 
 

Tooth Number Percentage 

Molars 159 21.1% 

Premolars 581 77.3% 

Canines 12 1.6% 

Table 6: Predominant tooth classification associated with the most anterior presence  
               of vascular canal. 
 

 
Figure 15: Representation of the predominant tooth associated with the most  
                   anterior presence of vascular canal. 
 

Molar	

Premolar	

Canine	
Predominant	Tooth	

Predominant	Tooth	

1st	premolar	

2nd	premolar	

1st	molar	

2nd	molar	
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Tooth Number Percentage 

1st Premolar 243 32.3% 

2nd Premolar 338 44.9% 

1st Molar 144 19.1% 

2nd Molar 15 2% 

Table 7: Predominant tooth associated with the most anterior presence of vascular  
               canal. 
 

Once the position of the most anterior identifiable vascular canal was determined, 

the vessel was measured in reference to the floor of the sinus.  If the sinus contained 

multiple canals, the measurement was taken from the most inferior vascular canal. The 

average distance was 12.02mm (see figure 16). The right side average distance seen was 

11.92mm and the left side average distance was 12.12mm (see table 8). Depending on the 

amount of vertical height of bone desired, the osteotomy for the lateral wall sinus 

augmentation may interfere with the path of the intraosseous anastomosis. 
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Figure 16: Graph representation of the average vertical distance (mm) from the  
                   floor of the sinus to the vascular canal. 
 

 
Average Distance (mm) 

Total 12.02 

Right 11.92 

Left 12.12 
Table 8: Average vertical distance from the floor of the sinus to the vascular canal. 

 

Then the data for distance was put through the analysis of variance (ANOVA) 

test. The ANOVA for the distance between the right and left sinuses of the total 

population gave a p-value of 0.53, indicating strong evidence (see table 9). The standard 

deviation was also determined to be 4.42mm. The ANOVA test and t-test were then 

applied to the distance measurements for each race. The African American group had a p-

value of 0.6 and t-test 0.65 (see table 10). The Asian population had a p-value of 0.94 and 

t-test of 0.84 (see table 11). The Caucasian group had a p-value of 0.49 and t-test 0.28 

(see table 12) while the Hispanic group had a p-value of 0.34 and t-test 0.07 (see table 

11.8	
12	

12.2	

Average	Distance	
(mm)	

Average	
Distance	
(mm)	
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13). The Caucasian and Hispanic group showed strong evidence while the other just 

moderate evidence.   

 

 
Table 9: Analysis of variance (ANOVA) of the total population right vs. left sinuses  
               distance.  
 

 
Table 10: Analysis of variance (ANOVA) of the African American population right  
                 vs. left sinuses distance.  
 

 
Table 11: Analysis of variance (ANOVA) of the Asian population right vs. left  
                 sinuses distance.  
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Table 12: Analysis of variance (ANOVA) of the Caucasian population right vs. left  
                 sinuses distance. 
 

 
Table 13: Analysis of variance (ANOVA) of the Hispanic population right vs. left  
                 sinuses distance.  
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CHAPTER 4 
DISCUSSION 

 
The overall prevalence in this study of 84% of sinuses with radiographically 

detectable intraosseous anastomosis of the posterior superior alveolar artery and 

infraorbital artery in the lateral wall of the maxillary sinus is higher than other reports in 

the literature (30-70%). This could be attributed to the use of three examiners, inter- and 

intra-examiner inconsistencies. This study also included a significantly larger sample 

population than other CBCT studies. The inclusion of radiolucencies predicted to be 

small vascular canals could have inflated the figures but time was taken to minimize this 

risk. Based on this study, the prevalence of an intraosseous anastomosis is higher than 

previously thought by other CBCT studies.  

Human cadaver studies have reported 100% presence of an intraosseous 

anastomosis with a varying presence of an extraosseous component. Kqiku et al. reported 

100% intraosseous anastomosis and 90% extraosseous anastomosis. The mean distance 

from intraosseous anastomosis to alveolar ridge was from 14.5-17.7mm based on the 

associated tooth. Traxler et al. similarly reported 100% intraosseous anastomosis with 

only 44% extraosseous component. The study also reported the vascular canal to be 18.9-

19.6mm from the alveolar crest. Rosano et al. 2009 revealed 100% intraosseous 

anastomosis and the presence of an extraosseous anastomosis only a third of the time. 

Hur et al. reported a shortest distance of 21.1mm between tooth cervix and intraosseous 

branch of PSAA, being in the first molar region. The highest mean distance was 26.9mm 

in the 1st premolar region.   

Solar et al. 1999 was the only cadaver study identifying branching of the vessels, 

which can explain the presence of multiple canals in the present study. The anastomosis 
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was present 100% of cases as the other studies, but it revealed the PSAA branched into 

two endosseous branches and one extraosseous branch while the IOA branches into one 

endosseous and three extraosseous branches. The mean distance of the intraosseous 

anastomosis to the alveolar crest was 19mm. The cadaver studies prove the presence of 

an intraosseous vascular canal in the lateral wall of the maxillary sinus.  

Although cadaver studies unanimously report the existence of an intraosseous 

anastomosis, the current CBCT studies do not disclose such a significant presentation. 

Elian et al. examined 50 CBCTs to assess its prevalence. This study radiographically 

identified the vascular canal 51.4% of right sinuses and 54.3% of left sinuses with an 

average height of 16mm from the alveolar crest. Rosano et al. 2011 followed up on their 

cadaver study with an evaluation of 100 CBCT scans in which the anastomosis was 

detected only 47% of the time. This study reported 11.25mm from alveolar crest to the 

intraosseous canal. Temmerman et al. 2011 revealed a 49.5% presence of intraosseous 

canal in the lateral maxillary sinus wall visualized on CBCTs of 65 patients.  

Mardinger et al. reported the intraosseous vascular canal presence 55% in 208 

CBCT scans with a mean distance 16.9mm from alveolar ridge. Kim et al. reported a 

52% prevalence of intraosseous artery in 200 scans and the distance from the alveolar 

crest greater in premolar region (18.9mm) than molar region (15.45mm). Guncu et al. 

identified the intraosseous vascular canal 68.2%, slightly higher than the previous studies. 

Galustian evaluated 98 CBCT scans from a private practice revealing 55.1% intraosseous 

anastomoses with the majority being in the premolar region (71.9%). Jung et al. reported 

52.8% observance of the maxillary arterial endosseous anastomosis. Yang and Kye 

identified the intraosseous canal in 32.5% of their patients.  
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Unlike the other studies, Ilguy et al. reported a higher prevalence rate. Out of the 

270 sinuses evaluated, the PSAA was identified in 89.3% of sinuses, of which 71.1% 

were intraosseous. This study is proves there is a higher prevalence of the intraosseous 

anastomosis that can be identified on CBCT than previously reported. This discrepancy 

between cadaver studies and radiographic studies may pose a challenge for the 

inexperienced clinician who does not consider the presence of an intraosseous 

anastomosis as a significant landmark. 

The difference in distance to the vascular canal in the present study was 

contributed to the use of different parameters to determine the distance of the 

intraosseous anastomosis. Most studies used the alveolar crest as the reference point for 

measurements, while the present study used the floor of the maxillary sinus. Yang and 

Kye is one of the few studies that measured the anastomosis with respect to tooth 

position, alveolar crest and to the floor of the sinus. This study stated the alveolar crest 

was not a reliable reference due to the progressive atrophy that occurs in alveolar ridges 

with age and tooth loss. Jung et al. also evaluated the position of the intraosseous 

vascular canal from reference points, sinus floor and the alveolar crest. Hur et al. also 

stated the alveolar ridge is unreliable because it varies based on presence of teeth and 

periodontal disease.  

Without a CBCT, the risk of intraoperative bleeding is greater. The van den Bergh 

study reports severe hemorrhage as a rare complication. The reason given was that the 

main arteries are not within the surgical area. Based on the data presented in the current 

study, the presence of an intraosseous anastomosis between the main vessels supplying 
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the maxillary sinus can traverse the surgical site and therefore, can lead to a greater risk 

of hemorrhage.  

Although severe hemorrhage is rare, the risk of an intraoperative bleed is a 

surgical complication that the operator should be aware of and be able to manage. Lee 

2010 reported a case report of prolonged hemorrhage during a lateral wall sinus 

augmentation. The use of gauze sponge soaked with commercially available, highly 

purified form of topical bovine thrombin was used to manage the intraoperative bleed 

after unsuccessful attempts to control bleeding for forty-five minutes.  The majority of 

intraoperative bleeds can be managed by bone wax, topical hemostatic agents, direct 

pressure, local vasoconstrictor, crushing bone, and electrocautery (Newman 2012, Froum 

2010).  Knowledge of the treatment modalities can be influential in managing 

intraoperative bleeding complications. 

The use of a piezoelectric technique may lessen the chance of hemorrhage, in 

addition to minimize risk of sinus perforation. The low-frequency ultrasonic vibrations 

selectively cut mineralized tissue without damaging soft tissue. Vercellotti et al. reported 

a 95% success rate with the implementation of piezoelectric bony window osteotomy and 

piezoelectric sinus membrane elevation. The Dental Implant Complications: Etiology, 

Prevention and Treatment textbook’s take-home hints regarding lateral wall sinus 

augmentation are:  

To obtain preoperative CT images to locate the vessel, visualize the vessel 
clinically, avoid the vessel when designing the window, use piezoelectric 
surgery to avoid trauma to the vessel and have materials on hand to 
control bleeding (electrocautery, local with 1:50,000 epinephrine, bone 
wax).  
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The experienced clinician should keep these recommendations in mind prior to each 

lateral wall sinus augmentation procedure.  
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CHAPTER 5 
CONCLUSIONS 

 
The prevalence of intraosseous anastomosis has ranged from 35-71% on CBCT 

analysis. This study revealed a higher prevalence (84%) of a radiographically identifiable 

intraosseous anastomosis of the posterior superior alveolar artery and infraorbital artery. 

If the time is taken to thoroughly evaluate the lateral wall, the likelihood of identifying a 

canal is higher even if the vessel is too small to cause intraoperative hemorrhage.  

With the reported differences in prevalence of the intraosseous anastomosis 

between Solar’s cadavers study and Elian’s CBCT study, it is important to evaluate the 

surgical site both radiographically and clinically prior to proceeding with the lateral 

window osteotomy. Mardinger et al. reports, “undetected intrabony canal in CT 

radiograph does not exclude its existence but merely that it is not visible, because of its 

small diameter.” 

Further research is needed to evaluate large quantities of patients to determine the 

possible contribution of dentition status, role of pneumatization and vascular canal 

diameter. Based on these findings, it is recommended that patients would benefit from 

CBCT evaluation of the maxillary sinus for an intraosseous anastomosis between the 

posterior superior alveolar artery and the infraorbital artery prior to lateral wall sinus 

augmentation to assess surgical risk. 
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