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ABSTRACT
Purpose: The purpose of this study is to investigate the prevalence of
intraosseous vascular canals in the lateral wall of the maxillary sinus by utilizing high
quality Cone Beam Computerized tomography (CBCT) scans.
Material and Methods: 111 CBCTs that were obtained in a private practice were
randomly selected from 500 CBCTs. The CBCTs were obtained from 2007 to 2011 with
an iCAT CBCT unit. Then were reconstructed and imported into Simplant pro 15
software. Among the 111 selected CBCT images 13 scans that were not covering the
sinus cavity entirely or had poor quality (e.g. scattering) were excluded from the study.
All the CT scans were examined for presence or absence of intraosseous anastomosis by
a single investigator. All the para-axial sections were carefully observed on both left and
right side. The focus was on the area that most commonly the lateral window is prepared.
In other words, the main area that was evaluated was from Distal of canine to distal of
second molar on each side.
Result: From initial 111 selected CBCTs, 13 were excluded due to either quality
or the range of coverage. 52 (53%) were female and the rest 46 (47%) were male. 54
(55.1%) anastomosis noted among the 98 CBCTs that were evaluated. In other words, in
196 sinuses that were evaluated 27.5% of them had intraosseous anastomosis.
Conclusion: the presence of intraosseous vascular canals in the lateral wall of the
maxillary sinus is not a prevalent finding. Learning of the presence of intraosseous
anastomosis in the lateral wall of the maxillary sinus would help with minimizing
bleeding complications associated with the lateral wall approach sinus augmentation
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technique. Therefore, evaluation of the CBCT for anatomical variations is recommended
prior to sinus augmentation surgeries.
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CHAPTER 1
INTRODUCTION:

Placing dental implants in the edentulous posterior maxillary region could be
difficult due to poor bone quality, reduced bone volume, proximity to maxillary sinus and
access limitation. Reduction of the bone volume can be due to vertical and horizontal
ridge resorption or pneumatization of the sinus after extraction of maxillary posterior
teeth.

Tatum in 1975 introduced a new approach for sinus augmentation through lateral
wall. Since then numerous case reports has been published on complications/ accidents
during the performing the lateral wall approach sinus augmentation. One of reported
complications was intraoperative bleeding. Testori in 2012 published a retrospective
study of maxillary sinus augmentation risk factors. He reported 2 cases of severe
intraoperative bleeding. Lee in 2010 reported a prolonged bleeding during maxillary
sinus augmentation and emphasized on importance of having the knowledge of maxillary
sinus anatomy and its blood supply in order to avoid or minimize the unnecessary
complications of the procedure.
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Figure 1. Cross section of an anastomosis in a cadaver (Solar 1999)

Solar published an article describing the blood supply to maxillary sinus relevant
to sinus floor elevation procedures. He described that lateral maxilla is supplied by
branches of the posterior superior alveolar artery (PSAA) and the infraorbital artery
(IOA). These two form an anastomosis in the bony lateral wall. The Schneiderian
	
  

membrane receives blood circulation from this anastomosis. In his study on 18
cadavars, anastomosis between PSAA and IOE was found in all of specimens

	
  

(Figure 1). He reported the PSAA and ISA both had mean caliber of 1.6. PSAA
on average had 2 endosseous and 1 extraosseous branch whereas; IOA had 1
endosseous and 3 extraosseous branches. In his study the mean distance between the
intraosseous anastomosis and the alveolar ridge was 19 mm. (Figure 2 & 3).
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Figure 2. Left maxillary sinus and its arteries from Solar 1999

	
  
Left	
  maxillary	
  sinus,	
  divided	
  median-‐sagittally,	
  medial	
  view,	
  offering	
  a	
  good	
  view	
  
of	
  the	
  maxillary	
  sinus	
  after	
  removal	
  of	
  the	
  wall	
  between	
  the	
  nasal	
  cavity	
  and	
  the	
  
maxillary	
  sinus	
  including	
  the	
  nasal	
  conchae.	
  The	
  double	
  arterial	
  arcade	
  formed	
  
by	
  PSAA	
  and	
  IOA	
  is	
  marked.	
  The	
  extraosseous	
  anastomosis	
  (EA)	
  is	
  situated	
  
approximately	
  3	
  to	
  7mm	
  further	
  cranially	
  than	
  the	
  intraosseous	
  one	
  (IA).	
  
	
  
With utilizing computerized tomography (CT) scans and even later on the cone
beam computerized tomography (CBCT) scans more and more information became
available for the practitioners preoperatively. The scans provide valuable information on
the anatomy of the sinus and it is up to the clinician to analyze those anatomic landmarks
prior to entering the sinus cavity. Stratemann in 2008 performed a cadaver study and
demonstrated high measurement accuracy utilizing CBCT comparing with the physical
measurements. Elian in 2005 published a study on distribution of maxillary artery as it
relates to sinus floor elevation. In their study, 50 computerized tomography (CT) scans
were utilized and they detected anastomosis in 53% of their cases. Mardinger in 2007
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Figure	
  3:	
  Sagittal	
  section	
  of	
  posterior	
  antral	
  wall	
  (Solar	
  1999)	
  

	
  
Posterior	
  view,	
  after	
  removal	
  of	
  posterior	
  antral	
  wall.	
  The	
  IOA	
  enters	
  into	
  
infraorbital	
  canal	
  (IC)	
  and	
  gives	
  off	
  the	
  anterior	
  superior	
  alveolar	
  artery	
  (ASAA)	
  
before	
  emerging	
  from	
  the	
  canal.	
  The	
  vascular	
  stumps	
  of	
  the	
  PSAA	
  left	
  after	
  
removal	
  of	
  the	
  posterior	
  antral	
  wall	
  are	
  marked.	
  
	
  
published a similar study utilizing computed tomography (CT) scans of 104 subjects. In
114 (55%) sinuses out of 208 maxillary sinuses, the anastomosis was detected.
Kobayashi (2004) compared the accuracy of CBCT to CT scans and confirmed
the superiority of CBCT scans over spiral CT in terms of spatial resolution on crosssectional images. Similar findings were reported by numerous authors (Hashimoto 2003,
Ito 2001, Nakagawa 2002). Hashimoto demonstrated the superiority of the images
resolution by means of a high resolution score of the periodontal ligament space and the
lamina dura.
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Jung in 2011 studied the position and prevalence of the arterial endosseous
anastomosis utilizing cone beam computed tomography (CBCT) on Korean population.
Fifty-three percent of his study population demonstrated a maxillary arterial endosseous
anastomosis. He also measured the distance of endosseous anastomosis from the crest of
the alveolar ridge and the sinus floor.

To date there is no studies showing the prevalence of maxillary sinus anastomosis
utilizing CBCT. Considering the improved quality of CBCT compared to conventional
CT scans, it is possible to evaluate the lateral wall of the sinus with higher resolution.

The purpose of this study is to investigate the prevalence of intraosseous vascular
canal by utilizing high quality Cone Beam Computerized tomography (CBCT) scans.
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CHAPTER 2
METHODS AND MATERIALS

The CT scans were obtained in a private practice with an iCAT CBCT unit. Then
were reconstructed and imported into Simplant pro 15 software. 111 CBCTs that were
obtained in a private practice were randomly selected among 500 CBCTs that were
obtained from 2007 to 2011. Exclusion criteria were incomplete coverage of sinus from
the most inferior border (either crest of the bone in edentulous cases or occlusal surface
of teeth). 13 CBCTs were excluded. All the CT scans were examined for presence or
absence of intraosseous anastomosis by a single investigator. All the para-axial sections
were carefully observed on both left and right side. The focus was on the area that most
commonly the lateral window is prepared. In other words, the main area that was
evaluated was from Distal of canine to distal of second molar on each side. On the
Superior-inferior direction, all the lateral wall of sinus from sinus floor to the superior
border of sinus was evaluated.
CBCTs that were covering maxillary sinus completely (from the sinus floor to the
top of the sinus) were included and reconstructed. The reconstruction protocol was 2mm
thick reconstruction algorithms. If the Scan were short of the most superior border of
sinus were excluded. Moreover, if the quality of the scan were low, it would be excluded
from the study.
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Figure 4. Simplant Pro 15 pictures of the cross section of the posterior lateral wall of the
sinus in a patient showing the intraosseous anastomosis.

Figure 5. Cross-section of the posterior lateral wall of the sinus in another patient
showing the intraosseous anastomosis.
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If the tooth was not present, the location of estimated based on the surgical guide that was
fabricated for the implant placement or by measuring the distance from an anatomic
landmark (for example, adjacent tooth or opposing dentition).
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CHAPTER 3
RESULTS

Out of 111 CBCTs that were selected, 13 were excluded due to either quality or the range
of coverage. From the 98 scans 52 (53%) were female and the rest 46 (47%) were male.
54 (55.1%) anastomosis noted among the 98 CBCTs that were evaluated. In other words,
in 196 sinuses that were evaluated 27.5% of them had endosseous anastomosis. 24 (45%)
of anastomosis were found in females and 30 (55%) in males. 27 (50%) were on the right
side and 27(50%) anastomosis were on the left side. 71.9% of endosseous anastomosis
were seen at premolar region. Of all anastomosis on premolar region, 58.5% were on
second Premolar region and the rest of 41.5% on first premolar area. 28% of endosseous
anastomosis was found on molar region, from which 75% were on first molar region and
the rest on second molar region. There was no anastomosis noted on the second molar
region on the right side (Table 1, chart 1).
Table 1. Prevalence of anastomosis based on the site
Table 1

ANASTOMOSIS (%)

LEFT (%)

PM1

17 (29.8)

8 (14.8)

9 (16.7)

PM2

24 (42.1)

11 (20.3)

13 (24)

M1

12 (21)

9 (16.7)

3 (5.5)

M2

4 (7)

4 (7.4)

0

PM: Premolar, M: Molar
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RIGHT (%)
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From the 52 patients that their CBCTs showed endosseous anastomosis, 10 patients had
endosseous anastomosis on the right side only and there were another 10 patients that
displayed endosseous anastomosis on the left side only. The rest of 32 patients had
bilateral endosseous anastomosis (Table 2, Chart 2).
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Table 2. Number of anastomosis based on the side
Table 2

ANASTOMOSIS (%)

Left side

10 (18.5)

Right side

10 (18.5)

Bilateral

34 (63)

Total

54 (100)

Chart 2. Prevalence of anastomosis based on the side

Right	
  side,	
  18.5	
  

Left	
  side,	
  18.5	
  
Bilateral,	
  63	
  

In one case, there was two endosseous anastomosis noted on the right side. The two
branches were running from first premolar to second molar region separately. The
maximum distance of the two endosseous anastomosis from each other was at the second
premolar region, which was measured 5.6mm.
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CHAPTER 4
DISCUSSION

Intraoperative hemorrhage during the sinus augmentation can be due to the effect
of some blood thinning medications, hemorrhagic disorders or damaging the vascular
structure. The first two reasons can be prevented and managed by thorough review of
medical history and addressing the potential causes of the hemorrhage. The later reason
(vascular structure damage) can be prevented or at least minimized by thorough
evaluation of three-dimensional images. Recent studies have shown some potential of
computerized tomography’s to detect the presence of intraosseous anastomosis. Bleeding
due to damage to vascular structure can potentially prolong the procedure and obscure the
operator’s vision that can possibly lead to perforation of the Schneiderian membrane and
increase the risk of post operative complications. Therefore, immediate management of
endosseous bleeding not only can minimize the blood loss, it can also prevents other
intraoperative accidents (eg Schneiderian membrane perforation).
Lee in 2010 published a case report of an unexpected, intraoperative vascular
complication that resulted in a prolonged bleeding from intraosseous anastomosis. After
trying different modalities to control the hemorrhage, finally he was able to achieve
hemostasis after 45 minutes by using Thrombin. He concluded in his paper that clinicians
performing sinus augmentation on daily bases should be aware of the location of the
intraosseous anastomosis, the potential for arterial hemorrhage and its management.

	
  

12	
  

With a conventional panoramic view, it would be almost impossible to visualize
the intraosseous anastomosis. There is ample evidence proving that cone beam CT is the
gold standard in implant dentistry, especially at planning stage. Temmerman in 2010
investigated the reliability of Panoramic radiographs in planning for maxillary sinus
augmentation. In his study, he compared the measurements from panoramic radiographs
with multi-slice/ cone beam computer tomography. He found out that panoramic
radiograph underestimates mesio-distal dimension by 2.9mm (95% CI= 2.51 to 3.12mm).
This finding suggests that panoramic radiograph overestimates the need for sinus
augmentation. Therefore, he recommended utilizing cone beam CT during planning of
sinus augmentation in order to visualize anatomical structures. On reliability of the
measurements on the CBCT scans Jung et al in 2011, compared their clinical finding with
their corresponding CBCT measurements and confirmed the accuracy of the CBCT
measurements (Figure 6).
Stratemann in 2008 also conducted a study to compare physical measurements on
cadaver with measurements on two different CBCT systems. The results showed that
volumetric data rendered with both CBCT systems were accurately comparable with the
physical measurements (<1% relative error).

	
  

13	
  

Figure 6: comparison of clinical finding with the corresponding CBCT measurement
(from Jung 2011)

The first two studies for prevalence of the endosseous anastomosis (Solar et al,
1999 and Traxler et al 1999) were performed on cadavers and they both reported the
intrabony anastomosis in almost all subjects. In neither of these two studies the diameter
of endosseous anastomosis were measured. They showed that the endosseous vascular
canals were positioned inside the lateral wall of the sinus or slightly more medial. The
osseous wall thickness usually masks the arterial branch in the canal and increases the
risk of inadvertent injury to the arterial branch.
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In subsequent studies performed utilizing either CT or CBCT scans, the
prevalence was reported around 50%. It was argued that in the rest of the subjects, the
endosseous anastomosis was too small to enable radiographic detection.
Mardinger in 2007 studied 208 CT images and identified bony canal in 114 (55%)
of the scans. Mardinger also found a direct relation between the canal diameter with age:
increase in endosseous canal diameter with age.

Utilizing CBCT is advantageous over the conventional CT scans based on:
1. Cost-effectiveness,
2. Shorter radiography time (<30 seconds)
3. Higher resolution
4. Excellent spatial resolution
5. Lower radiation exposure
Jung et al in 2011 publish his CBCT study on position and prevalence of
maxillary endosseous anastomosis. In 52.8% of patients the anastomosis was visualized.
They also measured the distances from the alveolar crest and the sinus floor to the
vascular canal. They showed that the mean distances from the alveolar crest and the sinus
floor to the vascular canal does not change with age. Considering the pneumatization of
the sinus and vertical bone resorption in the edentulous maxilla, and the fact that the
position of the intraosseous anastomosis does not change in the position, it is difficult to
find a rational for this finding.
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Temmerman 2010 studied the prevalence of intra-osseous canals on the maxillary
sinus wall in Belgian population. He reported 49.5% prevalence of endosseous
anastomosis in the examined sites. In his study, the prevalence of endosseous
anastomosis was compared based on age of the subjects and no statistically significant
difference was noted in the younger vs older age group. He also compared the diameter
of the anastomosis with utilizing a caliper on the CBCT scans and found no statistically
significant difference between the two age subgroups. Another measurement in his study
was the distance of the intra-bony canal from the sinus floor and again the find similar
numbers between the two age subgroups (no statistically difference).

Since the position of the lateral window for sinus augmentation is in the maxillary
first and second premolars and first molar region, in the present study the lateral wall of
the sinus was examined on the CBCTs in that particular region (from distal of canine to
mesial of third molar). That may explain the lower prevalence noted in the current study
compared to the previous studies that were examining the whole lateral wall of the sinus.
For example, Elian 2005 reported 52.9% intraosseous artery in the examined CT scans
while they stated that in normally positioned lateral window osteotomies there is only
20% chance of laceration of the intraosseous artery.
Inspite of equal prevalence on left and right sides, the anastomosis on the right
side was more on the premolar region. The anastomosis on the molar region was found
more on the left side (24.1%) compared to the right side (5.5%). On the second molar
region there was no anastomosis found.
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In terms of size of the anastomosis, Elian (2005) stated that as the vessel diameter
reduces in older patients intraosseous anastomosis is less of a risk for a bleeding
complication. 2 year later, Mardinger (2007) showed a direct relation between diameter
of intraosseous canal and patient age “the older the patient, the wider the diameter (ρ=
0.031)”.

Table 3. List of available methods and materials available for management of
intraoperative bleeding.
# Method

Material

1 Hemostatic packing agents

Collagen & gelatin sponges

2 Ligation
3 Bone wax
4 Burnishing of the bone in the area of the bleeding
5 Local anesthesia w/ vasoconstrictor

Lidocaine 2% w/ 1:50K, 1:100K

6 Electrocautery
7 Percutaneous embolization
8 Active hemostats

Thrombin

At the end it is important to reemphasize that according to previous cadaver
studies (Solar 1999 and Traxler 1999), intraosseous anastomosis is present all the time.
Even if they are not large enough to be visualize in the CBCT. Therefore, careful
handling of the soft tissue and primary wound closure are important in preventing
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intraoperative and post operative complications. In table 3 there is a list of available
methods for management of intraoperative bleeding.
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CHAPTER 5
CONCLUSION

This study is reemphasizing on the importance of careful evaluation of the CBCT
prior to sinus augmentation procedures. Based on the results of the current studies almost
in one third of the lateral wall of the sinuses, the intraosseous anastomosis is large enough
that can be observed in CBCT. And those are the cases that can potentially result in
prolonged bleeding, obscuring the operator vision and possible perforation of the
Schneiderian membrane. As a result the post operation complications and patient
discomfort will be higher. Having an intimate knowledge of the anatomy of the surgical
site, provided by CBCT scans can potentially prevent the intraoperative bleeding or at
least minimize the time and subsequently the amount of bleeding.
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