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Cone beam computed tomography for Maxillary sinus vascular anatomy
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Introduction

As well described by all anatomists, the vessels of
nose region, maxilla and sinus walls constitute a rich
network of arteries and veins. Branches of the
ophthalmic, maxillary and facial arteries supply the
nose. They form anastomosis plexuses within the nasal
mucosa. The anterior and posterior ethmoidal branches
of the ophthalmic artery supply the frontal and
ethmoidal sinuses and the roof of the nose. The
sphenopalatine branch of the maxillary artery supplies
conchae, meatus and postero-inferior part of the nasal
septum being the principal vessel supplying the nasal
mucosa. The greater palatine branch of the maxillary
artery supplies the inferior meatus. Its terminal part
ascends through the incisive canal to anastomosis on
the septum with branches of the sphenopalatine and
anterior ethmoidal arteries and with the septal branch of
the superior labial artery. The pharyngeal branch of the
maxillary artery supplies the sphenoidal sinus. The
infraorbital artery and the superior, anterior, and
posterior alveolar branches of the maxillary artery
supply the mucosa of the maxillary sinus. In particular,
the  maxillary artery passes through  the
pterygomaxillary fissure from the infratemporal fossa
into the pterygopalatine fossa, where it terminates as
the third part of the maxillary artery. This part of the
artery gives branches running together with those of the
maxillary nerve. The posterior superior alveolar artery
arises from the maxillary artery and goes through the
pterygo-maxillary fissure into the maxillary tuberosity.
It gives off several branches: some of them penetrate
the bone to supply the maxillary posterior teeth and the
maxillary air sinus, and the other branches supply the
buccal mucosa. The infraorbital artery emerges into the
face at the infraorbital foramen to supply the lower
eyelid, part of the cheek, the side of the external nose,
and the upper lip. During its route within the
infraorbital canal it gives off the anterior superior
alveolar artery directed downwards to supply the
anterior teeth and the anterior part of the maxillary
sinus.(-6-9-19 Solar, together with his group, in 1999
was the first one to state and find out that those vessels
were poorly described in classical textbooks of dental
and human anatomy.®829 In his paper, he showed by a
scheme, the course of the anastomosis between the
posterior superior antral artery and the infraorbital
anatomy. Then Elian in 2005, in his radiological study,
observed how the computed tomography is not so
sensitive comparing the data to the Solar and Traxler
studies that were on human cadavers. However, he

provided more data regarding the distribution and the
position of the vascular anastomosis, and stated the
factors of clinical significance: (i) the pre-surgical
evaluation performed by CT scans were useful to spot
the intraosseous vessel with a great diameter; (ii) the
position of the osteotomy, indicating the safe distance
as 15 mm from the alveolar bridge.” Mardinger in
2007, using the radiographic method, reported results
slightly different from the former authors and how the
vessels with a <1 mm diameter do not represent a great
risk or bleeding threat or obstacle during the surgical
procedures.®® Rysz in 2009 studied the anastomosis on
fetus cadavers, and clearly the results of the prevalence
and distributions were different from the ones reported
in the previous studies.!”) Rosano in 2009-2010 in his
cadaveric study, confirmed the data reported by Solar
and Traxler in 1999.419 |lguy in 2013 reported
measures, septa presence, and that the non-detection of
the anastomosis on CBCT is probably caused by the
small diameter.®® The more recent study was by Rysz
in 2014, which focused this time on adult CBCT
scans.® All of these authors reported different data and
different methods, but all of them agree on two points:
1. The anastomosis supplies the lower part of the
sinus, playing an important role in the graft
integration and vascularization;
2. Though its accidental sectioning is not life-threat,
the bleeding can make difficult the visibility and
the management of the Sneider’s membrane.
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3D view of the lateral wall of the maxillary sinus
which shows the point of emergence of
the infraorbital artery (I0A) (1), the point of
anastomosis between the 10A and the alveolar
antral artery (AAA) (2) as well as the route of the
AAA (3) forming a small concavity (white arrow)
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Internal view of the maxillary sinus: the arrow A

shows the alveolar antral artery, the endosseous
branch of the posterior superior alveolar artery
(PSAA), partially encased in the lateral sinus wall,
while the arrow B shows the infraorbital artery
deriving from the maxillary artery and forming a
vascular arcade with the PSAA

Discussion

The height and the thickness of crestal bone change
relatively to the presence of the tooth and to the injuries
can occur during a normal human life, such as
endodontic and periodontal infections. In both of
arches, it means that the restorative treatment by
implants depends on the quantity and quality of residual
bone, because of the presence of two noble anatomical
structures: alveolar canal in the inferior jaw and the
maxillary sinus in the upper jaw. The principal surgical
technique to gain a height augmentation is the sinus
floor lift procedure, with a lateral approach.“12 In this
procedure, the knowledge of the vascular supply of this
region is mandatory, to avoid unwanted hemorrhagic
complications and to guarantee a good vascularization
of the grafted material. >3 Generally, during the
surgical and grafting procedures in this region, the
vessels involved are from the arterial anastomosis
between the Infraorbital artery and the Posterior
Superior Alveolar Artery. Since Solar P.’s group in
1999 provided a scheme and a more extensive
anatomical point of view, many authors studied
maxillary sinus anatomy and its vascularization.

Indeed the CBCT provides accurate and reliable
linear measurement for imaging of dental and
maxillofacial surgery. In 2014 Rysz, found the
anastomosis in 50% of his sample, using CBCT scans.
Furthermore, the group focused on all type of patients
than the edentulous, such as the formers. All of these
authors affirm that the anastomosis forms a concave
arch, with the lowest point located in the first molar
area. In addition, they focused their results on the
distance of the vessel from the alveolar ridge or the
tooth, in many position for the whole length of the
maxilla, reporting different data. In the study by Solar
et al., the intraosseous anastomosis was located 18.9—
19.6 mm from the edge of the alveolar process. Ella et
al. reported the anastomosis to be located 3-13 mm

from the edge of the lower alveolar.® In a paper
published by Hur et al., the mean distance between the
intraosseous anastomosis and the cervical line was 26.9
mm at the level of the first premolar, 24.1 mm for the
second premolar, 21.1 mm for the first molar, 22.4 mm
for the second molar, and 23.3 mm from the maxillary
tuberosity.(9 In the Rysz study, the distance between
the anastomosis and the cervical line of the first molar
was 15-19 mm.

According to the other authors, the reported data
confirm the needs of a deep knowledge of the anatomy
of this region and the prescription of a CT before the
intervention is fundamental both for a surgical
procedure free of nasty complications, and for a better
integration of the grafting material and the implant.

When carrying out sinus lift surgery, the bony
Window height should be almost 13mm from the ridge
if the purpose is to place 11-13mm dental implants.
Thus, in patients with severely atrophic posterior
maxillae (classes V, VI), the possibility of lacerating
the AAA must be considered, especially when the
residual ridge is less than 3mm high.

As a matter of fact, if the damage of a bony vessel
o2mm can be barely relevant under a clinical point of
view, the transection of an AAA with a diameter over
2mm is likely to produce bleeding and impairment of
vision, which may lead to a potential membrane
perforation, thus prolonging the overall operation time,
interfering with the placement of bone graft and
constituting a true surgical complication.

In addition, the hemorrhage from this artery (a)
may displace the grafting material due to a “‘washing”’
effect caused by the blood pressure, thus reducing or
compromising the filling of the space below the
Schneiderian membrane after sinus floor elevation, and
(b) may produce relevant hematomas’ of the cheek area
causing discomfort to patients and creating an ideal
“pabulum’” for bacteria growth and consequent
infection.

In fact, if the maxillary sinus is, even partly, filled
up by mucosal edema, hematoma or seroma, a delay of
maxillary sinus clearance may occur because of the
reduction of maxillary ostium patency, and maxillary
sinusitis may develop as well, compromising the
success of the grafting procedure (Timmenga et al.
2003).

The preservation of such anastomosis is important
not only to avoid bleeding complications but also to
support bone graft neoangiogenesis (Taschieri &
Rosano 2010); in this perspective, its concomitant
reflection with the Schneiderian membrane during sinus
augmentation procedures, if possible and especially
when its diameter is consistent should be seriously
considered.

Conclusions
The arterial connection between the infraorbital
artery and the posterior superior alveolar artery in the
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lateral wall of the sinus is not a variance but a rule.
Knowing and spotting it before the surgical intervention
of sinus floor lift augmentation is important in order to
choose the best incision position, to avoid hemorrhagic
incident and for a better graft integration.
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