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KEYWORDS Summary Composite tissue allotransplantation of the face has led to renewed interest in
Vascularization; the vascularization of the maxilla. The maxillary artery, which is deep within the tissue and
Maxillary artery; difficult to access, is considered the main artery of the maxilla. The objective of this study
Facial transplant; was to describe the distribution of the maxillary artery in the deep regions of the face and
Maxillary sinus Lift maxilla. Twenty-four maxillae were studied, of which 20 were injected with latex and four

with India ink. The maxillary artery in the pterygopalatine fossa gave rise to the sphenopalatine
artery, infraorbital artery, descending palatine artery, and posterior superior alveolar artery in
all 24 cases. The posterior superior alveolar artery gave rise to a periosteal branch and an
intraosseous branch (in the wall of the maxillary sinus) in 18 cases. The branch passed through
part of the wall and the entire wall in eight and ten cases, respectively, and anastomosed at the
anterior nasal spine and the infraorbital foramen. The descending palatine artery presented as
a single trunk in four cases, a greater palatine artery and a lower palatine artery in 18 cases,
and four branches in two cases. Intraosseous and periosteal anastomoses were found along
with anastomosis through the incisive foramen, which were obstructed in three cases. The
vascular territories were studied. The maxillary artery created an intraosseous and periosteal
anastomotic network, explaining the supply pathways during different surgical procedures, risk
of hemorrhage with orthognathic surgery (Le Fort type 1) in a sinus lift for preimplant surgery,
and the vascular territories.

© 2019 Published by Elsevier Ltd on behalf of British Association of Plastic, Reconstructive and
Aesthetic Surgeons.
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The maxilla is affected in all cases of maxillofacial
surgery (e.g., a sinus lift in preimplant surgery, orthognathic
surgery, zygomatic implants, and allotransplant of the
face). Composite tissue transplantation has given rise to re-
newed interest in the study of the vascularization of the
maxilla; there are several studies in the literature that
specifically examined the maxillary vasculature.'>

Although the various stages of removal of a graft through
the middle section of the face are standard for maxillofacial
surgeons, to combine them to obtain a functional pedicle
graft requires good knowledge of its vascularization.

The maxillary artery is the bulkiest terminal branch of
the external carotid artery.® This deep and difficult-to-
access artery is considered to be the main source of the ar-
terial vascularization of the maxilla. Despite its importance
and the risk of hemorrhage in osteotomies of the maxilla
and the middle section of the face, there have been few
studies to date on the distribution of the maxillary artery in
its pterygopalatine portion’ and inside the osseous wall of
the maxilla.

Documentation of this vascularization and its variations
helps to reduce the risk of hemorrhage, and it provides bet-
ter understanding of the vascular supply pathways. Knowl-
edge of the vascularization of the face is a prerequisite for
devising different technical methods for harvesting grafts
with reliable vascularization.

The objective of this study was to document the differ-
ent modes of distribution of the maxillary artery in the deep
regions of the face, the wall of the maxilla, and the corre-
sponding vascular territory.

Materials and methods

Twenty-four maxillae were studied, of which 20 were in-
jected with latex after applying manual pressure on the
common carotid artery. The remaining 4 maxillae were in-
jected with India ink: three in the maxillary artery and three
in the facial artery. Fifteen milliliters of ink fluid was in-
jected progressively at constant pressure using a syringe
pump. Le Fort type Ill osteotomy, sectioning of the zygo-
matic arch, and resectioning of the mandibular ramus were
carried out.

Dissection of the external carotid artery and its branches
was performed, as was the dissection of the maxillary artery
and its branches in the pterygopalatine fossa, followed by
the dissection of the periosteal and the intraosseous maxil-
lary branches.

The principles outlined in the Declaration of Helsinki
were followed. The maxillae were donated to a donation
center, which operates according to the laws enforced in
France. Therefore, there was no need for approval by an
ethics committee for this research; respect for the donors’
bodies is obligatory.

Results

In all of the cases examined, the maxillary artery in
the pterygopalatine fossa gave rise to the sphenopala-
tine artery, the infraorbital artery, the descending palatine
artery, and the posterior superior alveolar artery (Figure 1).

Cranial
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Figure 1. The left maxillary artery: distribution of maxillary
artery in the pterygopalatine fossa and to the maxilla. 1: Max-
illary artery, 2: Infraorbital artery, 3: Sphenopalatine artery,
4: Descending palatine artery, 5: Posterior superior alveolar
artery, 6: Intraosseous branch of the posterior superior artery,
7: Periosteal branch, 8: Maxillary sinus membrane.
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Figure 2. The left maxilla. ION: infraorbital nerve. I0A: in-
fraorbital artery. 1: Posterior superior alveolar artery - pe-
riosteal branch.

In the pterygopalatine fossa, the maxillary artery passed un-
der the maxillary nerve and it gave rise to the sphenopala-
tine artery. In one case, the maxillary artery anastomosed
with the internal carotid artery through the foramen rotun-
dum.

The posterior superior alveolar artery gave rise to a pe-
riosteal branch and an intraosseous branch, which was lo-
cated in the maxillary wall (Figure 1).

The periosteal branch anastomosed with the infraorbital
artery (Figure 2).

The branch located in the wall of the maxilla passed
through part of the wall in eight cases and the entire wall in
ten cases (Figure 1). It spanned the entire wall of the max-
illa, and it anastomosed at the anterior nasal spine or the
infraorbital foramen with the infraorbital artery (Figure 1).
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Figure 3. The right maxilla. 1: The descending palatine artery
twists around the greater palatine nerve, 2: Infraorbital artery
and infraorbital nerve, 3: Pterygoid process.

ventral
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Figure 4. The right maxilla. 1: Descending palatine artery
in pterygopalatine groove: greater and lesser palatine artery,
2: Greater palatine nerve, 3: Pterygoid process.

In one case, the intraosseous artery anastomosed with
the descending palatine artery laterally in the incisive
canal.

The descending palatine artery presented as a single
trunk in six cases; the trunk was able to wrap around the
greater palatine nerve (Figures 3 and 4). It gave rise to a
greater palatine artery and a lesser palatine artery in 17
cases (Figure 5). It gave rise to four branches, one of which
passed through the lateral wing of the pterygoid process in
a single case. This allowed us to distinguish the following
three types of descending palatine arteries:

- Type |: a single artery

- Type Il: a greater palatine artery and a lesser palatine
artery (classical form)

- Type lll: more than two arteries

The sphenopalatine and the infraorbital arteries had the
classical form.

Figure 5. The left pterygopalatine fossa. 1: Maxillary artery,
2: Infraorbital artery, 3: Sphenopalatine artery, 4: Descending
palatine artery, 5: Posterior superior alveolar artery, 6: Lateral
plate of the pterygoid process, 7: Medial plate of the pterygoid
process.

|

right nasaf
floor

Absence of incisive foramen.

Figure 6.

We found intraosseous and periosteal anastomoses as
well as an anastomosis through the incisive foramen. The
latter was obstructed in three cases.

The vascular territories corresponded to the palatine mu-
cosa at the soft palate and the entire ipsilateral nasal cavity
(Figures 6 and 7). In the soft palate, the anterior end was
formed by the anterior alveolar crest on the palatine mu-
cosa (Figure 7), whereas in the nasal cavity, the anterior
end was formed by the posterior part of the nasal vestibule.

Discussion

The maxilla is situated in an anastomotic network created
by the branches from the maxillary artery in the ptery-
gopalatine palate. The classical periosteal branches and the
intraosseous branches are integral parts of this network.?
Our study made it possible to describe and illustrate the
vascularization of the maxilla with the variations of the
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Figure 7. The right nasal cavity. In black: the territory of the
maxillary artery - in red: the territory of the facial artery. The
walls are vascularized by the maxillary artery - the vestibule of
the nasal cavity by the facial artery. A: Lateral wall of the nasal
cavity, B: Medial wall of the nasal cavity. 1: Sphenoidal sinus,
2: Middle turbinate, 3: Semilunar ostium, 4: Inferior turbinate,
5: Nose hairs and vestibule.

intraosseous artery situated in the maxillary wall and the
variations of the division of the descending palatine artery.

The posterior superior alveolar artery gave rise to an
intraosseous artery in 18 out of the 24 cases. This artery
passed along the entire wall of the maxilla in ten cases to
anastomose with the infraorbital artery or end at the ante-
rior nasal spine. In eight cases, the artery passed only along
a portion of the maxillary wall.

The intraosseous artery could be either short or long. In
the latter case, it has been reported to anastomose with
the infraorbital artery.® This anastomosis was inconsistent
in our study, in contrast to the anastomosis between the
infraorbital artery and the periosteal branch of the poste-
rior superior alveolar artery that we identified in all of our
dissection cases. These results are inconsistent with those
obtained by Solar et al. and Traxler et al. in their respective
studies of 18 maxillae.®°

According to our study, this intraosseous artery was in-
consistent, which is compatible with clinical practice and in
agreement with prior findings.®'" We identified it in 75% of
cases.

In a series of 208 maxillary sinuses analyzed by a CT scan,
a vascular osseous canal was identified in 55% of cases.
Based on an analysis of 50 CT scans, the authors deemed
that during the surgical approach of the maxillary sinus, the
intraosseous artery represented a risk of hemorrhage due to
its topography in 20% of cases.?

The proportion of intraosseous arteries was lower ac-
cording to X-ray examination than that according to
anatomical studies.®'?

The intraosseous artery could be visualized only when its
diameter was greater than 0.5 mm.’

The lack of visualization of the vascular canal on X-rays
does not exclude the risk of vascular lesion.

This intraosseous artery, rarely described in standard
texts,* participates in the vascularization of the maxilla. It
warrants further investigation, particularly in implantology,

where it can pose a surgical risk when it has a substantial
diameter and it participates in the vascularization of grafts
put in place after sinus lift.% 1012

We found that the posterior superior alveolar artery gave
rise to a periosteal branch that consistently anastomosed
with the infraorbitary artery.

The periosteal and intraosseous branches participated in
the vascular architecture of the maxilla.

The descending palatine artery participates in the vas-
cularization of the maxilla in the pterygopalatine fossa. It
exhibited variations in terms of the number and position-
ing of its branches. It gave rise to between one and four
branches. One of these branches crossed the lateral wing of
the pterygoid process, which increases the risk of hemor-
rhage in the pterygopalatine disjunction. It consistently dis-
played an anastomosis with the ascending palatine artery,
and it anastomosed with the sphenopalatine artery through
the incisive foramen. This foramen was obstructed in three
cases. The role of the supply of these anastomoses in vascu-
larization has been demonstrated in several studies.”?> The
descending palatine artery lesion is not consistent during Le
Fort type | osteotomy.” Hemorrhage with Le Fort type | os-
teotomies most often occurs in the posterior region of the
maxilla.’3

Only a small number of studies to date have examined
variations in the descending palatine artery because of diffi-
culty in accessing and dissecting the pterygopalatine fossa.
Choi and Park have described five morphological types of
distribution of the maxilla artery in the pterygopalatine
fossa.”

To the best of our knowledge, no study has focused on the
variations of the descending palatine artery in the ptery-
gopalatine fossa and its path to the palatine mucosa.

We grouped these arteries into three types. Type Il ar-
teries gave rise to more than two branches, some of which
crossed the lateral wing of the pterygoid process. Anasto-
mosis of the descending palatine artery or its branches with
the ascending palatine artery was consistent with the way
it is usually described.®

These observations allow us to understand variation in
the risk of hemorrhage in the pterygomaxillary disjunctions
and the supply pathways in the vascularization of the max-
illa in Le Fort type | osteotomies in the setting of orthog-
nathic surgery.

The maxilla was located in an anastomotic network. This
system reduces the risk of necrosis, although it increases
the risk of hemorrhage.

There were adjacent mucosal vascular territories at the
palatine mucosa and the nasal cavity, each corresponding to
the ipsilateral maxillary artery.

We found a case of anastomosis between the maxillary
artery and the internal carotid artery through the foramen
rotundum. The maxillary artery gives rise to its intracra-
nial branches through the foramen rotundum or the fora-
men ovale in the case of agenesis of the internal carotid
artery.’ These anastomoses between the internal carotid
artery and the maxillary artery have rarely been described.
When they are functional, they ought to perhaps be con-
sidered as a supply pathway in the case of thrombosis of
the internal carotid artery, and they should be added to the
numerous causes of neurological complications in pterygo-
maxillary disjunctions in orthognathic surgery.'
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In this study, we characterized the intraosseous artery
in the wall of the maxilla, the variations of the descend-
ing palatine artery in the pterygopalatine fossa, and the
palatine and nasal mucosa arterial territories of the nasal
cavity.

This architecture of the arterial vascularization reveals
the role of the maxillary artery and its branches, and it sup-
ports the notion that it can be removed with the middle
third of the face for composite tissue allotransplantation of
the face.*1>1¢

However, the maxillary artery is a deep artery that is dif-
ficult to access, and its removal as part of composite tis-
sue allotransplantation of the middle section of the face is
not necessary in practice.'’'® A detailed study of the vas-
cularization of the middle section of the face is of primary
importance for research and the teaching of reliable and
reproducible procedures. The low number of cases of allo-
transplantation of the face performed and the constraints
related to graft harvesting underscore the importance of
anatomical research. Hence, different methods of removal
need to be devised to obtain grafts with optimal vascular-
ization.
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