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The Makxillary Neurovascular Canals as the
Basis for the Local Anesthesia Efficacy

Abstract

It is not known the way in which a local anesthetic, following the Anterior
Middle Superior Alveolar (AMSA) anesthesia, reaches the superior dental plexus.
Consequently, the aim of the study was to examine the possible route of diffusion
of a local anesthetic from the anterior lateral palatal injection to the superior
dental plexus. The palatal and alveolar regions of 48 dry maxillae were examined
and 6 autopsy specimens of the same region were prepared for histological and
immunohistochemical analysis. The study revealed palatal and alveolar process
openings in all the specimens. They average 6.3 in number close to the central
incisor, 5.2 to the lateral incisor, 3.7 to the canine, 3.8 to the 1st premolar, and 3.9
to the 2nd premolar. The microscopic structure of the epithelium, lamina propria,
submucous layer, arteries and nerves, periosteum, and cortical and spongious
bone was described in detail. The neurovascular pores and canals had a diameter
of their opening of 90.28-1,230.62 um (mean, 893.62 um). The initial part of the
canals varied in diameter between 523.42 um and 903.04 um (mean, 622.93 um).
The canals penetrated the cortical bone and usually terminated in the spongious
bone towards the alveolar process. They contained a larger artery or several
smaller arteries, some veins, a few tiny nerves, collagen fibers type I, and small
collections of the fatty cells. The neurovascular canals and the pores most likely
represent a route for diffusion of an anesthetic from the lateral palatal region to
the superior dental plexus.
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Introduction

One of the procedures in dentistry is the AMSA (Anterior Middle
Superior Alveolar) anesthesia, a relatively new local anesthetic
technique, which has been introduced to achieve the pulpal
anesthesia of the maxillary anterior teeth, and the surrounding
tissues, by a single injection of certain anesthetic agent [1-9]. The
local anesthetic, applied into the lateral palatal region at the level
between the 1st and 2nd premolar, must diffuse all the way from
the injection site to the anterior and middle part of the superior
dental plexus, located just above the maxillary teeth roots, and to
inhibit there the nociceptive neurotransmission along its dental
(pulpal), and gingival and osseous twigs [10-13].

However, there are no precise data in contemporary literature
which could explain in which way an anesthetic can penetrate
the osseous palatine and alveolar processes of the maxilla,
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especially their cortical bone which virtually does not allow a
liquid resorption [13]. The only possibility is that an anesthetic
uses the neurovascular (nutritive) bony canals to reach the
mentioned parts of the superior dental plexus within the upper
portion of the alveolar process of the maxilla [3,11,12]. To our
knowledge, the anatomic and histological examination of these
canals has never been performed.

Accordingly, the aim of our study was to find those canals close
to the site of the anesthetic injection and the adjacent region, to
examine in detail their distribution, structure and contents, as
well as to perform certain morphometric study.

Materials and Methods

This study has two domains, an anatomic, and a histochemical
and immunohistochemical examination.

Anatomic observation

We examined 48 dry maxillae from the collection of the Institute
of Anatomy, Faculty of Medicine in Belgrade, with permission
of the Institute authorities. In those specimens, the osseous
pores and foramina were inspected at the level of the incisors,
the canines, and the 1st and 2nd premolars by using magnifying
glasses (x2 and x4). They were examined from the level of the
greater palatine groove toward the sockets of the mentioned
maxillary anterior teeth. The location and number of these bony
openings were determined. The largest foramina were measured
by using a digital caliper (Mitutoyo, Kawasaki, Japan). The
minimum, maximum and mean values were counted.

Histochemical processing and staining

Six specimens of the maxillary region, which included palatine
process, alveolar process, palatal mucosa and submucosa,
alveolar mucosa and gingiva, were taken during routine autopsy
from 3 males and 3 females aged between 54 and 68 years (mean,
59 years). This was approved by the authorities of the Institute
of Pathology, Faculty of Medicine in Belgrade, and the Ethical
Committee of the Clinical Center of Serbia in Belgrade. We were
allowed to use only the unendentous portions of the maxilla and
surrounding tissues. Each specimen was cut out from the maxilla
by means of a dentist electric drill. Two transverse (coronal)
incisions in the oral cavity were made anterior and posterior to
the 1st and 2nd premolars, to the level of the middle part of the
alveolar process, i.e. just lateral to its palataine (lingual) cortical
plate. Then, a sagittal section was placed through the medial part
of the hard palate, and another one through the alveolar process.
Each cut off specimen measured 11 x 19 mm on average.

Tissue samples were fixed in buffered 10% formaldehyde
solution (pH 7.5) for 48 h, decalcified in a solution of
ethylenediaminetetraacetic acid disodium salt -EDTA [5.5 g,
distilled water 90 ml, and 10 mL formaldehyde (37/40% stock)]
for 3 weeks, and finally routinely processed to the paraffin blocks.
The samples were prepared for the optic microscopy according to
the previously described protocol [14]. Semithin serial sections (6
um thick) were cut on a rotatory Leica RM2255 microtome (Leica
Micro-Systems, Reuil-Malmaison, France), and then adhered
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to “Super frost” microscopic slides (Menzel-Glaser, Germany).
Tissue sections were stained with hematoxylin and eosin (H&E)
and Azan trichrome stain (Bio Optica, Code 04-001802).

Microscopic and morphometric analyses were performed on
Olympus BX-41 light microscope, and microphotographs were
taken with Olympus XC50 digital camera, using the Cell Sens
Entry software (Olympus, Tokyo, Japan).

Immunohistochemical staining

The immunohistochemical (IHC) method was used for the
identification of collagen type | and laminin antigens, which
were prepared according to a standard technique [15]. After
tissue deparaffinization and rehydration, antigen retrieval was
performed by incubating the tissue sections in 0.01 M citrate
buffer (pH 6.0) in a microwave oven for 20 minutes. Endogenous
peroxidase activity was blocked with 0.3% hydrogen peroxide
in methanol for 10 minutes at room temperature. Thereafter,
tissue sections were incubated with anti-collagen | (ab34710,
Abcam; diluted 1:100 with Dako antibody diluent, Code S0809)
or anti-laminin (ab11575, Abcam; diluted 1:400 with Dako
antibody diluent, Code S0809) antibodies. The incubation of the
tissue samples with primary antibodies was performed overnight
at 4°C. The sections were subsequently treated by applying
the commercial UltraVision/DAB staining kit (ThermoScientific
LabVision TL-060-HD). Antigen-antibody complexes were
visualized with 3,3’-diamino-benzidine (DAB) substrate solution.
The sections were counterstained with Mayer's hematoxylin.
Negative controls were performed on tissue sections using the
same methodology, but with the omission of primary antibody.

Results

The anatomic examination was first performed, and then the
histochemical and the IHC analysis of the post-mortem specimens
of the lateral maxillary region.

Anatomic examination

The anatomic study was undertaken in the lateral palatine
region, i.e. just lateral to the greater palatine groove, as well as in
the mesial portion of the alveolar process (Figure 1). Both areas
were located at the level of the anterior teeth, that is, the central
and lateral incisors, and the canine, as well as the 1th and 2nd
premolars, where the anesthetic is commonly applied in dental
practice.

The examination revealed 1102 total number of the bony
openings in 48 dry maxillae. They were presented at the level
of the corresponding teeth, where they ranged from 1 to 10 in
number (Table 1). Most of the observed openings were small,
less than 1 mm in diameter. In two cases, however, a larger
foramen was observed which measured 1.7 mm and 2.3 mm in
size, respectively (Figure 1). Some of the openings were more or
less distant among themselves, whilst some others were grouped
at the level of certain teeth (Figure 1).

General histological remarks

The 827 obtained slices of the lateral palate and the superior
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Inferior aspect of the bony palate and the right and
left alveolar processes. Note molar teeth (1), premolar
teeth (2), canine tooth (3), lateral and central incisors
(4), incisive fossa (5), median palatine suture (6), socket
for the 2" premolar (7), transverse palatal suture (8),
greater palatine foramen (9), horizontal plate of the
palatine bone (10), palatine process of the maxilla
(11), lesser palatine foramen (12), and greater palatine
groove (13). Also note a larger palatal foramen (larger
arrow), several small foramina (smaller arrows), and an
opening (arrowhead) close to the incisive fossa and the

Figure 1

\

Table 1 The location and number of the neurovascular openings.

Level of location Number: range (mean)

central incisor. J

Central incisor 1-10(6.3)
Lateral incisor 1-9 (5.2)

Canine 1-9 (3.7)
First premolar 1-7 (3.8)
Second premolar 1-7 (3.9)

part of the alveolar process, with surrounding soft tissues (Figure
2), were carefully analyzed. The examination first comprised
the mucous membrane and gingiva, including the epithelium
and the palatal submucous layer, as well as the periosteum, the
bony tissue, and the neurovascular canals and the osseous pores
(Figures 2 and 3).

The alveolar gingiva was covered with a stratified squamous
epithelium, which is either fully or partially keratinized (Figure
3). The epithelium ranged between 408.03 pm and 443.35 um
(mean, 430.02 um) in thickness. The subepithelial layer was made
up of a dense irregular connective tissue, with a large number of
the collagen fiber bundles. The entire gingiva varied in thickness
from 1,593.18 um to 1,799.62 um, with a mean value of 1,712.85
pm (i.e. about 1.7 mm).

The alveolar bone showed a superficial cortical (compact) layer
composed of a few parallel lamellae. Its deeper and much larger
part was made up of the spongy bone with certain spicules and
branching trabeculae built by some irregular lamellae (Figure 3).
The intertrabecular spaces contained fat cells, small number of
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collagen fibers, a small amount of the red bone marrow, and tiny
blood vessels and nerves sporadically.

The palatal mucosa (Figure 4) was also covered by a stratified
squamous epithelium, which was either ortokeratinized or
parakeratinized. It ranged in thickness from 536.13 um to 612.75
um (592.26 um on average). The thickness of the entire mucous
membrane, including both the epithelium and the subepithelial
layer, varied between 2,267.55 um to 3,148.24 um (mean,
2,875.26 um, i.e. about 2.87 mm). The subepithelial layer, that
is, the lamina propria, contained densely packed bundles of
collagen fibers (Figure 4).

Transverse (coronal) section of the left lateral palatal
region (1) and the upper part of the alveolar mucous
membrane (4), submucous layer with minor salivary
glands, arteries and nerves (5), and spongious bone (6).
Also note the nasal mucosa above the medial part of the
palatine process. (x2, Azan trichrome staining). )

Figure 2

)

Transverse section of the gingiva (1) and the mucosa
(2) of the alveolar process with its spongious bone (3).
Note gingival epithelium (4), epithelium of the alveolar
mucosa (5), and small pores of the alveolar bone
(arrows). (x4, H&E staining). )

3

Figure 3

N
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Figure 4 Palatal epithelium (1) and the subepithelial collagen
fibers (2). Note fat cells (3), cortical bone of the
palatine process (4), the submucous palatal arteries
(larger arrows) and nerves (smaller arrows). Also
note a measuring bar in the left bottom corner. (Azan

\ trichrome staining). J

The submucous layer contained collagen fibers as well, but also
the fat tissue, salivary glands (Figure 2), blood vessels, and nerves
(Figure 4). The collagen fibers were present throughout this layer
in a smaller or larger amount. The smaller or larger collections
of the fat cells (adipocytes) were randomly arranged within the
submucous layer among the collagen fiber bundles, and around
the blood vessels and nerves (Figure 4). They showed a typical
appearance: round or polygonal in shape, with a lucent cytoplasm
and small, dark and elongated nucleus at the periphery.

The minor salivary glands were present within the submucous
layer at the level of the 1st and 2nd premolars (Figure 2). Their
main cells contained small secretory granules and a dark nucleus
located in their basal part. The cone-shaped and tightly packed
cells were oriented toward the central part of each acinus.

The blood vessels were abundant within the submucous layer
(Figure 4). The arteries were more often seen than the veins, and
they represented the branches of the greater palatine artery.
Their wall consisted of the intima, media, and adventitial coats,
with a clearly visible internal elastic lamina.

The nerves of smaller or larger size were observed among the
collagen bundles and often close to the blood vessels (Figure 4).
They contained densely packed axons with the Schwann cells
surrounded by the perineurium. All of them were branches of
the greater palatine nerve.

The palatine process showed the periosteum, and the cortical
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and spongy bone (Figure 5). The periosteum presented as a thin
connective layer covering the surface of the palatine process. It
contained densely packed collagen bundles with a relatively large
number of the smaller blood vessels (Figure 4). The periosteum
ranged in thickness from 87.59 umto 121.67 um (mean, 106.69 pum).

The cortical bone comprised the most superficial layer of the
palatine process, to which the periosteum was attached (Figures 4
and 5). It consisted of only a few parallel osseous lamellae (Figure
5). Just above that thin layer, the osteons were located close
to each other (Figure 5). They were formed by the concentric
lamellae, ranging in number from 4 to 12 (7.14 on average).
The lamellae contained the osteocytes embedded within their
lacunae. A Haversian canal was present in the center of each
osteon (Figure 5). The osteons varied in size between 311.02 um
10 869.16 um (mean, 667.80 um). The Haversian canals ranged in
diameter from 114.23 um to 347.82 um (231.23 pm on average).
They mainly contained small blood vessels and tiny nerves. After
decalcification, the concentric lamellae of Haversian osteons
moderately expressed collagen type I.

Neurovascular canals

We examined first some small openings of the cortical bone of
the alveolar and palatine processes, and then true osseous canals
in histological slices.

The upper mesial part of the alveolar process of each histological
specimen contained between 3 and 6 pores (mean, 4.2). They
were isolated or grouped, in the latter case comprising sometimes
3 or 4 of them in a microscopic field (Figure 3). Some of the pores

A‘ oo NN \ .
Figure5 Transverse section of the osteons with the Haversian
canals (1), as well as the periosteum (2). (Azan trichrome

staining). J

This article is available in: http://orthodontics-endodontics.imedpub.com
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were closed, i.e. they were like small depressions within the
outer part of the cortical bone. The remaining pores, however,
were open, that is, they continued through the whole thickness
of the compact bone, and ended soon in the intertrabecular
spaces of the spongy bone (Figure 6). The pores contained small
arteries and/or tiny nerves accompanied by just a few collagen
fibers or, quite the opposite, by a larger number of the collagen
bundles (Figure 6). As regards the typical, long neurovascular
canals, they were virtually not observed in the upper part of the
alveolar process.

On the other hand, the pores were rarely seen within the lateral
part of the palatine process, usually 1 or 2 per a specimen.
However, the typical neurovascular canals were present in all the
cases (Figure 7). They ranged in number from 3 to 6 (mean, 3.8)
at the level of the 1st and 2nd premolars. The canals were most
often obliquely oriented (Figure 7). After passing through the
cortical bone, some of them continued through the spongiosa
of the palatine process close to the alveolar process, where
they sometimes had a slightly tortuous course (Figure 8). In
some cases, the main canal gave rise to one or two smaller side
branches when entering the cortical bone. In other instances,
each canal divided into 2 or 3 terminal branches (secondary
canals) within the compact or the spongy bone.

The openings of the neurovascular canals ranged in size from
90.28 um to 1,230.62 um (mean, 893.62 um). The initial parts
of the canals varied in diameter between 523.42 um and 903.04
pMm (622.93 um on average). Each canal contained a few small

Two pores (1 and 2) of the alveolar process, which
contain collagen fibers and small vessels. Note the
lamina propria of the gingiva (3). (Azan trichrome

staining). J

Figure 6

_
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Figure7 A typical neurovascular canal (1) within the palatine
process (2). Note periosteum (3), and branches of the
greater palatine artery (4). (Azan trichrome staining). J

Figure 8 Aneurovascular canal (1) with an oblique sinusoid course
through the palatine process. Note the spongious bone
(2) and the submucous layer (3). (x4, Azan trichrome

staining).

NS /

arteries, or one larger and several smaller arteries, and the veins
occasionally. Larger arteries within canals were divided soon into
smaller arteries, some of which entered a secondary canal. The
nerves represented the twigs of the larger submucosal nerves.
There were sporadically small clusters of the fat cells within the
canals, as well as certain amount of collagen fibers (Figures 7 and 8).

In order to determine the expression of main type of the
collagen, that is, collagen type |, in the bone and surrounding
soft tissues, as well as whether those fibers are present in the
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Immunohistochemical reaction against collagen type
I. Note a large amount of collagen fibers (1) to enter a
neurovascular canal (2) and to surround a small artery
(3), as well as compact bone (4) of the palatine process
with collagen expression around the osteocytes within
decalcified bone matrix. (IHC staining for collagen type I).J

Figure 9

N

neurovascular canals, we performed the IHC examination for

collagen type I. The IHC reaction was moderate in the decalcified
bone matrix, and very strong in the mucosal lamina propria and
the submucous layer, the periosteum, and the neurovascular
canals themselves (Figure 9). We also used the IHC for laminin in
our specimens, primarily for a better visualization of connective
tissue investments of the nerves, and thus the nerves themselves,
passing along the neurovascular canal (Figure 10). The strongest
laminin IHC reaction was observed in the arterial walls, especially
within the adventitial and, partially, the media coat, as well as in
the connective tissue investments of the nerves (Figure 10).

The anatomic results will be considered first, and then the
histological and IHC findings, as well as the clinical significance of
the obtained facts.

Discussion
Anatomic aspect

An anestheticis applied at the level of the 1st and 2nd premolars,
close to the greater palatine groove which contains the nerve and
the artery of the same name, the branches of which run toward
the maxillary anterior teeth [1,3,8]. The greater palatine nerve
supplies about three quarters of the hard palate [16,17]. The

© Under License of Creative Commons Attribution 3.0 License
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accompanying greater palatine artery courses lateral to the nerve
[18-20]. Its branches supply the whole hard palate, the mesial
part of the alveolar process and, after entering the nasopalatine
foramen, the inferior and anterior part of the nasal septum, as
well as the anterior portion of the inferior nasal meatus [11].

We examined the bony openings between the greater palatine
groove and the mesial part of the alveolar process at the level
of the anterior maxillary teeth (Figure 1). There are no reports
in literature regarding the number, size and arrangement of
the openings. Only Berkovitz [11] mentioned that “The palatine
process displays numerous vascular foramina...”

The bony openings observed in our specimens (Figure 1) transmit
the twigs of the mentioned greater palatine nerve and artery
(Figures 6-10). In addition, we observed in some of our specimens
one or several openings between the nasopalatine fossa and
the central incisor (Figure 1), which obviously transmits certain
nasopalatine nerve twigs. This is in agreement with the finding
that the nasopalatine nerve may assist in the innervation of the
central incisor, which explains a failure in the anterior superior
alveolar nerve block in some patients at this level [11,21], and
which is similar to a double innervation of the mandibular incisors
[11,21,22].

g "!-\L , e

Immunohistochemical laminin. A

reaction against
neurovascular canal (1) with its contents divides into two
smaller canals (2). Note a strong reaction in the arterial
walls (3) and in the connective tissue investments of the

Figure 10

nerves (4). (IHC staining for laminin).

NS /
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As regards the bony openings themselves, they were observed

at the level of each maxillary anterior tooth (Table 1). They
were most numerous close to the central and lateral incisors. In
addition to these small openings, we noticed in two specimens a
large foramen and a canal at the level of the 1st premolar (Figure
1). It seems to be similar to the variable retromolar foramen in
the mandible [23-25], which transmits certain neurovascular
elements for an additional supply of the mandibular 3rd molar.
Such openings and canals in our specimens most likely conduct
the neurovascular components as well.

Histological aspect

The masticatory mucosa comprises the gingiva, as well as the
mucous membrane of the hard palate and the upper part of the
alveolar process (Figures 3 and 4) [26,27].

The gingiva consists of the squamous ortokeratinized or
parakeratinized epithelium and lamina propria, whilst the
submucous layer does not exist (Figure 3). The lamina propria
contains a dense irregular connective tissue (Figures 3 and 6),
i.e. a large number of the collagen | fiber bundles [11,26]. Our
examination showed that the epithelial lining had a mean value
of 0.43 mm in thickness, whilst the whole mucosa measured
about 1.7 mm on average. Some clinicians take from this site a
free gingival graft and apply it around dental implants [19,28].
The region of the alveolar process above the gingiva is covered
with a mucous membrane (Figure 3).

The palatal mucosa contains the epithelium, lamina propria,
and submucous layer [26,29-32]. The whole palatal mucosa
(Figure 4) in our specimens averaged 2.87 mm in thickness at the
level of the premolars. Other authors obtained similar or larger
values, i.e. 2.25-3.55 mm [18,19,31,33,34]. The differences were
due to various sites of measurement, the age of individuals,
and the applied techniques: a direct probe, ultrasonic device,
computerized tomography (CT), cone-beam CT (CBCT), or
histological methods [27,31-35].

Thepalatal epithelium (Figure4)isalsoasquamousortokeratinized
or parakeratinized lining, with an averaged thickness of 0.59 mm
in the lateral part of our specimens. According to other authors,
the epithelium varied in thickness between 0.31 mm and 0.38
mm [29]. Some discrepancies are most likely due to different age
of patients and various palatal sites of measurement.

The mentioned lamina propria (Figure 4) consists of the papillary
and reticular layers [26,29,31]. The papillary layer, connected
with the epithelium, comprises high columns (Figure 4) which
contain numerous capillary loops. The reticular layer consists of
thick bundles of collagen fibers. Yu et al. [31] found out that the
thickness of both the epithelium and the lamina propria was 1.28
mm on average. On the other hand, Cho et al. [29] obtained the
average thickness of the lamina propria itself of 1.08 mm at the
level of the 1st premolar.

Since the lamina propria contains dense collagen bundles and a
lot of blood vessels, it is often used as a donor site for autogenous
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subepithelial connective tissue grafts in periodontal therapy,
that is, for a tooth root coverage after soft tissue recession, for
the treatment of some mucogingival defects, or for application
around dental implants [31,36-40] Some of the mentioned
authors histologically confirmed the benefit of such a grafting
[37,38].

As noticed in our study and other reports [26,29,31], the
submucous layer of the palatal mucosa contains clusters of the
fat cells, i.e. adipocytes (Figure 4), minor palatal salivary glands
(Figure 2), bundles of collagen fibers, blood vessels, and nerves
(Figures 4 and 7). Because of such a composition, this layer is not
suitable for grafting in periodontal surgery [32].

The periosteum is a thin connective and vascular layer covering
the surface of the cortical bone of the palate and the alveolar
process (Figures 4, 5 and 7). It was connected to the underlying
cortical bone by small bundles of the collagen fibers. The
periosteum in general contains an outer layer of dense collagen
bundles, and an inner layer of the osteoprogenitor cells [26]. We
found a larger number of blood vessels within the periosteum,
some of which entered the cortical bone via the neurovascular
canals.

The periosteum grafts can also be used in oral surgery, for
example in the cleft palate repair [41]. Such grafts, due to the
presence of the mentioned osteoprogenitor cells, can induce
the palatal or alveolar bone regeneration, but also the socket
preservation around the dental implants [41-43].

As regards the bone structure of the palatine and alveolar
processes, it has already been described by certain authors to
some extent, but without any measurement data [11,26]. The
medial part of the palatine process is mainly formed by the
compact bony tissue with the Haversian osteons (Figure 2). The
surface of the alveolar process is built by two cortical plates, the
lingual (or palatine) and the buccal (or facial) one. However, most
of the alveolar process, as well as the lateral part of the palatine
process, contained a typical spongy bone with trabeculae and
the intertrabecular spaces filled with fat cells, red bone marrow
sporadically, and blood vessels and nerves.

Neurovascular canals

In spite of using several key words in various combinations, we
could not find in PubMed any article on the histology of these
canals within the palatine or alveolar processes. There are only
several articles regarding the canals for the superior alveolar
nerves and vessels, including the canalis sinuosus, but only within
the walls of the maxillary sinus. They were examined anatomicaly
and radiologicaly, and none of them histologically [44-47]. A few
other articles were devoted to the vascular alveolar canals of the
mandible, including the mentioned variable retromolar foramen
and canal, which were examined by CT, CBCT, or by magnetic
resonance imaging (MRI) [23-25].

The pores we found in the alveolar process of the maxilla are
actually small neurovascular canals which were, however, much
shorter than those within the palatine processes. They usually

This article is available in: http://orthodontics-endodontics.imedpub.com
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contained a larger number of small arteries, tiny nerves and
collagen bundles. They penetrated the cortical bone, entered the
spongy bone, and coursed most likely toward the sockets (i.e.
dental alveoli) of the maxillary premolars, canine and incisors.

From 1 to 7 of the neurovascular canals were revealed within
the palatine process at the level of the 1st and 2nd premolars
in our specimens. They usually contained a few small arteries
(or one larger and several smaller ones), veins occasionally,
tiny nerves, certain amount of collagen fibers, and often small
clusters of the fat cells. Each canal in serial sections started
first as a small depression of the cortical bone, filled with a
contents, like a depression of the periosteum and cortical bone.
In the subsequent sections, each canal was seen to be formed
gradually. It passed first through the cortical (compact) bone, and
then obliquely through the spongy bone of the lateral part of the
palatine process (Figures 7 and 8). The palatal trabeculae and
the intertrabecular spaces communicated with the spongy bone
of the superior part of the alveolar process (Figure 2). Some of
the canals located medially, i.e. toward the palatal raphe, passed
only through the thick cortical bone and obviously supplied only
the compact part of the palatine process in that area.

The nutrient canals contained certain vascular and neural twigs
which mainly originate from the greater palatine artery and
nerve, and sporadically from the nasopalatine nerve [11,16,21].
They also house a small number of the adipocytes and certain
amount of collagen fibers type I. To our knowledge, the immune
reaction against the collagen | has never been performed in this
region. It was a similar case with the laminin, which is one of the
components of the extracellular matrix and the basal lamina,
along with fibronectin, collagen lll, and other elements [15,26].
The strongest reaction was observed in the arterial walls and the
connective investment of the nerves.

As regards the nerves themselves, Russel et al. [48] confirmed
the presence of the calcitonin gen-related peptide axons, i.e. the
CGRP-positive nerve fibers, within some superior alveolar nerves.
These fibers are invovled in nociception, but also in regulation of
the adjacent blood vessels [48].

As already mentioned, certain local anesthetic (usually Lidocaine,
Mepivacaine, or Articaine) during the AMSA anesthesia is injected
into the lateral palate, that is, close to the 1st and 2nd premolars
[1-4,6-10,13].

The anterior and middle superior alveolar nerves, whose twigs
are blocked by the AMSA anesthesia, arise from the infraorbital
nerve [17,49-51]. The former originates within the infraorbital
canal and continues inferiorly along the canalis sinuosus and
across the anterior wall of the maxillary sinus. It participates
in formation of the anterior part of the superior dental plexus,
and innervates the incisors and canine teeth, as well as the
surrounding tissues [49]. Its nasal branch supplies the walls of
the inferior nasal cavity [17].

The middle superior alveolar nerve, which can be singular,
duplicated, triplicated or absent, arise from the infraorbital
nerve in its groove, and courses inferiorly and anteriorly across
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the lateral wall of the maxillary sinus [17]. Its terminal branches,
which assist in formation of the mentioned dental plexus, mainly
innervate the premolar teeth, and sometimes the mesiobuccal
root of the 1st molar [9,49].

As regards the greater palatine nerve [16,17], it leaves the
foramen of the same name and continues, together with the
greater palatine artery and vein, along the corresponding groove
in the lateral palatal region (Figure 1). The branches of the nerve
supply the structures of the posterior three quarters of the hard
palate, including the palatine process, but also the mesial part of
the alveolar process [17]. The rest of the hard palate is innervated
by the twigs of the nasopalatine nerve. Since the injection of the
anesthetic is very close to the greater palatine groove, great care
should be taken during the procedure to avoid a damage to the
greater palatine artery and nerve.

The anesthetic is injected, in an amount of less than 2 mL, into
the palatine mucosa [9]. Diffusion ability depends, among others,
on chemical structure of an anesthetic and the structure of the
involved tissue [13]. The injected anesthetic easely diffuses
among the collagen bundles of the palatal mucosa (Figures 4 and
7). It can also easely penetrate the membranes and bodies of the
present cells, since most of the applied anesthetics are highly
liposoluble substances [13].

An anesthetic passes then through the periosteum and along
the loose connective tissue within the neurovascular (nutritive)
canals of the palatine process, and then continues through the
spongy bone in its lateral part (Figures 2 and 8). Similarly, the
anesthetic also diffuses easily through the pores of the alveolar
bone (Figures 3 and 6). In this way, the anesthetic blocks first the
palatal and alveolar branches of the greater palatine nerve, and
then reaches the superior dental plexus where it has the same
effect.

Conclusion

The neurovascular canals with small blood vessels, nerves,
collagen fibers, and adipocytes are present in both the alveolar
and palatine processes of the maxilla. They most likely represent
the histological basis for diffusion of a local anesthetic injected
into the lateral palatine region.
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