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Introduction

In the modern period, with the rapid spread of implant-prosthetic treatment, the
importance of accurate data on the jaw and mandible has increased. The structural
characteristics of the alveolar processes change significantly after tooth loss. The maxilla,
formed by the two maxillary bones, has thinner cortical bone than the mandible and its

structure is dominated by cancellous (trabecular) bone.

CT scans are ideal for assessing bone anatomy and allow accurate measurements
useful, for example, for the analysis of the pterygopalatine fossa and the large palatine

canal. Cone Beam Computed Tomography (CBCT) scans are used in dentistry.

The basic assumption of my research was that many pre-existing anatomical data in
the literature cover a real range of anatomical variations reduced by comparison with the
details provided by sectional anatomy in cone-beam computed tomography. For these
reasons, the main aim of my PhD work was to identify anatomical possibilities, some
subtle, at the level of the maxillary floor of the skull. These are of unquestionable clinical
interest and can be assessed in cone-beam computed tomography on a case-by-case basis

by the stomatologist.

1 Anatomo-imaging investigations of the large palatine foramen

1.1 Introduction
Looking at the large palatine canal (MPC) and its inferior opening, the large palatine

foramen, previous studies have documented the following variables:

- GPM position relative to the maxillary molars or to various landmarks of the hard
palate, such as the median plane, the posterior edge of the hard palate, the incisal
foramen, the anterior nasal spine or the alveolar ridge;

- GPM position relative to the pterygoid hook, 10-16 mm antero-medial to it;

- bilateral topographic symmetry of the GPM,;

- GPM diameter;

- CPM angulation;

- CPM length;

- GPM shape (e.g. oval, chain, slot, round);

- number of GPM (absent, single, double);
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- CPM length and pterygopalatine fossa (PPF) height.

I have not been able to identify in the literature much consistent data, such as those
from recent studies, on the bilateral geometric and morphometric symmetry, respectively,
of CPM..

1.2 Material and method
Cone Beam CT (CBCT) scan records from 104 dental patients (43 male, 61 female,)

were studied retrospectively. CBCT scanning was done for dental reasons with an iCat
scanner (Imaging Sciences International, Hatfield, USA) (resolution 0.250, FOV 130°,
image matrix size 640 x 640). CBCT files were exported in *.dcm format and
anatomically evaluated with Planmeca Romexis Viewer 3.5.0.R software, as in previous
studies. Patients had informed consent to use anatomical information in the study,

provided that files were anonymized and confidentiality was maintained.

We followed the topographic types of GPM referred to maxillary molars, noting "E"
the presence of edentulousness in that site. We defined type 1 for GPM placed at the
interproximal septum between the first two molars of the maxilla (M1/M2), type 2 for
GPM medial to the second molar of the maxilla (M2), type 3 for GPM in line with the
M2/M3 interproximal septum, type 4 for GPM in line with M3 and type 5 for GPM
located distal to M3.

We used a secondary retrospective batch of 72 CBCT records to determine the
variability of distances between the GPM and the incisive fossa and posterior nasal spine,
respectively. There were 23 male and 49 female cases. In this study we defined types by

value groups as follows:

1) for GPM-incisor fossa distance: type A = <35 mm, type B = 35-40 mm, type C
= 40-45 mm and type D => 45 mm

2) for distance GPM-posterior nasal spine: type 1 = < 14 mm; type 2 = 14-15 mm;
type 3 = 15-16 mm; type 4 = 16-17 mm; type 5= 17-18 mm; type 6 = 18-19 mm;
type 7 = 19-20 mm; type 8 = > 20 mm.

1.3 Results - Topography of the large palatine hole referred to the maxillary
alveolar-dental arch



1.3.1 Resultsin the overall lot and grouped by gender
Of the 104 cases, 63 (60.5%) had terminal edentulousness of the jaw, 12 (11.5%)

unilateral and 51 (49%) bilateral. Out of 43 male subjects, 4 (9.3%) had unilateral distal
maxillary edentations, another 18 (41.8%) had bilateral terminal maxillary edentations.
Of 61 female subjects, 8 (13.1%) had such unilateral edentations and 33 (54%) bilateral.

We did not identify in the investigated group the presence of GPM at the

interproximal septum between M1 and M2.

2+2 2+3 3+3 3+4 4+4 4+4E  4E+4E 545 5+5E S5E+5E

M 0 0 2 2 10 4 14 7 0 4
F 2 1 0 0 9 7 27 8 1 6
TOTAL 2 1 2 2 19 11 41 15 1 10

Tab. 1- 1 - Bilateral determinations of the position of the large palatine foramen in the study group (N=104), males
(M, n1=43) and females (n2=61).
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Graph 1- 1 - Comparative graph of the prevalence of the topographic types of the large palatal foramen in the male
(n1=43) and female (n2=61) sublots. In both sublots maxillary 3rd molar edentations prevail but they are more
numerous in the female sublot.

In the overall group most cases had type 4E bilaterally, i.e. GPM located medial to
the edentulous site of maxillary M3 (39.42%). Only one case (0.96%) had GPM located
distal to M3 (dentate but contralaterally edentulous) and associated types 2 and 3, i.e.
GPM located medial to M2 associated contralaterally with the location at the
interproximal septum between maxillary M2 and M3.
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In the subgroup of males (n1=43) most cases presented, as in the general group, type
AE bilaterally, i.e. GPM located medial to the edentulous site of maxillary M3 (32.56%).

There were no "2+2", "2+3" and "5+5E" combinations.

In the female subgroup (n2=61) the majority of cases had type 4E bilaterally, so GPM
located medial to the edentulous site of maxillary M3 (44%). In only one case (2%) were
GPM located distal to M3 (dentate but contralaterally edentulous) and associated types 2
and 3, so GPM located medial to M2 associated contralaterally with location at the
interproximal septum between maxillary M2 and M3. There were no combinations of
"3+3" and "3+4" types.

1.3.2 Results in the dentate sublot
In the overall group (N=104) there were 41 bilaterally dentate cases in 21 males (n3)

and 20 females (n4). The dental topography of GPM in the dentate sublot is shown in the
following table.

2+2 2+3 3+3 3+4 4+4 5+5
M 0 0 2 2 10 7
F 2 1 0 0 9 8
TOTAL 2 1 2 2 19 15

Tab. 1- 2 - Bilateral distribution of topographic types of the large palatal hole, referred to upper molars, in the sublot
of dentate cases. Bilateral asymmetry was recorded in 3/41 cases (7.31%), one case (2.43%) with GPM at M2 and
M2/M3 septal level respectively and two other cases (4.87%) with M3-M2/M3 topographic combination. M: male; F:
female.

1.3.3 Results in the edentulous sublot
In 63 cases we showed distal maxillary edentulousness, in which the position of the

GPM could not be topographically referred to maxillary molars. There were 22 such male
cases and 41 female cases. There were 51 bilateral edentations, 3 distal edentations on the

right side and 9 such edentations on the left side.

1.4 Results - Topography of the large palatine hole in the hard palate

We have documented the values for the distances between the GPM and the incisive
fossa of the hard palate (tab.1-3) and between the GPM and the posterior nasal spine
(tab.1-4), respectively. Regarding the first of these two variables, | note that the range of
morphometric variation was wider in female cases. The values obtained for the GPM-

posterior nasal spine distance had lower averages in females.
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M 36,62 45,89 40,58 36,55 47,82 40,86
F 32,54 46,38 38,63 31,78 49,03 38,3
TOTAL 32,54 46,38 39,25 31,78 49,03 39,12

Tab. 1- 3 - Reference values in the investigated group (N=72) regarding the distance (mm) between the large palatal
hole and the incisive fossa of the bony palate. "min" - minimum distance; "max" - maximum distance; "mean"” -
average value; M - male cases; F: female cases; R - right side; L - left side.

R-min R-max R-mean L-min L-max L-mean
M 14,77 20,19 17,27 14,76 20,64 17,44
F 13,53 19,42 16,21 12,97 19,65 16,38
TOTAL 13,53 20,19 16,56 12,97 20,64 16,72

Tab. 1- 4 - Reference values in the investigated group (N=72) regarding the distance (mm) between the large palatal
hole and the posterior nasal spine. "min" - minimum distance; "max" - maximum distance; "mean" - average value;
M - male cases; F: female cases; R - right side; L - left side.

The values of the distances determined between the GPM and the incisal fossa were
grouped into types A-D. In the overall group (N=72), on the right side, the resulting
prevalences were: type A - 3.47%, type B - 28.47%, type C - 15.97% and type D - 2.08%.
On the left side, type A was identified in 6.94%, type B in 26.39%, type C in 13.89% and
type D in 2.78%.

In men (Ng =23) we did not identify type A (distance < 35 mm), type B (35-40 mm)
was present on the right in 12 cases and on the left in 13 cases, type C (40-45 mm) was
present on the right in 10 cases and on the left in 7 cases, and type D (>45 mm) was
identified on the right in one case and on the left in 3 cases. In women (Nr =49) type A
(distance < 35 mm) was present on the right in 5 cases and on the left in 10 cases, type B
(35-40 mm) was present on the right in 29 cases and on the left in 25 cases, type C (40-
45 mm) was present on the right in 13 cases and on the left in 13 cases, and type D (>45

mm) was identified on the right in 2 cases and on the left in one case.

Bilateral asymmetry of value group types for GPM - incisor fossa distance in males
(Nm =23) was identified in 13.04%; bilateral symmetric type A was not detected, bilateral
symmetric type B was present in 52.17%, bilateral symmetric type C occurred in 30.43%
and type D in 4.35% . In females (Nr =49) bilateral asymmetry was identified in 26.53%;
bilateral symmetric type A was detected in 10.2%, bilateral symmetric type B was present
in 44.9%, bilateral symmetric type C occurred in 18.37% and type D did not show
bilateral symmetry.

In the overall group (N=72) there were 144 bilateral determinations of distances

between the GPM and the posterior nasal spine. The values obtained were grouped into 8



types with the following prevalences: type 1 - 3.47%, type 2 - 6.94%, type 3 - 25%, type
4 - 25.69%, type 5 - 21.53%, type 6 - 10.42%, type 7 - 5.56% and type 8 - 1.39%.0n the
right side, in the overall group (N=72) the types for the distance GPM - posterior nasal
spine, had the prevalences: type 1 - 1.39%, type 2 - 9.72%, type 3 - 22.22%, type 4 -
30.56%, type 5 - 23.61%, type 6 - 8.33%, type 7 - 2.78% and type 8 - 1.39%.

1.5 Discussions
The hard palate is made by the palatine processes of the maxillary bones and the

horizontal laminae of the palatine bones. The palatal vault is completed on the sides by
the alveolar processes of the two palatine bones. An important anatomical landmark of
the posterior palate in dentistry is the GPM which lies between the horizontal blade of the

palatine bone and the maxillary bone.

Changes in the alveolar ridge, and subsequently the palatal arch, may be due to
physiological resorption with age, total or partial dentures, traumatic extractions or
changes in bone metabolism. These factors predispose to morphological variations of the
alveolar ridge and limit the usefulness of distances between the GPM and the buccal

alveolar wall in the live localization of the GPM.

2 Anatomo-imaging investigations of the nasopalatine duct

2.1 Introduction
The anterior maxilla is a region of interest for clinicians performing various oral and

maxillofacial surgery procedures, such as insertion of endosseous implants, enucleation
of wisdom teeth, orthognathic surgery, and extraction of impacted and supernumerary
teeth. A good knowledge of the morphological details of the anterior maxilla is important
for successful surgical protocols, including the avoidance of neurovascular
complications. Morphological estimation of the NPC is useful to clinicians for implant

insertion.

Although the NPC is one of the most important anatomical structures in the
premaxilla, there is little documentation available on the anatomical variations,
dimensions and morphology of the NPC. Oral implant surgery at the edentulous
premaxilla is often challenging due to the aesthetic, phonetic and biomechanical

implications.



Fig. 2- 1 - Dried skulls, lower view of hard palate. (A) Anatomically defined incisive fossa (arrowhead), proper
nasopalatine canals discernible. (B) Incisive fossa morphologically absent (arrowhead), numerous fine canaliculi
open at this level.

I noticed the hard palate on the dry skulls. We identified a specimen that did not show
the usual anatomical morphology (Fig. 2-1): the incisive fossa was absent and numerous
canaliculi, and not a morphologically configured NPC, opened through foramina in the
respective anatomical site. We thus hypothesized that the CNP may also be absent. Thus,
we designed an anatomical-imaging study to identify anatomical variables of the CNP,
including its presence or absence. | consider that there is no universally accepted

terminology for CNP/CI.

The nasopalatine canal (incisive canal of the premaxilla) has been assigned different
morphologies in the frontal plane, one being the "Y" shape with two upper arms (own
CNP). The nasopalatine canal with a "Y" morphology has the two upper arms separated

by a bony wall that is different from the nasal septum.

2.2 Material and method

2.2.1 Study lots

2.2.1.1 Batch used in the nasopalatine duct study
To assess CNP/CI variability we used a retrospective batch of archived Cone Beam

CT (CBCT) records from 89 patients, 38 male (42.69%) and 51 female (57.3%).
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2.2.1.2 Batch used in the nasomaxillary ridge study
To assess the variability of nasomaxillary ridge we used a retrospective batch of

archived CBCT records from 41 patients, 11 male (26.82%) and 30 female (73.18%).

2.2.2 Research method
We performed a retrospective CBCT study of archived patient files from the two

groups. Cases were scanned with an iCat (Imaging Sciences International [Hatfield, PA,
USA]) with settings: resolution 0.250, FOV 130, image matrix size 640 x 640. Patients
were positioned according to the manufacturer's recommendations. Scanned data were
exported as *.dcm files and evaluated with Planmeca Romexis Viewer 3.5.0.R software,
as in previous studies [[20] and with Blu Sky Plan software (BlueSkyBio.com). We
evaluated both two-dimensional planar sections and three-dimensional renderings.
Patients gave informed consent for the use of their data in the research, provided they

were anonymized.

2.2.3 Documented anatomical variables

2.2.3.1 Morphological variables of the nasopalatine duct
In the NPC study we looked at the following anatomical variables:

- presence or absence of this channel;

- the number of superior orifices (nasopalatine holes);

- the number of lower openings (incisor hole);

- Nasopalatine canals proper (superior): position in frontal plane (parallel, Y-

shaped), number, intracanal septa leading to secondary canaliculi.

2.2.3.2  Anatomical variables of the nasomaxillary or septo-premaxillary ridge

In the batch of 41 anatomically documented cases for nasomaxillary or
septopremaxillary ridge (NMC/SPMC) we followed the following anatomical variables:

- median or sloping placement of the CNM/CSPM,;
- the length of this ridge: either short ridge not descending into the CNP or long
ridge descending into the CNP;

- the presence or absence of the CNP.

2.3 Results

2.3.1 Anatomo-imaging study of the nasopalatine duct

11



We detected a number of individual variations in CNP/CI in the investigated group

(N=89). These corresponded to the following types and subtypes that we have defined

below.

CNP types:

type | - CNP/CI present, with 2 nasopalatine holes and 1 G,

type 1l - CNP/CI absent, 2 nasopalatine holes, 1 Gl;

type 111 - CNP/CI present, unique, with 1 nasopalatine hole and 1 G,

type IV - CNP/CI present, 3 nasopalatine holes, two lateral and one medial, 1 Gl;
type V - CNP/CI absent, nasopalatine holes absent, 1 incisive hole, blind.

Type | showed the following subtypes in the investigated batch:

subtype la - CNP in "Y", without secondary canaliculi;

subtype Ib - "Y" NPC with secondary canaliculi (sagittal intracanal septum);
subtype Ic - "Y" NPC with secondary canaliculi (coronal septum) in a single NPC
of its own;

Id subtype - "Y" NPC with secondary canaliculi (coronal septum) in both proper
NPCs;

subtype le - NPC in "Y", with blind median channel between own NPC;
subtype If - NPC with parallel upper arms separated by septa;

Ig- CNP subtype present, 2 nasopalatine holes, 1 GI, no septum.

Type 111 had two subtypes:

subtype Illa - median nasopalatine hole, inferior to CNM/CSPM;

subtype I1lb - medial nasopalatine hole, lateral to deviated CNM/CSPM.

The distribution of cases by type of NPC showed the prevalence of type | (66.29%)

in the investigated group (N=89) (Figure 2-1). Only 2 cases in the overall group (2.25%)

showed type Il - absent NPC with two nasopalatine holes at the nasal tip and one GlI. In

17.87% we identified type 111 NPC - single, tubular canal with one hole at the extremities.

Type IV NPC was identified in 3 cases (3.37%), Type V NPC was present in 9 cases

(10.11%). Type | NPC was also prevalent in the male subtype (N1=35) and female

subtype (N2=54).
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Graph 2- 1 - Prevalence of cases by type of nasopalatine duct in the studied group (N=89).

2.3.2 Other anatomical variations associated with the nasopalatine duct

2.3.2.1 Incisor accessory foramina

Fig. 2- 4 - Three-dimensional rendering. Lower view of the incisal hole. Two openings located immediately to the
right of the incisal foramen (arrows) communicate with another opening (arrowhead) on the right side of the incisal
fossa.

13



Fig. 2- 5 - Posterior median incisor foramen. A: Sagittal CBCT section. B: three-dimensional rendering. From the right
proper incisive canal (double-tip arrow) starts a posteroinferior canaliculus (arrow) that opens to a median foramina
(arrowhead) located immediately posterior to the incisive foramen (*).

2.3.2.2  Nasomaxillary or septo-premaxillary ridge

Fig. 2- 6 - Anatomical diagrams of types I-V of l I l 'ﬂ

nasomaxillary (septopremaxillary) ridge. See
description in text.
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On a batch of 41 CBCT records we identified 5 main types of nasomaxillary crest
(NMC) or septo-premaxillary crest (SPMC):

type I - CNM/CSPM long median, descends into CNP;

- type Il - long sloping CNM/CSPM, descending into CNP;

- type I1l - CNM/CSPM short median, does not descend into CNP;
- type IV - CNM/CSPM short median, CNP absent;

- type V - CNM/CSPM short inclined, CNP absent.

The distribution of morphological patterns in the overall batch is shown in the
following graph. In 51.22% of cases we identified type I (long median CNM/CSPM
separating proper NPC/CI). In 21.95% we identified type 11l (short median CNM/CSPM
not separating proper NPC/CI - single NPC). In 19.51% we obtained evidence for type
V, with deviated short CNM/CSPM and absent NPC/CI.

Fig. 2- 7 - Coronal CBCT sections.
Morphological possibilities of the
nasomaxillary/septopremaxillary ridge. A.
type I. B. type Il. C: type lll. D. type IV. E.
type V.
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Fig. 2- 8 - Diagrams of the variational
possibilities of the nasomaxillary ridge
(septo-premaxillary crest) identified by
personal study. Types of morphological
association: "1A" vertical nasal septum,

1D vertical nasomaxillary ridge, descended
between proper nasopalatine canals; "1B"
vertical nasal septum, vertical
. nasomaxillary ridge, descended between
proper nasopalatine canals, inferior bifid;
"1C" vertical nasal septum, short vertical

nasomaxillary ridge, above nasopalatine
canal; '1D' vertical nasal septum, short
vertical nasomaxillary ridge, nasopalatine
duct absent; '2A' deviated nasal septum,
vertical nasomaxillary ridge, descended
between the proper nasopalatine canals;
'2B' deviated nasal septum, vertical
nasomaxillary ridge, extended with a thin
septum between the proper nasopalatine
canals; '2C' deviated nasal septum, short
vertical nasomaxillary ridge, superior to
nasopalatine duct; '2D' deviated nasal
septum, short vertical nasomaxillary ridge,
nasopalatine duct absent; '3A' vertical
nasal septum, deviated nasomaxillary
ridge, descended between proper
nasopalatine ducts; '3B' vertical nasal
septum, deviated nasomaxillary ridge,
short, nasolabial canal absent; '4A'
deviated nasal septum with ipsilateral
sloping nasomaxillary ridge; '4B' deviated
nasal septum with contralateral sloping
nasomaxillary ridge.

2B

3A/T 3

4

2

4B; 2; 4,88%
1A;7;17,07%

4A; 4; 9,76%

3B; 2; 4,88%
3A; 1; 2,44% 1B; 2; 4,88%

; ; ) (]
2D; 1; 2,44%
2C; 2; 4,88%

1C; 7;17,07%
2B; 2; 4,88%

1D; 1; 2,44%
2A; 10; 24,39%

Graph 2- 2 - Distribution of anatomical variants (type;number;%) of nasomaxillary (septo-premaxillary) ridge in the
investigated group (N=41).
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2.4 Discussions

2.4.1 Anatomical variability of the nasopalatine duct
Due to the close anatomical relationship between the NPC and the roots of the

maxillary central incisors, careful radiological analysis of the bone substrate is required
when considering the insertion of implants in the premaxilla. Dental rehabilitation with
osseointegrated dental implants in the anterior maxilla has become a common treatment

in dental practice..

The nasopalatine canal (NPC), or incisive canal (IC) of the maxilla, is a bony canal
connecting the nasal fossae with the palate, hence its name. Being located palatally of the
maxillary central incisors it is also called the incisive canal. A distinction must be made
between the NPC and the nasopalatine duct, the latter being an epithelial structure within
the NPC..

As a rule, NPC originates bilaterally from the nasal infundibulum, which are the
upper funnel-shaped openings placed on the sides of the nasal septum in the anterior part
of the nasal floor. The superior openings of the NPC are separated by the nasomaxillary
ridge. Sagittally, the CNP descends slightly obliquely; coronally, the two upper arms of
the CNP join approximately midway along the total length of the CNP and continue
inferiorly as a single canal. The nasopalatine canal terminates at the inferior orifice, this
palatal opening is called the incisive foramen (Gl), double in 2% of cases, and located
immediately deep to the incisive papilla of the anterior palatine mucosa Nasomaxillary

ridge

The different anatomical possibilities of CNM/CSPM that we identified showed that
CNP/CI also has different possible morphologies in coronal sections, and not just the
shape of the letter "y". This is in agreement with various previously published studies but
also points to an overlooked possibility, that of the absence of CNP/CI. This latter aspect

I have documented through another research in my PhD thesis.

3 Anatomo-imaging studies of the greater palatine canal

3.1 Introduction
CPM anatomy is of clinical interest in dentistry, oromaxillofacial surgery and

otolaryngology... Local anaesthesia is administered at the CPM, endosseous implants can

be inserted, and syngnathic surgical procedures as well as Le Fort | orthognathic
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osteotomies are performed. Anesthesia of the maxillary nerve via the CPM is a very good
method of achieving anaesthesia in the jaw.

3.2 Material and method
We conducted a retrospective CBCT study of archived files of 50 patients, 18 male

and 32 female. Cases were scanned with an iCat (Imaging Sciences International
[Hatfield, PA, USA]) with settings: resolution 0.250, FOV 130, image matrix size 640 x
640. Patients were positioned according to the manufacturer's recommendations. Scanned
data were exported as *.dcm files and evaluated with Planmeca Romexis Viewer 3.5.0.R
software, as in previous studies, and Blu Sky Plan software (BlueSkyBio.com). We
evaluated both two-dimensional planar sections and three-dimensional renderings.
Patients gave informed consent for the use of their data in the research, subject to

anonymization.

3.2.1 Documented anatomical variables
In the CBCT anatomy study of CPM we documented the following anatomical

variables: (1) vertical angulation of the CPM in the frontal plane (coronal plane),
documented on coronal sections, at the exit of the canal (GPM); (2) vertical angulation of
the CPM in the sagittal plane, documented on sagittal sections (we made the
determination in the inferior, angulated portion of the CPM, inferior to the FPP); (3)
luminal diameter of the CPM, measured antero-posteriorly, at mid-length of the CPM, at
maximally spaced points, at the level of the posterior insertion of the CNI; (4) lateral ratio
of the CPM to either maxillary M3 (or inclusion of M3 respectively), to SM, or edentulous
alveolar bone; (5) changes in angulation of the CPM in the coronal plane; (6) changes in
angulation of the CPM in the sagittal plane. For variables "5" and "6" we defined the
following morphological types: type 0 - straight CPM; type 1 - CPM changes direction
only once; type 2 - two direction changes; type 3 - three direction changes.

3.3 Results

3.3.1 Variable (1) - angulation of the large palatal canal in the coronal plane

CPM angle to vertical, coronal plane - right side

On the right side, the CPM angle with the vertical to its inferior orifice was open to
the side in 8/50 cases (16%), 3 male and 5 female. The lateral angulation of the right CPM

averaged 3.68° (min.0.3° - max.14.31°). Medial angulation was identified in 42/50 cases
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(84%), 27 male and 15 female. Medial angulation of the right CPM averaged 5.36°
(min.0.64° - max.15.38°).

CPM angle to vertical, coronal plane - left side

On the left side, the CPM angle with the vertical, towards its inferior orifice, was
open to the side in 13/50 cases (26%), 4 male and 9 female. The lateral angulation of the
left CPM averaged 3.66° (min.0.64° - max.15.38° ). Medial angulation was identified in
37/50 cases (74%), 14 male and 23 female (graph 2). Medial angulation of the left CPM
averaged 5.83° (min.1.09° - max.15.25).°

Bilateral comparison of CPM angulation in the coronal plane

The right and left large palatal canals were considered coronally parallel if one had
lateral angulation to the GPM and the contralateral one had medial angulation . We
identified parallel MPCs in 17/50 cases (34%). The large palatal canals were considered
convergent inferiorly, towards the GPM, when they showed bilateral medial angulation.
We identified inferiorly convergent CPMs in 31/50 cases (62%), 11 male and 20 female.
Large palatal canals were considered inferiorly divergent if they had bilateral lateral

angulation. We identified inferiorly divergent CPMs in 2/50 cases (4%), both female.

3.3.2 Variable (2) - sagittal angulation of the large palatine canal
All documented CPMs had an anterior-inferior trajectory in the sagittal plane. In

the overall group, the mean value of the antero-inferior angle of the CPM was on the
right side 28.54° (min.11.81° - max.41.09°) and on the left side 27.13° (min.15.45° -
max.38.55°). On the right side, the mean value of the sagittal angulation of the CPM in
males was 25.51° (min.11.81-° max.37,22°) and in women 30,24° (min.20,97° -
max.41,09°). On the left side, the mean value of the sagittal angulation of the MPC was
23,93° (min.15,45-° max.35,59°) and in women 28,93° (min.17,49° - max.38,55°).
3.3.3 Variable (3) - luminal diameter of the large palatine canal

The mean luminal diameter of the CPM on the right side was 2.98 mm. The
mean luminal diameter of the left CPM was 3.05 mm. The minimum MPC diameter
was 1.77 mm on the right side and 1.68 mm on the left side, these values were
determined in the same female case. The maximum diameter of the MPC was 5.26 mm

on the right side and 4.7 mm on the left side.
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3.3.4 Variable (4) - lateral ratios of the large palatal hole
We defined the following types of GPM according to its immediate lateral

relationship: (a) type 1, alveolar - relationship to alveolar bone (either dentate alveolar
base, 1d, or edentulous bone, 1e); (b) type 2, sinus - relationship to alveolar recess of
maxillary sinus; (c) type 3, dental - relationship to M3 included. These anatomical types
showed in most cases (42/50 cases, 84%) bilateral symmetry. We identified type 1d
bilaterally in 9/50 cases (18%). Type 1e was evident bilaterally in 19/50 cases (38%).
Type 2, sinus, was evident in 5/50 cases (10%). Type 3 - immediate lateral GPM ratio
with maxillary M3 included, was identified bilaterally in 9/50 cases (18%).

On the right side the immediate lateral GPM ratios were in 13/50 cases type 1d,
in 22/50 cases type 1e, in 5/50 cases type 2, and in 10/50 cases type 3 .

On the left side the immediate lateral GPM ratios were in 10/50 cases type 1d, in

20/50 cases type 1e, in 8/50 cases type 2, and in 12/50 cases type 3.

We have highlighted the bilateral asymmetry for the combinations of types
1d/1e, 1d/2, 1e/2, 1d/3 and 1e/3. We found bilateral asymmetry of anatomical types
determined in one case (2%) for the type combinations 1le/1d, 1d/2, 1e/3 respectively. In
2/50 cases we found bilateral combination of 1e/2 types (4%). In 3/50 cases we found

bilateral combination of 1d/3 types (6%).

types le/le 1d/id 2/2 3/3 1e/1d 1d/2 1e/2 1d/3 1e/3

M 8 3 2 3 1 0 0 1 0

F 11 6 3 6 0 1 2 2 1

Total 19 9 5 9 1 1 2 3 1

Tab. 3- 1 - Bilateral combinations of types of immediate lateral ratio of the large palatal foramen. Distribution by
genus and in the general batch.

3.3.5 Variables (5) and (6) - changes in angulation/direction of the large palatal canal

We anatomically assessed 100 CPM, 50 on the right side and 50 on the left side,
for coronal plane direction/angulation changes (variable 5). Of these on the right, 34
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CPM type 0 (rectilinear canal) were identified, and on the left - 33 CPM type 0. Type 1
V5 CPM, with a change in direction, was present at 10 CPM on the right side and 11
CPM on the left side. Type 2 V5 CPM, with two steering changes, was present at 6
CPM from the right side and 5 CPM from the left side. Type 3 V5 CPM, with three
steering changes, was present at 1 CPM from the left side.

Of the 100 CPMs analysed bilaterally for angulation in the sagittal plane (change
of direction in the sagittal plane, variable VV6), we did not record type 3 - three changes
of direction. On the right side we identified 36 type 0 CPMs (rectilinear channel), and
on the left - 39 type 0 CPMs. Type 1 V6 CPM, with one direction change, was present
at 7 CPM on the right side and 5 CPM on the left side. Type 2 V6 CPM, with two
steering modifications, was present at 7 CPM from the right side and 6 CPM from the
left side.

3.4 Discussions

The pterygopalatine fossa (PPF) is an inverted pyramid-shaped fossa located in the
lateral norm of the skull, medial to the infratemporal fossa. The pterygopalatine fossa
communicates with the middle cranial fossa through the round hole and inferiorly with
the posterior palatine region through the CPM. In the literature there are differences in
the determination of variables such as the length of the CPM: some authors have
determined this parameter from the GPM to the pterygoid (vidian) canal open in the PPF,
while others have considered the upper end of the CPM at the level of the "lower portion

of the PPF". the latter parameter being subjective.

In addition, caution should be exercised to avoid possible damage to the medial wall of
the maxillary sinus if the inclination of the inserted dental implant body is almost
perpendicular to the plane through the hamolar incision and the incisal papilla.

3.4.1 Lateral structural relationships of the large palatine foramen
The posterior maxilla is a particularly difficult area to place an endodontic implant

due to several factors. Some of the factors on which the insertion of an endosseous
implant in the posterior maxillary region depends are: (a) difficult access; (b) limited
visibility; (c) reduced space between the alveolar-dental arches; (d) bone resorption

combined with antral hyperpneumatization; poor bone quality (thin layer of compact
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bone). To these factors of difficulty in the insertion of a posterior maxillary implant are
added, as my study demonstrates, the vicinity with GPM.

Conclusions the Doctoral Thesis

1. If on one side of the median plane the large palatine hole has a certain
topographic pattern, it is not necessarily repeated on the opposite side of the
median plane.

2. There are various anatomical possibilities of the
nasomaxillary/septopremaxillary ridge that can be identified primarily in coronal
sections.

3. The anatomical possibilities of the nasopalatine duct are diverse. Therefore, a
typical description of this canal cannot be assumed, especially during the
anatomical education of dental students. The absence of the nasopalatine canal
has not been identified in previous studies.

4. The morphology and geometry of the large palatine canal are individually
variable and do not consistently follow bilateral symmetry.

5. Anatomical investigations of the large palatine foramen can be carried out by
different methodologies on different sized batches. Therefore, results are
difficult to standardise.

6. Identification of anatomical features on imaging sections must be done carefully
to avoid misinterpretation.

7. It would be useful to include in the anatomical education of dental school
students the use of CBCT analysis software useful after graduation in the dental
office.

8. Interpretation of ductal and foraminal anatomy must be done on a case-by-case

basis and not considered within the framework of usual templates.
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