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Abstract

Purpose The aim of this study is to evaluate the branching patterns and topographical features of the third part of the maxil-
lary artery (t-MA) and descending palatine artery (DPA) by 3-Dimensional Rotational Angiography (3DRA) images and
to define the radiological classification of their variations, based upon the previous cadaveric studies and a review of the
literature.

Method This study was conducted from May 2020 through June 2021. All consecutive adult patients who were examined
with 3D-RA were enrolled in the study. The morphological evaluations and measurements of t-MA, DPA and their branches
were made on maximum intensity projection images with 10-20 mm slice thickness.

Results Eighty-five hemifaces, including 58 females and 45 right sides, were evaluated. The diameter of the t-MA was
measured as 1.73 +0.30 mm. The most common pattern of the t-MA according to its course was loop type (63/85, 74.1%)
and according to branching pattern was Type Ib (29/85, 34.1%). The mean diameter of DPA was 1.19 +£0.20 mm. The DPA
presented as a single trunk in 11/85 cases. Type II, which was defined as one lesser palatine artery originating from distal-
DPA, was the most common morphological variation (51.8%).

Conclusions 3DRA imaging provides valuable information for vascular anatomical studies. The most common morphologi-
cal variation related to t-MA, DPA is the distal branching pattern.

Keywords Maxillary artery - Descending palatine artery - Variation - Rotational angiography - Cone-beam computer
tomography

Introduction Fort I osteotomy or posterior epistaxis and regional anaes-

thesia procedures because of their position in the PPF and

The third part of the maxillary artery (t-MA) is a terminal
branch located inside the pterygopalatine fossa (PPF) [7, 12,
24]. The t-MA and branches are very vulnerable to trauma
during endoscopic nasal and maxillofacial surgeries like Le
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the greater palatine canal (GPC) [2, 3, 7, 26, 27]. Knowing
and understanding the anatomical structure of the MA and
its branches will prevent complications that may occur dur-
ing procedures performed in this region.

The descending palatine artery (DPA) is one of the termi-
nal branches and the most common source of major bleeding
during Le Fort I osteotomy [2]. Once it emerges from the
greater palatine foramen, the DPA continues as the greater
palatine artery (GPA) and supplies the hard palate [12, 17,
24]. A side branch of the DPA is the lesser palatine artery
(LPA), which descends within the GPC, or the lesser pala-
tine canal (LPC). Furthermore, some authors reported that
the inferior turbinate artery (ITA) is a branch of the DPA
[13, 23]. The GPC and LPC communicate with the oral cav-
ity, and this makes them important and vital for all interven-
tional procedures related to this area and their respective
nerves and arteries [21].
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The morphological presentation of t-MA can be variable,
and the Morton and Khan classification is most-commonly
used system in cadaver studies [3, 7, 12, 16, 26]. This classi-
fication is based on sphenopalatine artery (SPA)-DPA bifur-
cation patterns and there are different interpretations of the
classification in several studies [3, 7, 12]. For the classifica-
tion of DPA, very limited studies focused on this issue and
there is no consensus about the classification [7, 26]. Moreo-
ver, the classifications of t-MA and DPA were made during
cadaver studies and they involved limited study populations
as expected [3, 7, 11, 12, 16, 23, 26, 28]. There are very few
radiological studies that evaluated the t-MA and branches,
and the majority of these are Cone Beam Computer Tomog-
raphy (CBCT) studies without contrast enhancement [5, 15,
19]. Radiological classification of the t-MA and branches
has not been defined in these studies due to the technical
issues of imaging methods.

Three-dimensional rotational angiography (3DRA) is a
novel imaging method that combines the most important
advantages of conventional angiography and CT. 3DRA with
high resolution, thin section extending down to the submil-
limetre level allows the evaluation of distal arteries and their
relationships with bone and soft tissues. Furthermore, one of
the most important benefits of radiology over cadaver study
is the inspection of in vivo anatomy. In the cadaver study,
the shape and texture of organs and tissues necessarily differ
from their premortal state. In contrast, radiological stud-
ies are obtained in patients who are still living, and whose
organs and tissues manifest their native in vivo appearances.
Besides, the knowledge about medical records and comor-
bidities of the patients is another advantage of radiological
studies. In the English medical literature, no radiologic study
was found in which t-MA and DPA were assessed with the
advantages of this imaging method.

The aim of this study is to evaluate the branching patterns
and topographical features of the t-MA and DPA by 3DRA
images and to define the radiological classification of their
variations, based upon the previous cadaveric studies and a
review of the literature.

Material and methods
Population

From May 2020 through June 2021, all consecutive adult
patients examined with cerebral or carotid artery digital
subtraction angiography imaging with unilateral or bilat-
eral 3D-RA via common carotid artery injection were
reviewed for enrolment. Patients who had dentofacial
deformities and external carotid artery stenosis more than
70% or total occlusion were excluded from the study. Sixty
consecutive patients (24 males and 36 females; mean age:
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50.5+13.85 years) abiding by the inclusion criteria were
enrolled. Twenty-five patients were bilaterally imaged, and
in total 85 hemifaces were examined with 3D-RA images.
This cross-sectional study was approved by our institu-
tional ethics committee and all individuals provided written
informed consent to participate.

3D-RA and CBCT image protocols

The 3D-RA and flat-panel CBCT data were acquired using
a monoplane flat-panel angiography system (Allura Xper
FD20, Philips Medical Systems, the Netherlands). The “Cer-
ebral Prop Scan” acquisition protocol with manufacturer’s
default settings was used. Raw data were acquired with a
diagnostic catheter located in the common carotid artery.
Contrast medium (300 mg I/mL) was infused with a rate of
4 mL/s for 6 s (total volume of 24 mL) with a 2-s imaging
delay.

After post processing of raw data using Allura 3D-RA
6.4.6 and XperCT Dual 3.2.6 (Philips Medical Systems
Netherland B.V. The Netherlands) on a workstation,
very high spatial resolution CBCT reconstructions with
0.14-0.36 mm slice thickness were obtained.

Image analysis

For each patient, CBCT image analysis was completed by
two radiologists and one periodontologist with consensus
using Allura 3D-RA 6.4.6 on a workstation. The reviewers
could manipulate the images to optimize the visualization
of vascular structures for the evaluation of morphological
findings. The measurements were made using the same ana-
tomical landmarks for standardization on the multiplanar
reconstruction screen. For standardization, the line parallel
the incisive fossa and the posterior nasal spine was selected
on the axial images. On sagittal images, the second line was
selected parallel to the nasal line. Finally, the line parallel to
the hard palate was chosen on coronal images.

The morphological evaluations and measurements of
t-MA were made on coronal maximum intensity projection
images with 10-20 mm slice thickness. The t-MA was clas-
sified into 3 patterns according to its course in the PPF as
described by Kwak et al. [12] (Fig. 1). The variations of
t-MA also comprised SPA-DPA bifurcation angle degree,
which was defined with the modification of the Morton and
Khan classification [3, 12].

e Type I; angulation (0-30°) (Type M, Morton and Khan).
The subgroups were defined according to the location of
the bifurcation. Type Ia was proximal and Type Ib was
distal (Fig. 2a-b).

e Type II; angulation (30—120°). The subgroups of Type
IT were defined according to the dominant branch of
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Fig. 1 On coronal maximum intensity projection image, the third part
of the maxillary artery was divided into 3 morphological categories
as looped (a), straight (b) and bifurcated (c¢) pattern according to its

course that defined by Kwak classification. The most frequent MA
coursing pattern was Loop form with 74.1%. Straight and Bifurcated
forms were seen at 16.5% and 9.4% respectively

Fig.2 The third part of the maxillary artery was divided into 3 mor-
phological classification and their subgroups were defined according
to branching of descending palatine artery (DPA) and sphenopalatine
artery (SPA) by adaptation and modification of Morton and Khan
classification on coronal maximum intensity projection image. Type
I: modified from Type M (Morton and Khan), the angulation between
SPA and DPA is 0-30°. The subgroups were defined according to
the location of the bifurcation. Type Ia was proximal (a) and Type

bifurcation. If SPA was the terminal branch and larger
than DPA, it was Type Ila (Type T, Morton and Khan)
(Fig. 2¢) and otherwise, it was Type IIb (Type intermedi-
ate, Morton and Khan) (Fig. 2d).

a Typela TypeM <30° Prox
b Typelb TypeM <30° Distal
¢ TypeIla Intermd 30-120° DPA

d Typellb Type T 30-120° SPA

e Typelll TypeY =>120° N/A

Ib was distal (b). Type II: modified from Type T and Type interme-
diate (Morton and Khan), the angulation between SPA and DPA is
30-120°. The subgroups of Type II were defined according to the
dominant branch of bifurcation. If SPA was the terminal branch and
larger than DPA, it was Type Ila (Type T) (c¢) and otherwise, it was
Type IIb (Type intermediate) (d). Type III; modified from Type Y
(Morton and Khan), the angulation between SPA and DPA is> 120°
(©

e Type III; angulation (> 120°) (Type Y, Morton and Khan)
(Fig. 2e)

@ Springer



538

Surgical and Radiologic Anatomy (2022) 44:535-542

The morphological classification of the DPA was eval-
uated according to the branching of the LPA from DPA,
ignoring the MA (Fig. 3a—d). The DPA was identified as
proximal DPA (p-DPA) and distal DPA (d-DPA) according
to GPC.

Type I; Single DPA

Type II; One LPA originates from p-DPA

Type III; One LPA originates from d-DPA

Type IV; Two or more LPAs originate from DPA

Fig.3 On coronal maximum intensity projection image, the morpho-
logical classification of the descending palatine artery (DPA) was
assessed consistent with the branching of the lesser palatine artery
(LPA). The morphological evaluation of LPA was classified as Type
I originating from MA, Type II from DPA, Type III from both, ignor-
ing the branching level, and Type IV no artery. Type I-DPA (Single
DPA) with inferior tribunate artery originated from DPA and Type
IV-LPA (a), Type I-DPA and Type I-LPA (b), Type II-DPA (One
LPA originates from proximal-DPA) and Type II-LPA (c), Type III-
DPA (One LPA originates from distal-DPA) and Type II-LPA (d),
Type IV-DPA (Two or more LPAs originate from DPA) and Type II-
LPA (e), Type IV-DPA, Two LPAs originate from DPA and one LPA
from t-MA (Type IV-LPA) (f)
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The morphological evaluation of LPA was classified as
Type I originating from MA, Type II from DPA, Type III
from both, ignoring the branching level, and Type IV no
artery (Fig. 3).

On standardized axial images, (1) DPA diameter was
measured inside the PPF at the level of the GPC entry, (2)
LPA diameter was measured from the proximal part of the
major LPA branch.

The LPC is posterior to the GPC, crosses the pyramidal
process of the palatine bone and opens as the lesser palatine
foramen (LPF) [25]. The number of LPC (nLPC) and LPF
(nLPF) was determined on sagittal and axial images respec-
tively (Fig. 4a-b).

The length of the maxillary sinus medial wall (I-GPC_
PR) was measured from the piriform rim (PR) to the anterior
wall of the GPC as described by Apinhasmit et. al. to simu-
late the lateral maxillary cut during Le Fort I osteotomy [2].

Statistical analysis

SPSS software (ver. 21.0 for Windows; SPSS Inc., Chicago,
IL, USA) was used for statistical analysis. Descriptive statis-
tics are given with mean, standard deviation, median, mini-
mum and maximum values or with frequency and percent for
continuous or qualitative variables respectively. The Shapiro
Wilk test was used for the test of normality. The independ-
ent samples ¢ test was used for two group comparisons of
normally distributed variables. For non-normally distrib-
uted variables, the Kruskal-Wallis test was performed for
independent group comparisons. The Bonferroni-corrected
Mann—Whitney U test was used for post-hoc analysis. For all
statistical comparisons, a p value below 0.05 was assumed
to be statistically significant.

Results

A total of 85 adult hemifaces, including 58 females (68.2%)
and 45 right sides (52.9%), were evaluated. The morphologi-
cal classifications and diameters of the t-MA, DPA and LPA
are given in Table 1. The diameter of the t-MA was meas-
ured as 1.73 +0.30 mm and had significant differences based
on gender (male 1.86 +0.27 mm, female 1.67 +0.29 mm
p =0.005) and between Type I and Type II morphologi-
cal classification of t-MA when subgroups were combined
(p=0.004). There was no significant difference with age,
side, 1-GPC_PR or the morphological pattern of the t-MA
(»p=0.07,0.87,0.81, 0.16 and 0.33, respectively).

The most common pattern of the t-MA according to its
course was loop type (63/85, 74.1%). No significant rela-
tionship was detected with age, gender, side and I-GPC_PR
(»p=0.09, 0.72, 0.38 and 0.64, respectively).
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Fig.4 On sagittal maximum
intensity projection image (a),
lesser palatine canal (LPC),
and inside LPC, lesser palatine
artery (LPA) was observed.
Additionally, inside the greater
palatine canal second LPA was
branching from descending
palatine artery. On axial images
of the same case (b), LPC with
LPA and concomitant lesser
palatine foramen was seen, and
on the left side of the patient 3
LPC were observed

Table 1 The morphological classifications and diameters of the third part of the maxillary artery, descending palatine artery and lesser palatine

artery

Artery Morphological classification Frequency Percentage (%) Diameter (mm =+ SD)

Maxillary artery (Morton®) Type Ia (Type M, proximal) 10 11.8 1.99+0.30%%
Type Ib (Type M, distal) 29 34.1 1.79£0.28%%
Type Ila (Type intermediate) 16 18.8 1.61+£0.28¥
Type IIb (Type T) 26 30.6 1.66+0.28"%
Type III (Type Y) 4 4.7 1.50+£0.21%¥%

Maxillary artery (Kwak®) Loop 63 74.1 1.72+0.30
Straight 14 16.5 1.83+£0.25
Bifurcated 8 9.4 1.63+0.34

Descending palatine artery Type I 11 12.9 1.06+0.24
Type II 18 21.2 1.25+£0.18
Type 11 44 51.8 1.18+£0.20
Type IV 12 14.1 1.2+0.15

Lesser palatine artery Type 1 4 4.7 0.80+0.14
Type II 58 68.3 0.81+£0.17
Type 11T 16 18.8 0.81+£0.21
Type 1V (absent) 7 8.2 -

#Classified according to modification of Morton and Khan Classification

b Classified according to t-MA course and branching pattern defined by Kwan et. al

*Statistical difference between Type I and Type II (p = 0.004%) Mann—Withney U test with Bonferroni adjustment (3 groups were evaluated)
$No statistical difference between Type I and Type III (p =0.04§) / Type II and Type III (p=0.42¥) Mann-Withney U test with Bonferroni

adjustment (3 groups were evaluated)

The most common type of the t-MA according to branch-
ing pattern was Type Ib (29/85, 34.1%) and the second was
Type IIb (26/85, 30.6%). No significant relationship was
found with age, gender, side and 1-GPC_PR (p =0.73, 0.27,
0.65 and 0.87, respectively).

In all cases, DPA gave rise to GPA as the terminal branch.
The mean diameter of DPA was 1.1940.20 mm and this had
a significant relationship with gender (male:1.28 +0.19 mm,
female:1.15+0.19 mm p = 0.005). There was no significant

relationship with age, side, I-GPC_PR, and classification of
DPA (p=0.57, 0.30, 0.93 and 0.45, respectively).

The DPA presented as a single trunk in 11/85 cases
(12.9%, 7 cases, no LPA and 4 cases LPA originated from
MA). Type II, which was defined as one LPA originating
from d-DPA, was the most common morphological variation
(44/85 cases—51.8%). It gave rise to three branches in 6/85
cases (7.1%). In 2 hemifaces (2.35%), one ITA originated
from the DPA (Fig. 3a).
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The mean diameter of LPA was 0.80+0.18 mm and had
no significant relationships with age, gender, side and the
1-GPC_PR (p =0.07, 0.37, 0.62 and 0.10, respectively).
The number of LPA was found to range from O to 3; it was
absent in 7/85 cases (8.2%), single in 49/85 (57.6%), double
in 19/85 cases (22.4%), and triple in 10/85 cases (11.8%).
No significance was found for relationships with age, sex,
side and the diameter of LPA (p =0.08, 0.48, 0.46 and 0.44,
respectively).

LPC was found in 56.5% (48/85) of the hemifaces and
44.7% had one canal. All observed LPCs were posterome-
dial to the GPC, with no anterior LPC detected. LPC and
LPA relationship and frequencies are given in Table 1. There
was no significant relationship between the nLPC and age,
gender, side, diameter of LPA, I-GPC_PR or morphological
classification of LPA (p =0.06, 0.18, 0.54, 0.87, 0.61 and
0.91, respectively).

The nLPF was ranged from 0 to 5. Two LPFs were most
frequently observed in 26/85 cases (30.6%). No significant
differences were found between nLPF and age, gender side,
diameter of LPA, nLPA and nLPC, and I-GPC_PR (p=0,11,
0,72, 0,43, 0.85, 0.30, 0.15 and 0.08, respectively).

The mean length of GPC_PR was measured as
40.66 +4.01 mm and it had a significant relationship with
gender (male 40.77 +3.1 mm, female 40.61 +4.38 mm)
(p =0.04). There was no significant difference between
1-GPC_PR and age for adult patients (p =0.18).

Discussion

The classifications of t-MA and DPA were evaluated only in
cadaver studies and there is no comparable data in radiology
studies. The most important technical features that distin-
guish radiological studies from cadaver studies are that the
range of values for angulation can be given, all these can be
repeated for different observers and studies, in vivo evalu-
ation and easy application. The use of MRP and 3D imag-
ing methods allow maxillary artery classification to be per-
formed in detail. Therefore, a new modified classification of
t-MA and DPA was created by means of cadaveric studies.

Morphological classification and diameter of MA

Morton and Khan defined the morphological classification
of the t-MA according to its overall contour in the PPF [16].
This overall contour was defined according to two param-
eters: the location and the angle of the DPA branching.
According to these parameters, they defined “M” contour
approaches at 0 degrees or the DPA branches proximally in
the PPF, the “Y” contour approaches at 180 degrees or the
DPA branches distally in the PPF, and the intermediate form
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is approximately 90 degrees or branching occurs between
these extremes [16].

Choi & Park modified the classification of Morton &
Khan and added the “T” contour for cases that had <90
degrees between DPA and MA [7]. Furthermore, they could
not classify 9.6% of cases because of the bifurcation loca-
tion [7].

After the subtraction of bone structures, MIP images
make it possible to evaluate the angulation and the location
of vascular structures. This feature allowed radiological clas-
sification of t-MA within PPF. The “M” form was divided
into two subgroups as proximal and distal because the nar-
row angle was measured on both sides. Therefore, the defi-
nitions of Morton & Khan (angulation and location) were
combined for the “M” form. Another point is the attempt to
overcome the grey zone between the “intermediate” and "T"
form definitions by identifying the dominant artery.

In our study, Type 1b (Type M distal, 34.1%, 29/85) is
the most common branching type of t-MA. Morton & Khan
found the intermediate type (50%) was the most common in
30 serial cadavers dissections [16]. Choi & Park reported
that the Y type was found in 4 (19.0%) cases, the intermedi-
ate in 7 (33.3%), the T type in 5 (23.8%), and the M type in
3 (14.3%) cadavers in 21 serial dissections [7]. Neverthe-
less, they classified 2 cases as other types (9.6%) [7]. In
the study by Uysal et al., type “Y” was found in 50% (7/14)
[28]. Kwak et al. reported that intermediate type was found
in 36 cases in the largest cadaver dissection series (100
hemifaces) [12]. Assam et al. reported that the intermediate
type was most common (n=9, 53%), followed by M-type
in41% (n="7) and no Y-types identified [3]. As a summary
of the studies evaluating the SPA-DPA bifurcation pattern,
the intermediate type was identified as the most common
(33-53%) [3, 7, 12, 16]. The remaining pattern frequencies
were highly variable [3, 7, 12, 16, 28]. We observed that type
IIb (intermediate type) was the second most common type,
with most bifurcations located in the distal part of the PPF.

The branching levels of the t-MA and DPA could not be
optimized due to dissections via the transantral approach in
cadaver studies, and insufficient section thickness or lack of
contrast agent in previous radiological studies. This study
showed that arterial branching at the PPF level is located
distally. And this might increase the risk of vascular injury,
especially in maxillary anesthetic implications for PPF via
GPC. Additionally, because of the distal location of the
bifurcation, both DPA and SPA are vulnerable during PPF
Le Ford I procedure.

According to us, the different results of these studies are
not explained only by ethnicity or population size. The vis-
ual evaluation of cases and deficiencies in the classification
system of the MA in PPF may cause these different results.
When the definition of intermediate type (approximately 90
degrees or branching occurs between M and Y) is also taken
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into account, it is more understandable why it was the most
common in previous studies.

We found that the diameter of t-MA and the length of
GPC_PR were significantly thick and larger in males. Nev-
ertheless, there was no relationship between the length of
GPC_PR and the diameter of t-MA. Although we showed
a relationship between the types and thicknesses of MA in
contrast-enhanced examination, these sub-millimetric dif-
ferences will not make a significant difference during a pro-
cedure involving the PPF in daily practice.

Morphological classification of DPA and LPA

Two studies focusing on morphological differences of the
DPA in the PPF were identified [7, 26]. The definition of the
DPA was accepted as the entry point into the greater palatine
foramen (GPF), as described in previous studies [11, 24].
Nonetheless, Choi & Park accepted it up to the branching
of LPA-GPA [7]. Choi & Park classified the DPA accord-
ing to the branching location of GPA and LPA [7]. In this
study, the most common in 95.2% of cases was short DPA
that branched after 4-5 mm from MA. Toure reported that
the DPA had three types of morphological variation [26].
Similarly, Toure divided the DPA according to branching
and defined a single artery in 6 of 24 cases, a GPA and LPA
called classical type in 17 of 24 cases and more than two
arteries in one case.

In our study, the definition of DPA and previous studies
were evaluated together and classified according to the num-
ber and branching of LPA. Type III (51.8%) was the most
common. These results are similar to the previous studies
[7,26].

We found three LPAs in 10 hemifaces (11.8%) and in 7
cases (8.2%) LPA was not detected. Complications such as
bleeding (2%) and wound dehiscence (2%) observed in the
uvulopalatal flap procedure are highly likely to be seen in
these patient groups, although it is currently not possible to
detect these variations before the procedure [18].

As in previous studies, we did not find a significant rela-
tionship between the demographic features and cephalomet-
ric measurements [2, 27]. In our study, DPA was found in
all GPC, 56.5% of the cases had LPC, and 93.75% (45/48)
had LPA in the canal. In all cases with LPC, the canal was
observed posteriorly to the GPC. This result, like other stud-
ies, shows that non-enhanced CT imaging is a suitable and
cost-effective imaging method to recognize the anatomy of
the PPF and the location of DPA before Le Fort I osteotomy
[2,27].

Morphological evaluation of LPF and LPC

nLPF was explored in several studies and maximum nLPF
ranged from 3 to 5 [5, 6, 8—10]. Like previous studies from

the same region, we observed that the maximum nLPF was
5[5, 6]. NLPFs were frequently found to be two (26 cases-
30.6%) and the absence of LPF was observed in 4 cases
(4.7%) in the present study.

There are limited studies about LPC [4, 5, 15]. In the
English medical literature, there is no study about the num-
ber of canals and arteries passing through it. In this study,
there was no duct in 37/85 cases (43.5%), while a single
duct was detected in 38/85 cases (44.7%). Arterial structure
was not observed in the LPC in 3 (3.5%) of the cases with
a single duct. While LPA was not detected at all in one of
these cases, LPA was observed in the GPC in 2 of them. If
the presence of LPC was shown on CT, it can be considered
as passing the LPA.

ITA as a branch of DPA

The ITA is reported to be a branch of the DPA [1, 13, 20,
23]. Some authors reported no contribution from the DPA
to the ITA [14, 22]. Lee et al. stated that it was a branch
off the DPA in 1/50 Korean adult cadaver heads (2%) [13].
Orhan et al. indicated that a branch from the DTA merged
with the ITA in 3/21 hemifaces (15%) [20]. Al-Shouk et al.
reported that in the 2/40 hemifaces, the IT had blood sup-
ply from DPA or it came solely from a branch of DPA [1].
In our study, IT artery was observed as a branch of DPA in
2/85 cases (2.35%). Scott et al. stated that in 13/24 hemifaces
(54.2%), the ITA was found to arise entirely as a branch of
the DPA [23]. In this study, all dissections were performed
endoscopically and evaluated by a single observer. These
may be reasons for the high ratio of IT arteries branching
from DPA.

In cases of recurrent posterior epistaxis, the presence of
accessory localized IT might be considered and treatment
options for DPA can be evaluated.

Conclusion

This study shows that t-MA, DPA, and canals associated
with them have a lot of variations. The most common mor-
phological variation related to these arterial structures in
both PPF and GPC is the distal branching pattern. 3DRA
imaging provides valuable information especially in vascular
anatomical studies, as it allows submillimetric evaluation
and detailed measurements. In this regard, radiological stud-
ies can guide surgery through preoperatively determining
landmarks. Further studies are needed to define these topo-
graphical or radiological landmarks that might reduce the
complications rates related to procedures performed at the
PPF and GPC level.
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