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Abstract: This study evaluates the differences in the dimension, symmetry and anatomical char-
acteristic of the tubero-palato-pterygoid region in adults using 3D printed models. The investiga-
tion draws on 57 models of upper jaws including the adjacent pterygoid process of the sphenoid
bone from randomly selected cases. The consecutive measurements (lateral, medial, rostral, caudal,
area, line-1 longitudinal, line-2 transverse) on both sides of the body - right (R) and left (L) — were
used for the purpose of this study. Among the group of 57 cases were 30 females (F) and 27 males
(M). A strong correlation was identified between lateral and line-1 longitudinal across the sample
group of both male and female cases (p < 0.05; r 2 0.9). Moreover a strong correlation was noted
between medial and line-1 longitudinal in the whole group of cases and in the male group (p < 0.05;
r 2 0.9). Lateral and line-1 longitudinal demonstrated a weak positive relationship with the age of
the female cases (p < 0.05; 0.03 < r < 0.05). Medial and line-1 longitudinal showed a weak negative
relationship with the age of the male cases (p < 0.05; -0.05 < r <-0.03).
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1. Introduction

The tubero-palato-pterygoid region is formed through the junction of maxillary tu-
berosity, the pterygoid process of the sphenoid bone and pyramidal process of the pala-
tine bone. The upper limit of the junction creates the pterygomaxillary fissure (PMF). The
PMEF results from communication between the infratemporal fossa and the pterygopala-
tine fossa (PPF). The pterygoid fossa is formed by the divergence of the lateral pterygoid
plate and the medial pterygoid plate of the pterygoid process. The contents of the pter-
ygomaxillary fossa are divided into two distinct layers composed of nerves and vessels
[1]. The pterygoid hamulus is the most prominent part of the medial pterygoid plate
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which is easily palpable in the oropharynx. The hamular notch is a groove between the
maxillary tuberosity and the pterygoid hamulus, positioned at the posterior limit of the
maxilla. The hamular notch is directed medially towards the pterygoid bony column
between the medial and lateral pterygoid plates. The greater palatine foramen is located
at the posterior-medial of the tuberosity which transmits the descending palatine vessels
and greater palatine nerve. The pterygomaxillary suture is located at the inferior level to
the pterygo-maxillary fissure and represents the contact zone between the maxillary tu-
berosity and the lateral plate of the pterygoid process of the sphenoid bone.

The pterygomaxillary region/area has been covered extensively in the literature on
cadavers and dry skulls, particularly with regards the use of radiographs, computed
tomography exclusively and with 3D reconstruction programs and printers [2-4].

Orthodontists are interested in the pterygomaxillary region’s postnatal development
in children, as a result of its importance in facial growth and development. Craniofacial
surgeons have also expressed interest because of the region’s critical role during or-
thoghnatic surgery, especially for LeFort I osteotomy procedure [2,3], whilst dental sur-
geons’ interest results from the region’s role in implant placement and anchorage, or
anesthesia, in the treatment of trigeminal neuralgia [4]. In their study using CBCT scans,
Icen et al. (2019) evaluated the PMF and the PPF shape and dimension, reporting an in-
crease in the latter’'s volume past the age of 40 [5]. In their radiological study,
Puche-Torres et al. (2017) describe anatomical variations in the (PMF) providing an
evaluation that draws on age, gender, side, and width [6]. Similarly, Melsen et al.’s (1982)
evaluative study of PMF’s sutural complexity, suggests that remodeling processes in the
area seem to reflect the bony pharynx and the maxillary complex’s different functional
demands and, as a result, the palatine bone increases the extension of the contact surfaces
with the adjacent bones, as a result of aging [7]. Kanazawa et al., (2013) report a negative
correlation between the pterygoid junction’s thickness and the occurrence of the ptery-
goid plate fracture during surgical procedures [8]. Lee et al. (2001) focus on anatomical
studies to precisely describe the palatine bone’s pyramidal process [9]. In their CBCT
study, Icen et al. (2019) report a significant relationship between the morphology of the
PMF and the position of the maxilla or mandible, noting differences in this area’s di-
mension and shape, between each side [5]. Together with other studies it can be con-
cluded that this region’s anatomy, particularly the PMF, is related to age, gender and the
presence of dentition [5,10]. In this regard, this study’s aim was to use 3D printed models
to evaluate the differences in dimension, symmetry and anatomical characteristics of the
tubero-palato-pterygoid region in the adult population.

2. Materials and Methods
2.1. Study Group

The 72 cases were analyzed. Across the 57 cases the age and sex was noted. How-
ever, this information was missing for 15 cases. Among the group of 57 cases with com-
plete data, were 30 females (F) and 27 males (M).

The age range for the 57 cases varied from 49 to 76 years (average 61.74 years; SD =
6.01 years). The male age range was from 49 to 67 years (average 59.22 years; SD = 4.96
years). The female age range was from 52 to 76 years (average 64.00 years; SD = 6.04
years).

2.2. Measurements

The investigation utilized 57 models of maxillas, including the adjacent pterygoid
process of the sphenoid bone from randomly selected cases. The only prerequisite for
inclusion was either edentulousness in the upper jaw or at least some missing teeth in the
distal maxilla on both sides. All CTs were obtained during regular CT-appointments,
data included anonymized copies of the CT-data and only gender and age were noted for
each case. As a result, permission from an ethics committee was not required. CTs were
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collected from the same center, thus this study group represents a cohort involving a
single recording (CT) session [11].

Printing was carried out using the printing device Inspire A370

Build Volume 320 x 330 x 370 mm

12.6 x 13.0 x 14.6 in

Layer Thickness 0.175, 0.2, 0.25, 0.3, 0.35, 0.4 mm

Build Speed 5~60 cm3/h

Jetting Head Single

Build Material ABS B501

Support Material ABS 5301

The example of the 3D printed model of maxilla was presented in Figure 1. The
craniometrical measurements were taken using an electronic caliper (size of the junction
region, orientation of the junction region, size of the pterygoid hamulus) with 3 repeti-
tions in each case for 7 measurements (lateral, medial, rostral, caudal, area, line-1 longi-
tudinal, line-2 transverse) on both sides of the body — right (R) and left (L) [11].

Figure 1. The example of the 3D printed model of maxilla of the 58 years old male (A-D). A,B anterior aspect;
C - inferior aspect; D — posterior aspect (arrows show the right area and left area of the posterior aspect).

3. Results
3.1. Correlations
Whole population correlation

Table 1 illustrates the correlation between the pairs of parameters across the whole
population. A very strong or strong correlation was identified between measurements of
the lateral and line-1 longitudinal (p < 0.05; r = 0.92) (Fig. 2) and medial and line-1 longi-
tudinal (p <0.05; r = 0.9) (Fig. 3).
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Table 1. The r-value for the whole population correlations (r-value presented only for pairs showing statis-
tically significant correlation, p < 0.05).

Parameters

Lateral

medial

rostral

caudal

area

line-1 longi-

tudinal

line-2 trans-
verse

lateral

0.75

0.48

0.62

0.92

0.51

medial

0.75

0.51

0.59

0.90

0.41

rostral

0.59

caudal

0.48

0.51

0.60

0.42

0.76

area

0.62

0.59

0.60

0.65

0.62

line-1 longitudinal

0.92

0.90

0.42

0.65

0.46

line-2 transverse

0.51

0.41

0.59

0.76

0.62

0.46

r=

,92150
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Figure 2. Correlation between the pairs of parameters (lateral and line-1 longitudinal) in whole population.
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Figure 3. Correlation between the pairs of parameters (medial and line-1 longitudinal) in whole population.

Female group correlation

Table 2 illustrates the correlation between the pairs of parameters in the female
group. A very strong correlation was identified between the lateral and line-1 longitu-
dinal (p < 0.05; r = 0.91) (Fig. 4). A correlation was also noted between age and lateral, as
well as between age and line-1 longitudinal measurements. Other measurements showed
no correlation with female patients” age (p > 0.05 or p < 0.05 r <0.03).

Table 2. The r-value for the female group correlations (r-value presented only for pairs showing statistically
significant correlation, p < 0.05).

line-1 longi-

line-2 trans-

Parameters age lateral medial rostral caudal area tudinal verse
age 0.36 0.27 0.31

lateral 0.36 0.71 0.40 0.57 091 0.46

medial 0.27 0.71 0.49 0.89 0.40

rostral 0.49

caudal 0.40 0.59 0.30 0.89

area 0.57 0.49 0.59 0.57 0.63

line-1 longitudinal 0.31 0.91 0.89 0.30 0.57 0.40
line-2 transverse 0.46 0.40 0.49 0.89 0.63 0.40
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Figure 4. Correlation between the pairs of parameters (lateral and line-1 longitudinal) in female group.

Male group correlation

Table 3 illustrates the correlation between the pairs of parameters in the male group.
A very strong correlation was identified between the lateral and line-1 longitudinal
(p=<0.05; r =0.93) (Fig. 5) and between the medial and line-1 longitudinal (p <0.05; r = 0.92)
(Fig. 6). A weak negative correlation was identified between age and medial and also
between age and line-1 longitudinal. The other measurements showed no correlation
with male patients” age (p > 0.05 or p <0.05 r <0.03).

Table 3. The r-value for the male group correlations (r-value presented only for pairs showing statistically
significant correlation, p < 0.05).

line-1 longi-

line-2 trans-

Parameters age lateral medial rostral caudal area tudinal verse
age -0.30 -0.38 -0.45
lateral -0.30 0.81 0.58 0.76 0.93 0.60
medial -0.38 0.81 0.56 0.82 0.92 0.50
rostral 0.76
caudal 0.58 0.56 0.63 0.56 0.49
area 0.76 0.82 0.63 0.83 0.66
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line-1 longitudinal -0.45 0.93 0.92 0.56 0.83 0.57

line-2 transverse 0.60 0.50 0.76 0.49 0.66 0.57

r= ,93443
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Figure 5. Correlation between the pairs of parameters (lateral and line-1 longitudinal) in male group. 149
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Figure 6. Correlation between the pairs of parameters (medial and line-1 longitudinal) in male group.

4. Discussion

Numerous scholars posit that knowledge relating to the morphometry of the tu-
bero-palato-pterygoid region can be helpful to surgeons during surgical treatment (e.g.
LeFort I osteotomy procedure) and is an important consideration in the reduction of in-
traoperative complications [12,13]. Data relating to the physical measurements of the
pterygomaxillary region is required by clinicians for pterygoid implant placement, for
example [13].

The available literature has not yielded other studies that measure the parameters of
the tubero-palato-pterygoid region, which excludes opportunities for comparison of re-
sults. Alternatively, numerous scholars have analyzed neighboring regions’ dimensions.
Odobasi et al. (2020) have drawn attention to the clinical significance of the ptery-
gomaxillary region, noting that this region may have different anatomies and may also
lead to specific complications during surgery [14]. Their study illustrates significant
gender differences in the distance between the descending palatine canal and the pi-
riform rim. In this regard, the distance was significantly greater in males (p = 0.037) [14].
The measurements of the medial plate of the pterygoid process of the sphenoid bone, and
the thickness of the pterygomaxillary region, demonstrate that these parameters were
also longer on either side in females. Icen ef al.’s (2020) study indicates dimorphic dif-
ferences in the measurements of the PMF [15]. Males displayed significantly greater PMF
length and width (p < 0.001). This is confirmed by Lentzen et al.’s (2020) research, which
demonstrates significant morphological differences in the width of structures in this area
in both males and in females [16]. In their study on the PMF and PPF, Icen and Orhan
(2019) indicate a significantly larger PMF area in males [5]. All of the measurements (in
the frontal, axial and sagittal plane) were significantly larger on the right side of the skull.
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The authors emphasize that knowledge of these anatomical variations will allow sur-
geons to avoid damage to the neurovascular structures passing through the area.

Uchida et al. (2017), note a significant variation in the values in the pterygomaxillary
region measured across different locations [13]. There were measured distance: between
maxillary tuberosity and the most lateral lowest point of the PMF, as well as between the
PMF and the greater palatine canal [13].

Some studies have indicated a relationship between certain cranial dimensions
[8,17]. Some studies emphasize the effect these dimensions have on the predisposition of
intraoperative complications [8]. It is imperative to have a thorough knowledge of the
anatomy involved, given the presence of vital structures in the vicinity of this region that
can be injured during surgical treatment. Kanazawa et al. (2013) concluded that the low
pterygomaxillary junction thickness and low maxillary tuberosity length may influence
the statistically significant risk of pterygoid process features during surgical treatments
[8]. Oliveira et al. (2013), clearly state that gender and skeletal pattern, and craniofacial
pattern, may influence the anatomy of the pterygopalatine region [17]. Imam et al. (2020),
state that all of the skull’s dimorphic parameters (e.g. the distance between maxillary
tuberosity and spinous foramen) had a big effect size and in favor of males [18]. Thus,
there is a great deal of research on the nature of morphological variation in structures
located in the vicinity of the tubero-palato-pterygoid region. Most of these studies em-
phasize the importance of knowing the structures in this area in clinical management and
during surgical procedures.

5. Conclusions

This study demonstrates significant correlations between individual measurements
in this region and their relation to gender. This confirms the existence of sexual dimor-
phism and the variability of the surrounding anatomical structures, an observation
supported by other scholars. Thus, given that no previous scientific study has analyzed
the tubero-palato-pterygoid region in this way, the results of the present study may have
important cognitive significance for clinical practice.
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