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Abstract: During pre-operation planning, an implantologist has to decide about the location of a
dental implant based on the available bone, anatomical structures and future prosthetics. The aim of
this study was to provide an overview of the configurations of the junction zone of the pterygoid
process, maxillary tuberosity and pyramidal process among the population and to determine the
usefulness of 3D model visualization in regard to precision of anatomical structure projections
for clinical planning. A total of 72 cases were analyzed for seven measurements (lateral, medial,
rostral, caudal, area, line-1 longitudinal, line-2 transverse) on both body sides—right (R) and left
(L). In 57 cases, age and sex of the patient were given. In 15 cases this information was missing.
Among the group of 57 cases with complete data, there were 30 females (F) and 27 males (M). A total
of 57 models of upper jaws including the adjacent pterygoid process of the sphenoid bone were
taken for investigation. The results of the comparison between the right and left side showed no
differences (p > 0.05) in values of the measured parameters. The results of the comparison between
males and females showed a statistically significant difference when assessing the line-2 transverse
(p < 0.05)—in the male group the average was 8.22 mm, in the female group the average was lower
(7.83 mm). No statistically significant differences in values of the measured parameters for females
and males were found for the left side nor for the right side. In all examined specimens there was
enough bone surface in the fusion zone to allow for the stable placement of one tuberopterygoid
implant.

Keywords: 3D model; distal maxilla; pterygoid plate; implant; CBCT

1. Introduction

During pre-operation planning, an implantologist has to decide about the location of
a dental implant based on the available bone, anatomical structures and future prosthetics.
There are locations which are more—or less—favorable, such as the mandible bone which
is much more suitable than the maxillary one because it is more dense, with less fat and
marrow spaces, especially when the posterior parts are being considered as implantation
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sites [1]. In the case of severe bone atrophy in the maxillae with enlarged pneumatisation
of the maxillary sinuses, it seems that the only available bone is in the front around and
under nasal cavity and it is widely utilized in all-on-4, V-4 concept and nazalus implants.
An alternative to these methods is zygomatic implants, but they require advance surgery,
such as extensive flaps, sinus wall osteotomy and sinus membrane elevation. A third
option involves an area of very good mineralization—even 139.2% greater than in the
tuberosity zone—and this is called the tubero-pterygoid region [2]. In this region three
bones: the maxillary tuberosity, the pterygoid process of the sphenoid bone and the
pyramidal process of the palatine bone create a symphysis zone which can be used for
implant anchorage, achieving great primary stabilization. There is still confusion in the
literature about an adequate nomenclature of the implants and the placement sites. Terms
«pterygoid» or «pterygomaxillar» and «tuberosity implants» are almost equally used. The term
pterygoid is defined in the glossary of oral and maxillofacial implants, as positioning the
implants through the tuberosity of maxilla into the pterygoid plate. Maxillary tuberosity
is defined as the most distal aspect of the maxillary alveolar ridge [3]. Some authors use
the term pterygomaxillary implants, which probably emphasizes implantation in the region
of the complex anatomy of the sphenoid and palate bones [4]. Pterygoid implants go
through maxillary tuberosity, but mostly anchorage occurs in the dense, compact bone of
the pterygoid plates of the sphenoid bone and pyramidal process of palatal bone. In the
literature regarding basal implantology, the term «tubero-pterygoid» implants is used most
commonly and it will be used in this thesis as well [5,6]. Maxilla and the pterygoid process
of the sphenoid bone are fused in a fusion zone (Figure 1a,b). Below and above the fusion
zone both bones form a fissure. The distal maxilla and the pterygoid process differ in
mineralization (Figure 2).

S i

Figure 1. View from distal towards both processus pterygoidei and into the nasal cavity (a,b). White arrows indicate the

junction zone of the pterygoid process, maxillary tuberosity and pyramidal process (a). Red points mark ideal penetration

points for the apex of the implants (b). This case shows a pronounced atrophy of the distal maxilla (centrifugal atrophy) (b).

View of lateral distal maxilla and adjacent processus pterygoidei of the sphenoid bone (c).



Appl. Sci. 2021,11, 30

30f 10

High
High mineralisation

mineralisation

S

L

Low
mineralisation

Figure 2. View on distal maxilla and adjacent processus pterygoideus of the sphenoid bone on a panoramic picture. Both the

bone of the pterygoid processus pterygoideus and the anterior maxilla show high mineralization, whereas the bone in the

region of the two premolars appears strongly atrophied (both from the side of the maxillary sinus and from the crest of the

alveolar process) and with low mineralization.

The literature regarding drilling directions and angulations during implant bed prepa-
rations, implant length and implant positioning is inconsistent. There are many factors
that influence the right decision, such as degree of bone atrophy, maxillary sinus range
diversity, soft tissue thickness or the configuration of the maxillary tuberosity in relation to
the pterygoid and palatal processes themselves [7]. There are some anatomical variations
of dimensional correlation of this zone which should be recognized by the operator in order
to increase the surgical accuracy and to minimize the risk of complications. It is crucial
to know what kind of bone configuration and anatomical structures the implant surgeon
can meet in this area and how they differ among the population. One of the possible
tools which can make the treatment planning more predictable is Cone Bean Computed
Tomography (CBCT) and the use of a 3D printed model of the maxillae based on CBCT
examination [8].

The aim of our study was to provide an overview of the configurations of the junction
zone of the pterygoid process, maxillary tuberosity and pyramidal process among the
population and to determine the usefulness of 3D model visualization in regard to the
precision of anatomical structure projections for clinical planning.

2. Materials and Methods

A total of 72 cases were analyzed, with 3 repetitions in each cases for 7 measurements
(lateral, medial, rostral, caudal, area, line-1 longitudinal-central longitudinal line on the
area surface from rostral to caudal orientation, line-2 transverse—central transverse line on
the area surface from lateral to medial orientation) on both body sides—right (R) and left

(L.
2.1. Study Group

In 57 cases age and sex of analyzed group were given. In 15 cases this information
was missing. Among the group of 57 cases with complete data, there were 30 females (F)
and 27 males (M).
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The age of this group of 57 cases varied from 49 to 76 years (average 61.74 years;
SD = 6.01 years). The male age was from 49 to 67 years (average 59.22 years; SD = 4.96 years).
The female age was from 52 to 76 years (average 64.00 years; SD = 6.04 years).

The participants were not recruited for this study. We agreed with a CT-center to
supply us a copy of all consecutives CT of every case who will have an upper jaw CT.
We received the CTs anonymously, and we received them with the personal information
data which were required for the study, such as age and gender. Nothing else was required.
Under these circumstances no consent of the people who underwent CT-examination for
whatever reason they or their doctor had, was required. The cases who underwent the
CT-examination were a cohort.

2.2. Measurements

A total of 57 models of upper jaws including the adjacent pterygoid process of the
sphenoid bone from randomly selected cases were taken for investigation. 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 (Figure 3). All CTs were obtained during
regular CT-appointments, data were anonymized copies of the CT-data were made and
only the patient’s gender and age were noted. For this investigation, permission of an ethics
committee was hence not required. CTs were taken in the same center and subsequently,
so from this point of view this study group represents a cohort with only one single
recording (CT) taking.

Figure 3. 3D models of the upper jaw with the visualization of the junction zone. (a) 3D model of the male upper jaw;

(b) 3D model of the female upper jaw.

Printing was done with 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 cm®/h

Jetting Head Single

Build Material ABS B501

Support Material ABS S301

The craniometrical measurements were taken using electronic caliper (GEDORE
No. 711) and with AxioVision Rel 4.8.2 programme (Carl Zeiss, Oberkochen, Germany)
(size of the junction zone, orientation of the junction zone, size of the hammuli of the
pterygoid bone).
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2.3. Comparisons and Statistical Analysis

Received data were analyzed using Statistica 12 (StatSoft, Krakow, Polska) and the
following tests: Shapiro-Wilk test to check the normality of data distribution; t-student test
(parametric data); and Mann-Whitney U and Wilcoxon tests (nonparametric data) to check
the differences between the data acquired on the right and the left side, and between the
data acquired for females and males. The statistical significance was assumed as p < 0.05.

3. Results
3.1. Anatomical Measurements
Average values (aver.), standard deviations (SD), range (min; max) and norm values

(aver — 1.96 x SD; aver + 1.96 x SD) for each parameter are shown in the Table 1 (M—male,
F—female, R—right body side, L—left body side).

Table 1. Summary of anatomical measurement results for the whole examined group.

Range Norm
Parameter Aver D Min Max Aver —1.96 x SD  Aver + 1.96 x SD
lateral (mm) 18.74 3.2 6.68 25.44 12.46 25.01
medial (mm) 18.73 3.02 8.64 24.39 12.82 24.65
rostral (mm) 5.99 0.9 3.57 8.24 4.22 7.75
no division caudal (mm) 8.92 1.37 577 1175 6.23 11.61
area (mm?) 157.77 39.07 4536  328.8 81.18 234.36
line-1 longitudinal (mm) 20.36 3.03 7.79 26.54 14.41 26.31
line-2 transverse (mm) 7.79 0.92 5.42 9.79 5.99 9.59
R lateral (mm) 18.88 351 6.68 25.44 12.01 25.76
R medial (mm) 18.67 3.26 8.64 23.59 12.29 25.06
R rostral (mm) 5.99 0.99 3.57 7.99 4.06 7.93
right body side R caudal (mm) 8.86 130 58 1119 6.31 11.41
R area (mm?) 160.06 4468 4536 32838 72.48 247.63
R line-1 longitudinal (mm) 20.51 3.38 7.79 26.21 13.89 27.12
R line-2 transverse (mm) 7.82 0.93 5.87 9.42 6.00 9.63
L lateral (mm) 18.59 2.88 6.83 25.05 12.95 24.24
L medial (mm) 18.79 2.78 10.0 24.39 13.35 24.24
L rostral (mm) 5.98 0.81 452 8.24 4.39 7.57
left body side L caudal (mm) 8.98 145 577 1175 6.14 11.82
L area (mm?) 155.48 32,69 4874 234.96 91.41 219.55
L line-1 longitudinal (mm) 20.21 2.66 9.11 26.54 14.99 25.44
L line-2 transverse (mm) 777 0.92 5.42 9.97 597 9.57
F lateral (mm) 18.86 2.75 12.05  22.67 13.48 24.24
F medial (mm) 18.92 2.60 9.92 23.4 13.83 24.01
F rostral (mm) 5.85 0.77 4.0 7.5 4.34 7.36
female F caudal (mm) 9.04 1.46 577 1175 6.18 11.89
F area (mm?) 164.14 4378 7818 32838 78.34 249.94
F line-1 longitudinal (mm) 20.62 2.47 1321 2524 15.77 25.47

F line-2 transverse (mm) 7.83 0.94 5.96 9.97 5.99 9.67
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Table 1. Cont.

Range Norm
Parameter Aver  SD T \lin Max  Aver— 196 x SD  Aver + 1.9 x SD
M lateral (mm) 1947 295 1531 2544 13.69 25.25
M medial (mm) 1878 326 1263 2439 12.39 25.17
M rostral (mm) 6.01 1.03 3.57 8.24 4.00 8.02
male M caudal (mm) 9.37 117 757 1119 7.08 11.67
M area (mm?) 16615  27.86 1032 23496 111.55 220.74
Mine-1 longitudinal 2105 274 164 2654 15.68 26.43
(mm)
M line-2 transverse (mm) 8.22 0.66 6.79 9.42 6.92 9.52
FR lateral (mm) 1898 316 1205 22.67 12.79 25.17
FR medial (mm) 1881 308 992 234 12.77 24.84
FR rostral (mm) 5.79 083 40 7.15 416 7.41
female; right side FR caudal (mm) 9.00 133 686 110 6.39 11.62
FR area (mm?) 170.55 55.72 78.18 328.8 61.35 279.76
R hne'iéﬂ‘fmdiml 2076 298 1321 2524 14.92 26.61
FR line-2 transverse (mm) 7.81 0.88 5.96 9.05 6.08 9.54
FL lateral (mm) 1875 231 1314  21.07 14.22 23.28
FL medial (mm) 19.03 205 1568 2236 15.01 23.05
FL rostral (mm) 591 072 507 75 450 7.32
female; left side FL caudal (mm) 9.07 1.59 5.77 11.75 5.95 12.19
FL area (mm?) 157.73 2663 117.05 212.11 105.53 209.92
FL hne'i;‘l’;%it“dmal 2048 188 1685  22.63 16.80 24.16
FL line-2 transverse (mm) 7.86 1.01 6.36 9.97 5.88 9.83
MR lateral (mm) 1964 335 1531 2544 13.08 26.21
MR medial (mm) 1853 333 128 2359 12.01 25.04
MR rostral (mm) 6.04 1.18 3.57 7.76 3.74 8.35
male; right side MR caudal (mm) 9.28 114 757 1119 7.03 11.52
MR area (mm?) 16361 2672 1032  210.1 111.24 215.99
MR line-1 longitudinal 2121 295 164 2621 15.42 27.00
(mm)
MR line-2 transverse (mm) 8.25 0.84 6.79 9.42 6.61 9.90
ML lateral (mm) 1930 254 1563  25.05 14.33 2427
ML medial (mm) 1903 323 1263  24.39 12.70 25.37
ML rostral (mm) 5.98 087 517 824 428 7.69
male; left side ML caudal (mm) 9.47 121 776 1101 7.09 11.85
ML area (mm?) 168.68 2923 131.88 234.96 111.39 225.97
ML line-1 longjtudinal 2090 256  17.87 2654 15.87 25.92
(mm)
ML line-2 transverse (mm) 8.18 0.43 7.55 8.74 7.33 9.02
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3.2. Comparison between Right and Left Side

No differences (p > 0.05) in values of the measured parameters taken on the right and
left side were found (Table 2).

Table 2. The values of p parameter for comparison of measurements between the right and the left
side (t-student test for dependent samples, Wilcoxon test).

No Division Female Male

lateral 0.591 0.751 0.671
medial 0.811 0.741 0.572
rostral 0.931 0.531 0.821
caudal 0.60 1 0.852 0541

area 0481 0.26 1 0.511

line-1 longitudinal 0.57 ! 0.66! 0.68 1
line-2 transverse 0.76 1 0.851 0.681

1 data not normally distributed (Shapiro-Wilk analysis p < 0.05)—result obtained using Wilcoxon test.
2 data normally distributed (Shapiro—Wilk analysis p > 0.05)—results obtained using t-student test
for dependent samples

3.3. Comparison between Female and Male Group

There was a statistically significant difference between the values for females and
males when assessing the line-2 transverse (p < 0.05). The male group average was 8.22 mm,
whereas the female group average was lower (7.83 mm).

No statistically significant differences in values of the measured parameters for females
and males were found for the left side nor for the right side.

The values of the p parameter are presented in Table 3.

Table 3. The values of p parameter for comparison of measurements between the female and male
group (t-student test for independent samples, Mann-Whitney U test).

No Division Left Side Right Side
lateral 0.251 0.391 0441
medial 0.801 0.992 0.741
rostral 0.331 0.731 0.342
caudal 0.181 0.29 2 0.412
area 0.771 0.142 0.561
line-1 longitudinal 0.381 0.481 0.571
line-2 transverse 0.011 0.132 0.57 2

! data not normally distributed (Shapiro-Wilk analysis p < 0.05)—result obtained using Mann-
Whitney U test. 2 data normally distributed (Shapiro-Wilk analysis p > 0.05)—results obtained using
t-student test for dependent samples.

4. Discussion

Today there are two different ways of 3D printing available, printing in liquid light-
cure resin, and printing with of filament materials. Resin-materials allow one to print out
precise and stable models, however no internal structures inside the bone are printed, the
models are massive through and through. We chose to print the models from filaments,
because the procedure allowed us to print out internal structures (spongious bone struts)
and these structures would be available for investigation. The idea to harness the tubero-
pterygoid region for implant anchorage is quite old. In 1972 L. Linkow suggested using the
pterygoid process of the sphenoid bone for additional support of subperiosteal implants
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of his own design [9]. In 1989 Tulsane described the idea of Paul Tesseir [10,11], in regard
to implant placement in the distal part of the maxilla. The strategy for such implants is
to pass through the tuberosities soft bone of upper jaw, into the pterygoid process of the
sphenoid bone and to anchor in the highly mineralized pterygoid plate. Another advantage
of the use of tubero-pterygoid implants is that the prosthesis will have adequate posterior
support, and the necessity for cantilever is eliminated [12]. This way it becomes easily
possible to treat cases with abnormal jaw relationship (e.g., cases with a skeletal angle class
III) with fixed prosthodontics [13].

In other words, the procedure of implantation requires penetration through the first
cortical of the maxilla in the disto-medial direction with the area of the second molar as
the usual start point for the osteotomy [7,14]. If the implant is inserted through this bone
junction at an angle of about 3045 degrees, it is possible to gain more endosseous length in
the dense compact bone. Considering the long distance which in most cases implants have
to pass through the maxillary tuberosity or the maxillary sinus in order to reach this stable
bone site, the length of pterygoid implants varies from 17-29 mm. The pyramidal process
and the pterygoid plate are composed of dense, compact bone, and the average bone
thickness at their junction is 6.0-6.7 mm According to the literature, the average height
of the fusion zone between maxilla and sphenoid bone is around 13 mm, the anterior—
posterior thickness of this zone can be between 3 mm and over 6.5 mm, the medio-lateral
distance (width) being 9.5 mm. The average length from the tuberosity to the most apical
point of the pterygoid apophysis is 22.5 mm =+ 4.8 mm [7,15,16].

Wasemann et al. studied the usefulness of 3D printed models for orthodontic purposes
with results showing that rendering the 3D model based on CBCT revealed significantly
higher accuracy with regard to dental casts than dental impressions [17]. Radic et al. [18]
compared the diagnostic accuracy of different dentoalveolar pathologies performed by
residents of orthodontic (ORTH) and surgery (OS) departments with the use of OPG, CBCT
and 3D models. The results for correct answers given by OS were 66.3% for OPG, 83.4% for
CBCT and 76.4% for 3D models. This is in comparison to those given by ORTH with 63.7%
for OPG, 78.0% for CBCT and 78.7% for the 3D model [18]. In the field of implantology,
Bell et al. compared the accuracy of implant placement with the use of thermoplastic and
3D printed models, showing that the head and apex position of the implants placed with
the use of a thermoplastic surgical guide are less accurate than those utilizing a 3D-printed
surgical guide [19].

The following complications have been observed: if the apex of the implant is posi-
tioned close to the medial bony border to the nose, then the palatal artery might be opened
in its intra-bony passage in the fusion zone between. This leads to a noticeable bleeding
out of the drill cavity. In such cases the treatment provider will evaluate placement of a
slightly shorter implant. After implant placement the bleeding stops immediately. Should
the bleeding reach the pterygopalatine fossa, injections of sodium-chloride or anaesthetics
are performed in order to increase the pressure inside the tissue. In such cases no bleeding
out of the tissues is visible as long as no flap is raised. Swellings remain only for one or
two days (Figure 4) and they do not require any therapy. Injuries of the palatal nerve
have not been reported, although this nerve accompanies the mentioned vessel on its
way through the junction between the maxillary bone and the pterygoid process of the
sphenoid bone. According to Rodriguez et al., site-specific complications can be divided in
to intraoperative: hemorrhage (palatine plexus) and postoperative: transient hypoesthesia
of the palatine nerve, pterygomaxillary pain. The authors consider that the use of drills
and implants, up to 20 mm in length make this a safe technique. From the author’s ex-
perience and anatomy, we know that if the length of the straight placed implant in the
maxillae tuberosity region does not exceed 25 mm, then the risk of bleeding from the artery
is negligible.
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Figure 4. Visualization of such a swelling on the postoperative day. The swelling was gone 2 days
later without any therapy. The bleeding takes place in a closed compartment. In some cases the
swelling is visible only cranially to the zygomatic arch.

5. Conclusions

In all examined specimens there was enough bone surface in the fusion zone to allow
for the stable placement of one tuberopterygoid implant. If the rectangular surface is uti-
lized as well, two tuberopterygoid implants would have been possible. In single cases with
a large fusion zone even three tuberopterygoid implants can be placed. This option should
be evaluated in cases of partial maxillary resection and maxillo-facial reconstructions
(Figure 5).

Figure 5. Visualization of the partial maxillary resection.
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