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Background
Implant rehabilitation of the atrophic poste-
rior maxilla remains challenging due to sinus 
pneumatization and poor bone density. Pter-
ygo-maxillary implants represent an anatom-
ically feasible option for posterior maxillary 
rehabilitation; however, this study evaluates 
their virtual planning characteristics only, with-
out assessing clinical outcomes. 

Objectives
This study aimed to assess the three-dimen-
sional characteristics of the pterygomaxillary 
region relevant for implant placement, and pro-
pose a standardized CBCT-based diagnostic pro-
tocol to optimize individualized implant planning.

Methods
Twenty CBCT scans were evaluated bilaterally 
(40 potential implant sites). Bone density, ana-
tomical dimensions, implant angulations, and 
virtual implant positioning were analyzed. A 
novel proposed reference plane, the Maxillary 

Plane, was developed to provide a consistent 
virtual framework for analyzing implant trajec-
tories, but does notassess clinical performance.

Results
34 virtual pterygo-maxillary implants were 
successfully planned. Implant lengths ranged 
between 11–15 mm and diameters between 
3.3–3.8 mm. Bone density was consistently 
higher in the pterygoid lamina compared to 
the maxillary tuberosity. Implant angulation 
showed substantial interindividual variability.

Conclusions
The anatomical variability of the pterygo-
maxillary region requires individualized CBCT 
analysis. The proposed Maxillary Plane is a the-
oretically applicable methodological innovation 
for standardized implant angulation assess-
ment. Pterygomaxillary implants represent a 
predictable and minimally invasive alternative 
for posterior maxillary rehabilitation in cases of 
severe atrophy.
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INTRODUCTION

Rehabilitation of the edentulous posterior maxilla 
remains a complex task due to anatomical limitations 
such as maxillary sinus pneumatization and low-den-
sity cancellous bone (1-2). Conventional reconstructive 
procedures—including sinus lift, guided bone regenera-
tion (GBR), and zygomatic implants—can address these 
limitations but are associated with increased morbidity, 
cost, and treatment duration (3).
Tuberosity implants have been introduced as an alter-
native for avoiding grafting procedures; however, the 
tuberosity often contains type III–IV bone, reducing 
primary stability. To overcome this, Tulasne intro-
duced the concept of pterygomaxillary implants, in 
which the implant is inserted through the tuberosity 
and anchored into the cortical bone of the pterygoid or 
pyramidal processes (4).
Engagement of the pterygoid plate provides increased 
primary stability, essential for favorable osseointegra-
tion and reduced prosthodontic cantilever forces (5-6-
7).
Despite the growing popularity of this technique, ana-
tomical variability and limited literature continue to 
generate uncertainty regarding implant dimensions, 
angulations, and safe surgical corridors (8). The present 
study addresses these gaps through a comprehensive 
radiological evaluation.

MATERIALS AND METHODS

Study design

A retrospective cross-sectional radiographic study was 
conducted at Vita-Salute San Raffaele University (Milan, 
Italy). Twenty CBCT scans were evaluated bilaterally 
(40 sides). Sites were classified for feasibility of tuber-
osity-only versus tuberosity with pterygoid anchorage 
implants or excluded for bone deficiency. This paper 
and the related research are based upon descriptive 
statistical analyses. No inferential statistical testing 
was performed, and the reported mean ± SD values 
are intended only to summarize anatomical variability 
within the sample.

Participants

Patients undergoing CBCT from December 2023 to Jan-
uary 2024 were screened.

Inclusion criteria
•	 Edentulous maxilla from bicuspid to posterior region
•	 Severe atrophy (residual bone height < 5 mm under 

sinus floor)

Exclusion criteria
•	 Radiopaque/radiolucent lesions

•	 Impacted teeth or existing implants in the region
Informed consent was obtained for all CBCT scans.

Imaging Acquisition
•	 Device: MyRay X9 Pro (Cefla SC, Italy)
•	 FOV: 12 × 8 cm
•	 Parameters: 90 kV, 10 mA, 16 s
•	 Voxel size: 0.2 mm
DICOM files were analyzed using RealGuide 5.4.2 
(3Diemme, Italy).

Virtual Implant Planning
A highly experienced specialist evaluated:
•	 Bone density (GS scale)
•	 Buccopalatal and mesiodistal ridge width
•	 Anatomical relations with sinus, pterygoid plate, 

and palatine canal
•	 Implant angulations relative to newly defined refer-

ence plane

Placement criteria
•	 Minimum 2 mm from alveolar and basal cortical 

boundaries 
•	 Apex no more than 1 mm beyond medial pterygoid 

wall
•	 Avoidance of sinus mucosa perforation
•	 Respect for palatine neurovascular structures

Analysis of the data and virtual implant positioning
An expert investigator provided all radiological mea-
surements of the imported CBCT and virtually inserted 
implant phantoms in pterygo-maxillary region (Winsix 
TTi implants, Biosafin, Ancona, Italy).
The criteria taken into consideration were the follow-
ing: height, width and bone density in pterygo-max-
illary region of the edentulous and atrophic patients.
To assess intra-operator reliability of the radiological 
measurements, a single experienced operator re-evalu-
ated a subset of CBCT scans (n = 20) after a time inter-
val of 7 days. Linear and angular measurements were 
repeated following the same diagnostic protocol.
Intra-operator agreement was quantified using the 
intraclass correlation coefficient (ICC) with a two-way 
mixed-effects model, absolute agreement, single mea-
surement (ICC(3,1)). 
With the data obtained from each case, an individual 
implant planning has been made through the position-
ing of virtual implants in the pterygo-maxillary region.
Each implant has been placed with a distance of at least 
2 mm from the vestibular and palatal bone margins and 
not more than 1 mm out of the pterygoid plate.
The apex of tuberosity implants with pterygoid anchor-
age should not exceed one millimeter beyond the medial 
wall of the pterygoid process, in correspondence to the 
pterygo-maxillary junction. The limit of 1 mm beyond 
the medial wall represents a conservative planning 
threshold specific to our virtual workflow, adopted to 
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avoid overestimating bone engagement in a non-clin-
ical simulation. This threshold is not intended as a 
clinical recommendation nor a universally applicable 
guideline. 
For every planned implant we studied length and depth 
of the fixture and its spatial position: mesio-distal tilt-
ing, angular deviation from the axial position.

Anatomical landmarks
An understanding of the anatomy of the pterygo-pala-
to-maxillary region is needed to fully comprehend this 
technique and the risks associated with it.
The posterior maxilla can be defined as the pterygo-pa-
lato-maxillary region because it is composed of sev-
eral bone structures: maxillary tuberosity, pyramidal 
process of palatine bone and pterygoid plates of the 
sphenoid bone (4-5).
The fusion between the previously mentioned bone 
structures forms a highly interesting area from a 
mechanical point of view in implantology although 
tuberal poor bone quality (4).
Maxillary tuberosity internally articulates with the 
pyramidal process of the palatine bone and posteriorly 
it joins the pterygoid process of the sphenoid bone 
forming the pterygomaxillary junction which is crossed 
by the pterygoid canal. 
The lower portion of pterygoid process is connected to 
the maxillary tuberosity forming the pterygo-maxillary 
junction. The variability of this anatomical structure is 
high: it has been demonstrated that this junction can 
remain as a fissure separating the maxillary tuberosity 
from the pterygoid plate (88% of the cases) or it can be 
a synostosis fusing the two bones together (12%) (6). 
Knowing the height of this junction is fundamental in 
order to localize the pterygopalatine fissure which is 
located lateral and under the pterygopalatine fossa, an 
important neurovascular cross-road (9-15).

Radiological landmarks

An accurate study of CBCT can help the clinician to plan 
the implant insertion in a poor density tuberal bone but 
reaching an area with D1/D2 bone, emerging crestal to 
the first, second molar position. 
Given that orthopantomography is not sufficient for 
planning the insertion of a pterygo-maxillary implant, 
a CBCT scan is required to determine the length, width 
and angle of each individual implant fixture. In the axial 
projection, it is possible to determine the width of the 
maxillary tuber and, scrolling through the images cra-
nially, it is possible to see the extension of the sinus, 
the posterior border of the tuber maxillae, up to the 
pterygoid junction. Along the palatal side, it is possible 
to locate the path of the greater palatine artery and its 
emergence on the palatal vault. 
Specific software provides us with the density of the 
cancellous and cortical bone to plan the diameter of 

the bone drilling burs to achieve good primary stability. 
The axial view is used as a precise and individual refer-
ence to select the panoramic view.
The curve must be selected starting from beyond the 
pterygoid plates in order to view the entire anatomical 
region of interest (Fig. 1).
The curve must be positioned exactly halfway between 
the two pterygoid plates to avoid false information in 
the panorex image. At this point, we obtain a pseu-
do-panoramic image that will be orthogonal to our 
reference plane, i.e. the maxilla.
On the panorex image, we check the extension of the 
maxillary tuberosity and the topographical anatomy 
of the maxillary sinus at the crestal and tuberous lev-
els. Then, a cutting plane must be selected to define a 
cross-section of the area of interest. The cross section 
is defined as a parasagittal section orthogonal to the 
panoramic curve selected at that point. This allows 
us to visualise the vestibulo-palatal thickness of the 
bone, the thickness of the cortices, the relationships 
with anatomical structures of interest such as arteries 
and nerves, and the available bone height.
In the latest radiological diagnostic software equipped 
with the multiplanar visualisation function, we are able 
to choose a cross section that is not orthogonal to the 
panoramic curve, but rather inclined, in order to better 
visualize the real bone anatomy for a tilted implant.
Once the ideal cross section has been obtained, virtual 
implant planning can take place. 
This cross-sectional view is the right image for plan-
ning the implant site, also evaluating the bone quality 
around the implant surface (Fig. 2).
Accurate study of CBCT images and virtual positioning 
of the implant prior to surgery can assist the surgeon 

Fig. 1 Design for creating a correct panorex view. It’s possible to 
appreciate pterygoid plates.
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in preparing a generally sensitive-dependent and semi-
blind implant site, which is potentially at high risk of 
invasion of vital structures (16). 

Virtual implants insertion in surgical planning

The decision to perform scans using CBCT rather than 
spiral CT is based on the significant reduction in the radi-
ation doses to which the patient is exposed, also achieved 
by reducing the FOV (17). This limits the visualization of 
the entire facial skeleton and does not allow the tracking 
of Frankfurt plane, usually used as a reference plane to 
calculate implant insertion angulation (18).
In this study, we propose the maxillary plane as a ref-
erence plane, defined in the CBCT median sagittal view 
as the plane passing through the SNA (anterior nasal 
spine) and SNP (posterior nasal spine) points and par-
allel to OR1 and OR2, i.e. the right lower orbital rim and 
the left lower orbital rim (Fig. 2-3). 
Prior to CBCT acquisition, scout images were used to 
adjust the FOV so that the anterior nasal spine (SNA), 
posterior nasal spine (SNP), and both infraorbital rims 
(OR1 and OR2) were included in the volume when 

angulation analysis was needed. Because visibility of 
infraorbital rims is FOV-dependent, a fixed FOV is not 
sufficient for reproducibility; instead, the radiographer 
must adapt the FOV to the patient’s anatomy as visu-
alized in the scout view. If one infraorbital rim was not 
adequately captured, the scan was considered unsuit-
able for constructing the Maxillary Plane. If neither 
OR1 nor OR2 was visible, angulation analysis was not 
performed. These fallback criteria ensure conceptual 
reproducibility independent of software-specific visu-
alization.
This choice allows for unambiguous measurement of 
the implant design (Fig. 4). 
The importance of these points lies in the fact that they 
are always fixed, easily recognized in CBCT and they 
cannot be modified by maxillary bone atrophy, such as 
the occlusal plane (19-20).
This method of selecting the reference plane individu-
ally for each CBCT allows to compensate for any alter-
ations in the correct positioning of the patient during 
the X-ray examination, making the virtual position-
ing of the implant in relation to the plane in question 
unequivocal and repeatable (Fig. 5).

Fig. 2 3D planned implant insertion in cross and panorex view. The 
implant is positioned respecting anatomical structures such as 
maxillary sinus and palatal artery

Fig. 3 Tracking of SNA and SNP line in CBCT axial, sagittal 
and coronal view.
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RESULTS

A total of 20 patients were included in the study, pro-
viding 40 pterygoid sites potentially eligible for ptery-
goid implant placement. Of these, 6 sites were excluded 
according to predefined exclusion criteria, resulting in a 
final sample of 34 pterygoid sites from 20 patients. Since 
each patient could contribute bilateral pterygoid sites 
(right and left), observations were not considered statisti-
cally independent. Bilateral sites within the same patient 
share anatomical and clinical characteristics, resulting in 
within-patient correlation. To account for this hierarchi-
cal data structure (sites nested within patients), analy-
ses of continuous outcomes were performed using linear 
mixed-effects models including a random intercept for 
patient (patient as the clustering unit). The side (right vs. 
left) was included in the model as a fixed effect to evaluate 
potential lateral differences (Tab. 1).
The table below reports:
•	 BD: bone density
•	 I M–D: mesio–distal angulation
•	 I V–P: vestibulo–palatal angulation
•	 Implant dimension (ID): implant length and diam-

eter

•	 GS: Gray-Scale values provided by the Real Guide 
5.4.2 (3Diemme) software

Since CBCT diagnostic software does not employ a stan-
dardized density scale equivalent to Hounsfield Units 
used in CT imaging, bone density values were expressed 
using the Gray-Scale (GS).

Fig. 4 Tracking of the maxillary plane parallel to SNA and SNP line an d crossing OR1 and OR2.

Fig. 5 Virtual implant planning in panorex and parasagittal section 
showing the mesio-distal and vestibulo-palatal inclination of the 
fixture referred to maxillary plane.
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As CBCT gray-scale units are device- and software-de-
pendent and do not correspond to calibrated Hounsfield 
Units, density values in this study were used exclusively 
for within-study comparisons between anatomical 
regions. No absolute quantification of bone density and 
no cross-study comparability are implied. GS measure-

ments were interpreted as relative differences within 
our sample, not as absolute material density. Bone 
density, mesiodistal and buccopalatal angulations, and 
implant dimensions for each case are summarized in 
Table 1.
The analysis of the 34 virtually planned pterygoid 
implants showed a mean bone density (BD) of 388.75 ± 
111.57 (Gray-scale).
The mean mesio-distal inclination (IM-D) was 32.99° 
± 7.82°, while the vestibulo-palatal inclination (IV-P) 

Cbct Side Bd (Gs) I M-D (°) I V-P (°) Id (mm)
1 R Insuficient Bone Quantity X X X
1 L 703.5 33.0° 17.9° 3.3 x 11 mm
2 R 575 23.8° 8.1° 3.8 x 15 mm
2 L Tuberal Implant X X X
3 R 255 35.7° 19.4° 3.8 x 11 mm
3 L 280 35.6° 2.2° 3.8 x 11 mm
4 R 456 40.6° 5.0° 3.3 x 11 mm
4 L 222 26.2° 16.3° 3.3 x 11 mm
5 R 468 37.5° 9.2° 3.8 x 15 mm
5 L 446 37.8° 10.8° 3.8 x 15 mm
6 R Insuficient Bone Quantity X X X
6 L 341 32.4° 23.2° 3.8 x 13 mm
7 R 243 33.1° 2.6° 3.8 x 15 mm
7 L Tuberal Implant X X X
8 R 450 28.5° 8.4° 3.8 x 13 mm
8 L 412 29.3° 15.4° 3.8 x 13 mm
9 R 385 44.3° 3.9° 3.8 x 11 mm
9 L 258 44.8° 12.3° 3.8 x 11 mm
10 R 377 33.6° -7.4° 3.3 x 11 mm
10 L 550 28.6° -4.5° 3.8 x 13 mm
11 R 352 37.5° 14.5° 3.8 x 15 mm
11 L 280 16.3° 9.1° 3.8 x 15 mm
12 R 466 25.8° -5.9° 3.8 x 11 mm
12 L 445 35.2° -4.5° 3.8 x 11 mm
13 R Tuberal Implant X X X
13 L 441 45.0° 2.1° 3.8 x 13 mm
14 R 253 45.0° -1.8° 3.8 x 11 mm
14 L Tuberal Implant X X X
15 R 355 27.4° 21.5° 3.8 x 15 mm
15 L 260 19° 15.9° 3.8 x 15 mm
16 R 489 25.4° 15.9° 3.8 x 13 mm
16 L 456 33.5° 14.6° 3.8 x 11 mm
17 R 290 42.9° 18.0° 3.3 x 11 mm
17 L 377 35.0° 23.2° 3.3 x 13 mm
18 R 440 28.9° 11.2° 3.8 x 13 mm
18 L 349 37.0° 12.5° 3.8 x 13 mm
19 R 455 28.6° 13.4° 3.8 x 13 mm
19 L 244 16.0° 20.4° 3.3 x 13 mm
20 R 330 38.0° 15.6° 3.8 x 11 mm
20 L 514 40.3° 16.6° 3.8 x 15 mm

Tab. 1 Summary of bone density, mesiodistal and buccopalatal 
angulations and implant dimensions for left(L) and right (R) side of 
each patient’s CBCT(from 1 to 20).
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showed a mean value of 10.44° ± 8.60°. 
Most of inclinations were vestibulo-palatal, but in cases 
of extreme atrophy, the inclination of the implants is 
palatal-vestibular, as can be seen from the negative val-
ues shown in the table.
ICC values demonstrated good intra-operator reliability 
for all measurements, as reported below:
•	 BD: ICC = 0.82 (95% CI: 0.74–0.89)
•	 IM-D: ICC = 0.84 (95% CI: 0.76–0.90)
•	 IV-P: ICC = 0.79 (95% CI: 0.68–0.87)
These values indicate good intra-operator repeatability 
but do not establish inter-operator reproducibility.
Radiological diagnostic software used for the inter-
pretation of CBCT scans currently does not share a 
standardized reference unit for bone density measure-
ment, unlike conventional CT imaging, which relies on 
Hounsfield Units (HU). The Real Guide 5.4.2 (3Diemme, 
Cantù, Italy) software, used in this study, allows the 
assessment of bone density using the Gray-Scale (GS). 
The analysis of GS-derived density values showed 
that the pterygoid plate region consistently presented 
higher gray-scale values than the maxillary tuberosity. 
These values represent relative intra-study differences 
only, reflecting anatomical variation within our sample. 
Because GS units are device-dependent and non-stan-
dardized, no absolute interpretation of bone density 
and no cross-study comparisons were performed (21). 
The results section includes a table reporting the anal-
ysis of 20 CBCT scans, yielding 34 virtually planned 
pterygoid implants (6 sites were excluded because they 
were either tuberal – adequate bone to implant contact- 
or exhibited insufficient bone volume to allow implant 
planning). The values obtained for each scan are pre-
sented in detail. These findings were subsequently 
compared to the existing literature to highlight similar-
ities, discrepancies, and specific aspects related to the 
technique adopted in the present study. As this study 
was descriptive, no hypothesis testing or inferential 
statistics were performed. Reported values represent 
summary measures intended to describe anatomical 
variation within the sample.

DISCUSSION

Rehabilitation of the edentulous posterior maxilla in 
cases of severe bone atrophy represents a significant 
challenge, even for experienced clinicians. The surgical 
technique involving the placement of tuberous implants 
anchored to the pterygoid process of the sphenoid bone 
follows the same fundamental principles as conven-
tional implant surgery and may be considered relatively 
straightforward. The procedure does not require bone 
grafting, is associated with reduced morbidity, lower 
overall treatment costs, and shorter healing periods 
(22). From a prosthetic standpoint, rehabilitation sup-
ported by pterygoid-anchored implants offers the cru-
cial advantage of eliminating long distal cantilevers, as 

implant emergence occurs in the maxillary arch at the 
level of the second molar (23).
Several authors emphasize the need to differentiate 
true pterygo-maxillary implants from tuberal implants, 
as the latter—by definition—do not engage the ptery-
goid lamina (24-25). This differentiation is clinically 
significant because these bone structures have differ-
ent anatomical and biomechanical properties, which 
may influence implant survival. Engagement of cortical 
bone is known to enhance primary stability and, con-
sequently, the likelihood of successful osseointegration 
(26-27-28-29).
A second point of debate concerns implant length 
required to achieve pterygoid plate engagement. Some 
studies suggest a minimum length of 13 mm. Rodríguez, 
author of multiple articles on the topic, reports average 
implant lengths of 18 mm in his most recent work, while 
earlier studies document successful virtual placement 
with lengths of 13, 15, and 18 mm depending on anat-
omy (30-31-32). Balshi, in a large series of 992 implants, 
concluded that implants measuring 15–18 mm exhibit 
higher long-term survival, given their ability to engage 
cortical bone between the medial and lateral pterygoid 
plates, improving both primary and secondary stabil-
ity (33). A recent review by Bidra recommends implant 
lengths between 15–20 mm and suggests that pene-
tration of the pterygoid fossa by approximately 2 mm 
may be necessary (34-35). In contrast, Uchida advises 
against implants longer than 15 mm due to the risk 
posed to the delicate anatomical structures located 
immediately beyond the pterygoid lamina (36).
The results of the present study demonstrate that there 
is no universally applicable implant length for this 
region. Each case must be evaluated individually using 
CBCT imaging before surgery. Length is determined 
by the amount of residual tuberosity bone, the chosen 
angulation, and the position of the pterygoid plate, 
which varies greatly across individuals. In our series, 
virtual placement of implants as short as 11 mm was 
necessary due to pronounced atrophy. These findings 
are not merely theoretical: the patient detailed in the 
table underwent actual surgery, and the implant placed 
(3.3 × 11 mm) fully corresponded to the virtual plan. 
Therefore, shorter implants should not be dismissed 
outright; depending on individual anatomy, even rel-
atively short implants may achieve stable engagement 
with the pterygoid plate.
A similar rationale applies to implant diameter. Few 
authors address this variable, but those who do report 
average diameters between 3.75–4.0 mm (30-31-32-
33). In our clinical experience, implant diameter should 
ensure adequate bone–implant contact; however, 
reduced bone volume may necessitate the use of nar-
rower implants (e.g., 3.3 mm). Current literature does 
not provide sufficient evidence to suggest that these 
narrower implants have inferior outcomes.
Another major controversy concerns the angulation 
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required for correct pterygoid implant placement, 
particularly in relation to the reference plane used for 
measurement (37). Some authors employ the Frankfurt 
Horizontal Plane (Porion–Orbitale), suggesting ideal 
angles ranging from 45° to 70° (Graves; Rodríguez)
(26-31-32-33), although such verticalized angulation 
may lead to non-axial transmission of occlusal forces, 
compromising prosthetic longevity. Moreover, excessive 
lingual inclination has been associated with increased 
risk of damaging the greater palatine canal (Suzuki et 
al., 2016; Taniguchi et al., 2024) (38-39).
Rodríguez reports mesio-distal inclinations around 74° 
and vestibulo-palatal inclinations around 81° relative 
to the Frankfurt plane, values similar to those docu-
mented by Uchida.(29-30-31-35) However, this plane is 
difficult to reproduce consistently in CBCT scans with a 
reduced field of view, as the Porion–Orbitale landmarks 
may not be visible. Conversely, Balaji and Bidra use the 
“maxillary plane” as a reference, reporting inclinations 
of 45–50° and 45–60°, respectively, but do not clearly 
define this plane, making replication difficult during 
digital planning (35-39).
For these reasons, we propose a new definition of the 
maxillary reference plane suitable for use in CBCT-
based planning, as described in detail in the Materials 
and Methods. This individualized plane selection com-
pensates for variations in patient positioning during 
radiographic acquisition and ensures consistency in 
virtual planning across all cases.
The definition of the Maxillary Plane requires visual-
ization of SNA, SNP, and the infraorbital rims. Because 
their visibility is directly dependent on the acquisition 
protocol, especially the field of view, reproducibility 
requires proper FOV selection based on scout images, 
rather than assuming a fixed FOV is sufficient. Although 
all landmarks were visible in our dataset, this was the 
result of deliberate FOV adjustment and cannot be gen-
eralized to devices or protocols where the scout view is 
not used to guide positioning.
Regarding implant angulation, another controversy 
concerns whether to measure only the mesio-distal 
component or to include the vestibulo-palatal compo-
nent as well. Although some studies consider only one 
plane, we believe both must be evaluated due to the 
proximity of critical anatomical structures—such as the 
greater palatine artery and nerve—which emerge only a 
few millimeters from the pterygoid engagement zone. 
Inadequate vestibulo-palatal angulation could signifi-
cantly increase the risk of injury.
Bone density in the maxillary tuberosity and pterygoid 
lamina is rarely reported in the literature. Rodríguez 
describes the pterygoid lamina as being 139% denser 
than tuberosity bone (30), while Salinas-Goodier 
reports an 87% difference. Previous studies classify 
tuberosity bone as type III or IV (41), with Jaffin and 
Berman reporting a 35% failure rate for implants in type 
IV bone versus only 3% in denser bone types (42). Thus, 

achieving primary stability in the atrophic posterior 
maxilla is strongly dependent on local bone density.
Preoperative CBCT evaluation provides valuable infor-
mation on bone density through Grays-Scale values. 
Therefore, personalized assessment of both tuberosity 
and pterygoid bone is essential to determine implant 
dimensions and optimize surgical outcomes. For 
the purposes of this study, GS-derived density mea-
surements were interpreted only as relative internal 
indicators of the anatomical variability between the 
tuberosity and the pterygoid plate. No absolute values 
or cross-study comparisons were inferred from gray-
scale data.
Use of an implant motor with real-time torque feedback 
further enhances safety by identifying cortical engage-
ment and preventing over-penetration into delicate 
anatomical structures.
Although CBCT software lacks a standardized density 
scale equivalent to Hounsfield Units used in CT, the 
Real Guide 5.4.2 (3Diemme) platform provides density 
assessment through the Gray-Scale. 
Complications associated with pterygoid implant place-
ment are minimal when the technique is performed 
correctly. The literature and our clinical experience 
suggest that the main challenges involve anatomical 
expertise and the surgical learning curve. According to 
the authors, pterygoid implants should be used only 
when strictly necessary, as the least invasive treatment 
option should always be preferred when clinically fea-
sible. When the tuberosity presents sufficient bone vol-
ume and density to provide adequate primary stability, 
tuberal-only implants should be prioritized. 
As measurements were performed by a single operator, 
inter-operator reproducibility was not assessed, and the 
findings should be interpreted as reflecting intra-op-
erator consistency rather than general reproducibility.
The present findings describe the anatomical feasibility 
of pterygoid implant positioning in a virtual environ-
ment. Because no surgical procedures or follow-up were 
performed, no conclusions regarding clinical reliability, 
predictability, or treatment success can be drawn.
To reproduce the planned inclination during clinical 
placement, the use of a surgical guide is strongly rec-
ommended. Based on our experience, the guide should 
be used for the pilot drill, while subsequent prepara-
tion may be completed freehand to allow the surgeon 
to confirm tactile feedback, cortical engagement, and 
implant stability.
The results reflect virtual planning only and cannot be 
extrapolated to actual surgical performance, implant 
survival, complication rates, or long-term outcomes.

CONCLUSIONS

As demonstrated by the results, a total of 34 ptery-
go-maxillary implants were virtually positioned. As 
expected from anatomical evidence, bone density is 



Pterygomaxillary Region in Implantology: A Topographic and Radiological Study

123September 2026; 18(3) © Helyx

markedly higher in the pterygoid lamina than in the 
maxillary tuberosity. For the purposes of this study, the 
average bone density surrounding the implant fixture 
was used as the reference parameter, as this value most 
accurately reflects the ability of the implant to achieve 
adequate primary stability and, consequently, success-
ful osseointegration.
Both mesio–distal and vestibulo–palatal angulations, 
calculated relative to the maxillary reference plane 
defined during planning, showed a high degree of vari-
ability across cases. The smallest mesio–distal incli-
nation recorded was 16.3°, while the greatest reached 
45°. For the vestibulo–palatal inclination, values 
ranged from −7.4° to 23.2°, confirming that angulation 
is strongly influenced by individual anatomical differ-
ences.
Implant lengths were selected based on available bone, 
resulting in fixtures measuring 11 mm, 13 mm, and 
15 mm. Specifically, 11 implants measured 11 mm, 5 
implants measured 13 mm, and 6 implants measured 
15 mm. The standard diameter used in this study was 
3.8 mm; however, in four cases, implants with a 3.3 mm 
diameter were necessary due to severe bone atrophy.
This substantial variability in density, angulation, and 
implant dimensions underscores the absolute neces-
sity of individualized preoperative CBCT assessment 
for every patient. Only through detailed anatomical and 
radiographic analysis can clinicians ensure accurate 
planning, optimal implant choice, safe surgical execu-
tion, and long-term clinical success. 
A major limitation of this study is that all analyses were 
descriptive. While this design is appropriate for ana-
tomical characterization, it does not allow conclusions 
regarding predictive factors or causal relationships. 
Future studies with larger sample sizes and inferential 
statistical approaches are needed to determine whether 
the measured variables influence clinical outcomes.
Because the analysis is limited to virtual simulation 
without clinical follow-up, no statements regarding 
clinical predictability, reliability, or treatment success 
can be made.For this reason and because it's a blind 
surgery , we suggest clinicians to use an implant surgi-
cal template in order to be as precise as possible during 
implant placement. 
However, further studies with a larger number of 
patients and measurements taken by more than a sin-
gle operator are needed to confirm the results obtained.
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