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Abstract 

Purpose The study aims to use cone beam computed tomography (CBCT) to (1) define the virtual valid length of 
pterygoid implants in maxillary atrophic patients from the prosthetic prioritized driven position and (2) measure the 
implant length engaged in the pterygoid process according to the HU difference of the pterygoid maxillary junction.

Materials and methods Virtual pterygoid implants were planned with CBCT of maxillary atrophic patients in 
the software. The entry and angulation of the implant were planned according to the prosthetic prioritized driven 
position in the 3D reconstruction image. The planned implant length and the valid length defined as the implant 
between the pterygoid maxillary junction and pterygoid fossa were recorded. The relationship between the implant 
and sinus cavity was also evaluated.

Results A total of 120 CBCT samples were enrolled and virtually planned. The mean age of the patients was 
56.2 ± 13.2 years. One hundred and sixteen samples could successfully place virtual implants according to the crite-
rion. The mean implant length and mean implant length beyond the pterygoid maxillary junction were 16.3 ± 4.2 mm 
(range, 11.5–18 mm) and 7.1 ± 3.3 mm (range, 1.5–11.4 mm), respectively. Ninety percent of virtually planned 
implants had a close relationship with the sinus cavity, and implants exhibited longer lengths when they had no rela-
tion with the sinus.

Conclusion From a prosthetic prioritized driven position with fixed entry and angulation, pterygoid implants achieve 
adequate bone anchorage length beyond the pterygoid maxillary junction. Due to the individual anatomy and the 
volume of the maxillary sinus, the implants presented a different positional relationship with the maxillary sinus.
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Graphical Abstract

Introduction
The pterygoid implant was proposed by Tuslane and 
Tessier in 1989 as a graftless solution to treat atrophic 
posterior maxilla [1, 2]. One recent review study with the 
enrollment of 634 patients and 1894 pterygoid implants 
revealed that pterygoid implants had a comparable high 
survival rate with conventional implants [3, 4].

Compared to sinus grafting, this approach is associated 
with several advantages, including reducing treatment 
duration and decreasing surgical morbidity and cost [5, 
6]. From the prosthetic perspective of view, by maximiz-
ing the anterior–posterior spread and eliminating long 
distal cantilever, pterygoid implants provide beneficial 
biomechanical force during functional loading. In max-
illary full edentulous situations with adequate primary 
stability and anchorage, pterygoid implants can help to 
make immediate loading feasible when combined with 
other axial conventional implants.

Although the concept and technique have been pro-
posed for 30  years, due to the complex anatomical 

structure the implant passes through and its technique 
sensitivity (it is a semiblind procedure through 15 of 
20  mm of bone), limited studies, mainly retrospective 
studies, and a limited number of implants inserted are 
available in the literature.

The implant passes through the maxillary tuberosity, 
pyramidal process of the palatine bone and pterygoid 
process of the sphenoid to pterygoid fossa. Some authors 
have described this anatomical complex as a “corridor”. 
In previous studies, to determine the ideal position of 
pterygoid implants, several measurements have been 
performed to determine the bone available for the ‘cor-
ridor’ and the safe and ideal position and angulation of 
pterygoid implants. Unlike the posterior maxillary alveo-
lar ridge, the ‘corridor’, especially the pterygoid process, 
is not a tooth-dependent structure and is not related to 
tooth pathology or sinus pneumatization. Anatomical 
structure analysis from cadaver and radiography studies 
showed that dense bone at the juncture of the palatine 
and pterygoid processes is approximately 3–6 mm. With 
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the implant tilted and placed with an angulation, it is easy 
to obtain 8–9 mm cortical bone anchorage for good pri-
mary stability and implant-to-bone direct contact [7–10].

From a clinical point of view, the ideal emergence of 
the fixture would be limited between the first and second 
molar regions but not distal to the second molar area and 
extended with angulation through the pterygoid process 
into the fossa. Excessive distal entrance will lead to dif-
ficulty in restoring, and oral hygiene maintenance after 
prosthesis delivery will be difficult. However, this point 
was not often a concern of many in  vitro anatomical 
measurements and clinical studies. The anterior–pos-
terior and implant sizes were always determined in the 
sinus cavity and posterior wall of the sinus. Neverthe-
less, very limited information available on this region 
especially focuses on prosthesis-driven implant place-
ment. Regarding the issue of implant length, a variety of 
implant lengths between 13 and 20  mm were proposed 
by radiographic and anatomical studies. However, few 
studies have focused on valid implant lengths in the max-
illary region and pterygoid process, and studies on the 
relationship between inserted implants and the sinus cav-
ity are also lacking.

Regarding angulation, a range between 45° and 75° has 
been suggested after some investigations [8, 10]. Clini-
cally, a distal 45° tilt is the most simplified angulation to 
judge and handle in implant surgery, and it is easier to 
obtain parallel implants with prefabricated abutments 
with axially placed implants. From a biomechanical point 
of view, in the finite element analysis of mesially tilted 
implants, a degree of 45 always seems to be a threshold of 
lower stress values in peri-implant loading strain. Thus, 
several authors advise that clinicians place implants with 
an inclination of 45° relative to the Frankfort plane.

The study based on cone beam computed tomography 
(CBCT) data aims to (1) define the virtual valid length of 
pterygoid implants in maxillary atrophic patients based 
on prosthetic data and (2) measure the implant length 
engaged in the pterygoid process according to the HU 
difference of the pterygoid maxillary junction.

Materials and methods
Patient selection
The study was approved by the ethical committee of 
Shanghai Ninth People’s Hospital, Shanghai Jiao Tong 
University, School of Medicine and was conducted 
according to the Helsinki Declaration.

Patients who had missing posterior maxillary teeth and 
presented atrophic posterior upper jaws were included. 
Patients had been edentulous for more than one year 
in the posterior maxillary region. CBCT scans using 
the i‐CAT 3D Imaging System (Imaging Sciences Inter-
national, Hatfield, PA, USA) were performed using the 

following scanning parameters: 5 mA, 120 kV, voxel size 
of 0.4 mm, FOV of 25 cm (D) × 18 cm (H), and scan time 
of 16–20 s.

Patients who had residual bone height less than 4 mm 
due to sinus pneumatization or alveolar ridge resorp-
tion were enrolled. If the patient had bilateral posterior 
maxillary atrophy, the right side was chosen for evalu-
ation to avoid individual error. Then, the CBCT data 
were exported as DICOM (Digital Imaging and Com-
munications in Medicine) files and imported to plan-
ning software (Nobel Clinician, Nobel Biocare, Sweden) 
for anatomical structure measurement and pterygoid 
implant planning.

Radiographic measurement
Virtual implant placement
Due to different alveolar ridge resorption patterns and 
the position of the head during CBCT scanning, the 
occlusal plane was not as stable as the Frankfort plane. 
Thus, the Frankfort plane (a line from the tragus of the 
ear through the infraorbital rim area) was used as a rela-
tively horizontal line. Two independent investigators (YS 
and NW) performed the measurement, and interrater 
reliability was calculated.

An implant that was 4.3 mm in diameter (Nobel Active, 
Nobel Biocare, Sweden) was virtually placed according 
to one unified plan. In the head position, the red line in 
the middle passes through the bilateral infraorbital points 
and the upper edge of the external auditory canal to 
determine the Frankfort plane (Fig. 1). The lowest point 
of the pterygoid maxillary junction was first recognized 
from the higher density according to HU value assess-
ment between the maxillary tuberosity and pterygoid 
process from the coronal plane (Fig. 2).

Then, a virtual implant entrance point was set 10 mm 
away from the point parallel to the midline [11, 12]. Later, 
a 10 mm implant parallel to the coronal plane from the 
top of the previous implant was made (Figs. 3 and 4). The 
interface of the software was then adjusted to the coro-
nal plane, and the entrance point at the midpoint of the 
alveolar ridge was confirmed (Fig.  5). An 11.5–18  mm 
implant was virtual planned at an inclination of 45° rela-
tive to the Frankfort plane until reaching the pterygoid 
fossa. The exit point was the most concave point where 
the implant penetrated the cortical layer of the pterygoid 
process (Figs. 6, 7).

Parameters measurement
The virtually placed implant length was recorded. In the 
3D reconstructed module, the implant length in the sinus 
cavity was also recorded. The implant beyond the ptery-
goid maxillary junction was considered an implant in the 
pterygoid process, and the length of this implant was also 
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measured (Fig. 8). In addition to the length of the implant 
measured in each anatomical structure, the buccal-pala-
tal angulation of the implant in coronal sections was also 
calculated.

The relationship between the body of the implant and 
the sinus cavity was divided into 4 categories. A: No 
implant body in the sinus cavity; B: One side of implant 
anchored in the posterior sinus wall and the other side of 

implant in the sinus cavity; C: Less than 1/2 of the whole 
implant body in the sinus cavity; D: Greater than 1/2 of 
the whole implant body in the sinus cavity (Fig. 9).

Statistical analysis
Statistical analysis was performed using SPSS software 
(SPSS, Inc., Chicago, IL, USA). Cronbach’s α coefficient 
(α) was obtained to verify interrater reliability. Descrip-
tive statistics of the virtually planned implant values were 

Fig. 1 The Frankfort plane was first drawn in the software (Nobel Clinician)

Fig. 2 The lowest point of the pterygoid maxillary junction was first 
recognized between the maxillary tuberosity and pterygoid process 
from the coronal plane in the software

Fig. 3 Create a 10 mm implant from the marked point forward and 
adjust the position of the implant so that it is parallel to the midline
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calculated. The normality of the data was corroborated 
with the Kolmogorov–Smirnov test.

Results
A total of 120 CBCT samples were enrolled and vir-
tually planned. The mean age of the patients was 
56.2 ± 13.2  years (range, 32–64  years old). The mean 
lost teeth in this group of patients was 7.8 (range, 3–14) 
in the maxillary arch, and the etiology of tooth loss was 
periodontitis.

The coefficient (α) was 0.86, showing good inter-rater 
reliability. According to the above-mentioned placement 
principle, 4 of 120 implants could not penetrate from the 
pterygoid fossa. The remaining 116 CBCT samples were 
enrolled and virtually planned.

The number and percentage of virtually planned 
implants with different lengths are listed in Table  1. 
The software provides virtually placed implants with 
fixed lengths. Among these lengths, 15 and 18  mm had 
the highest percentages. The mean implant length was 
16.3 ± 4.2  mm (range, 11.5–18  mm). The mean implant 
length beyond the pterygoid maxillary junction was 
7.1 ± 3.3 mm (range, 1.5–11.4 mm). The implant propor-
tion distribution of different lengths beyond the ptery-
goid maxillary junction is shown in Table 2.

Eleven of 116 implants (9.4%) showed no relationship 
to the sinus cavity. The implant passed the large maxil-
lary tuberosity directly through the pterygoid process. In 
this category, the mean virtually planned implant length 
was 17.2 ± 2.4 mm (range, 13–18 mm), which was slightly 
longer than the mean values throughout the study. In 
categories B and C, the numbers of virtually planned 
implants were 12 (10.3%) and 65 (56.0%), respectively. 
The other 28 implants (24.1%), which belonged to cat-
egory D, exhibited a closer relationship to the sinus cav-
ity. Greater than half the length of the implant went into 
the maxillary sinus. The implant proportion distribution 
of different lengths in the maxillary sinus cavity is shown 
in Table 3.

The mean buccal-palatal angulation of the implant in 
coronal sections was 83.2 ± 3.02° (81.3–85.6°).

Fig. 4 A 10 mm implant parallel to the coronal plane from the top of 
the previous implant was made

Fig. 5 The interface of the software was adjusted to the coronal plane until the central part of the second virtually placed implant was observed. 
The midpoint of the alveolar ridge was confirmed as the entrance point of the pterygoid implant
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Discussion
Posterior maxillary teeth loss due to periodontitis is 
a common clinical scenario. Compared to bone graft-
ing, pterygoid maxillary implants provide an alternative 
solution in making the best use of residual bone of the 
maxillary-pterygoid complex. In contrast to the bone 
quality of the posterior maxilla, the implant engaged in 
the cortical layer of the pterygoid process makes it easy 
to obtain optimum primary stability [13–15]. Although 
this approach has been proposed for more than 30 years, 
its application is still limited. The anatomical complex 

of the maxillary-pterygoid complex constrains its clini-
cal usage; moreover, clinicians are concerned about the 
entrance location of the implant for later maintenance.

To analyze the anatomical characteristics of this com-
plex from a clinically feasible perspective, the present vir-
tual study sought to provide information related to this 
complex from prosthetic-driven implant placement.

In previous anatomical measurements, the distance 
between the most concave point on the lateral surface of 
the pterygomaxillary junction and the greater palatine 
foramen was approximately 7  mm. With the horizontal 

Fig. 6 An 11.5–18 mm implant was virtually planned at an inclination of 45° relative to the Frankfort plane until reaching the pterygoid fossa

Fig. 7 Maintain the inclination of the implant and adjust the implant apical exit point to penetrate the most concave cortical layer of the pterygoid 
process
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and vertical absorption of alveolar bone, the distance 
between the aforementioned structures is reduced. The 
study set the entrance point of the virtual implant 10 mm 
away from the junction in the horizontal plane to mimic 
the entrance location of the second molar area and to 
proceed from the perspective of being more clinically 
feasible and maneuverable.

The inclination of pterygoid implants has been studied 
in previous radiographic and cadaver studies [16]. The 
range of 45–74° to the Frankfort plane in the anterior–
posterior axis was proposed, and 45° was verified. Over 
a certain length with greater angles and more upright 
implants, the tip more easily reaches the pterygopala-
tine fossa, and the relationship with the maxillary artery 
will be closer. Undoubtedly, in clinical practice, implant 
placement is planned and driven by the individual ana-
tomical character of each patient. However, compared to 
other angulations, tilted implants with 45° are easier to 
handle in clinical practice. Therefore, we set this criterion 

to virtually place the pterygoid maxillary implant.
In the assessment of buccal-palatal angulation, due 

to the fixed entrance and exit position of the virtually 
placed implant, it is easy to calculate the angulation in 
the software. A minor difference was detected between 
the present study and previous reports. In Rodriguez 
et al.’s study, an implant angulation of 81.09 ± 2.65° were 
found in the buccal-palatal axis [17]. To avoid the maxil-
lary sinus cavity, every implant was placed according to 

Fig. 8 When the implant (point A–point C) beyond the pterygoid 
maxillary junction (point B) was considered that implant apex 
anchorage in the pterygoid process, and this part of implant length 
was measured (point A–point B)

Fig. 9 Four categories of relationship between the body of the implant and the sinus cavity. A No implant body in the sinus cavity. B One side of 
implant anchored in the posterior sinus wall and the other side of implant in the sinus cavity. C Less than 1/2 of the whole implant body in the sinus 
cavity. D Greater than 1/2 of the whole implant body in the sinus cavity

Table 1 The number and percentage of virtually planned 
implants with different lengths in 116 samples

Implant length (mm)

11.5 13 15 18 Total

Number 3 9 44 60 116

% 2.6 7.7 37.9 51.7 100

Table 2 Implant length beyond the pterygoid maxillary junction

Implant length beyond the pterygoid maxillary junction (mm)

0–2 2–4 4–6 6–8 8–10 10–12 Total

Number 2 14 45 47 7 1 116

% 1.7 12.1 38.8 40.5 6.0 0.9 100
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individual anatomical structure in this study. Anatomi-
cally, the most concave cortical layer of the pterygoid 
process was in the palatal position of the alveolar ridge; 
when the implant entry moved more posteriorly, the 
angle of its buccal and palate reaching the most concave 
point became greater. In our study, the position of the 
implant entry point and the anterior–posterior inclina-
tion were determined, which explained the difference.

In the present study, the length of the implant beyond 
the pterygoid maxillary junction was the parameter of 
greatest concern. In some CBCT samples, the alveolar 
process of maxillary bone and pterygoid process of sphe-
noid bone are not completely fused; in this situation, 
the pterygoid maxillary junction is very easy to identify. 
Other samples showed a fused line of higher density 
compared to the surrounding structures. In contrast to 
large volume changes in the alveolar process and max-
illary sinus cavity, the bone volume and density of the 
sphenoid pterygoid and palatine vertebrae are basically 
constant. These structures are precisely the most impor-
tant structures that provide good stability of the implant 
during surgery.

Previous studies showed a mean bone column length 
(bone corridor) following the long axis of the implant 
of approximately 22 mm [1, 10, 18]. Some clinical stud-
ies established a minimal length of 13 mm for pterygoid 
implants. A deviation in implant length beyond the junc-
tion was detected in the study, and the range of 4–8 mm 
was the most common length.

We found that the limited anchorage of some implants 
in the pterygoid process is too short, usually when the 
sinus cavity is large. In addition, the maxillary tubercle 
is too small, and the posterior wall of the maxillary sinus 
is located behind the entrance of the pterygoid implant. 
When the implants had bone anchorage in the maxil-
lary tuberosity, in category A, the mean virtually planned 
implant length was longer than the average length.

To establish a standardized entry point, the size of the 
maxillary tuberosity still affects the choice of implant 
length. Four patients could not complete the design 
because the vertical bone resorption of the alveolar ridge 
was too severe. After implantation at an oblique angle of 
45°, the implant tip was at the root of the pterygoid pro-
cess or close to the direction of the pterygopalatine fossa. 
This finding suggests that in clinical practice, when the 

alveolar bone is absorbed vertically instead of the lack 
of bone height caused by maxillary sinus pneumatiza-
tion, oblique angle implantation is very risky. The slope 
should be increased. When the vertical defect of the 
alveolar ridge is not too serious, the inclination angle of 
the implant can be appropriately reduced, for example, 
between 45° and 70°.

Conclusion
With the limitations of this study, from the prosthetic 
prioritized driven position, the virtual valid length of 
pterygoid implants in maxillary atrophic patients was 
determined. An implant with a mean length of 16  mm 
could be used in this region.

This area could be implanted with an average length of 
16 mm implants. Approximately half of this length could 
cross the pterygoid maxillary junction using the ptery-
goid process for retention, whereas the other half of the 
length is located in the maxillary tuberosity area. Due to 
the individual anatomy and the volume of the maxillary 
sinus, the implants presented a different positional rela-
tionship with the maxillary sinus.
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