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Immediate fixed rehabilitation supported by pterygoid
implants for participants with severe maxillary atrophy: 1-Year

postloading results from a prospective cohort study

Luca Signorini, DDS,a Fabio Faustini, DDS,b Rawad Samarani, DDS,c and Tommaso Grandi, DDSd
ABSTRACT
Statement of problem. Few investigations concerning the use of pterygoid implants have
reported reproducible and consistent data, making survival data controversial.

Purpose. The purpose of this clinical study was to investigate the 1-year survival and success rates
of pterygoid implants and prostheses in participants affected by severe atrophy of the posterior
maxilla requiring a complete-arch immediate fixed prosthesis.

Material and methods. Fifteen participants, either completely edentulous or with failing dentition
in the maxillary arch and with severe atrophy of the posterior maxilla, were enrolled in the study. All
participants underwent prosthodontic rehabilitation after implant placement in both the anterior
maxilla areas and the pterygoid regions. The survival data of the implants were evaluated at the
time of abutment connection by means of a mobility test for each implant. After placement of
the prostheses, survival was assessed by means of marginal bone maintenance as assessed by
panoramic radiographs and the absence of pain or symptoms of infection. The t test was used
for evaluating the difference in age between men and women (a=.05). Correlations between
categorical variables (Fisher exact test) were used to evaluate the possible association between
the number of implants and both the age and presence of comorbidities (a=.05).

Results. During the 1-year follow-up, high prosthesis stability and no implant loss were observed
for all participants. In addition, participants did not report any pain or paresthesia. No peri-
implant radiolucency was detected in the panoramic radiographs. Survival and success rates in
the follow-up period were 100%.

Conclusions. The present study supports the conclusion that pterygoid implants have a high
success rate with minimal or no complications. (J Prosthet Dent 2020;-:---)
Implant-supported fixed pros-
theses provide a predictable
treatment option for dental
rehabilitation.1,2 However, in
patients affected by diffuse
posterior maxillary atrophy,
the placement of implants is
difficult, especially when im-
mediate function is to be
implemented.1,2 Unsuccessful
dental implants are often
associated with significant
bone resorption, pneumatiza-
tion of the maxillary sinuses,
poor bone quality, or a difficult
surgical technique.3-5

When bone volume is
insufficient for implant
placement, bone regeneration
techniques can be used.2

However, alternative treat-
ments should be considered,
particularly tilted implants or

zygomatic implants.1,2 These alternative treatments
could be indicated in patients who cannot undergo a
complex surgery for different reasons (such as eco-
nomic, psychological, or clinical conditions).1 However,
because few surgeons are experienced in such tech-
niques, the use of zygomatic implants for immediate
function is rare.5-7
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The survival of implants placed in the posterior
maxilla is dependent on the biomechanical characteristics
of bone around the implant as high occlusal forces are
developed in the molar region during mastication.1-3

These forces can also induce prosthetic complications,
including prosthesis fracture, screw fracture, and bone
loss, especially when cantilever prostheses are provided.3
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Clinical Implications
Based on the short-term clinical outcome of this
prospective cohort, clinicians should consider the
use of pterygoid implants in patients with severe
maxillary atrophy as a predictable treatment option.
Patient compliance before and after surgical
procedures is key to implant survival. The data can
lay the foundation for the improvement of the
management of patients with posterior maxillary
atrophy.
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Therefore, the pterygomaxillary area has not been not
considered as a region suitable for implant placement.
This region is frequently associated with both extensive
bone degeneration (poor bone quality) and a reduced
amount of cortical bone.8

In 1989, Tulasne8 described a method for inserting
and engaging pterygoid implants in the cortical bone
formed by the posterior wall of the maxillary tuberosity,
horizontal process of the palatine bone, and pterygoid
process of the sphenoid bone. Pterygoid implants are
attractive because of the availability of dense cortical
bone for engagement of the implant.9,10 They also help to
overcome the need for maxillary sinus lift or grafting
procedures, reducing treatment time and allowing im-
mediate loading of the implant.11 Pterygoid implants
allow a prosthesis to have sufficient posterior extensions,
which eliminates the need for distal cantilevers.11 Dis-
advantages of pterygoid implants include the learning
curve and technique sensitivity associated with the pro-
cedure, proximity to vital anatomic structures, and diffi-
culty of access for clinicians and patients.11 In addition,
the marginal bone loss around these implants is difficult
to assess from radiographs.12

Patients with severely atrophic posterior maxillae
have been reported to have preserved sufficient bone
corridor (about 80%) to allow the transit and insertion of
long (13-20 mm) implants.4 The accuracy of the bone
corridor in the posterior maxilla has been reported,
suggesting that the ideal pterygoid implant angulation
should reach the pterygoid plate.11,13,14 Rodríguez et al13

evaluated the 3D angulation of the pterygomaxillary
corridor in which pterygoid implants were placed with
assistance from cone beam computed tomography. Data
from 202 patients confirmed that an implant of at least
15-mm length should be used to take advantage of the
quantity and quality of the bone in this region.13

A recent review by Candel et al14 reported that the
weighted average success of pterygoid implants was
90.7%. Also, no additional complications were found
compared with conventional implants, and patient
satisfaction with the prosthesis was high.
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However, few studies have reported consistent data
for the use of pterygoid implants in immediately loaded
complete-arch rehabilitations. This inconsistency is
mainly related to the misclassification of pterygoid im-
plants with pterygomaxillary or tuberosity implants. In a
recent review, Araujo et al4 analyzed the survival rate of
pterygoid implants in 6 studies. The rate of implant loss
was variable (range 2.39%-10.9%).4 This can be
explained by the heterogeneity of the patient selection
and the different implant surface treatments described in
these studies. However, most implant failures occurred
within 6 months of implant surgery.

Therefore, the purpose of this prospective cohort
study was to investigate the 1-year survival and success
rates of pterygoid implants and prostheses in participants
affected by severe atrophy of the posterior maxilla
requiring a complete-arch immediate fixed prosthesis.
The research hypothesis was that the survival and suc-
cess rates of pterygoid implants would be higher than
those reported in the literature (range 91.61%-89.1%)4

because of the accuracy of the preoperative planning
and surgical procedure, participant compliance, and the
participants selection.

MATERIAL AND METHODS

Fifteen participants with either complete maxillary
edentulism or a terminal dentition who presented with
maxillary sinus pneumatization and bone atrophy on at
least 1 side were included in the study. They received
immediately loaded fixed implant-supported prostheses
with implants in both anterior areas and the pterygoid
region. Experimental procedures reported were per-
formed in agreement with the Code of Ethics of the
World Medical Association (Declaration of Helsinki). All
participants received detailed explanations and signed a
written informed consent form before being enrolled in
the trial. The participants had enough bone posterior to
the first premolar to anchor and stabilize implants of
standard diameter (implant diameter �3.7 mm). Detailed
inclusion and exclusion criteria are reported in Table 1.

For each participant, before surgery, anamnestic and
clinical data were collected, and a cone beam computed
tomography (CBCT) scan and panoramic radiograph
were obtained. All participants underwent at least 1
session of oral hygiene instruction and professionally
delivered debridement before the surgery if required.
Antimicrobial prophylaxis was given with 1 g of amoxi-
cillin plus clavulanic acid (or clarithromycin 500 mg if
allergic to penicillin) starting the night before the surgery,
twice a day, for 7 days after the surgery.

On the day of surgery, the participants were treated
under local anesthesia by using articaine with epineph-
rine 1:100 000 (Septanest Septodont articaine 4%; Sep-
todont Corp). Tooth extractions, when needed, were
Signorini et al



Table 1. Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Presence of bone width �4 mm in premolar area Patients with bruxism and/or clenching

Anterior sinus wall that did not allow placing tilted implant with standard protocol
using between 30- and 45-degree angulation fully inside bone

Presence of systemic uncontrolled diseases that could represent general
contraindication to implant dentistry

Inferior corner of anterior wall of sinus positioned anterior to second premolar Emotional instability

d Ongoing maxillary radiation therapy

d Active chemotherapy

d Patients who underwent bone grafting procedures at planned implant sites

d Patients with enough bone height bilaterally in posterior maxilla that allowed
insertion of implants with standard protocol.
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performed as atraumatically as possible, attempting to
preserve the buccal alveolar bone. Extraction sockets
were cleaned of any granulation tissue. An incision was
made along the crest, and a full-thickness flap was
elevated (Fig. 1A-C). Implants were placed in the anterior
(JDEvolution and JDEvolution Plus+; JDentalCare s.r.l.)
and pterygoid regions (JDPterygo; JDentalCare s.r.l.) of
the maxilla (Fig. 1D). An underpreparation protocol was
used to achieve an insertion torque of at least 45 Ncm
before final seating of the implant. Implant placement in
the pterygomaxillary region was done at an angulation of
25-40 degrees relative to the maxillary plane as described
by Graves.10 Tapered implants with an internal connec-
tion and an airborne-particle abraded and acid-etched
treated surface were used (Fig. 1D-F). During the
protocol-formulation phase, it was decided that pterygo
and anterior implants should attain an insertion torque of
at least 45 Ncm to be included in the study. If implants
did not reach an insertion torque of at least 45 Ncm, the
participant was excluded from the study. Final insertion
torque was measured by using a calibrated torque
wrench (JDTorque; JDentalCare s.r.l.). The wrench used
was able to perform torque measurements within a range
of 15-80 Ncm, with 5% precision. After closing and su-
turing the flap with 4/0 nonresorbable sutures, the
abutments were connected, and an interim fixed
implant-supported prosthesis was placed (Fig. 1G, 1H).
The torque used on abutments was 30 Ncm, and the
torque used on prosthetic screws was 15 Ncm. The
definitive screw-retained metal (titanium)-resin pros-
theses (Jd Lab Implant Crown; JDentalCare s.r.l.) were
delivered 6 months after surgery. The metal-resin pros-
theses were chosen based on bulk for strength, optimal
access for oral hygiene procedures, minimal display of
metal on the facial and occlusal surfaces, and strategic
thinning of implant frameworks to allow the retention of
acrylic resin denture teeth and denture base resin.15

Participants were enrolled in an oral hygiene program
with recall visits every 4 months for the entire duration of
the study.

The opposite-arch dentition was 7 implant-supported
fixed prostheses, 1 implant-supported overdenture
(OVD), and 7 participants with a natural dentition. The
Signorini et al
participants were evaluated after 6 months and 1 year to
assess the primary and secondary outcome measures
(Table 2).

Implant survival was evaluated at the time of abut-
ment connection by means of a mobility test for each
implant. After placement of the prostheses, survival was
assessed by means of marginal bone maintenance as
evaluated by panoramic radiographs and absence of pain
or symptoms of infection.

Statistical analyses were performed by using a sta-
tistical software program (Prism 5; GraphPad Software).
The t test was used for evaluating the difference in age
between men and women (a=.05). Correlations between
categorical variables (Fisher exact test) were used to
evaluate the possible association between the number of
implants and both the age and presence of comorbidities
(a=.05).
RESULTS

The baseline characteristics of the participants are shown
in Table 3. The sample was composed of 6 men (mean
±standard deviation age 61.17 ±1.66 years; range: 57-66)
and 9 women (mean ±standard deviation age 61.29 ±2.98
years; range: 51-76). No significant difference was found
between the ages of the men and women (P=.756). Co-
morbidities were frequently observed, with 3 of the 15
participants having more than 1 morbid condition. In
addition, 4 of the 15 participants were smokers.

The number of implants for each participant is shown
in Table 3. No significant association was found between
the number of implants and age (P=.235) or comorbid-
ities (P=.114). Minor complications were noted in 6 of the
15 participants. Specifically, 3 participants developed
mucositis within 4 months of the surgical procedures,
and 3 participants had complications with the interim
prosthesis (2 fractured, 1 chipped).

During the follow-up, no major complications were
found for the dental protheses or the implants (Fig. 2). All
prostheses were stable with no implant loss. Also, all
implants were well positioned in the bone site, with no
implant failure, pain, or peri-implant radiolucency. Sur-
vival and success rates within the follow-up period were
THE JOURNAL OF PROSTHETIC DENTISTRY



Table 2. Primary and secondary outcomes

Primary Outcomes Secondary Outcomes

Prosthesis failure: needed to be replaced by alternative prosthesis Biological complications: peri-implant mucositis (heavily inflamed soft tissue without
bone loss) and peri-implantitis (bone loss with suppuration or heavily inflamed
tissues), fistulas, paresthesia.

Implant failure: implant mobility and removal of stable implants dictated
by progressive marginal bone loss or infection. Implant stability assessed
after having removed prosthesis by tightening implant abutment screw with
30-Ncm torque.

Mechanical complications: fracture or loosening of prosthodontic components
assessed clinically and radiographically, fracture of framework and detachment of
resin teeth.

d Peri-implant marginal bone-level changes: evaluated on panoramic digital images
acquired immediately after surgery and after 1 y

Figure 1. Surgical procedure. A, Edentulous participant before surgery. B, Elevation of mucoperiostal flap. C, Insertion of right pterygoid implant. D, Six
implants inserted in maxillary arch (4 regular and 2 pterygoid). E, Immediate loaded interim fixed prosthesis. F, Smile of participant.
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Table 3. Baseline characteristics of participants

Pz. Age Smoker Flap/Flapless Implant Number Implant Type Position Size Torque (Ncm)

1 57 Y Flap 6 Pterygo LL-second molar Diameter (D) 4 mm, length (L) 18 mm 45

d d d d d Evolution UL-first molar D 3.7 mm, L 15 mm 80

d d d d d Evolution S LL-first premolar D 3.2 mm, L 10 mm 70

d d d d d Evolution UL-Canine D 3.7 mm, L 10 mm 80

d d d d d Evolution LL-Central incisor D 4.3 mm, L 11.5 mm 60

d d d d d Pterygo LR-first premolar D 4 mm, L 18 mm 45

2 76 / Flap 6 Evolution UL-Canine D 3.7 mm, L 11.5 mm 60

d d d d d Evolution LL-first premolar D 3.7 mm, L 11.5 mm 60

d d d d d Pterygo LL-third molar D 4 mm, L 15 mm 45

d d d d d Pterygo LR-Canine D 4 mm, L 15 mm 45

d d d d d Evolution LL-Central incisor D 3.7 mm, L 10 mm 60

d d d d d Evolution S UL-first molar D 3.2 mm, L 11.5 mm 45

3 60 / Flap 7 Evolution UL-first molar D 3.7 mm, Height (H) 15 mm 80

d d d d d Pterygo LR-first premolar D 4 mm, H 13 mm 80

d d d d d Evolution UL-first premolar D 3.7 mm, H 13 mm 80

d d d d d Pterygo LL-second molar D 4 mm, H 13 mm 80

d d d d d Evolution LL-Central incisor D 4.3 mm, H 10 mm 80

d d d d d Evolution LL-first premolar D 3.7 mm, H 13 mm 80

d d d d d Evolution LL-Lateral incisor D 3.7 mm, H 13 mm 80

4 60 Y Flap 6 Pterygo LR-Canine D 4 mm, L 13 mm 60

d d d d d Evolution LL-Central incisor D 4.3 mm, L 15 mm 80

d d d d d Evolution LL-Canine D 3.7 mm, L 15 mm 80

d d d d d Evolution UL-first premolar D 3.7 mm, L 15 mm 80

d d d d d Evolution UL-first molar D 4.3 mm, L 15 mm 80

d d d d d Pterygo LL-third molar D 4 mm, L 13 mm 80

5 51 Y Flap 6 Pterygo LL-second molar D 4 mm, L 15 mm 45

d d d d d Evolution S UL-second molar D 3.2 mm, L 15 mm 45

d d d d d Evolution S UL-second premolar D 3.2 mm, L 13 mm 45

d d d d d Evolution S LL-first premolar D 3.2 mm, L 13 mm 80

d d d d d Evolution S LL-Central incisor D 3.2 mm, L 15 mm 45

d d d d d Pterygo LR-first premolar D 4 mm, L 15 mm 80

6 56 / Flap 4 Pterygo LL-third molar D 4 mm, L 15 mm 70

d d d d d Evolution UL-Canine D 3.7 mm, L 13 mm 45

d d d d d Evolution S LL-first premolar D 3.2 mm, L 11.5 mm 45

d d d d d Pterygo LR-Canine D 4 mm, L 15 mm 60

7 66 / Flap 6 Evolution LL-Central incisor D 3.7 mm, L 11.5 mm 60

d d d d d Evolution LL-Canine D 3.7 mm, L 10 mm 80

d d d d d Evolution UL-Canine D 3.7 mm, L 10 mm 80

d d d d d Evolution UL-first molar D 3.7 mm, L 8 mm 80

d d d d d Pterygo LL-third molar D 4 mm, L 18 mm 45

d d d d d Pterygo LR-Canine D 4 mm, L 18 mm 70

8 59 Y Flap 6 Evolution UL-first molar D 3.7 mm, L 13 mm 60

d d d d d Evolution S LL-Lateral incisor D 3.2 mm, L 15 mm 70

d d d d d Evolution S LL-first premolar D 3.2 mm, L 11.5 mm 60

d d d d d Evolution S UL-first premolar D 3.2 mm, L 11.5 mm 60

d d d d d Pterygo LL-second molar D 4 mm, L 18 mm 60

d d d d d Pterygo LR-first premolar D 4 mm, L 18 mm 45

9 57 / Flapless 6 Pterygo LR-Canine D 4 mm, L 11.5 mm 45

d d d d d Evolution LL-Central incisor D 4.3 mm, L 13 mm 45

d d d d d Evolution LL-Canine D 3.7 mm, L 13 mm 80

d d d d d Evolution UL-first premolar D 3.7 mm, L 13 mm 70

d d d d d Evolution UL-first molar D 4.3 mm, L 13 mm 45

d d d d d Pterygo LL-third molar D 4 mm, L 13 mm 45

(continued on next page)
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Table 3. (Continued) Baseline characteristics of participants

Pz. Age Smoker Flap/Flapless Implant Number Implant Type Position Size Torque (Ncm)

10 61 / Flap 6 Evolution UL-Canine D 3.7 mm, L 11.5 mm 70

d d d d d Evolution LL-first premolar D 3.7 mm, L 11.5 mm 60

d d d d d Evolution UL-first molar D 3.7 mm, L 15 mm 80

d d d d d Evolution LL-Central incisor D 3.7 mm, L 15 mm 80

d d d d d Pterygo LL-second molar D 4 mm, L 15 mm 45

d d d d d Pterygo LR-first premolar D 4 mm, L 15 mm 45

11 65 / Flap 5 Evolution UL-first premolar D 3.7 mm, L 8 mm 60

d d d d d Evolution LL-Central incisor D 3.7 mm, L 13 mm 50

d d d d d Evolution LL-first premolar D 3.7 mm, L 8 mm 50

d d d d d Pterygo LL-third molar D 4 mm, L 15 mm 70

d d d d d Evolution S UL-first molar D 3.2 mm, L 13 mm 60

12 66 / Flap 5 Evolution LR-Lateral incisor D 3.7 mm, L 11.5 mm 45

d d d d d Evolution LL-Canine D 3.7 mm, L 13 mm 80

d d d d d Evolution UL-third molar D 3.7 mm, L 13 mm 60

d d d d d Pterygo LL-second molar D 4 mm, L 15 mm 80

d d d d d Evolution UL-first premolar D 3.7 mm, L 11.5 mm 70

13 66 / Flap 6 Evolution LL-Central incisor D 3.7 mm, L 11.5 mm 60

d d d d d Evolution LL-Canine D 3.7 mm, L 10 mm 80

d d d d d Evolution UL-Canine D 3.7 mm, L 10 mm 80

d d d d d Evolution UL-first molar D 3.7 mm, L 8 mm 80

d d d d d Pterygo LL-third molar D 4 mm, L 18 mm 45

d d d d d Pterygo LR-Canine D 4 mm, L 18 mm 70

14 60 Y Flap 6 Pterygo LR-Canine D 4 mm, L 13 mm 60

d d d d d Evolution LL-Central incisor D 4.3 mm, L 15 mm 80

d d d d d Evolution LL-Canine D 3.7 mm, L 15 mm 80

d d d d d Evolution UL-first premolar D 3.7 mm, L 15 mm 80

d d d d d Evolution UL-first molar D 4.3 mm, L 15 mm 80

d d d d d Pterygo LL-third molar D 4 mm, L 13 mm 80

15 62 / Flap 6 Evolution UL-first premolar D 3.7 mm, L 11.5 mm 80

d d d d d Evolution LL-Canine D 3.7 mm, L 11.5 mm 80

d d d d d Evolution UL-first molar D 3.7 mm, L 11.5 mm 80

d d d d d Pterygo LL-second molar D 4 mm, L 15 mm 60

d d d d d Pterygo LR-first premolar D 4 mm, L 15 mm 45

d d d d d Evolution S LL-Central incisor D 3.2 mm, L 11.5 mm 60

LL, Lower left; LR, Lower right; UL, Upper left; UR, Upper right.
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therefore 100%. Also, no failure of the conventional
implants was observed at 1 year.
DISCUSSION

The present study was conducted to investigate the 1-
year survival and success rates of pterygoid implants
and prostheses in participants affected by severe atrophy
of the posterior maxilla requiring a complete-arch im-
mediate fixed prosthesis. Results of this study supported
the research hypothesis because the survival and success
rates of the pterygoid implants were 100%.

The pterygoid implants were inserted in the maxillary
tuberosity with an angulation of 72 degrees in a posterior
direction and 80 degrees in a lateral direction with
respect to the occlusal plane,16-21 contacting the hard
bone of the pyramidal process and of the pterygoid
process. Considering an implant length between 13 and
THE JOURNAL OF PROSTHETIC DENTISTRY
20 mm, the only vascular structure that was at risk was
the palatine artery.21 The internal maxillary artery is
located inside the pterygopalatine fossa close to the
posterior wall of the maxillary sinus and therefore not at
risk for surgery using implants of less than 20 mm in
length.21 Planning the insertion with cone beam
computed tomography and remaining inside the soft
bone of the tuberosity until impacting the hard bone of
pyramidal and/or pterygoid process are mandatory to
avoid damage to the artery.

The survival and success rates of pterygoid implants
have been of concern.4 Therefore, the purpose of the
present study was to investigate the 1-year survival rates
of pterygoid implants in 15 participants with severe at-
rophy of the posterior maxilla. The participants were
heterogenous in term of sex, age, and the occurrence of
comorbidities. Clinical and imaging data demonstrated
survival and success rates of the pterygoid implants of
Signorini et al



Figure 2. Cone beam computed tomography scans. A, Sixty-year-old male participant. Images show thin bone in premolar position that allowed
insertion of 3.2-mm-diameter implants, not appropriate for cantilever prothesis. B, Sixty-one-year-old male participant. Images show 8-10 mm of bone
of poor quality for immediate loading in premolar position. Pterygoid implants placed.
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100% at both 6 months and 1 year. The authors are
unaware of previous reports with similar survival and
success rates of the pterygoid implants. Araujo et al4

reported survival and success rates from 90% to 98%.
The improved rates in the present study may be
Signorini et al
explained by the accuracy of the preoperative planning
and surgical procedure, compliance of the participants,
and the characteristics of the participant selection.
Possibly, the survival and success rates of the pterygoid
implants observed here can be attributed to the
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 2. (continued). C, Sixty-one-year-old male participant after surgery. Two pterygoid and 4 Evolution implants placed without complications.
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meticulous cleaning of the oral cavity performed during
surgery, with particular attention given to the removal of
all necrotic tissue and inflammatory residue. Such potent
are osteoclasts activators, and therefore, they promote
bone resorption.22 The antibiotic therapy and the dele-
tion of all inflammatory sites during surgery could
represent a fundamental step for bone healing after
pterygoid implant placement. Also, investigations that
describe the use of implants in the posterior maxillary
sites often use an imprecise nomenclature. In particular,
implants in this region can be denominated as tuberosity
implants, pterygoid plate implants,12,17,22,23 and pter-
ygomaxillary implants.21 The different terminology used
has been linked to the various anatomic structures that
may be engaged in the placement of implants in the
posterior maxillary. These concerns were not a factor in
the present study because only participants with ptery-
goid implants were included.

Limitations of the present study included the short
follow-up period (1 year). Studies have reported a longer
follow-up period (up to 169 months). However, Jesus
Valeron and Pilar Valeron24 reported pterygoid implant
survival in a follow-up range of 0.1-169 months. In the
present study, all participants were examined after the
same follow-up period (1 year).

Future investigations should evaluate a large cohort
population, stratified according to the grade of maxilla
atrophy and/or the presence of comorbidities. Such
studies could provide further information about the
THE JOURNAL OF PROSTHETIC DENTISTRY
appropriate use of pterygoid implants in clinical
practice.

CONCLUSIONS

Based on the findings of this clinical study, the following
conclusions were drawn:

1. The pterygoid implants evaluated had a high suc-
cess rate with minimal or no complications.

2. The present study reported reliable and accurate
data about the survival and success rates of ptery-
goid implants.

3. New studies on the survival of pterygoid implants at
1 year or more are needed.

REFERENCES

1. Papaspyridakos P, Mokti M, Chen CJ, Benic GI, Gallucci GO,
Chronopoulos V. Implant and prosthodontic survival rates with implant fixed
complete dental prostheses in the edentulous mandible after at least 5 years:
a systematic review. Clin Implant Dent Relat Res 2014;16:705-17.

2. Brånemark PI, Adell R, Breine U, Hansson BO, Lindström J, Ohlsson A.
Intra-osseous anchorage of dental prostheses I: experimental studies. Scand J
Plast Reconstr Surg 1969;3:81-100.

3. Goiato MC, dos Santos DM, Santiago JF Jr, Moreno A, Pellizzer EP.
Longevity of dental implants in type IV bone: a systematic review. Int J Oral
Maxillofac Surg 2014;43:1108-16.

4. Araujo RZ, Santiago Júnior JF, Cardoso CL, Benites Condezo AF, Moreira
Júnior R, Curi MM. Clinical outcomes of pterygoid implants: systematic re-
view and meta-analysis. J Craniomaxillofac Surg 2019;47:651-60.

5. Jaffin RA, Berman CL. The excessive loss of Branemark fixtures in type IV
bone: a 5-year analysis. J Periodontol 1991;62:2-4.

6. Lekholm U, Zarb GA. Tissue integrated prostheses: osseointegration in
clinical dentistry. In: Patient selection and preparation. Chicago: Quintes-
sence Publishing Company; 1985. p. 199-209.
Signorini et al

http://refhub.elsevier.com/S0022-3913(20)30259-6/sref1
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref1
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref1
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref1
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref2
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref2
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref2
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref3
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref3
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref3
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref4
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref4
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref4
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref5
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref5
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref6
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref6
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref6
Delta:8_,


- 2020 9
7. Curi MM, Cardoso CL, Ribeiro Kde C. Retrospective study of pterygoid
implants in the atrophic posterior maxila: implant and prosthesis survival
rates up to 3 years. Int J Oral Maxillofac Implants 2015;30:378-83.

8. Tulasne JF. Implant treatment of missing posterior dentition. Albrektson T,
Zarb G (Eds.), The Branemark osseointegrated implant, Quintessence,
Chicago, 1989, pp. 103-115.

9. Bidra AS, Huynh-Ba G. Implants in the pterygoid region: a systematic review
of the literature. Int J Oral Maxillofac Surg 2011;40:773-81.

10. Graves SL. The pterygoid plate implant: a solution for restoring the posterior
maxilla. Int J Periodontics Restorative Dent 1994;14:512-23.

11. Balshi SF, Wolfinger GJ, Balshi TJ. Analysis of 164 titanium oxide-surface
implants in completely edentulous arches for fixed prosthesis anchorage
using the pterygomaxillary region. Int J Oral Maxillofac Implants 2005;20:
946-52.

12. Balshi TJ, Hy L, Hernandez RE. The use of pterygomaxillary implants in
the partially edentulous patient. Int J Oral Maxillofac Implants 1995;10:
89-99.

13. Rodríguez X, Lucas-Taulé E, Elnayef B, Altuna P, Gargallo-Albiol J, Peñar-
rocha Diago M, et al. Anatomical and radiological approach to pterygoid
implants: a cross-sectional study of 202 cone beam computed tomography
examinations. Int J Oral Maxillofac Surg 2016;45:636-40.

14. Candel E, Peñarrocha D, Peñarrocha M. Rehabilitation of the atrophic pos-
terior maxilla with pterygoid implants: a review. J Oral Implantol 2012;38
Spec No:461-6.

15. Drago C, Howell K. Concepts for designing and fabricating metal
implant frameworks for hybrid implant prostheses. J Prosthodont
2012;21:413-24.

16. Lee SP, Paik KS, Kim MK. Anatomical study of the pyramidal process of the
palatine bone in relation to implant placement in the posterior maxilla. J Oral
Rehabil 2001;28:125-32.

17. Bahat O. Osseointegrated implants in the maxillary tuberosity: report on 45
consecutive patients. Int J Oral Maxillofac Implants 1992;7:459-67.
Signorini et al
18. Balshi TJ, Wolfinger GJ, Balshi SF 2nd. Analysis of 356 pterygomaxillary
implants in edentulous arches for fixed prosthesis anchorage. Int J Oral
Maxillofac Implants 1999;14:398-406.

19. Pistilli R, Signorini L, Pisacane A, Lizio G, Felice P. Case of severe bone
atrophy of the posterior maxilla rehabilitated with blocks of equine origin
bone: histological results. Implant Dent 2013;22:8-15.

20. Canullo L, Signorini L, Pistilli R, Patini R, Pistilli V, Pesce P. A prospective
case series on surgical treatment of circumferential and semi-circumferential
defects due to peri-implantitis. Braz Oral Res 2019;33(suppl 1):e072.

21. Balaji VR, Lambodharan R, Manikandan D, Deenadayalan S. Pterygoid
implant for atrophic posterior maxilla. J Pharm Bioallied Sci 2017;9:261-S263.

22. Balshi TJ. Single tuberosity osseointegrated implant support for a tissue
integrated prosthesis. Int J Periodontics Restorative Dent 1992;12:
345-57.

23. Khayat P, Nader N. The use of osseointegrated implants in the maxillary
tuberosity. Pract Periodontics Aesthet Dent 1994;6:53-61.

24. Valerón JF, Valerón PF. Long-term results in placement of screw-type
implants in the pterygomaxillary-pyramidal region. Int J Oral Maxillofac
Implants 2007;22:195-200.

Corresponding author:
Dr Luca Signorini
Odontostomatologic Disease
(Med 28) at Saint Camillus University of Health Science
Viale Regina Margherita n. 269, 00198
Via di Sant’Alessandro 8, Rome 00131
ITALY
Email: luca.signorini@fastwebnet.it

Copyright © 2020 by the Editorial Council for The Journal of Prosthetic Dentistry.
https://doi.org/10.1016/j.prosdent.2020.04.005
THE JOURNAL OF PROSTHETIC DENTISTRY

http://refhub.elsevier.com/S0022-3913(20)30259-6/sref7
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref7
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref7
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref8
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref8
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref8
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref9
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref9
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref10
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref10
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref11
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref11
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref11
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref11
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref12
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref12
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref12
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref13
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref13
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref13
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref13
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref14
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref14
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref14
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref15
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref15
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref15
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref16
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref16
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref16
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref17
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref17
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref18
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref18
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref18
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref19
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref19
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref19
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref20
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref20
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref20
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref21
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref21
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref22
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref22
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref22
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref23
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref23
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref24
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref24
http://refhub.elsevier.com/S0022-3913(20)30259-6/sref24
mailto:luca.signorini@fastwebnet.it
https://doi.org/10.1016/j.prosdent.2020.04.005

	Immediate fixed rehabilitation supported by pterygoid implants for participants with severe maxillary atrophy: 1-Year postl ...
	Material and methods
	Results
	Discussion
	Conclusions
	References


