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ABSTRACT

Introduction: Dental prosthetic rehabilitation based on Osseo integrated implants is a well-
established and highly predictable treatment modality. Hence we aimed to systematic
literature review to analyze clinical outcomes of tubero-pterygoid / Pterygoid implant for the
treatment of patients with atrophic posterior maxillae and to provide clinical
recommendations for this dental implant technique.

Material and methods: Online data was collected from the search engines of EBSCO,
Pubmed, Google Scholar, Scopus to identify literature presenting clinical outcomes of tubero-
pterygoid implants in the treatment of patients with atrophic posterior maxillae. The study
articles were collected that from Jan 1999 to Feb 2021. Based on the PRISMA guidelines the
meta analysis was performed.

Results: From 331 only 6 were finalized. All studies were retrospective in nature and were
classified with a poor level of evidence. A total of 634 patients received 1.893 tubero-
Pterygoid implants, with a mean implant survival rate of 94.87%. The mean prevalence of
implant failure was 0.056 with a 95% CI of 0.04 to 0.077.

Conclusion: It can be concluded that tubero-pterygoid implants can be successfully used in
patients with atrophic posterior maxilla. However, the results should be interpreted with
caution, given the presence of uncontrolled confounding factors in the included studies.
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INTRODUCTION

Dental prosthetic rehabilitation based on osseointegrated implants is a well-established and
highly predictable treatment modality™®. However, the dental rehabilitation of patient with
severe posterior maxillary atrophy using osseointegrated implants has been challenging. Bone
graft procedures, such as maxillary sinus lifting and onlay/inlay grafts, have also been used to
address insufficient bone volume in this region®*°. There are few studies in the literature
evaluating pterygoid implant survival rates in short and long term follow-up studies** ™.
Although a definition of pterygoid implants is provided in the glossary of Oral and
Maxillofacial Implants (GOMI), as an “implant placed through the maxillary tuberosity and
into the pterygoid plate”, several studies in the literature have incorrectly included implants
inserted into the tuberosity or the pterygomaxillary region as pterygoid implants®®. Short
implants placed only in the maxillary tuber, tilted implants inserted into the tuberosity or in
the pterygomaxillary region, and implants shorter than 13 mm that are not inserted into the
dense cortical pterygoid plate should not be considered pterygoid but rather pterygomaxillary
implants'®. These considerations result in an even smaller number of studies correctly
reporting pterygoid implants in the literature. This confusion in misclassifying pterygoid
implants with pterygomaxillary or tuberosity implants should be deliberated and clarified.
Since the last systematic review of the literature reported by Bidra®, new clinical, anatomical
studies have been published contributing to a better knowledge of implant installation in the
pterygomaxillary region, which makes it necessary to systematically revise this topic>?®.
Hence we aimed to systematic literature review to analyze clinical outcomes of tubero-
pterygoid implant for the treatment of patients with atrophic posterior maxillae and to provide
clinical recommendations for this dental implant technique.

MATERIALS AND METHODS

We conducted the search for the data from the online sources like the “EMBASE”,
“Pubmed”, “Scopus” and other sources. The study was conducted by two reviewers
independently. The PRISMA guidelines were followed. The articles were collected from
January 1999 to February 2021. The disputes between the reviewers were cleared by consent.
The articles were screened for the abstract and the title for the initial screening. Later the
entire text was studied by one reviewer and then was cross checked by the other reviewer.
The present study was organized according to the PICOS. The inclusion criteria were:
English and Spanish language; studies in humans; studies reporting implants in the pterygoid,
pterygomaxillary, or maxillary tuberosity regions; studies with at least 1 year of follow-up;
clinical cases with a minimum of 10 patients; randomized controlled trials (RCTs) and
prospective studies; retrospective and prospective studies. The following definition of
pterygoid implant was considered: an implant inserted through the maxillary tuberosity,
engaging with the dense cortical bone formed by the pyramidal process of the palatine bone
and the pterygoid laminae of the sphenoid bone®®*°: implant length of minimum 13 mm and
able to effectively reach the pterygoid plate®®**%. The key words: “pterygoid implants,”
“pterygomaxillary implants,” “pterygoid plate implants,” and “tuberosity implants”.The study
design that were considered in the present review were organized according to the title,
author, country, date of publishing, the number of the articles in the study, the number of the
patients included, the search engine used, the registration of the study, the protocol followed.

RESULTS

Out of the 331 studies only 6 were finalized. The figure 1 describes the selection. Author,
level of evidence, number of patients, number of pterygoid implants, implant characteristics,
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survival rates, surgery complications, type of rehabilitation, peri-implant bone loss, and
follow-up period of the 6 included studies are summarized in Table 1. All studies were
retrospective case series®'*1%1"222 ranging from 1994 to 2015, and 5 of the 6 studies were
published after 2005. A total of 634 patients received 1.893 pterygoid implants, with a mean
implant survival rate of 94.87% (Figure 4). The follow-up period ranged from 12 to 132
months. Implant length varied from 13 to 20 mm. None of the studies reported significant
clinical, surgical, or prosthetic complications. Five of the 6 studies®*®"#% (except Balshi et
al.') had a mean healing time of 4-6 months prior to implant loading. Two studies reported
low peri-implant bone loss of the pterygoid implants. Curi et al.° and Pefiarrocha et al.*”
reported a mean bone loss of 1.21 mm and 0.71 mm, respectively. All studies mentioned the
importance of adequate implant length and proper implant angulation to engage the dense
cortical bone of the pterygoid plate (Table 2).

Implant failure

The lowest and highest implant failure rates were 2.9% and 10.9%. The mean prevalence of
implant failure was 0.056 with a 95% CI of 0.040 to 0.077 (Figure 2). Of a total of 1893
pterygoid implants, 97 implants were lost. Most implant failures occurred 6 months after
implant surgery and before loading.

Bias analysis

The risk of bias was evaluated through a funnel plot standard error rate. Results showed that
there was a distribution of the studies within the funnel, with an index of heterogeneity of 1
of 43,237 (p = 0,117; Q-value: 8,809), indicative of low heterogeneity (Figure 3). With
regards to the total implant survival rate and moment of implant failure, 97 implants failed at
the end of the follow-up period (132 months), with an overall survival rate of 94.87% (Figure
4). Related studies included those by Curi et al.?, Rodrigues et al.??, Pefiarrocha et al*’,
Valerén and Valeron?, and Graves'®. A study by Balshi et al.'* was not clear; 10 failures
occurred over a period of 1 to 9 years.

Table 1. Data summary of the six included studies analysed in this systematic review
(NR, not reported)

Author Number of Complications Implant failure and Follow up
Year Patients and period period
Pterygold Implants

Curi 56/66 Two cases of intracperative bleeding that stopped after implant placement 4 failyres 3 years

2015 No complications st infection, edema ou wound dehiscense, discomy of pain In before Ind surgery

the postoperative reevaluations. Speech or hygiene problems where not observed

Balsh /925 NR NR NR
2013
Rodriguez 392 /454 16 failures - 13 6 yoars
2012 before 2nd surgery
p yeomaxillary pain tha e Implant removed
Prosthetic: 1 pa thaht exhibited bruxism fractured 2 bilateral pterygold implants and
the maxillary anterior implant of the premolar reglon. Three fractured hybrid proshtesis
due to patients with bruxism
Penarrocha 45/68 None of the patients exhibited sinus complications, local mucositls, paresthesias, or 2 fallures before Mean 355
2009 neurclogic pastoperative problems 2nd surgery months
(12-69)
Valleron 92/152 Slight venous intracperative bleed| ases where the drilling extended a fow millimeters 8 faillures - 6 before 4 yoars
2007 in the retropterygoid area that od with impla l Slight trismus and Ind surgery (89.7+-30.7)

discomiort in those patients easely solved with phisioterapy and muscular relacants

Geaves 49 /64 NR 7 tailures before 4 years

1994 Ind surgery
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Table 2. Life-table survival analysis showing the cumulative survival rate of pterygoid
implants for the six selected studies

Study NHMRC Number Number of Pterygoid Implant Survival Surgical Antero- Osseointe  Periimplant Follow up

(Year) Level of of Pterygoid Implants Manufacturer Rate Complications posterior gration Bone Loss Period
Evidence Patients Implants Length (mm) (%) Angulation period (mean) (mean)

Curi -3 56 66 18-20 Branemark 93.93 Slight venous 15°-60° 4 months 1.21mm 3 years
(2015) MK 1l TiUnite intraoperative
bleeding
Balshi -3 NR 925 15-18 Branemark 94.16 NR NR NR NR NR
(2013) System —

Nobel Biocare

Rodriguez -3 392 454 13-18 Osseotite, 3i / 96.5 Slight venous 60° - 90° 4.2 NR 6 years
(2012) Implant intraoperative months
Innovations bleeding
Defcon
Penarrocha -3 45 68 16 Avantblast 97.05 None NR 3 months 0.71mm 1year
(2009) (Impladent,
Senmenat)
and ITI
Straumann
Valleron -3 92 152 NR Branemark 94.6 Slight venous NR 6 months NR 4 years
(2007) System — intraoperative
Nobel Biocare bleeding
Graves -3 49 64 15-20 NR 89.1 NR 45° 6 months NR 4 years
(1994)

Figure 1. Flowchart of the search strategy for the systematic review.

Records identified through database Additional records identified throught
searching (n=331) other sources (hand search) (n=1)

—

[ Records after duplicates (n=7)

[Records screened (n=325) ]——[Records excluded (n=289) ]
Full-text articles acessed Full-text articles excluded
for eligibility (n=36) with reasons (n=30)

[ Studies inclued in qualitative

synthesis (n=06)

l

[ Studies inclued in quantitative ]

synthesis (meta-analysis) (n=06)
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Figure 2. Forest plot of pterygoid implant failure
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Study name Statistics for each study Ev ent rate and 95% CI

Event Lower Upper
rate limit  limit Z-Valuep-Value

Curi et al 2015 0061 0023 0151 -5313 0,000
Balshi et al. 2013 0,084 0,050 0,081 -19,965 0,000
Rodriguez et al. 2012 0,03 002 0057 -13,003 0,000

Penarrocha et al. 2009 0029 0007 0110 -4872 0,000

Valerdn et al. 2007 0,053 0027 0102 -7,957 0,000
Graves et al 1934 0,109 0053 0212 -5236 0,000
0,056 0,040 0,077 -16,030 0,000 ’

Figure 3. Funnel plot of the risk of failure of pterygoid implants

Funnel Plot of Standard Error by Logit event rate

Standard Error

Figure 4. Pterygoid implants survival rate

Cumulative survival rate (%) of dental implants in
pterig. region

A
WA
= \
3\, 97 \‘ -
a8 N e e
£ 95 | et L TSP ...
=
&
z 93+
H
2 91 1
3
= +
E 89
=
Q 87+

85 + ‘ ’ : i .
0 20 40 60 80 100 120
Follow-up intervals (months)

DISCUSSION

The main finding of this systematic review based on the retrospective studies analyzed is that
the pterygoid implants have a high survival rate in the dental rehabilitation of posterior
atrophic maxilla. Most of the implant failures occurred 6 months after implant installation
surgery and before implant loading. Once osseointegrated, pterygoid implants remained
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stable and functional after the first year. In our revision, all included studies were
retrospective and were classified with a low level of evidence (Il1-3 according to the
NHMRC scale). Meta-analysis showed that the included studies were homogeneous,
suggesting that the results are robust (Figure 3). This systematic review shows there is still
misunderstanding regarding the definitions and differences among tubero-pterygoid,
pterygomaxillary, and tuberosity implants, as reported in a previous systematic review of the
literature. The outcomes of this systematic review are in agreement with those of a previous
systematic review™; however, a smaller number of studies were included in the present
systematic review, based on the current definition and inclusion criteria for pterygoid
implants as described in the literature®®°?% |n the 6 included studies, there was lack of
data, such as peri-implant bone loss, implant trademark, or number and type of anterior
implants placed in the maxilla. No studies specified whether there were differences in their
results related to patient age, gender, smoking status, or any other systemic condition
associated with implant success or failure. All included studies had a minimum follow-up
period of 1 year, and 3 of the 6 studies®'®® had a minimum follow-up of 3 years.
Measurements of bone loss were incomplete or not reported in most studies**®?% Tubero-
Pterygoid implant surgical technique follows the same basic principles of conventional
implant surgery. The pterygoid implant technique can be considered a simpler surgical
approach, as it does not require a bone grafting procedure. This technique is associated with
less overall morbidity, lower treatment costs, and shorter healing times. From a prosthetic
point of view, dental rehabilitation with pterygoid implants has the advantage of eliminating
long distal cantilevers, due to the emergence of pterygoid implants in the second molar
region. Rodriguez et al.'° analyzed 202 cone bean computed tomographic files of patients
with atrophic maxilla, and found that bone density of the pterygoid plate area was three times
higher compared to the tuberosity area. Bone density in the tuberosity area ranged from 285.8
to 329.1 DV units, and density in the pterygoid plate area varied from 602.9 to 661.2 DV
units, with a 95% CI'°.Some studies have established a minimum implant length of 13 mm
for pterygoid implants'®*3. Lee et al.' reported an anatomical study of the pyramidal process
of palatine bone in relation to implant placement in the posterior maxilla; they measured the
height and anteroposterior and mediolateral distances of the pyramidal process. They found a
mean height of 13.1 mm, anteroposterior distance of 6.5 mm, and mediolateral distance of 9.5
mm. Rodriguez et al.*® reported an anatomical study of the pterygomaxillary area with 100
cone-beam computed tomography; they found a mean bone corridor height of 22.5 mm. In
this systematic review, implants were only considered pterygoid if they had minimum length
of 13 mm. One study that did not mentioned the pterygoid implant length®. Although these
authors did not mentioned implant length, they described the complete technique for
pterygoid implants, with implant apex engaged at the pterygoid plate.

It is important to highlight that in all the included studies, no major complications were
reported. Although it might be expected that the greater the bone reabsorption of the maxilla,
the greater will be its complications or transoperative difficulties; however, none of the
authors correlated or reported this association.®*%"?22% gome authors reported their major
complications, which are summarized in Table 5.%*"?% The Curi®, Graves'® and Rodriguez®
studies pointed out that one of the major “complications” associated with this technique
might be the learning curve and the anatomical knowledge of the area so that the proper
pterygoid implant technique may be accomplished. There were no associations in regard to
the amount of bone atrophy and difficulties related to the insertion of the pterygoid implants.
That could be explained to the fact that the bone corridor formed by the pyramidal process of
the palatine bone and the lateral plate of the pterygoid process of the sphenoid bone does not
undergo bone resorption like the maxillary alveolar bone, since it does not support teeth and
does not have the influence of the masticatory forces or the periodontal ligament**There was
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no consensus as to pterygoid implant angulation insertion among the studies analyzed in this
review. The anteroposterior angulation axis varied from 45° to 75° in relation to the Frankfurt
plane®*®??  However, the buccopalatal angulation axis had a mean of 80° degrees, in relation
to the Frankfurt plane in all studies. There was no significant difference in pterygoid implant
survival rates among the included studies, when comparing implant angulation. All included
studies reported high pterygoid implant success rates, and varied from 97.1% to 89.1%. None
of the included studies in this systematic review discussed the possible primary causes for
pterygoid implant failure.®**11"2223 pterygoid implant surgical technique has been
associated with very few complications. The most common complication reported was
intraoperative bleeding. Intraoperative bleeding is probably due to damage to pterygoid
muscles during implantation or drilling through the pterygoid bone plate®. All surgery
complications reported in the included studies are shown in Table 2.51416172223 A|| the other
data analyzed (age, gender, implant manufacturer, type of prosthesis, implant surface) did not
influence the survival rates of pterygoid implants. The quality of soft tissue commonly found
in the tuberosity area (where pterygoid implants emerge) can be a positive factor when
considering pterygoid implants for the rehabilitation of atrophic posterior maxillae. The soft
tissue in this area is usually thick and keratinized. Curi® and Pefiarrocha'’ found mean peri-
implant bone losses of 1.21 mm and 0.71 mm, respectively, in 3-year follow- up periods.
While these studies present good clinical results, they were all evaluated with panoramic
radiographs, and even with good calibration and controlled clinical and radiographic
evaluation, this can lead to imprecise interpretation of results. Further controlled studies with
cone beam computed tomography evaluation are required to improve the level of knowledge
on this topic.The lack of control over influencing factors limits our conclusions. In addition,
no prospective studies were available for analysis and, therefore, the retrospective nature of
the included studies should be considered when interpreting the outcomes of this review.

CONCLUSION

The tubero-pterygoid implant are predictable for the rehabilitation of posterior atrophic
maxilla. The survival rates evaluated are as high as conventional dental implant survival rates
in other regions of the maxilla.
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