Orapuh

OPEN ACCESS

REVIEW ARTICLE

The success rate of zygomatic implant in oro-facial reconstructive
surgery: A systematic review

Gebretsadik, H. G.

School of Global Health & Bioethics, Euclid University (Péle Universitaire Euclide)

ARTICLEINFO

ABSTRACT

Received: 14 September 2021
Accepted: 8 October 2021
Published: 21 October 2021

Keywords:

Zygomatic implant, success
rate, oro-facial reconstructive
surgery

Peer-Review: Externally peer-reviewed
© 2021 The Author.
Published by Orapuh, Inc. (info@orapuh.org)

Re-use permitted under CC BY-NC.
No commercial re-use or duplication.

Correspondence to:
Dr. Heron Gezahegn Gebretsadik
gezahegn.heron@gmail.com

To cite:

Gebretsadik, H. G. (2021). The success
rate of zygomatic implant in oro-facial
reconstructive surgery: A systematic
review. Orapuh Journal, 2(2), e817.

ISSN: 2644-3740

Dental implants are widely used in oro-facial rehabilitation. They are considered
effective and acceptable in the replacement of lost teeth and, with implant-
supported prosthesis, oro-facial soft and hard tissues configuration. A zygomatic
implant is a class of dental implant, which is different from the conventional one,
mainly, because it is much longer and attached to the zygomatic bone instead of the
maxillary bone. This systematic review was aimed at describing the success rate of
the zygomatic implant in oro-facial reconstructive surgery. A review of published
literature with no time limitation was conducted in November 2019. An electronic
search of PubMed, ISI Web of Science, Cochrane, and Google Scholar databases was
conducted to obtain information for this review. A total of 52 prospective and
retrospective studies that contained relevant information were selected for data
extraction and analysis. Based on the information obtained from the included
articles, a total of 3613 zygomatic implants were placed in 1679 study participants.
This translates to 2.2 implants being placed per single cohort. After an average
follow-up period of 3.5 years, 2.4% of the implants were reported to have failed.
Consequently, the success rate of the zygomatic implant was 97.6%. This review has
indicated that the zygomatic implant technique is predictable with a high success
rate and satisfactory clinical outcomes. Despite the high success rate indicated in
this study, conducting randomized controlled/clinical trials to test the efficacy of
this implant in comparison with the other technique to treat similar deficits in the
oro-facial region (bone grafting) is crucial. Thus, the findings reported in this review
must be interpreted with considerable caution. Moreover, more studies with longer
follow-up periods involving an adequate number of zygomatic implants placement
are imperative. These will help to procure a better understanding of the success rate
of zygomatic implants.

INTRODUCTION

to the zygomatic bone rather than the maxillary bone (Davo

Today dental implants are widely used in oro-facial
rehabilitation. The replacement of lost teeth and oro-facial
soft and hard tissues configuration with implant-supported

prosthesis is an effective and acceptable treatment modality.

Zygomatic implants (ZI) are among classes of dental
implants which are different from the conventional
implants mainly in that they are much longer and attached

et al., 2010).

In the 1990s, zygomatic implants were designed by the
Swedish scientist Per-Ingvar Branemark to allow for
implant-supported prosthesis placement where maxillary
bony support for prosthetic rehabilitation is inadequate
(Chrcanovic et al., 2017; Chow et al., 2010). The cheekbone
was used as an anchorage point for the zygomatic implant.
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In the year 2003-2004, documentation and data began to be

published revealing the success rates of zygomatic implants.

The success rates (SR) were found to be as good as with
conventional implants.

The technique of zygomatic implants has been developed
over the last quarter-century, and, as such, those implants
are not a point of debate. They do not rely on the alveolar
jaw bone anchorage, as do conventional implants, but rely
solely on the zygoma anchorage. Those implants are much
longer (3.5 to 5 cm) than the regular dental implants (0.7 to
1.5 cm)

Rehabilitation of oro-facial function with dental implants
can be achieved with predictable success in various clinical
situations, and acceptable long-term results have been
reported in patients with sufficient bone volume. However,
the presence of inadequate bone quantity poses a problem
for implant placement . The treatment
of major maxillary atrophy with a zygomatic implant is
challenging because difficult bone grafting techniques or
micro vascularized flaps with long healing time and severe
discomfort for the patients may require to enable placement
of a sufficient number and length of implants
. Advanced posterior alveolar resorption
combined with increased maxillary sinus pneumatization
often leaves insufficient bone for implant anchorage
. Conditions such as cleft deformities and post-
surgery maxillary defects, which present a discontinuity in
the musculoskeletal facial complex are more challenging.
Various techniques have been described to treat the
atrophic maxilla, including the use of angled implants in the
parasinus region, extensive bone grafting surgical
procedures like iliac bone harvesting, implants in pterygoid
apophysis, maxillary sinus floor elevation with bone
substitute or graft, short and wide implants, and zygomatic
implants . The use of zygomatic
implant after ablative tumor surgery with resection of the
maxillary bone, gangrenous facial condition like cancrum
oris, trauma, congenital defects, unsuccessful autogenous
bone grafts, gunshot wounds, and in patients who refuse
autogenous bone grafting is alternative in providing thick
zygomatic bone that plays a key role in the reconstruction

of the midface and oral rehabilitations deficits

ZIs can still be considered a relevant alternative to short
implants and implants of conventional length placed

following sinus floor elevation. The zygomatic implant
placement procedure does not require any adjunctive
procedures. Furthermore, the ability to immediately use
existing dentures and the lack of need for bone grafting and
prolonged hospitalization makes this treatment modality
more acceptable to the patient. Extraoral bone harvesting
necessitates increased hospital admission, more money cost,
site  morbidity, different
functional limitations. Depending on the anatomical

donor complications, and
situation and the kind of rehabilitation needed ZlIs can be
used unilaterally or bilaterally with one or two zygomatic
implants in each side of the zygomatic buttresses. The use
of short implants and/or wide-diameter implants might be
also considered but the failure rate is reported to be high.
Different designs and sizes of zygomatic implants have
developed since the introduction of the technique. The
implant length is ranging in length from 30 mm to 52.5 mm.
The surgical procedure is carried out under general
anesthesia or intravenous sedation as described elsewhere

. Briefly, following the bilateral
elevation of the buccal mucoperiosteal tissue, removal of
the lateral sinus bony window posteriorly, and reflection of
the antral mucosal lining, two zygomatic implants are
inserted engaging the dense bone of the body of the
zygomatic arch, emerging intraorally in the upper premolar
region just palatal to the alveolar crest. Each implant is
introduced into the second premolar area, traversing the
maxillary sinus, and is placed into the body of the
zygomatic bone

Surgical placement of a minimum of four dental implants
in the canine and the central incisor maxillary area allows
for the fabrication of a fixed hybrid prosthesis.
Alternatively, the placement of two zygomatic implants
and at least two standard dental implants at the pyriform
buttresses allows the construction of a bar to support a
maxillary overdenture without the need for any bone
grafting. In case more root form dental implants can be
placed in the pre-maxilla a fixed prosthesis could be
fabricated . See

Since the classical description of surgical placement of Zls
in 1998 by Branemark, some authors have made
improvements and modifications to the original technique.
The premier aim of this systematic review is to analyze and
describe the success rate of zygomatic implants in Oro-

facial reconstructive surgery.
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Figure 1:

Quad zygomatic implant radiography

Figure 2:
Single bilateral maxillary implant radiography

There are various types of surgical approaches applicable

in practice for the placement of zygomatic implants to treat
patients depending on the clinical situations. Patient’s bony
and soft tissue anatomy, the health status of the
neighboring organs, and the technical skill of the surgeon
are the main determinant factors in the selection of the
surgical technique

When the maxilla is severely resorbed, the concavity
formed by the ridge crest is small, and the original classical
technique should be used. When maxillary resorption
generates a large concavity, it would be better to exteriorize
the zygomatic implant. The externalized technique has
fewer surgical steps than the classical and sinus slot
methods, is less invasive, and reduces surgical time. It is
recommended that utilization of the sinus slot technique

together with the CT-based drilling guide would enhance
). Although the
technique that uses the computer-aided surgical navigation

the final results

system approach may improve precision in the clinical
procedure, its use is expensive, prolongs the operation time,
and is limited to centers that have the necessary equipment
for the surgery

A systematic review of published literature with no time
limitation was conducted to describe the success/survival
rate of the zygomatic implant. This review analyses the data
extracted from the reviewed literature and depicts the
success/survival rate of zygomatic implants, which is what
the researcher wanted to ascertain in this study.

An electronic initial search was undertaken on 11
November 2019 on PubMed (U.S. National Library of
Medicine, National Institute of Health), ISI Web of Science
(Institute for Scientific Information), Cochrane, and Google
Scholar databases. The keywords zygoma, zygomatic, and
zygomaticus were used as Subjects. The survival rate,
success rate, failure rate, and combination of these terms
were used as adjectives. For searching the PubMed
database, the terms were used as Medical Subject Headings
(MeSH). This work adhered to the PRISMA guidelines

and all included articles were assessed
based upon CASP analysis criteria. The methodological
quality of randomized control trials (RCT) was assessed by
using the JADAD scale.

The bibliographic software EndNote (Thomson Reuters
Corp., New York City, NY, United States of America) was
used to manage all retrieved references. The organization
and screening of the literature began with an initial
electronic search from PubMed, ISI Web of Science,
Cochrane, and Google Scholar databases to obtain the first
raw hits. From the initial raw hits, some literature was
excluded as duplicates by Endnote and manual duplicate
search strategies. A selection of articles took place based on
the title and/or abstract from the hits without duplicates.
The identified papers further underwent a full-text review.
The full texts were accessed through EndNote full-text
search, URL search, google search, and Universities library
sources. After in-depth reading of the entire full texts
available the relevant articles were distinguished
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Figure 3:
Organization and screening of literature
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Extraction of data
The relevant information about the findings and
characteristics of the articles finally included in the
systematic review were extracted. All the key information
retrieved from the papers was recorded in the data
This
compiled and later used as an input to the data analysis.

extraction template. relevant information was
The total number of zygomatic implants placed, the total
number of failed implants, and the total number of
successfully placed implants were critical to calculating the

overall success rate.

In general, the data extraction form consisted of the
following pertinent information: author first name, name of
the journal, year of publication, volume/issue/pages,
follow up period, sample size, study design, the total
number of zygomatic implants placed, the total number of
failed implants, and the total number of successfully placed
implants.

CASP analysis

Evidence-based practice and research are the cornerstones
of effective health care and scientific pursuits. The ability to
critically evaluate and assess the quality of different
potentially relevant research articles in a systematic review
is crucial. Accordingly, all articles included in this review
went through rigorous quality and usefulness assessment.

For the different types of study designs identified in this
study, CASP
(critical appraisal skills program) analysis assessment tools

consistent and corresponding
have been implemented. Articles that were adjudged as
having passed the appraisal exercise were considered for
data analysis (Figure 4 [I - iii]).

Figure 4 [i]:
Articles included in the review and CASP analysis
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based on clinical and radiographic criteria. The absence of

clinically detectable mobility, recurrent per-implant
infection, and ongoing radiolucency around the implants
after 3, 6, and 12 months of loading were the key criteria to
claim success or failure rates. Furthermore, the absence of
pain and sensational discomfort were also considered.
Accordingly, the success rate of zygomatic implants was

calculated using simple algebra as follows:

—

he success rate of zygomatic implant
Total number of successfully placed zygomatic implants 100%
()

The total number of zygomatic implants placed

Ethical Clearance
No ethical clearance was needed for this study.

Figure 5:
Flow diagram
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RESULT

Calculating the success rate of the zygomatic implant in
Oro-facial reconstructive surgery was the main objective of
this systematic review. Therefore, the findings of the study
have been organized around the prime objective of the
study.

Databases Search Result

The initial search from all the databases yielded a total of
898 studies. A total of 372 papers were found to be
duplicated and excluded by EndNote duplicate search (349)
and Manual duplicate search (23) strategies. The remaining
526 articles underwent selection based on the title and/or
abstract. Out of the total, 120 articles were considered
potentially relevant based on their title and/ or abstract. The
full text of all these 120 articles was accessed through a
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university library portal (57), EndNote (36), and Google (27)
search approaches.

After an in-depth review of the retrieved full texts, 52 pieces
of literature fulfilling the inclusion criteria were finally
selected for data extraction.

A total of 52 articles in this review underwent CASP
analysis, which consisted of a series of questions to assess
the internal wvalidity, clinical relevance, and external
validity of each study identified. Out of the total 52 articles
which met the inclusion criteria in this review, 32 articles
were prospective studies. The remaining 20 studies were
conducted retrospectively.

All the 52 articles which were assessed via CASP analysis
tools showed clear aims and objectives. Appropriate
research designs and methodologies were chosen. Study
participants' selections, data collection instruments, and
data analysis methods were also acceptable. The internal
and external validities of the articles were found to be

commendable.

A total of 1539 zygomatic implants were placed in all
prospective studies. After an average follow-up period of
4.2 years, 2.5% (39) implants failed. Therefore, the survival
rate of the zygomatic implant in the prospective studies was
calculated to be 97.5%. On the other hand, 2074 zygomatic
implants were placed in all retrospective studies. After an
average follow-up period of 4.4 years, 2.3% (47) implants
failed. Hence, the survival rate of the zygomatic implant in
the retrospective studies was calculated to be 97.7%.
Generally, the overall success rate of zygomatic implants
was calculated to be 97.6% (3527) in this systematic review.

The success rate of zygomatic implants obtained by
different authors varied between 82% and 100%. From the
systematic review of 25 studies with a mean follow-up of
42.2 months (range 0-144 months) and a total of 1541
zygomatic implants, found a survival
rate of 97.86% after 36 months. This value remained
constant up to the last follow-up period.

reviewed 42 studies including 1,145 patients and
2402 zygomatic implants. A total of 56 zygomatic implants
were reported as failures and the cumulative success rate
(CSR) over 12 years was 96.7 %

Contemporary literature has revealed that the zygomatic
implant technique is predictable with satisfactory clinical
outcomes. Compared with major bone grafting, it is still a
less invasive technique and can be used in cases where bone
grafts cannot be harvested for some reason. Nevertheless,
the procedure is associated with serious complications
which, although rare, may jeopardize the treatment plan

Limited
anatomical structures, and intricacies of the zygomatic

intraoperative visibility, the complexity of
curve made this procedure a clinically demanding task,

hence, patients have to be informed of possible
complications .In
this review, the overall success rate of the zygomatic
implant was found to be 97.6% in 1679 patients operated to
receive an average of 2.2 implants per participant for 4.3
average follow-up years each, which means 86 implants
were reported to have failed out of the total 3613 implants
placed. The survival rate of zygomatic implants was
calculated in two ways based on the types of research
designs conducted. The articles which were included in this
systematic review were either prospective or retrospective
in nature. The survival rate was calculated to be 97.5% in
the prospective studies, that is out of 1539 zygomatic
implants placed, 1500 implants were found to be successful
in an average follow-up period of 4.2 years. Meanwhile, out
of the 2074 zygomatic implants placed in the retrospective
studies 97.7% (n=2027) implants were successful for an
average follow-up period of 4.4 years. Therefore, the
success rate of the zygomatic implant in the retrospective
studies was found to be comparably more for a longer
follow-up time. In general, the overall success rate of
zygomatic implants was calculated to be 97.6% (3527) in this

systematic review.

A study conducted to assess the long-term use of zygomatic
implants has shown a similar survival rate of 97.7% for 10
years of the follow-up period. The researcher has presented
the advantage of placing a zygomatic implant over the only
treatment option (bone grafting) available before the
introduction of zygomatic implants for the rehabilitation of
patients with atrophic maxilla. The researcher has
suggested that zygomatic implant surgical technique is less
invasive and more predictable than bone grafting
. Another study which
has been carried out to assess the zygomatic implant

procedures
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survival rate also released a nearly similar figure of 97.4%
survival rate of the zygomatic implant after 5 years follow
(Daveo, 2009a).
survival rates of zygomatic implants calculated in this

up-period Consequently, the overall
review have complemented Aparicio et al’s and other
similar studies as discussed above irrespective of follow-up
period variations. Hence, the findings of this review have
revealed that zygomatic implant is the best treatment
option in the reconstruction of patients with extensive bone

resorption in the maxillary region.

CONCLUSION

The use of the zygomatic implant in the reconstruction of
oro-facial defects has been considered as a viable alternative
to bone grafting. Rehabilitation using zygomatic implants
is a consolidated and predictable therapeutic option. The
findings of this study have shown that different surgical
techniques allow the installation of the zygomatic implant
with high predictability, having achieved a high
success/survival rate. Yet, the initiation of more studies
with longer follow-ups and larger study participants is
necessary to enhance the scientific evidence of the success
rate of this treatment modality.

Acknowledgment: I would like to express my deepest appreciation to
my supervisors Dr. Ignacio Zapardiel and Dr. David Madruga for their
valuable encouragement during the writing of this systematic review,
without which this work would not have been possible. It was an honor
and a great privilege to have had you as fellow workers.

Ethical Approval: No ethical approval was required.

Conflict of Interest: The author declares no conflict of interest.

ORCID iDs: Nil identified

Open access: This review article is distributed under the Creative
Commons Attribution Non-Commercial (CC BY- NC 4.0) license. Anyone
can distribute, remix, adapt, build upon this work and license the product
of their efforts on different terms provided the original work is properly
cited, appropriate credit is given, any changes made are indicated and the
use is non-commercial (https:/ /creativecommons.org/licenses/by- nc/4.

0/).

REFERENCES

Ahlgren, F., Sterksen, K., & Tornes, K. (2006). A study of 25
zygomatic dental implants with 11 to 49 months'
follow-up after loading. The International Journal of
Oral & Maxillofacial Implants, 21, 421-425.

Annibali, S., Cristalli, M. P., Dell'aquila, D., Bignozzi, 1., La
Monaca, G., & Pilloni, A. (2012). Short dental
implants: A systematic review. | Dent Res, 91, 25-32.

Aparicio, C., & Aparicio, D. C. (2012). Zygomatic implants:
The anatomy-guided approach. Quintessence.

Aparicio, C., Manresa, C., Francisco, K., Aparicio, A.,
Nunes, J., Claros, P.,, & Potau, J., M. (2014a).
Zygomatic implants placed using the zygomatic
anatomy-guided approach versus the classical
technique: A proposed system to report
rhinosinusitis diagnosis. Clinical Implant Dentistry
and Related Research, 16, 627-642.

Aparicio, C., Manresa, C., Francisco, K., Ouazzani, W.,
Claros, P., Potau, J. M. & Aparicio, A. (2014b). The
long-term use of zygomatic implants: a 10-year
clinical and radiographic report. Clinical implant
dentistry and related research, 16, 447-459.

Aparicio, C., Ouazzani, W., Aparicio, A., Fortes, V., Muela,
R., Pascual, A., Codesal, M., Barluenga, N., &
Franch, M. (2010). Immediate/early loading of
zygomatic implants: Clinical experiences after 2 to
5 years of follow-up. Clinical implant dentistry and
related research, 12.

Aparicio, C., Ouazzani, W., Garcia, R., Arevalo, X., Muela,
R. & Fortes, V. (2006). A prospective clinical study
on titanium implants in the zygomatic arch for
prosthetic rehabilitation of the atrophic edentulous
maxilla with a follow-up of 6 months to 5 years.
Clinical implant dentistry and related research, 8, 114-
122.

Aparicio, C., Ouazzani, W., & Hatano, N. (2008). The use of
zygomatic implants for prosthetic rehabilitation of
the severely resorbed maxilla. Periodontology, 2000
(47), 162-171.

Arajuo, R. T. E,, Sverzut, A. T., Trivellato, A. E. & Sverzut,
C. E. (2017).

consecutive

Retrospective analysis of 129

zygomatic implants used to
rehabilitate severely resorbed maxillae in a two-
stage protocol. International Journal of Oral &
Maxillofacial Implants, 32, 377-384.

Balshi, S. F., Wolfinger, G. J. & Balshi, T. J. (2009). A
retrospective analysis of 110 zygomatic implants in
a single-stage immediate loading protocol.
International Journal of Oral & Maxillofacial Implants,
24, 335-341.

Balshi, T. J., & Wolfinger, G. J. (2002). Treatment of
congenital ectodermal dysplasia with zygomatic
implants: A case report. International Journal of Oral
& Maxillofacial Implants, 17, 277-281.

Balshi, T. ]., Wolfinger, G. J., Shuscavage, N. J. & Balshi, S.,
F. (2012). Zygomatic bone-to-implant contact in 77

patients with partially or completely edentulous



Gebretsadik, Orapuh Journal 2021, 2(2), 817

maxillas. Journal of Oral and Maxillofacial Surgery, 70,
2065-2069.

Becktor, ]. P., Isaksson, S., Abrahamsson, P., & Sennerby, L.
(2005). Evaluation of 31 zygomatic implants and 74
regular dental implants used in 16 patients for
prosthetic reconstruction of the atrophic maxilla
with cross-arch fixed bridges. Clinical Implant
Dentistry and Related Research, 7, 159-165.

Bedrossian, E. (2010). Rehabilitation of the edentulous
maxilla with the zygoma concept: a 7-year
prospective study. The International Journal Of Oral
& Maxillofacial Implants, 25, 1213.

Bertolai, R., Aversa, A., Catelani, C., Rossi, A., & Giannini,
D. (2015). Treatment of extreme maxillary atrophy
with Zygoma implants. Minerva Stomatologica, 64,
253-264.

Bothur, S., Kullendorff, B., & Olsson-Sandin, G. (2015).
Asymptomatic Chronic Rhinosinusitis and Osteitis
in Patients Treated with Multiple Zygomatic
Implants: A Long-Term Radiographic Follow-up.
International Journal of Oral & Maxillofacial Implants,
30, 161-168.

Branemark, P. 1., Grondahl, K., Ohrnell, L. O., Nilsson, P.,
Petruson, B., Svensson, B., Engstrand, P., &
Nannmark, U. (2009). Zygoma fixture in the
management of advanced atrophy of the maxilla:
technique and long-term results. Scandinavian
Journal of Plastic and Reconstructive Surgery and Hand
Surgery, 38, 70-85.

Butura, C. C., & Galindo, D. F. (2014). Combined immediate
loading of zygomatic and mandibular implants: a
preliminary 2-year report of 19 patients. The
International Journal of Oral & Maxillofacial Implants,
29, 22-29.

Candel-Marti, E., Carrillo-Garcia, C., Penarrocha-Oltra, D.,
& Penarrocha-Diago, M. (2012). Rehabilitation of
atrophic posterior maxilla with zygomatic implants:
Review. Journal of Oral Implantology, 38, 653-657.

Chow, J., Wat, P, Hui, E,, Lee, P., & Li, W. (2010). A new
method to eliminate the risk of maxillary sinusitis
with zygomatic implants. The International Journal of
Oral & Maxillofacial Implants, 25, 1233-1240.

Chrcanovic, B. R., Albrektsson, T., & Wennerberg, A. (2017).

Survival and complications of zygomatic implants:
An updated systematic review. Journal of Oral and
Maxillofacial Surgery, 74, 1949-1964.

Corvello, P. C,, Montagner, A., Batista, F. C., Smidt, R., &
Shinkai, R. S. (2011). Length of the drilling holes of
zygomatic implants inserted with the standard
technique or a revised method: A comparative
study in dry skulls. Journal of Cranio-Maxillofacial
Surgery, 39, 119-123.

D'agostino, A., Trevisiol, L., Favero, V., Pessina, M.,
Procacci, P., & Nocini, P. F. (2016). Are zygomatic
implants associated with maxillary sinusitis?
Journal of Oral and Maxillofacial Surgery, 74, 1562-
1573.

Davé, R. (2009a). Zygomatic implants placed with a 2-stage
procedure: a 5-year retrospective study. Eur | Oral
Implantol, 2, 000-000.

Davé, R. (2009b). Zygomatic implants placed with a two-
stage procedure: a 5-year retrospective study.
European Journal of Oral Implantology, 2, 115-124.

Davé, R, Malevez, C., & Rojas, J. (2007). Immediate
function in the atrophic maxilla using zygoma
implants: a preliminary study. The Journal of
prosthetic dentistry, 97, 544-S51.

Davé, R., Malevez, C., Rojas, J., Rodriguez, J., & Regolf, ].
(2008). Clinical outcome of 42 patients treated with
81 immediately loaded zygomatic implants: A 12-
to 42-month retrospective study. European journal of
oral implantology, 1.

Davé, R., Pons, O., Rojas, J., & Carpio, E. (2010). Immediate
function of four zygomatic implants: A 1-year
report of a prospective study. European Journal of
Oral Implantology, 3, 323-334.

Dawood, A., Collier, J., Darwood, A., & Tanner, S. (2015).
The reverse zygomatic implant: A new implant for
maxillofacial reconstruction. Int | Oral Maxillofac
Implants, 30, 1405-8.

Duarte, L. R., Francischone, C. E., Peredo, L. G., Br\A
Anemark, P.I, et al. (2007). The Establishment of a
Protocol for the Total Rehabilitation of Atrophic
Maxillae Employing Four Zygomatic Fixtures in an
Immediate Loading System-A 30-Month Clinical
and Radiographic Follow-Up. Clinical implant
dentistry and related research, 9, 186-196.

Esposito, M., Barausse, C., Balercia, A., Pistilli, R., Ippolito,
D. R., & Felice, P. (2017). Conventional drills vs
piezoelectric surgery preparation for placement of
four immediately loaded zygomatic oncology
implants in edentulous maxillae: results from 1-



Gebretsadik, Orapuh Journal 2021, 2(2), 817

year split-mouth randomised controlled trial.
European Journal of Oral Implantology, 10, 147-158.

Fernandez, H., Gémez-Delgado, A., Trujillo-Saldarriaga, S.,
Varén-Cardona, D., & Castro-Nuifiez, J. (2014).
Zygomatic implants for the management of the
severely atrophied maxilla: a retrospective analysis
of 244 implants. Journal of Oral and Maxillofacial
Surgery: Official Journal of the American Association of
Oral and Maxillofacial Surgeons, 72, 887-891.

Filho, H. N., Amaral, W. S., Curra, C., Dos Santos, P. L., &
Cardoso, C. L. (2016). Zygomatic implant: Late
complications in a period of 12 years of experience.
Revista Clinica de Periodoncia, Implantologia y
Rehabilitacion Oral, 2.

Fortin, Y. (2017). Placement of zygomatic implants into the
malar prominence of the maxillary bone for apical
fixation: A clinical report of 5 to 13 Years.
International Journal of Oral & Maxillofacial Implants,
32, 633-641.

Garcia Garcia, B., Ruiz Masera, . J., & Zafra Camacho, F. M.
(2016). fistula after the
placement of zygomatic implants. The International
Journal of Oral & Maxillofacial Implants, 31, e11-14.

Gasparini, G., Boniello, R., Lafori, A., De Angelis, P., Del
Deo, V., Moro, A., Saponaro, G., & Pelo, S. (2017).
Navigation System approach in zygomatic implant

Bilateral cutaneous

technique. Journal of Craniofacial Surgery, 28, 250-251.

Goiato, M. C,, Pellizzer, E. P., Moreno, A., Gennari-Filho,
H., Dos Santos, D. M., Santiago, J. F., & Dos Santos,
E. G. (2014). Implants in the zygomatic bone for
maxillary prosthetic rehabilitation: A systematic
review. International Journal of Oral and Maxillofacial
Surgery, 43, 748-757.

Gonzalez-Garcia, R., Monje, A., Moreno-Garcia, C., &
Monje, F. (2016).
Zygomatic Implant Placement: A Novel Approach.
Journal of Maxillofacial and Oral Surgery, 15, 272-276.

Kuabara, M. R,, Ferreira, E. J., Gulinelli, J. L., & Panzarini,
S.R. (2010). Use of 4 immediately loaded zygomatic
fixtures for retreatment of atrophic edentulous

Endoscopically-Assisted

maxilla after complications of maxillary
reconstruction. The Journal of Craniofacial Surgery, 21,
803-805.

Landes, C. A., Paffrath, C., Koehler, C., Thai, V. D,

Sader, R, H.-C, &

Piwowarczyk, A. (2009). Zygoma implants for

Stiibinger, S., Lauer,

midfacial prosthetic rehabilitation using telescopes:

9-year follow-up. International
Prosthodontics, 22.

Lombardo, G., D'agostino, A., Trevisiol, L., Romanelli, M.
G., Mascellaro, A., Gomez-Lira, M., Pardo, A.,
Favero, V., & Nocini, P. F. (2016). Clinical,

microbiologic and radiologic assessment of soft

Journal — of

and hard tissues surrounding zygomatic implants:
a retrospective study. Oral Surgery Oral Medicine
Oral Pathology Oral Radiology, 122, 537-546.

Malevez, C., Abarca, M., Durdu, F., & Daelemans, P. (2004).
Clinical outcome of 103 consecutive zygomatic
implants: a 6-48 months follow-up study. Clinical
oral implants research, 15, 18-22.

Male, P., De Aratjo Nobre, M., Lopes, A., Ferro, A. & Moss,
S. (2014). Five-year outcome of a retrospective
cohort study on the rehabilitation of completely
edentulous atrophic maxillae with immediately
loaded zygomatic implants placed extra-maxillary.
European journal of oral implantology, 7.

Malé, P., De Aratjo Nobre, M., Lopes, A., Ferro, A., & Moss,
S. (2015).
Clinical outcome of 352 patients rehabilitated with

Extramaxillary surgical technique:
747 zygomatic implants with a follow-up between
6 months and 7 years. Clinical Implant Dentistry and
Related Research, 17 (1), €153-162.

Miglioranca, R. M., Sotto-Maior, B. S., Senna, P. M,,
Francischone, C. E.,, & Cury, A. A, D. (2012).
Immediate occlusal loading of extrasinus
zygomatic implants: A prospective cohort study
with a follow-up period of 8 years. International
Journal of Oral and Maxillofacial Surgery, 41, 1072-
1076.

Mozzati, M., Mortellaro, C., Arata, V., Gallesio, G., &

(2015). Rehabilitation with 4

zygomatic implants with a new surgical protocol

Previgliano, V.

using ultrasonic technique. The
Craniofacial Surgery, 26, 722-728.
Pellicer-Chover, H., Cervera-Ballester, J., Penarrocha-Oltra,

Journal  of

D., Bagan, L., Penarrocha-Diago, M., & Penarrocha-
Diago, M. (2016). Influence of the prosthetic arm
length (palatal position) of zygomatic implants
upon patient satisfaction. Medicina Oral Patologia
Oral Y Cirugia Bucal, 21, E380-E384.

Penarrocha, M., Uribe, R., Garcia, B., & Marti, E. (2005).
Zygomatic implants using the sinus slot technique:
clinical report of a patient series. The International
Journal of Oral & Maxillofacial Implants, 20, 788-792.



Gebretsadik, Orapuh Journal 2021, 2(2), 817

Pi Urgell, |, Revilla Gutiérrez, V., & Gay Escoda, C. (2008).
Rehabilitation of atrophic maxilla: a review of 101
zygomatic implants. Medicina Oral, Patologia Oral y
Cirugia Bucal, 13 (6), 363-370.

Prithviraj, D., Vashisht, R.,, & Bhalla, H. (2014). From

maxilla to zygoma: A review on zygomatic

implants. Journal of Dental Implants, 4, 44-47.

G., Natarajarathinam, G., Kumar, S, &
Parthasarathy, H. (2014). Full mouth rehabilitation
with

generalized aggressive periodontitis: 2-year follow-
up of two cases. Journal of Indian Society of
Periodontology, 18, 107-111.

Reychler, H. & Olszewski, R. (2010). Intracerebral

penetration of a zygomatic dental implant and

Rajan,

with zygomatic implants in patients

consequent therapeutic dilemmas: Case report.
International Journal of Oral & Maxillofacial Implants,
25, 416-418.

Rodriguez-Chessa, J. G., Olate, S., Netto, H. D., Shibli, J., De
Moraes, M., & Mazzonetto, R. (2014). Treatment of
atrophic maxilla with zygomatic implants in 29
consecutives patients. Infernational Journal of
Clinical and Experimental Medicine, 7, 426-430.

Romeed, S. A., Malik, R., & Dunne, S. M. (2014). Zygomatic
implants: The impact of zygoma bone support on
biomechanics. Journal of Oral Implantology, 40, 231-
237.

Ruben, M., Jose, G., Alvaro, D., & Grace, S. (2017).
Maxillary zygomatic hexagonal implant system
(MZH system) for severe resorption: A new
technique. Oral Maxillofac Surg, 21, 447-451.

Salvatori, P., Mincione, A., Rizzi, L., Costantini, F., Bianchi,
A., Grecchi, E., Garagiola, U. & Grecchi, F. (2017).
Maxillary resection for cancer, zygomatic implants
insertion, and palatal repair as single-stage
procedure: report of three cases. Maxillofac Plast
Reconstr Surg, 39, 13.

Sato, F. R. L., Sawazaki, R., Berretta, D., Moreira, R. W. F.,
Vargas, P. A, & De Almeida, O. P. (2010).
Aspergillosis of the Maxillary Sinus Associated
with a Zygomatic Implant. The Journal of the
American Dental Association, 141, 1231-1235.

A., & Rahul, G. R. (2012).
implants/fixture: A systematic review. Journal of
Oral Implantology, 39, 215-224.

Tzerbos, F., Bountaniotis, F., Theologie-Lygidakis, N.,
Fakitsas, D., & Fakitsas, I. (2016). Complications of

Sharma, Zygomatic

zygomatic implants: Our clinical experience with 4
cases. Acta Stomatologica Croatica, 50, 251-257.

Ugurlu, F.,, Yildiz, C,, Sener, B. C., & Sertgoz, A. (2013).
Rehabilitation of posterior maxilla with zygomatic
and dental implant after tumor resection: A case
report. Case reports in dentistry, 2013.

Vashisht, R., Bhalla, H., & Prithviraj, D. R. (2014). From
maxilla to zygoma: A review on zygomatic
implants. Journal of Dental Implants, 4, 44.

Vrielinck, L., Politis, C., Schepers, S., Pauwels, M., & Naert,
I. (2003). Image-based planning and clinical
validation of zygoma and pterygoid implant
placement in patients with severe bone atrophy
using customized drill guides. Preliminary results
from a prospective clinical follow-up study.
International Journal of Oral and Maxillofacial Surgery,
32, 7-14.

Wang, F., Bornstein, M. M., Hung, K., Fan, S., Chen, X,
Huang, W., & Wu, Y. (2017). Application of real-
time surgical navigation for zygomatic implant
insertion in patients with severely atrophic maxilla.
J Oral Maxillofac Surg., 3, 1-9.

Yates, ]. M., Brook, 1. M., Patel, R. R., Wragg, P. F., Atkins,
S. A, El-Awa, A, Bakri, I, & Bolt, R. (2014).
Treatment of the edentulous atrophic maxilla using
zygomatic implants: Evaluation of survival rates
over 5-10 years. International Journal of Oral and
Maxillofacial Surgery, 43, 237-242.

Zwahlen, R. A, Gritz, K. W., Oechslin, C. K., & Studer, S.
P. (2006). Survival rate of zygomatic implants in
atrophic or partially resected maxillae prior to
functional loading: A retrospective clinical report.
International Journal of Oral & Maxillofacial Implants,
21.



