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Abstract

Introduction: In the context of implantology and
severe resorption, zygomatic implants (ZI) are indicated
and the procedures can be completed with the
placement of a custom-made provisional prosthesis,
reducing surgical time and optimizing results. Digital
(virtual) optimizations for the ZI were developed in
computerized radiology machines that allowed
improvements in diagnostic and therapeutic tools.
Objective: It was carried out a systematic review of
the main considerations and clinical outcomes of using
digital tools for the optimization of the virtual zygomatic
implant. Methods: The rules of the Systematic Review-
PRISMA Platform were followed. The research was
carried out from January 2022 to April 2022 and
developed based on Scopus, PubMed, Science Direct,
Scielo, and Google Scholar. The quality of the studies
was based on the GRADE instrument and the risk of bias
was analyzed according to the Cochrane instrument.
Results and Conclusion: A total of 94 articles were
found. In total, 62 articles were fully evaluated and 41
were included and evaluated in this study, and of the
total of 41 articles, only 14 articles were developed as
the main clinical results of the virtual zygomatic implant.
Reducing errors and complications is essential if
zygomatic implants are to remain a viable treatment
alternative, and further research on a guided approach
to their placement is encouraged. The surgical guide
system showed accuracy for all variables studied and
allowed acceptable and accurate implant placement,
regardless of the complexity of the case. Thus, the
surgical and prosthetic plan, the position, the
emergence, the shape of the implants, the position of
the provisional prosthesis, the inter-arch relationships,
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and the surgical templates were designed in a virtual
environment and previously performed by the surgeon
in stereolithographic models, allowing the surgical
procedure was significantly simplified.

Keywords: Zygomatic implant. Virtual zygomatic
implant. Quad zygomatic implant. Clinical trials.

Introduction

In the context of implantology and severe
resorption, zygomatic implants (ZI) are indicated and
the procedures can be completed with the positioning of
a custom-made provisional prosthesis, reducing surgical
time and optimizing results [1]. One of the main reasons
for the use of ZI is due to the lack of bone in the alveolar
crest due to dentoalveolar trauma, traumatic extractions
and pathologies such as cancer [2,3].

Thus, the ZI provides remote anchorage for a
variety of oral and facial prostheses that contribute to
improving the function and quality of life of patients
undergoing treatment for maxillary and midfacial tumors
[3]. Furthermore, quad-zygomatic implants have been
used as a treatment option for patients with severely
resorbed maxilla [4]. In this sense, the ZI is an
alternative when there is bone loss [5-8]. The ZI has an
inclined head, designed to allow the placement of the
prosthesis 45 along the axis of the implant, providing an
excellent capacity for retention, support and
stabilization of the prosthesis [9-12]. ZI is also applied
when there is low bone quality and quantity [13].

In this context, bone-implant contact is correlated
with implant survival [13-18]. An important variable that
alters the zygomatic bone-implant contact is the angle
at which the implant is placed [19-21]. Thus, Branemark
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et al. [22] introduced a technique called zygomatic
fixation. The ZI provides anchorage, as it crosses the
maxillary tuberosity, passes through the pyramidal
process of the palatine bone and is part of the pterygoid
process of the sphenoid bone [23,24].

In this scenario, digital (virtual) optimizations for
the ZI were developed in computerized radiology
machines that allowed improvements in diagnostic and
therapeutic tools. Although ZI surgical guides have been
shown to be inaccurate, most clinicians generally
perform digital planning and virtual surgery prior to
patient intervention [25]. Thus, virtual surgery has
advanced significantly in implant dentistry, allowing
clinicians to visualize the surgical procedure before
performing the intervention on the patient. In addition,
virtual surgery provides complementary information that
helps to determine the number of implants, the proper
implant length and its proper position [25].

In this regard, CAD-CAM technology [26] has
helped in the development of minimally invasive surgical
techniques guided by intraoral splints [27] or computer-
assisted procedures [28-30]. Treatments with
conventional implants performed under surgical guides
have achieved survival rates similar to conventional
procedures [31], providing greater accuracy and
precision than previous techniques [32,33].

Therefore, the present study aimed to carry out a
systematic review on the main considerations and
clinical results of the use of digital tools for the
optimization of the virtual zygomatic implant.

Methods
Study Design

The rules of the Systematic Review-PRISMA
Platform (Transparent reporting of systematic reviews
and meta-analysis-HTTP://www.prisma-
statement.org/) were followed.

Data sources and research strategy

The search strategies for this systematic review
were based on the keywords (MeSH Terms): “Zygomatic
implant. Virtual zygomatic implant. Quad zygomatic
implant. Clinical trials’. The research was carried out in
January 2022 to April 2022 and developed based on
Scopus, PubMed, Science Direct, Scielo, and Google
Scholar. Also, a combination of the keywords with the
booleans "OR", “AND”, and the operator "NOT" were
used to target the scientific articles of interest.

Study Quality and Bias Risk
The quality of the studies was based on the GRADE

instrument and the risk of bias was analyzed according
to the Cochrane instrument.

Results and Discussion

A total of 94 articles were found. Initially,
duplication of articles was excluded. After this process,
the abstracts were evaluated and a new exclusion was
performed, removing the articles that did not address
the theme of this article. In total, 62 articles were fully
evaluated and 41 were included and evaluated in this
study (Figure 1). And of the total of 41 articles, only 14
articles were developed as the main clinical results of
the virtual zygomatic implant.

Figure 1. Flow Chart of Study Eligibility (Systematic
Review).

Additional records
identified through
other sources (n = 10)

Records identified
through database
searching (n = 84)

Total = 94 articles;
Duplicates removed (n = 22)
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eligibility
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Systematic Review (n = 41), and 14 articles
were developed as the main clinical results of
the virtual zygomatic implant.

Figure 2 presents the results of the risk of bias in
the studies using the Funnel Plot, through the
calculation of the Effect Size (Cohen's Test). The sample
size was determined indirectly by the inverse of the
standard error. The number of clinical studies evaluated
was n=14. The graph showed asymmetric behavior,
suggesting a significant risk of bias in studies with small
sample sizes, which are shown at the bottom of the
graph.

This presence of risk of bias is justified by the
deficiency in the number of clinical studies with a
significant sample size and with methodologies
developed as randomized controlled studies.
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Figure 2. The asymmetric Funnel Plot suggest a risk of bias between the small sample size studies that are shown

at the bottom of the graph. N=14 clinical studies.
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Major Clinical Results Of The Virtual Zygomatic
Implants (n=14 clinical studies)

Some studies have extended clinical understanding
to show the success rate of ZI [1-4, 34-36]. Thus, the
study evaluated the anatomical factors that influence
the virtual planning of ZI using cone-beam computed
tomography scans were performed on 268 maxillary
edentulous patients. The concavity sizes found were as
follows: 34.95% small, 52.30% medium, and 7.35%
large. The mean insertion angle was 43.2 degrees and
the mean apical implant anchorage was 9.1 mm. The
most frequent implant length was 40mm. Significant
differences were found when comparing the different
types of concavities to the installation angle, the
distance from the apical portion of the implant in contact
with the zygomatic bone, and the side-to-side thickness
of the zygomatic bone (p<0.001). The medium-sized
maxillary sinus concavity had the greatest apical
anchorage of the implant (9.7mm) and was the most
frequent type (52.30%). Therefore, the zygomatic bone
is a viable site for zygomatic implants and the use of
specialized implant planning software is an important
tool to achieve predictable results for ZI [24].

Also, one study presented a new protocol for ZI
placement using pre-surgical planning with computed
tomography (CT)/cone-beam (CB) three-dimensional
(3D) CT and advanced 3D printing diagnostic
technologies. a total of 10 ZI, all placed by the same
surgeon. The preoperative positions of the ZI were
compared with the postoperative positions of the
implants, merging the preoperative and postoperative
computed tomography datasets. Deviations from the
computerized design to the actual implant positions

ranged from 2 mm to 3 mm with angular deviations
ranging from 1.88 to 4.55 degrees. Therefore, ZI
placement requires surgical expertise due to the
proximity of vital anatomic structures. There was a
satisfactory correspondence between the inserted
implants and the virtual plane. No adjacent vital
anatomical structures were damaged. The new design
of the surgical guide allowed the surgeon to visually
control the drilling protocol. Positioning the guide close
to the entry point of the zygomatic body helped control
the drills to the proximity of the exit point, significantly
limiting the problems associated with angular deviation
[6].

Besides, a human cadaver study evaluated the
accuracy of ZI/pterygoid placement using laser-sintered
titanium models with custom bone support. A pre-
surgical planning was performed using computed
tomography scans of each cadaver. The surgical guides
were printed with metal laser direct sintering
technology. As a result, a total of 40 zygomatic implants
and 20 pterygoid implants were inserted in 10 cadavers.
The mean deviations between the planned and placed
zygomatic and pterygoid implants were respectively
(mean £ SD): 1.69° + 1.12° and 4.15° + 3.53° for
angular deviation. Linear deviations from the distance:
0.93 mm £ 1.23 mm and 1.35 mm % 1.45 mm in the
platform depth, 1.35 mm £+ 0.78 mm and 1.81 mm =%
1.47 mm in the plane apical, 1.07 mm £ 1.47 mm and
1.22 mm £ 1.44 mm in apical depth. Therefore, the
surgical guide system showed accuracy for all variables
studied and allowed acceptable and accurate implant
placement, regardless of the complexity of the case
[37].
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In addition, a study analyzed a new method
through guided surgery for the placement of ZI, using
specially designed metallic templates that must be
supported by bone. The procedure was completed with
the placement of a custom-made provisional prosthesis.
A total of 19 patients included in the study had
successful implants and prostheses at the time of
analysis. Therefore, the surgical and prosthetic plan, the
position, the emergence, the shape of the implants, the
position of the provisional prosthesis, the interarch
relationships and the surgical templates were designed
in a totally virtual environment and previously
performed by the surgeon in stereolithographic models,
allowing the surgical procedure was significantly
simplified [38].

In this context, primary reconstruction is usually
performed with calvaria grafts, although the use of
virtual surgical planning, cutting guides, and patient-
specific implants have seen great development in recent
years. Thus, a retrospective study was performed in
patients diagnosed with intraosseous venous
malformation. A total of 8 patients were treated,
differentiating two groups according to the technique:
four patients were treated using standard surgery with
resection and primary reconstruction of the defect with
a calvaria graft, and four patients underwent resection
and primary reconstruction using surgical planning,
cutting guides, models developed with CAD-CAM and
PSI (titanium or Polyether-ether-ketone) technology. In
the group treated with standard surgery, 75% of
patients developed sequelae or morbidities associated
with this technique. Operating time ranged from 175
min to 210 min (mean 188.7 min), length of hospital
stay ranged from 4 days to 6 days (mean 4.75 days) and
postoperative computed tomography 79.75% defect
surface. Aesthetic results were excellent in 25% of
patients, good in 50% and poor in 25%. In the planned
virtual surgery group, 25% had sequelae associated
with the surgical treatment. Operation time ranged from
99 min to 143 min, hospital stay ranged from 1 to 2 days
and 75% of patients reported excellent results.
Postoperative CT scan showed 100% coverage of the
defect surface in the planned virtual surgery group. The
multi-stage implementation of virtual surgical planning
with cutting guides and patient-specific implants has
increased reconstructive precision in the treatment of
patients diagnosed with intraosseous venous
malformation of the zygomatic bone [39].

Yet another retrospective study evaluated the
results of simultaneous LeFort I osteotomy and
zygomatic/dental implant placement for oral
rehabilitation of patients with extremely
atrophic/dysmorphic edentulous maxilla. In total, 15 ZI
and 33 conventional dental implants were inserted in

eight patients. The mean follow-up of patients was 38.5
months. The implant survival rate was 93.3% for ZI and
100% for conventional dental implants. No
intra/postoperative  complications were observed.
Therefore, simultaneous LeFort I osteotomy associated
with zygomatic surgery/dental implant can be
considered a valuable treatment option for the
rehabilitation of patients with extremely atrophic
edentulous maxilla and esthetic problems of the face
[40].

Finally, a study analyzed whether digital planning
in ZI has any influence on the dimensions and position
of the implant, even after performing conventional
surgery. A total of 14 ZI were placed in four patients.
Pre- and postoperative helical CT scans were performed
on each patient to allow comparison between the digital
planning and the final position of the implants.
Significant differences were observed in the apical
three-dimensional deviation with a mean of 6.114 +
4.28 mm. Only implants placed in the right first molar
area reported significant differences for apico-coronal.
In addition, implant length greater than 45 mm showed
significant differences in oropalatal deviation. Therefore,
although planned virtual surgery is a useful tool that
helps the clinician to determine the proper number,
length and position of the ZI, surgical experience is still
mandatory [41].

Conclusion

Reducing errors and complications is essential if
zygomatic implants are to remain a viable treatment
alternative, and further research on a guided approach
to their placement is encouraged. The surgical guide
system showed accuracy for all variables studied and
allowed acceptable and accurate implant placement,
regardless of the complexity of the case. Thus, the
surgical and prosthetic plan, the position, the
emergence, the shape of the implants, the position of
the provisional prosthesis, the inter-arch relationships,
and the surgical templates were designed in a virtual
environment and previously performed by the surgeon
in stereolithographic models, allowing the surgical
procedure was significantly simplified.
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