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Abstract

Background: The objective of this work is to identify the effectiveness and summarize the scientific evidence of
zygomatic implants using the externalized technique, as well as to evaluate the possible complications associated
with this technique.

Material and Methods: The study was registered in PROSPERO (CRD42022330060) and the searches were car-
ried out in 6 databases (PubMed, Cochrane, LILACS, Scopus, Embase and Google Scholar), by two research-
ers individually. The aggregated data were subjected to statistical analysis using the MedCalc program for the
variables: success rate and frequency of complications, using a 95% confidence interval. The risk of bias of the
included studies was determined using the Newcastle-Ottawa Scale (NOS) tool.

Results: 912 articles were found in the initial search and 15 of them were included in this systematic review. A total
of 1555 zygomatic implants and 1865 conventional implants were part of the study, with an overall success rate of
96.7% for zygomatic implants and 97.9% for conventional implants. There was no statistically significant differ-
ence between the survival of zygomatic implants using the externalized technique when compared with conven-
tional implants (p=0.015). There was no significant heterogeneity between studies (p=0.89, 1>=0%). Regarding
complications, the most prevalent were sinusitis, which showed a proportion of 3.028% (CI195% = 1.053, 5.980%)
and infections, which showed a proportion of 1.56% (CI95% = 0.358, 3.590%). Only three articles included pre-
sented a low risk of bias.

Conclusions: Based on the present systematic review and with limited evidence, the use of zygomatic implants
using the externalized technique proved to have a high implant success rate and few associated complications for
the treatment of atrophic maxillae.

Key words: Zygomatic implants, atrophic maxilla, dental implants, zygoma.
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Introduction

In the maxilla, because it has a less dense bone compo-
sition and is therefore more prone to major reabsorption,
the quality and quantity of bone volume is limited, es-
pecially where there is early tooth loss. This condition
worsens in the posterior region, interfering with the suc-
cess rate of dental implants. Depending on the degree of
reabsorption of the alveolar ridge, the installation of the
dental implant may be compromised [1,2]. Therefore,
procedures to increase bone volume are necessary, us-
ing bone grafts in order to improve the predictability
of oral rehabilitation [3]. The quality and quantity of
the remaining bone in the region that is a candidate for
receiving dental implants is assessed by many authors
using the Cawood and Howell classification [4].

The use of the zygomatic implant (ZI) is an alternative
approach to bone reconstruction of the atrophic max-
illa. The technique itself consists of anchoring the im-
plant to the body of the zygomatic bone, which is mostly
cortical [5-7]. The use of ZIs can shorten the treatment
time, reducing the need for prior surgical procedures for
bone grafts, and the total number of surgical steps [6,7].
Although the original technique has shown a high suc-
cess rate for 1Zs, it also has some disadvantages, such
as poor surgical visualization, long surgical time due
to the need to lift the sinus membrane, and biological
complications such as perforation and sinus patholo-
gies, in addition to functional complications such as
poor and/or inadequate emergence profile of the pros-
thetic abutment due to the palatal positioning of the ZI
platform, thus reducing its anchorage in the zygomatic
bone [8-12].

In this evolution of the technique for installing ZI,
professionals began to be more concerned about the
anatomy of the maxillary sinus. In 2006, Miglioranca et
al. proposed installation through an externalized tech-
nique, placing it on the lateral wall of the zygomatic
maxillary complex to reduce the chances of sinus com-
plications and improve the prosthetic profile [13].

The concept behind the externalized technique is to im-
prove previous techniques by addressing their main dis-
advantages. The technique is based on longer implants,
external to the maxillary sinus and anchored only in the
zygomatic bone [13]. It aims to simplify surgical pro-
cedures and improve prosthetic results, thus reducing
surgical time with good visualization and reducing the
risk of sinus pathologies [13].

The objective of this systematic review was to answer
the following research question: How effective are zy-
gomatic implants using the externalized technique in
the rehabilitation of atrophic maxillae?

Material and Methods
- Registration and Protocol
The protocol for this study was registered with the
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International Prospective Register of Systematic
Reviews (PROSPERO) under registration number
CRD42022330060 and conducted in accordance with
the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) statement [14].

- Eligibility Criteria

The following inclusion criteria were adopted: 1) ran-
domized clinical trials, non-randomized clinical ob-
servational studies that evaluated zygomatic implant
studies using the externalized technique; 2) studies
conducted in humans with no age or sex restrictions.
There were no restrictions regarding language or pub-
lication date.

Studies were excluded if they met at least one of the fol-
lowing criteria:

1) study design inadequate for this systematic review
(series/case reports, experimental, laboratory, literature
reviews, letters to the editor, personal opinions of au-
thors, books/book chapters and conference abstracts);
2) duplicate studies and/or studies that did not report
results after the end of the research;

3) studies not peer-reviewed or that have not yet been
officially accepted in journals;

4) studies involving patients with poor oral health, with
extensive caries, periodontal diseases or infections of
pulp or periodontal origin;

- Search Strategy

The search was conducted on the electronic platforms
Medline via PubMed
(https://pubmed.ncbi.nlm.nih.gov/), Scopus (https:/
www.scopus.com/), Cochrane Central Register of Con-
trolled Trials (CENTRAL; https:/www.cochraneli-
brary.com/central/about-central), LILACS (https:/
lilacs.bvsalud.org/en/), Embase (https:/www.embase.
com) and Google Scholar (https://scholar.google.com/),
by two researchers independently, until July 2024.

For the search on Google Scholar, only the first 300 re-
sults were considered [15]. In these databases of scien-
tific articles, a search strategy was inserted with the fol-
lowing descriptors extracted from MeSH: "Zygomatic
Implants” [MeSH]), “Atrophic Maxilla” [MeSH]) and
“Dental Implants” [MeSH]). An individualized search
strategy was adapted for each database following their
specific controlled vocabularies, based on appropriate
truncations and keyword combinations.

To this end, the search strategy was developed accord-
ing to the acronym PICOS, whose letters represent:

P- Adult humans with atrophic maxillae;

I - Exteriorized zygomatic implants;

C - Success rate;

O - Fixation rate of zygomatic implants installed in
atrophic maxillae. Complications such as: Sinusitis, in-
fections, orbital perforations, oroantral fistula;

S - Randomized or non-randomized clinical trials and
observational studies.
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- Study Selection

Study selection occurred in two stages. In the first, two
independent reviewers (HLR and PHHS) read the titles
and abstracts of all the databases searched. This stage
was performed using an online application for system-
atic reviews (Rayyan R, Qatar Computing Research
Institute, Doha, Qatar). Articles that did not meet the
eligibility criteria adopted were excluded.

In a second stage, the remaining articles were read in
full by the same two authors (HLR and PHHS) indepen-
dently to select those that would comprise this system-
atic review. A third author (AATC) critically reviewed
this stage, and possible disagreements were resolved
by consensus. The Kappa test was applied to assess the
level of agreement between the authors. Statistical anal-
ysis was performed by another researcher (PGBS). A
manual search was also performed in the references of
the selected articles and in the main scientific journals
on oral and maxillofacial surgery.

- Data and Variable Extraction

One reviewer (HLR) extracted data related to the out-
comes of interest evaluated in this systematic review
and a second reviewer (PHHS) verified all the data col-
lected. The third reviewer (AATC) was consulted to de-
cide on existing disagreements.

Primary Variable: The primary variable was the fixation
rate of zygomatic implants installed by the exteriorized
technique in atrophic maxillae. This outcome evaluated
the success rate of zygomatic implants installed by the
exteriorized technique.

Secondary Variable: The secondary variables were
complications such as: Sinusitis, infections, orbital
perforations, oroantral fistula, peri-implantitis, peri-
implant mucositis.

- Assessment of risk of bias

The “Newcastle-Ottawa Scale (NOS)” tool was used to
assess the risk of bias. This tool is organized consid-
ering three main dimensions of observational studies:
participant selection, comparability between groups
and exposure criteria for case-control studies, and par-
ticipant selection, comparability between groups and
outcome criteria for cohort studies. After applying these
parameters, the studies are classified according to their
quality into three different risks of bias: Good, high or
very high. This tool assesses the risk of bias through an
individual analysis of each variable studied.

- Statistical Analysis

The data were exported and meta-analyzed in the
MedCalc software, in which the meta-analysis of odds
ratios for the comparison between the success rate of
zygomatic and conventional implants, and of combined
frequency for assessing the frequency of complications
were performed adopting 95%. In both, the inverse
variance method by random effects was used and the
heterogeneity coefficient 1> was calculated. Addition-
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ally, the Begg test was used to assess the risk of signifi-
cant publication bias.

Results

The search yielded a total of 912 results: 228 in Medline
via PubMed, 187 in Scopus, 10 in Central Cochrane, 23
in Lilacs, 166 in Embase and 300 in Google Scholar. Of
these, 861 articles were excluded after reading the title,
abstract and removal of duplicate articles.

The remaining 26 articles were read in full and 11 more
were excluded. The reasons for exclusion were: ap-
proach using the intrasinusal technique [8] (n=1); pilot
study [16] (n=1); modification of the externalized tech-
nique [17-20] (n=4); the article focused on the survival
rate of conventional implants only [21] (n=1); the au-
thors used different techniques to install the zygomatic
implants [22] (n=1); the authors did not inform which
technique was used to install the zygomatic implants
[23-25] (n=3). At the end of this selection stage, 15 ar-
ticles were selected for qualitative synthesis and meta-
analysis [1,9,10,26-37]. A flowchart containing the de-
tails of the selection process is seen in Fig. 1.

- Risk of Bias

The “Newecastle-Ottawa Scale (NOS)” tool was used to
assess the risk of bias. After applying the tool criteria,
3 studies presented a low risk of bias, 11 a high risk of
bias and 1 a very high risk. (Table 1).

- Demographic Characteristics of the Studies

The included studies totaled a combined sample of 868
patients, with a loss of 71 patients during follow-up. Of
these studies, only one (n = 25 patients) did not report
the sample according to gender.1 In the end, a total of
586 women and 257 men were reported. Regarding the
type of implant used, three studies used only zygomatic
implants in the sample [26,29,31]. Regarding follow-up,
the studies presented quite heterogeneous values with
follow-ups ranging from 6 months to 8 years. These
data can be better observed in Table 2.

- Meta-Analysis

The data were exported to the MedCalc software, in
which the risk ratio meta-analysis for the comparison
between the success rate of zygomatic and conventional
implants and the combined frequency meta-analysis for
the evaluation of the frequency of complications were
performed, adopting 95%. In both, the inverse variance
method for random effects was used and the hetero-
geneity coefficient 1> was calculated. Additionally, the
Begg test was used to assess the risk of significant pub-
lication bias.

- Comparison between the success rate of zygomatic
and conventional implants

The comparative meta-analysis between the success
rate of zygomatic and conventional implants included
a total of 1555 zygomatic implants and 1865 conven-
tional implants, with an overall success rate of 96.7%
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in zygomatic implants and 97.9% in conventional im-
plants. There was no statistically significant difference
between the survival of zygomatic implants using the
externalized technique when compared with conven-
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lower than that of conventional implants. There was no
significant heterogeneity between the studies (p=0.89,
12=0%). The Begg test did not demonstrate a significant
risk of publication bias (»p=0.293) and the distribution
of points within the funnel plot was homogeneous (Fig.

tional implants (p=0.015) and the success rate of zy-
gomatic implants was 0.99 (CI95% = 0.98, 1.0) times

2 and Fig. 3).

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

[ Identification of studies via databases and registers ] [ Identification of studies via other methods }
—
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£
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S Reports excluded:
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(n=26) technique (n = 1) (n=0) eports i
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Reason 2 = Pilot Study (n = 1) records (n = 22)
Reason 3= Modification of the
externalized technique (n=4)
Reason 4= Focus on the success
rate of conventional implants
— v (n=1)
() Reason 5= Authors did not inform
- L . . which technique was used
4 Studies included in review (n=3)
2 (n= Reason 6= Different techniques
c
J

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.
doi: 10.1136/bm;j.n71. For more information, visit: http://www.prisma-statement.org/

Fig. 1: Flowchart of studies included in the review.

Table 1: Assessment of risk of bias using the NOS tool.

Author and Year Study Design Selection Comparability Outcome Total
Sotto-Maior et al, 2012 Prospective cohort 3 1 3 7/9
Malb et al, 2013 Retrospective cohort 2 1 3 6/9
Coppedé et al, 2017 Prospective cohort 2 1 3 6/9
Goker et al, 2020 Retrospective cohort 3 1 3 7/9
Blanc et al, 2020 Retrospective cohort 2 1 2 5/9
Aparicio et al, 2010 Retrospective cohort 2 1 2 5/9
Agliardi et al, 2017 Prospective cohort 2 1 1 4/9
Nobre et al, 2015 Prospective cohort 2 1 2 5/9
Hernandez-Alfaro et al, 2022 Prospective cohort 1 1 1 3/9
Malo¢ et al, 2012 Retrospective cohort 2 1 2 5/9
Goker et al, 2022 Retrospective cohort 3 1 3 7/9
Malé et al, 2014 Retrospective cohort 2 1 2 5/9
Aparicio et al, 2022 Prospective cohort 2 1 2 5/9
Borgonovo et al, 2020 Prospective cohort 1 1 2 4/9
Miglioranga et al, 2011 Retrospective cohort 1 1 2 4/9
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Table 2: Summary of results.
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Author

Pa-

Follow

. Gen- N° of Marginal boné Bleeding on Success

Ya::r tl:sn' der Age | Nof Implants Implants loss '(I‘J{I)’ loss probing rate

36 Exteriorized

Apari- 9_F Zygomatic Im- 100%

cioetal| 20 11-M 44 - 62 plants 0 04 Not reported Not reported | Exterio-
2010 . 104 Convention- rized

al implants
150 Exteriorized 98.7%
Miglio- 48 -F Zygomatic Im- | 02 Zygomatic Ext,erico)-
rancaet | 75 27 -M 52 plants 02 Conven- 03 Not reported Not reported rized
al 2011 286 Convention- tional
al implants
Maloer | 39 | 30-F | o35 | “YEEIS 0 03 | Regular Implants | o o B0 e | 100%
al 2012 09-M | > | B ional only. e ot
“onventiona 1.95+0.66 mm ing point upon
implants probing.
40 Exteriorized
Sotto- Zygomatic Im- | 1 Zygomatic 97,5%
-Maior 8§-M | 54.14 : Exterio-
25 plants 3 Conventio- 8 Not reported Not reported .
et al 13-F | £6.66 74 Conventional nal rized
2012 im[:,lants
747Exteriorized o
Malé et 281 -F Zygomatic Im- | 7 Zygomatics ngét,e‘ié; )
352 55,2 plants 17 Conven- 7 Not reported 15% .
al 2013 71 -M . : rized
795 Convention- tional
al Implants
Bleeding on
probing was
recorded in 6
92 Exteriorized patients (13 im- 98.8%

Malb et 30-F Zygomatic Im- For Regular Im- | plants). Probing Extéri((;-
12014 39 09 - M 53,5 plants 01 Zygomatic 05 plants Only pocket depths rized

a 77 Conventional 1.16+0.77 mm >4 mm were

Implants present in 13
patients (23 im-
plants) at 5 years

of follow-up
72 Exteriorized No significant dif-

Nobre 31-F | 566 | Zygomaticlm- | 7 Zygomatic No signiheastdif-| Not reported | Extono-
etal 40 9-M K plants 3 Conventio- 2,5 fgriz r%ce bcetween otreporte riZGe do
2015 88 Conventional nal the tvpes of Im-

Implants yp

plants.
42 Exteriorized
Agliardi 13-F Zygomatic Im- Reported for 100%
etal 15 oM 46-70 plants 0 7 Regular Implants - | Not reported | Exterio-
2017 ) 18 Conventional 1.39+0.10 mm rized
Implants
94 Exteriorized .
. . Exteriorized - 98.,%
Coppe- 32-F Zygomatic Im- | 01 Zygomatic 1.34+0.230.23 mm Exterio-
déetal | 42 58 plants 04 Conven- 3 Not reported .
10-M . - Regular - 1.10+ rized
2017 179 Convention- tional 0.58 mm
al Implants ’
76 Exteriorized
Blanc et Not Not | Zygomatic Im- 96,1%

12020 25 | repor- | repor- plants 3 Zygomatics 1,5 Not reported Not reported | Exterio-

a ted ted | 64 Conventional rized

Implants
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Table 2: Cont.
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0: 61/98 (62.2%)
. 0,

46 Exteriorized Zygomatic Im- IR37/?8 (37;181/%)

Borgo- 13-F 63,8 £ | Zygomatic Im- plants - No Loss 0 e‘%\? ar anc, 100%
- - No bleeding .
novoet | 23 10-M 8,9 plants 01 |Regular Implants - 1 - Bleed: Exterio-

al 2020 ) 52 Conventional 1.11£0.23 mm - Beeding on | rized

Implants gentle probing

P 2 - Spont
pontaneous
bleeding

Goker 60 - F 57,35 | 302 Exteriorized 98,34%
etal 110 30-M + Zygomatic Im- | 01 Zygomatic 7 Not reported Not reported | Exterio-
2020 10,42 plants rized

34 Exteriorized
Zygomatic Im-
plants

Apari- 1-F | 592+ 25 Intra-sinus 100%

cioetal| 20 09-M | 84 Zygomatic Im- 02 Not reported Not reported | Exterio-

2022 ’ lants rized

p
Does not men-
tion quantity of
regular implants
90% - grade |
(Normal);
7.5% - grade 11
(Visible implant
head);
2.5% - grade 04
Hernén- o I (Up to seven | implants (10%)
dez-Al- S_F | 605+ 40 Exteriorized 01 exposed exhala- in TO (Ist 100%
£ 10 > Zygomatic Im- tions). MONTH) and | Exterio-
aro et 5-M 4.2 | P p
al 2022 plants At 1-year follow- six implants rized
up, 80%, 17.5%, (15%) in T1
and 2.5% of the | (12th MONTH)
implants showed
recession cor-
responding to
grades I, II, and
I11.
34 Exteriorized
Zygomatic Im-

Goker 15-F | 60.45 plants 100%
et al 32 17-M | 874 26 Conventional 0 3,5 Not reported Not reported | Exterio-
2022 ) ’ Implant rized

plants e
5 Pterigoyd
implants
Zigomatic Comventional Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

sliardi etal, 2017 12 42 18 18 1.4% 1.00 [0.92, 1.08]

Aparicio etal, 2010 /3 104 104 58% 1.00 [0.96, 1.04] —_—

Aparicio etal, 2022 4 25 25 21%  1.00[0.84,1.07)

Blanc et al., 2020 73 7B B4 64 3.3% 0.96 [0.91, 1.01] _—

Barganavo etal., 2020 16 4B 52 87 5.0% 1.00 [0.96, 1.04] —_—

Coppedé etal, 2017 92 a4 175 179 BF%  1.00[0.8 1.04] e

Goker etal., 2022 4 34 26 26 22% 1.00 [0.94, 1.07]

Mald etal, 2012 52 92 T PN 0% 1.00[0.98,1.07] —

Mald etal, 2013 TO5  F4T THY TH5  19.6% 0.98[0.95, 1.00] e

Mald et al, 2014 41 92 7T Y 9.3% 0.99 [0.96, 1.0Z] T

Miglioranga etal., 2011 148 140 284 286 209% 0.991[0.497, 1.01] -

Mobre et al, 2014 71 T2 a5 a8 4.0% 1.021[0.97,1.07] ]

Softo-Maior et al, 2012 34 40 71 T4 2.0% 1.02 [0.95, 1.04] -

Total (95% CI) 1555 1865 100.0% 0.99 [0.98, 1.00] &

Total events 1403 1827

Heterageneity: Tau®= 0.00; Chi*= 6.55, df=12 (P = 0.83); F= 0% D.IES ng 1?,] 1.25

Testfor overall effect: Z=1.45 (F = 0.15) Favours [Conventional] Favours [Zigomatic]

Fig. 2: Forest plot comparing the effectiveness of conventional implants versus externalized zygomatic implants.
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0,04 1 o B S |
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Fig. 3: Funnel plot of studies included in the meta-analysis of im-
plant effectiveness.

- Frequency of Complications

It was possible to perform a meta-analysis of six main
types of complications. The frequency of sinusitis was
evaluated in 803 patients and showed a proportion of
3.028% (CI95% = 1.053, 5.980%). There was significant
heterogeneity between studies (p=0.0001, 1> = 68.49%)
and the Begg test did not demonstrate a significant risk
of publication bias (p=0.261) (Fig. 4).
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The frequency of infections was evaluated in 843 pa-
tients and showed a proportion of 1.56% (CI95%
0.358, 3.590%). There was significant heterogeneity
between studies (p=0.0005, 1> = 64.12%) and the Begg
test demonstrated a significant risk of publication bias
(p=0.012) (Fig. 4).

The frequency of orbital perforations was evaluated in
803 patients and showed a proportion of 0.303% (C195%
=0.0432, 0.797%). There was no significant heterogene-
ity between studies (p=0.993, I? = 0%) and the Begg
test demonstrated a significant risk of publication bias
(p<0.001) (Fig. 4).

The frequency of oroantral fistulas was evaluated in 803
patients and showed a proportion of 1.073% (CI195% =
0.481, 1.894%). There was no significant heterogeneity
between studies (p=0.551, 12 = 0%) and the Begg test
did not demonstrate a significant risk of publication bias
(p=0.079) (Fig. 4).

The frequency of peri-implantitis was also evaluated in
803 patients and showed a proportion of 1.854% (C195%
=0.0971, 5.743%). There was significant heterogeneity
between studies (p<0.001, 1> = 86.15%) and the Begg
test demonstrated a significant risk of publication bias
(p=0.0059) (Fig. 4).
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i faro et al., 2022 “alfaro ot al, 2022 F Alfarc et al., 2022
Mald et al., 2012 --—— Malo et al, 2012 — Malo et al,, 2012 f-—
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Fig. 4: Forest plot of the prevalence analysis of the following variables: A- Sinusitis; B- Infections; C- Orbital Perforations;
D- Oro-antral Communication; E- Peri-implantitis; F- Peri-implant mucositis; G- Other complications.
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Peri-implant mucositis, evaluated in 803 patients, showed a
proportion of 1.195% (C195% = 0.295, 2.691%), with signif-
icant heterogeneity between studies (p=0.038, 1> = 45.31%)
and significant risk of publication bias (p=0.0027) (Fig. 4).
Other complications were evaluated in 843 patients and
showed a proportion of 2.92% (CI195% = 0.996, 5.814%).

Externalized Zygomatic implants technique in the rehabilitation of atrophic maxillae

There was significant heterogeneity between studies
(p<0.001, 12 = 70.64%) and the Begg test did not dem-
onstrate significant risk of publication bias (p=0.290)
(Fig. 4).

All these results can be better visualized in Table 3 and
Fig. 4.

Table 3: Meta-analysis of the prevalence of complications in zygomatic implants using the externalized technique.

Test for heterogeneity and risk of bias publication (Begg’s test)
Sam-| Pro- Wei- Begg’s test
Study ple |portion| 95% CI ght Signi- | (in- | g0, Signi-
size | (%) (%) Q DF | fican- | consis- | "¢ ., Ken- | fican-
celevel | tency) dall’s Tau | cele-
vel
Agliardi et al., 2017 15 6.667 | 0.169t031.948 | 5.21
Aparicio et al., 2010 20 0 0.000 to 16.843 | 6.09
Aparicio et al., 2022 20 5 0.127t024.873 | 6.09
Borgonovo et al., 2020 | 23 0 0.000 to 14.819 | 6.52
Coppedé et al., 2017 42 0 0.000t0 8.408 | 8.38
Goker et al., 2020 110 0 0.000t03.298 | 10.75
Sinusic Goker et al., 2022 32 0 0.000 to 10.888 | 7.56 _ 13.96 10 _
ts | HemindezAlfaroer |10 | o o000030850 | 400 | o | | 0.000r| % | gaag | 0201 g 2135
al., 2022
Malo et al., 2012 39 | 12.821 | 42971027430 | 8.16
Malo6 et al., 2013 352 | 5.966 | 3731t08.975 |12.25
Malo et al., 2014 39 | 12.821 | 4.297t027430 | 8.16
Miglioranga et al., 2011 | 76 0 0.000t0 4.738 | 9.96
Sotto-Maior et al., 2012 | 25 0 0.000to 13.719 | 6.78
Total (random effects) | 803 | 3.028 | 1.053to 5.980 -
Agliardi et al., 2017 15 0 0.000t021.802 | 4.6
Aparicio et al., 2010 20 0 0.000to 16.843 | 5.44
Aparicio et al., 2022 20 0 0.000to 16.843 | 5.44
Borgonovo et al., 2020 23 0 0.000to 14.819 | 5.86
Coppedé et al., 2017 42 0 0.000to 8.408 | 7.74
Goker et al., 2020 110 0 0.000t0 3.298 | 10.29
Goker et al., 2022 32 0 0.000to 10.888 | 6.9
Tone Hemacrzlf,e;(-gfam T o | o Joooow0sso| 36 | seaer | 13 | 0| eaizn | 25500 0soss | fn
Malo et al., 2012 39 0 0.000t09.025 | 7.51
Mal¢ et al., 2013 352 | 7.386 | 4.881t010.636 | 12
Malo et al., 2014 39 0 0.000t09.025 | 7.51
Miglioranga et al., 2011 | 76 0 0.000t0 4.738 | 9.42
Nobre et al., 2015 40 7.5 1.574t020.386 | 7.59
Sotto-Maior et al., 2012 | 25 0 0.000to 13.719 | 6.12
Total (random effects) | 843 1.56 0.358 t0 3.590 -
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Table 3: Cont.

Agliardi et al., 2017 15 0 0.000t021.802 | 1.96
Aparicio et al., 2010 20 0 0.000 to 16.843 | 2.57
Aparicio et al., 2022 20 0 0.000to 16.843 | 2.57
Borgonovo et al., 2020 | 23 0 0.000to 14.819 | 2.94
Coppedé et al., 2017 42 0 0.000 to 8.408 | 5.27
Goker et al., 2020 110 0 0.000t03.298 | 13.6
Orbital Goker et al., 2022 32 0 0.000 to 10.888 | 4.04 _ 0,00 to pe
Pe;fura- Hernandez-Alfaro et w0 0 00001030850 | 135 32479 | 12 0.9935 0.00% 0.00 1 0.0001
tions al., 2022
Malo et al., 2012 39 0 0.000t09.025 | 4.9
Mal¢ et al., 2013 352 0 0.000 to 1.043 | 43.26
Malo et al., 2014 39 0 0.000t09.025 | 4.9
Miglioranga et al., 2011 | 76 0 0.000t0 4.738 | 9.44
Sotto-Maior et al., 2012 | 25 0 0.000to 13.719 | 3.19
Total (random effects) | 803 0.303 | 0.0432t00.797 -
Agliardi et al., 2017 15 6.667 | 0.169t031.948 | 1.96
Aparicio et al., 2010 20 0 0.000to 16.843 | 2.57
Aparicio et al., 2022 20 0 0.000to 16.843 | 2.57
Borgonovo et al., 2020 | 23 0 0.000 to 14.819 | 2.94
Coppedé et al., 2017 42 0 0.000 to 8.408 | 5.27
Goker et al., 2020 110 | 2.727 | 0.566t07.764 | 13.6
Goker et al., 2022 32 0 0.000 to 10.888 | 4.04
aonrt(;;l Hemétrllld eg(-)/;fam Tl O [P00080N IS | s | 12 =1 000% | %00t 13684 .
- id . . (1] .
Pl seran 202 | 30 | 2564 | 006400 |y e e e
’ 13.476
Mal6 et al., 2013 352 | 0.284 000719 t0 43.26
1.573
Malo et al., 2014 39 2.564 0.{);1%0 49
Miglioranga et al., 2011 | 76 0 0.000t04.738 | 9.44
Sotto-Maior et al., 2012 | 25 0 0.000to 13.719 | 3.19
Total (random effects) | 803 1.073 | 0.481 to 1.894 -
Agliardi et al., 2017 15 0 0.000t021.802 | 6.4
Aparicio et al., 2010 20 0 0.000to 16.843 | 6.97
Aparicio et al., 2022 20 0 0.000 to 16.843 | 6.97
Borgonovo et al., 2020 | 23 8.696 | 1.071t028.038 | 7.23
Coppedé et al., 2017 42 0 0.000 to 8.408 | 8.17
Goker et al., 2020 110 0 0.000t03.298 | 9.08
. Goker et al., 2022 32 0 0.000 to 10.888 | 7.78 3
if;‘l't‘i‘t?s' Hermindez- Ao et | 10 | 0 | oooomsossy | s | 566146 | 12 oo | seasw | TR osse | B
al., 2022
Malo et al., 2012 39 0 0.000t09.025 | 8.07
Malo et al., 2013 352 | 15.341 |11.739t0 19.538 | 9.55
Malo et al., 2014 39 0 0.000t09.025 | 8.07
Miglioranga et al., 2011 | 76 0 0.000t04.738 | 8.81
Sotto-Maior et al., 2012 | 25 0 0.000to 13.719 | 7.38
Total (random effects) | 803 1.854 | 0.0971 to 5.743 -
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Table 3: Cont.
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Agliardi et al., 2017 15 0 0.000 to 21.802 | 4.06
Aparicio et al., 2010 20 0 0.000 to 16.843 | 5.01
Aparicio et al., 2022 20 0 0.000to 16.843 | 5.01
Borgonovo et al., 2020 | 23 17.391 | 4951 t038.781 | 5.53
Coppedé et al., 2017 42 0 0.000 to 8.408 | 8.14
Goker et al., 2020 110 2.727 | 0.566to07.764 | 12.82
PerlZLT_ Goker et al., 2022 32 0 ]0.000to10.888 | 6.89 _ 0,000 _
I\I;Iuco— Hernandez-Alfaro et 10 0 0.000 to 30.850 | 2.98 2194351 12 0.0382 4.31% 7'1.36 0.6316 0.0027
sitis al., 2022
Malé et al., 2012 39 0 0.000t09.025 | 7.79
Mal6 et al., 2013 352 0 0.000t0 1.043 | 17.07
Mal6 et al., 2014 39 0 0.000t09.025 | 7.79
Miglioranga et al., 2011 | 76 0 0.000t0 4.738 | 11.05
Sotto-Maior et al., 2012 | 25 0 0.000to 13.719 | 5.86
Total (random effects) | 803 1.195 | 0.295t02.691 -
Agliardi et al., 2017 15 | 26.667 | 7.7871055.100 | 4.94
Aparicio et al., 2010 20 0 0.000to 16.843 | 5.72
Aparicio et al., 2022 20 10 1.235t0 31.698 | 5.72
Borgonovo et al., 2020 | 23 0 0.000 to 14.819 | 6.11
Coppedé et al., 2017 42 2.381 0102622 go 7.74
Goker et al., 2020 110 4.545 | 14921010289 | 9.73
Other Goker et al., 2022 32 0 0.000 to 10.888 | 7.02 pe 9390 _
Compli- Hernandez-Alfaro et 10 0 0.000 10 30.850 | 3.92 442807 | 13 0.0001 70.64% 8.2.97 0.2123 0.2902
cations al., 2022
Malé et al., 2012 39 0 0.000t09.025 | 7.55
Mal6 et al., 2013 352 0 0.000to 1.043 | 10.96
Mal6 et al., 2014 39 0 0.000t09.025 | 7.55
Miglioranga et al., 2011 | 76 2.632 | 0.320t09.185 | 9.08
Nobre et al., 2015 40 10 2.7931t023.664 | 7.61
Sotto-Maior et al., 2012 | 25 0 0.000to 13.719 | 6.34
Total (random effects) | 843 2.92 0.996 to 5.814 -
Discussion One of the first studies with a long follow-up period to

Oral rehabilitation using zygomatic implants in patients
with atrophic maxillae is becoming increasingly pres-
ent as a treatment option.1 In this systematic review, it
was found that the success rate of zygomatic implants
using the exteriorized technique compared to the in-
stallation of conventional implants presented similar
results. Exteriorized ZIs proved to be a viable option,
with low morbidity, since they do not require prior sur-
gery for bone reconstructions using grafts, and with few
complications and a high success rate.

Zygomatic implants and their different techniques are
already well documented in the literature, and are in-
creasingly being used as an oral rehabilitation option af-
ter the improvement and variations of the original tech-
nique initially introduced by Branemark in 1988 [5].
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evaluate the success rate of zygomatic implants installed
in atrophic maxillae was published by Branemark et al.
in 2004. This study was important to describe the origi-
nal surgical technique, which consists of two stages: in-
sertion of the implant, through the maxillary sinus, and
subsequent anchoring in the zygomatic bone, as well as
the installation of conventional implants in the anterior
region of the maxilla aiming at better fixation of the
dental prosthesis on the implants [5,13].

The externalized technique consists of installing zygo-
matic implants inserted externally into the maxillary si-
nus, so that there is no communication with it, remain-
ing in contact with the external surface of its lateral
wall, as distally as possible, and preferably in the region
of the second premolar or the first upper molar. The [Z
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is inserted in the lateral portion of the zygomatic-max-
illary complex [13,35,36].

The results of this review show that [Zs through the ex-
ternalized technique have clinical results similar to con-
ventional implants when comparing the success rate. A
total of 1555 zygomatic implants and 1865 conventional
implants, with an overall success rate of 96.7% in zy-
gomatic implants and 97.9% in conventional implants.
There was no statistically significant difference be-
tween the survival of zygomatic implants using the ex-
ternalized technique when compared with conventional
implants (p=0.015).

Kéammerer et al 2023 [13], performed a systematic re-
view comparing the success rate of zygomatic implants
installed according to the original Branemark surgical
technique, with a total of 923 Zls, obtaining a survival
rate of 90.3-100%, with the zygomatic anatomy guided
approach (ZAGA) with a total of 1302 ZlIs installed,
showing a success rate of 90.4-100% [13], with the suc-
cess rate of zygomatic implants in both techniques be-
ing similar.

It is important to emphasize that for the treatment of
atrophic maxillae, the greatest advantage of ZIs with
the externalized technique was the avoidance of previ-
ous surgeries with bone reconstructions through grafts
when compared to the use of conventional implants. As
well as the possibility of rehabilitation with the dental
prosthesis on the implants immediately, restoring func-
tion and aesthetics immediately after the surgical pro-
cedure, thus avoiding long treatments with greater mor-
bidity, a fact also noted in the studies by Chrcanovic et
al 2016. It was observed that late loads were more prone
to failure and survival of the ZIs [38].

Even with the high success rate found in this review, the
risks inherent to surgical procedures for installing ZI,
both systemic and local to patients and prosthetics, may
exist, and these possible complications should be well
discussed. In the studies by Aparicio et al 2014 [37],
there was a comparison between the long-term results
of the original surgical technique with the Guided Ap-
proach to the Anatomy of the Zygoma (ZAGA), and an
assessment of the incidence of complications.

The complications analyzed in this systematic review
were: sinusitis; infections; orbital perforations; oroantral
fistula; peri-implantitis; mucositis; and other complica-
tions. The most prevalent were sinusitis, which showed
a proportion of 3.028% (CI95% = 1.053, 5.980%) and
infections, which showed a proportion of 1.56% (CI195%
=0.358, 3.590%).

It should be noted that the installation of zygomatic
implants using the externalized technique has shown a
lower incidence of complications when compared with
the original surgical technique [13,39,40]. As in the pres-
ent meta-analysis, sinusitis associated with 1Z was the
most frequent complication after installation. [38-40].
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Among the existing possibilities, sinusitis may result
from perforation of the Schneiderian membrane during
the procedure, or from lack of fixation of the coronal
part of the ZI [31]. Kémmerer et al 2023 [13] in their sys-
tematic review had a comparison of 9.53% and 4.39% of
sinusitis cases in the groups that performed the original
surgical technique and ZAGA, respectively. A careful
preoperative clinical evaluation and request for imag-
ing exams are necessary for patients with or without
a history of sinus pathology before the installation of
Z1. In general, infection, mucositis and peri-implantitis
are mainly related to inadequate hygiene [1,9,10,24-31].
It is important to note that although this meta-analysis
was favorable to the installation of zygomatic implants
through the exteriorized technique in patients with atro-
phic maxillae, some important limitations of this study
need to be highlighted.

The main limitations of this study are that most of the
included studies were observational. In addition, the
risk of bias for most studies was high [11] or very high
[1]. Other important limitations that should be men-
tioned are the sample size of some studies and also the
lack of description of gender in one of the studies, which
makes statistical analysis difficult and even impossible,
as well as a possible meta-analysis of subgroups.

We suggest that future standardized studies evaluating
the success rate of zygomatic implants using the exter-
nalized technique should follow a methodology that ex-
plores greater details related to follow-up, systemic and
local conditions of patients, classification of maxillary
resorption5 and habits of the target audience, as these
factors can have a direct influence on the results. In the
present systematic review, the absence of these data was
observed in some studies, which may represent a poten-
tial risk of bias, especially with regard to complications.
Based on limited evidence, the use of zygomatic im-
plants using the exteriorized technique has proven to be
effective and predictable for the rehabilitation of atro-
phic maxillae. With a high success rate compared to the
installation of conventional implants and a low risk of
complications, exteriorized zygomatic implants are an
excellent option for treatment. However, it is important
to emphasize that new standardized, controlled studies
with low risk of bias and long-term follow-up should be
conducted in order to increase the scientific evidence.
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