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Abstract

Background: Oral rehabilitation of atrophic maxillae features high complexity, for which there are several therapeutic modalities reported on scientific literature. Zygomatic implant placement is a viable option that features
low morbidity and allows immediate prosthetic loading. The purpose of the present study was to determine the
methodological quality of systematic reviews that assessed the effectiveness of zygomatic implants placed in
atrophic maxillae.
Material and Methods: Searches were conducted on Medline via Pubmed, LILACS, Dare Cochrane, Scopus, and
Sigle via Open Grey up to June 2019.
Results: Seven systematic reviews were eligible for Overview and comprised a total of 2313 patients, 4812 zygomatic implants, and a 96,72% success rate. Common surgical complications, in decreasing order, were: maxillary
sinusitis, peri-implant mucositis, prosthetic fracture, and infections. Methodological quality was assessed using
the AMSTAR 2 tool, which revealed that six systematic reviews showed critically low methodological quality and
one review was assessed as of low methodological quality.
Conclusions: Zygomatic implants seem to be an adequate option for atrophic maxilla rehabilitation, however, new
studies with a higher methodological rigor are needed to provide more reliable results to professionals and patients
undergoing this modality of oral rehabilitation.
Key words: Zygomatic Implants, dental Implants, complications, oral rehabilitation.
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Introduction

Material and Methods

Oral rehabilitation with dental implants is a well addressed topic in Dentistry and is considered as the best
alternative for the replacement of missing teeth that
were lost by many reasons (1). However, a more careful
planning is needed when an atrophic maxilla is rehabilitated, which represents a true challenge for implant
dentistry (1,2).
Several techniques to rehabilitate atrophic maxillae are
described in scientific literature, such as maxillary sinus augmentation, short implants, block grafting with
intra and extra-oral donor sites, pterygoid implants,
zygomatic implants, and many others (1-6). Each technique features advantages and disadvantages, and the
surgeon must considerer the time involved on rehabilitation, the surgical morbidity, and the expected success
rate to make the best choice for each individual case.
Maxillary reconstructions involve extensive bone grafting, such as maxillary sinus augmentation and iliac
crest grafting, which demand a considerable amount of
time for the final rehabilitation because an initial period of healing is need, which occurs in approximately
6 months (5,7). In addition, these interventions present
a higher morbidity and may cause complications such
as visible scarring, paresthesia, movement deficits, and
infections (7,8).
The zygomatic implant is an alternative for maxillary
reconstructions, in which an implant is placed into the
body (i.e. the central portion) of the zygomatic bone,
which has excellent quality in cortical bone density and
provides the proper stability for immediate prosthetic
loading. Altogether, final oral rehabilitation is facilitated and success rates are improved (9-12).
The zygomatic implant is usually placed bilaterally;
nevertheless, a sufficient amount of bone in the anterior
maxilla is needed so two regular implants can be placed
in it to allow prosthetic stability. In patients with full
maxillary atresia, whereas the placement of two anterior
implants is not possible, two zygomatic implants can be
placed bilaterally to obtain sufficient stability for prosthetic rehabilitation, including with immediate prosthetic loading and featuring high success rates (13-16).
Although the zygomatic implant is an excellent approach for atrophic maxillary treatment, its use also
presents risks, such as maxillary sinusitis, oroantral fistula, infra-orbital paresthesia, peri-implant diseases, orbital perforations, and difficult in prosthetic adaptation,
which may demand a more experienced and skilled
surgeon to perform this treatment when compared to
conventional implants (10-12).
The purpose of the present Overview was to answer
the following focused question: what is the methodological quality of systematic reviews that assessed
the effectiveness of zygomatic implants placed in atrophic maxillae?

A study protocol was developed a priori and was registered at the International Prospective Register of Systematic Reviews (PROSPERO – Protocol Registration
ID: CRD42019121356). The present study was performed according to the PRISMA Statement (17).
- Search strategy
Online searches were conducted on Medline via
PubMed [1966-2019], Lilacs [1982-2019], Dare Cochrane (up to 2019), Scopus [1996-2019], and Sigle via
Open Grey [1980-2019]. The following search strategy
was created at the MeSH platform and was inserted on
the online databases: (“dental implants”[MeSH Terms]
OR (“dental”[All Fields] AND “implants”[All Fields])
OR “dental implants”[All Fields]) AND zygomatic [All
Fields] AND implants[All Fields]. A hand search was
also performed to seek for relevant publications on the
reference lists of included articles.
- Inclusion criteria:
1. Systematic review articles with or without metaanalysis that assessed the effectiveness of zygomatic
implants;
2. Studies conducted with human patients, with no restriction of age, sex, or ancestrality;
3. Studies originally written in any language.
- Exclusion criteria:
1. Case reports, observational studies, randomized or
non-randomized clinical trials, experimental studies,
commentaries, expanded abstracts, and systematic review of systematic reviews (i.e. tertiary studies);
2. Studies that did not present data regarding the effectiveness of zygomatic implants;
3. Studies whose patients had one or many of the following: extensive dental caries, active periodontal disease, endodontic infections, diabetes, smoking habits,
or other systemic diseases.
- Study selection
Study selection process was conducted independently
by two researchers (PHHS and MWG), whom followed
the same sequence of online databases to be searched,
which was previously established by sortition. A third
and more experienced reviewer (FJCL) (18-22) was
consulted in cases of discrepancy in which a consensus
could not be reached. Researchers followed eligibility
criteria, excluded duplicated papers, and sought articles
by titles and/or abstracts reading. Publications of relevance were fully read and then, eligible articles were
included in the present Overview. This selection was
performed up to June, 2019.
- Outcomes
Primary outcome was the methodological quality of
systematic reviews regarding the effectiveness of zygomatic implants placed in atrophic maxillae. These
data were expressed following the criteria of the AMSTAR 2 tool.
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considered as of critically low methodological quality.
- Statistical analysis
A narrative statistical approach was used for the primary outcome, i.e. the methodological quality of included
studies. The aggregated data of secondary outcomes
were described using quantitative descriptive statistics
by means of weighted means and standard-deviations
(if data were available on included studies). The Microsoft Excel 2010 was used for data processing and to obtain the weighted means and standard deviations.

Secondary outcomes were: implant survival rate, bleeding index, and time of prosthetic loading (immediate,
early, delayed, or non-reported), which were reported as
percentages; marginal bone loss and peri-implant probing depth (expressed in millimeters); and complications
related to the procedure, which were categorized by the
type of complication and were expressed as percentages
and absolute values.
- Methodological quality assessment
To determine the methodological quality level of included studies, the items of the AMSTAR 2 tool were
used. This tool was used as reference standard so researchers could judge items and thus determine the
level of quality of each one of included papers using
a score that ranged from 0 (zero) to 16 (sixteen). The
AMSTAR 2 tool considers items 2,4,7,9,11,13, and 15
as critical items, and the following answers were possible: yes, no, partially yes, or meta-analysis was not
performed. Studies classified as of high methodological
quality did not present negative answers in any critical item, and receive a negative answer in a maximum
of one non-critical item. Studies that received negative
answers in more than one non-critical item and no negative answers in critical items were classified as of moderate methodological quality. Studies with a negative
answer in one critical item (with or without negative
answers in non-critical items) were considered as of low
methodological quality. Finally, studies which received
negative answers in more than one critical item were

Results

Search yielded 701 results: 315 on Medline via PubMed,
51 on Lilacs, 25 on Dare Cochrane, 307 on Scopus, and
3 on Sigle via Open Grey. Duplicates were excluded
(n=340) and 341 publications were excluded after title
and/or abstract reading, totaling 681 initial exclusions. The 20 remaining articles were fully read and
13 more were excluded. The reasons for exclusions
were: no report of implant success rate (n=3) (23-25);
narrative reviews (n=6) (11,15,26-29); other rehabilitation techniques for atrophic maxillae, with no focus on
zygomatic implants (n=2) (30,31); studies that included
systematic reviews (n=2) (32,33). Finally, seven articles
were eligible for Overview and underwent methodological quality assessment. The kappa index regarding the
search and selection processes was of 89%, showing a
strong agreement between reviewers. Fig. 1 shows details about the selection process.

Fig. 1: Flowchart of the study selection process.
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- Quality assessment
Seven articles were selected for quality assessment
using the AMSTAR 2 tool. Of which, only one paper
(16) showed low methodological quality. The six others (10,34-38) presented critically low methodological
quality. This assessment was performed by reviewers

with an 83% kappa agreement level (strong agreement). Reviewers could not reach an agreement regarding the item 6 from AMSTAR 2 for one study (10)
and the third reviewer (FJCL) was consulted to break
the tie. Table 1 shows the results about methodological
quality assessment.

Table 1: Quality assessment of systematic reviews using AMSTAR 2.

Candel- Goiato
-Martí
et al,
et al,
2014
2012
1- Did the research questions and inclusion criteria for the
N
N
review included the components of PICO?
2- Did the report of the review contain an explicit statement
N
N
that the review methods were established prior to the conduct
of the review and did the report justify any significant deviations from the protocol?
3- Did the review authors explain their selection of the study
N
Y
designs for inclusion in the review?
4- Did the review authors use a comprehensive literature
N
PY
search strategy?
5- Did the review authors perform study selection in duplicate?
N
Y
6- Did the review authors perform data extraction in duplicate?
N
7-Did the review authors provide a list of excluded studies
and justify the exclusions?
8- Did the review authors describe the included studies in adequate detail?
9- Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were
included in the review?
10- Did the review authors report in the sources of funding
for the studies included in the review?
11- If meta-analysis was performed did the review authors use
appropriate methods for statistical combination of results?
12- If meta-analysis was performed did the review authors
assess the potential impact of RoB in individual studies on
the results of the meta-analysis or other evidence synthesis?
13- Did the review authors account for RoB individual studies
when interpreting/discussing the results of the review?
14- Did the review authors provide a satisfactory explanation
for, and discussion of, any heterogeneity observed in the results of the review?
15- If they performed quantitative synthesis did the review
authors carry out an adequate investigation of publication
bias (small study bias) and discuss its likely impact on the
results of the review?
16- Did the review authors report any potential sources of
conflict of interest, including any funding they received for
conducting the review?
Risk of Bias

Wang
et al,
2015
Y

Chrca- Chrca- Cennovic
novic tenero
et al,
et al,
et al,
2013
2016
2018
N
N
Y

Cisternas
et al,
2018
N

Y

N

N

Y

N

Y

Y

Y

Y

N

PY

N

PY

PY

PY

Y
N

Y
N

Y
N

Y
Y

N
N

N

PY

PY

N

N

N

N

PY

N

Y

N

N

Y

N

N

N

PY

N

N

Y

N

N

N

N

N

N

N

N

NM

NM

Y

NM

NM

Y

NM

NM

NM

Y

NM

NM

Y

NM

N

N

N

N

N

N

N

N

Y

Y

N

Y

Y

N

NM

NM

Y

NM

NM

N

NM

N

Y

Y

Y

Y

Y

N

N (12)
Y (0)
PY (1)

N (6)
Y (5)
PY(2)

N (3)
Y (10)
PY (3)

N( 10)
Y (3)
PY (0)

N (8)
Y (4)
PY (1)

N (4)
Y (11)
PY(1)

N ( 12)
Y( 0)
PY (1)

Y= Yes; N=No; PY= Partial yes; NM= Not Meta-analysis.
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- Patients and implants
Systematic review articles that were included in the present
Overview comprised a total of 185 primary studies, 5.440
patients, and 11.372 zygomatic implants (2.09 implants
per patient). After the exclusion of repeated studies in different systematic reviews, the final numbers were of 73
different studies, 2.313 patients, and 4.812 zygomatic implants (2.08 implants per patient). The means of the minimum (10,16,34-38) and maximum (10,16,36,38) follow-up
periods were of, respectively, 8 months and 26 days and
152 months and 17 days (global mean = 65 months). The
survival rate of zygomatic implants was of 96.72% (standard deviation = 1.06). Bleeding index, marginal bone
loss, and peri-implant probing depth were not reported
in included studies. These results are shown on Table 2.

- Prosthetic loading
Regarding the time for prosthetic loading, 43.35%
implants received immediate or early loading and
29.69% implants received delayed loading. This
outcome was not reported for 30.95% implants.
When individual studies were analyzed, one paper
(38) did not report this outcome; other publication
(37) did not report this outcome for 745 implants,
however, it reported that 2.219 received immediate
loading and 1.592 implants received delayed loading; one study (34) reported only immediate or early loading and the remaining studies (10,16,35,37)
provided data for immediate and delayed loading.
Results from included systematic reviews are show
on Table 3.

Table 2: Patients, implants, follow-up period and survival rate of included studies.

Study ID
Candel-martí et
al, 2012
Goiato et al, 2014

Sample Weight of Number Weight of Sample/
sample on of imimplants implants
analysis
plants on analysis relation
486
8.93%
941
8.27%
1.94
748

13.75%

1541

13.55%

2.06

Wang et al, 2015

49

0.9%

196

1.72%

4.00

Chrcanovic et al,
2013
Chrcanovic et al,
2016
Centenero et al,
2018
Cisternas et al,
2016
Total
AM
SD – AM
Relation
Weighted mean
SD - weighted
mean

1.145

21.05%

2.402

21.12%

2.01

2161

39.72%

4556

40.06%

2.11

113

2.08%

326

2.87%

2.88

738

13.57%

1410

12.4%

1.91

5440
777.14
719.81
**
**
**

100%
**
**
**
**
**

11372
1624.5
1496.9
**
**
**

100%
**
**
**
**
**

**
**
**
2.09
**
**

Follow-up Number of Perform Implant
(Months)
included
meta- survival
studies
analysis? rate %
53
18
No
96.7%
12-120
36
25
No
97.86
0-144
144
3
Yes
97.2%
30-363
*
42
No
97.7%
0-144
*
68
No
95.1%
0-144
*
6
Yes
98%
14-84
27
23
No
98.6%
6-69
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
96.72%
**
**
**
1.06%

* = not reported; ** = not applicable. Sd = standard deviation; AM = Arithmetic mean; min = minimum; max = maximum.

Table 3: Prosthetic loading applied to zygomatic implants.

Study ID
Candel-martí et al, 2012
Goiato et al, 2014
Wang et al, 2015
Chrcanovic et al, 2013
Chrcanovic et al, 2016
Centenero et al, 2018
Cisternas et al, 2016
Total

Immediate/early loading
*
616 39,97%
156 79,59%
642 (26,73%)
2219 (48,71%)
252 (77,3%)
1045 (74,11%)
4930 (43,35%)

* = Not reported
e545

Delayed loading
*
925 (60,03%)
40 (20,41%)
*
1592 (34,94%)
*
365 (26%)
2922 (25,69%)

No report of loading
941 (100%)
*
*
1760 (73,27%)
745 (16,35%)
74 (22,7%)
*
3520 (30,95%)
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Discussion

- Complications
Five studies reported complications (10,16,35-37). Maxillary sinusitis was the more frequent one and occurred
in 128 cases, followed by peri-implant mucositis (75
cases), nerve injuries (34 cases), and oroantral fistula
(30 cases). These numbers were obtained after the exclusion of duplicated articles; however, considering the
weight that each study represented over the sample size,
maxillary sinusitis showed weighted mean of 5.86%,
followed by peri-implant mucositis (2.96%), prosthetic
fracture (2.81%), infections (2.24%), nerve injuries
(1.26%), oroantral fistula (1.20%), and other events such
as hematoma/facial edema, labial lacerations, pain on
the zygomatic region, deficient oral hygiene, and orbital
perforation (1.33%, altogether). Two studies (34,36) did
not report the occurrence of complications. Moreover,
articles that accounted for complications using zygomatic implants, did not clarify if these complications lead to
implant failure (10,16,35,37,38). The complications associated to the placement of zygomatic implants are described on Table 4 as absolute values and as percentages.

The use of systematic reviews as worldwide reference
standards for healthcare professionals is justified because this type of study is allocated at the top of scientific evidence pyramids. However, some studies show
methodological flaws that reduce the overall quality and
reliability of study results (20). This is clearly seen in
the present study, which showed that eligible systematic reviews were assessed as of low and critically low
methodological quality (10,34-38), according to the
AMSTAR 2 criteria.
Many tools have been used to assess different aspects of
systematic reviews, whereas AMSTAR is a reliable tool
to determine the methodological quality of systematic
reviews that included randomized clinical trials, only. A
new tool (AMSTAR 2) was designed to assess the methodological quality of systematic reviews of randomized or
non-randomized studies (including observational studies)
and therefore was chosen for the present Overview (39).
Oral rehabilitation in atrophic maxillae require thorough planning and in many involves multiple surgical

Table 4: Complications reported in included studies.

Study ID

Sinusitis

Oroantral
Fistula

Nerve
injuries

Peri-implant
mucositis

Prosthetic
Fracture

Infections

Others

Candel-martí
et al, 2012

29
(5,97%)

8 (1,65%)

13
(2,67%)

16 (3,29%)

31(6,38%)

11 (2,26%)

11 (2,26%)

Goiato et al,
2014

40
(5,35%)

4 (0,53%)

1 (0,13%)

2 reported
(0.27%). Other 3
studies with no
report of quantity

2 (0,27%)

1 study report
without quantity

5 (0,67%)

Wang et al,
2015

3 (6,12%)

1 (2,04%)

1 (2,04%)

3 (6,12%)

3 (6,12%)

1 (2,04%)

1 (2,04%)

Chrcanovic et
al, 2013

70 (6,11%)

17 (1,48%)

15
(1,31%)

48 (4,19%)

*

*

*

Chrcanovic et
al, 2016

127
(5,88%)

25 (1,16%)

28 (1,3%)

67 (3,1%)

*

*

*

Centenero et
al, 2018

*

*

*

*

*

*

*

Cisternas et al,
2016

*

*

*

*

*

*

*

Total

269

55

58

136

36

12

17

AM

**

**

**

**

**

**

**

SD – AM

**

**

**

**

**

**

**

Weighted
mean

86,89
(5,86%)

17,52
(1,20%)

18,48
(1,26%)

45,58
(2,96%)

13,02
(2,81%)

10,08
(2,24%)

7,12 (1,33%)

SD - Weighted
mean

42,44
(0,28%)

8,83
(0,51%)

10,07
(0,85%)

25,93
(1,89%)

13,44
(2,82%)

5,0
(0,11%)

4,11 (0,71%)

* = not reported; ** = not applicable; SD = standard deviation; AM = arithmetic mean.
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procedures, which causes considerable morbidity. Zygomatic implants aroused as a viable option for these
cases, since bone grafting is not necessary, it features
excellent stability, and allows immediate prosthetic
loading with high success rates (circa 97%) (14-16). The
present study showed aggregated implant success rate
of 96,72%, which corroborate with these studies.
This is particularly important since the effectiveness
of zygomatic implants is similar to the effectiveness of
standard-sized dental implants placed after maxillary
sinus augmentation, which needs bone grafting and demands a higher rehabilitation period (5), and of short
implants(<6mm) (40), which although their effectiveness for atrophic maxillae, a residual bone quantity is
needed for implant placement and usually is not possible to perform immediate loading (40,41).
Although dental implant placement presents high survival rates, several important complications should be
taken into account, such as maxillary sinusitis, periimplant mucositis, prosthetic fractures, nerve injuries,
and oroantral fistula (32,33). Maxillary sinusitis is the
most common one and corroborates with data from the
present study.
It is worth mentioning that included systematic reviews
did not report (when they report it) if one or more of
the aforementioned complications where the cause for
zygomatic implant failure. New technologies have been
used to reduce the occurrence of such complications
and to increase the predictability and precision of the
procedure. Among these technologies, the use of guided
surgeries, prototyping biomodels, and bone measures in
specific software should be mentioned (42,43).
It is also known that complications are more likely to
occur depending on the surgical technique (e.g. if intra
9 or extra-sinus 44), which also influences the prosthetic positioning (45). Still, only two out of seven included
articles reported the type of surgical technique used to
place the zygomatic implants (10,38). Complications
may also occur in other modalities of oral rehabilitations, showing similar to the ones that occur with zygomatic implants, such as maxillary sinusitis, maxillary
sinus perforations, and peri-implant mucositis (5,41).
One must highlight that five out of seven included studies did not perform meta-analysis and did not had a
control group (10,35-38). In addition, some studies presented unclear inclusion criteria (5,38), which favored
the inclusion of primary studies with low level of scientific evidence. These data are available on AMSTAR 2
assessment table, in which two studies did not receive
any positive score (36,38), showing how low was the
methodological quality of obtained results and, consequently, of the primary studies included on eligible
systematic reviews.
The registration of an a priori review protocol, although
is not a mandatory item, is highly recommended and

is a critical item on AMSTAR 2; still, only two studies
reported the registration of the review protocol (16,34).
The present overview, and other reviews of the involved
research, was registered on PROSPERO, which reduces
the study risk of bias.
It is important to emphasize that the zygomatic implants
evaluated in this study, were evaluated through their
survival rate and not exactly in their success rate, a term
that could generate a misinterpretation of the results
since the studies selected in this overview did not evaluate peri-implant bone loss or bleeding index, important
factors that could indicate peri-implantitis, which could
affect the success rate of zygomatic implants.
Zygomatic implants placed in atrophic maxilla showed
high survival rate and few complications. Included systematic reviews showed low methodological quality,
which reduced the scientific evidence level. New studies with higher methodological rigor and with the inclusion of outcomes that may predict implant failure, such
as bleeding index, probing depth, and peri-implant bone
loss, are necessary to provided precise data that may aid
dental surgeons in the proper planning and placement of
zygomatic implants.
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