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Abstract 

Purpose The purpose of this systematic review was to assess the evidence regarding the indications for placement 
of zygomatic implants to rehabilitate edentulous maxillae.

Material and methods A focused question using the PIO format was developed, questioning “in patients in need 
of an implant‑supported rehabilitation of the edentulous maxillae, what are the indications for the use of zygomatic 
implants’’. The primary information analyzed and collected was a clear description of the indication for the use of 
zygomatic implants.

Results A total of 1266 records were identified through database searching. The full‑text review was conducted for 
117 papers, and 10 were selected to be included in this review. Zygomatic implant indications were extreme bone 
atrophy or deficiency secondary to different factors. The quad zygoma concept (two zygomatic implants bilaterally 
placed and splinted) was applied to 107 patients, the classic zygoma concept (one zygomatic implant bilaterally 
placed and splinted to standard anterior implants) was used in 88 patients, and the unilateral concept (one zygomatic 
implant on one side, splinted with one or more conventional implants) was employed in 14 patients.

Conclusions The main indication for the use of zygomatic implants was considered extreme maxillary bone atro‑
phy, resulting from many factors. The clear definition of what was considered “extreme bone atrophy” is not uniquely 
defined in each paper. Further studies are needed to develop clear indications for zygomatic implants.
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Graphic Abstract

Introduction
Maxillary edentulism is a growing condition worldwide. 
According to the World Health Organization (WHO), 
losing teeth is generally the endpoint of a lifelong his-
tory of oral disease, mainly advanced dental caries, and 
severe periodontal disease. But it can also occur from 
trauma, pathology, infection, and other causes. The 
estimated global average prevalence of complete tooth 
loss is approximately 7% among people aged 20 years or 
older. For people aged 60 years or older, a much higher 
global prevalence of 23% has been estimated. Losing 
teeth can be psychologically traumatic, socially damag-
ing and functionally limiting [1].

The American College of Prosthodontists estimates 
that in the geriatric population the ratio of edentulous 
to dentate individuals is 2 to 1. Approximately 23 mil-
lion are completely edentulous and about 12 million 
people are edentulous in one arch. Adverse conse-
quences of edentulism are restricted possibility of food 
consumption, due to the inability to chew, which may 
cause include significant nutritional changes, obesity, 
diabetes, coronary artery disease, and some forms of 
cancer [2].

After tooth loss, resorption of the alveolar bone in 
the maxilla occurs in a posterior/superior and lateral-
to-medial direction. Pneumatization of the sinuses, 
added to alveolar bone resorption, may lead to a limited 
vertical and horizontal bone volume in the posterior 
region. Lack of adequate anterior alveolar bone resorp-
tion may reduce the possibility of utilizing conventional 
implants. The prolonged use of complete dentures may 
increase the severity of maxillary atrophy [3, 4].

Several bone augmentation procedures have been 
developed to address this problem, such as sinus floor 
elevation procedures, onlay grafts and interpositional 
osteotomies [5–7]. Although these ancillary procedures 
have been researched and improved for many years, suc-
cess rates are variable. Even though these procedures are 
successful, there is an increased risk of higher morbidity, 
longer treatment times, extended periods without a pros-
thesis, and a high dependence on the surgeons’ surgical 
preference and expertise [8, 9].

Graftless and graft-less alternatives have been dis-
cussed to reduce risks, morbidity, and treatment time, 
leading to more predictable outcomes [10, 11]. These 
types of treatment are often preferred by patients, con-
sidering that they may reduce total treatment time and 
have less morbidity than staged bone augmentation pro-
cedures [12–15].

Zygomatic implants were developed and introduced 
by Prof. P-I Brånemark and were originally designed to 
obtain stable prosthesis retention in edentulous patients 
with extreme maxillary atrophy or oncologic patients that 
had partial or complete maxillary resection, who were 
not suitable for conventional dental implant placement. 
The original zygomatic Brånemark protocol included 
one implant on each zygoma, traversing the sinus, and 
splinted to 2 to 4 conventional implants in the anterior 
region [16]. The zygomatic implants offer anchorage for 
a fixed bridge using less invasive surgery compared with 
bone augmentation procedures [17–19]. Since then, 
many modifications to zygomatic implant designs, sur-
gical approaches and loading protocols have been docu-
mented in the literature [20–28].
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Over the past 20  years, indications for zygomatic 
implants have evolved to include severe posterior max-
illary resorption with insufficient bone for conventional 
implant placement, with or without previously failed 
implant or bone graft treatment. Other indications 
described in the literature include patients with maxillary 
deficiency secondary to cleft palate, failed conventional 
implant therapy, unsuccessful bone grafting or refusal to 
undergo bone grafting. Patients that underwent complete 
or partial maxillectomy secondary to benign or malig-
nant tumor resections are still one of the main reported 
uses for zygomatic implants, assisting in supporting 
obturators and/or removable prostheses [18, 29–31]. In 
cases without adequate anterior maxillary bone, the quad 
zygomatic implant concept was introduced, where two 
zygomatic implants are bilaterally placed (two on each 
side), and splinted, providing acceptable antero-posterior 
distribution and adequate biomechanics [29, 32].

Even though the insertion of zygomatic implants still is 
a very complex procedure with significant surgical risks 
and potential complications, its use has grown exponen-
tially, having documented high survival rates [33–36]. In 
a recent position paper, the American College of Pros-
thodontists affirms that zygomatic implants in various 
clinical scenarios with multiple configurations enable the 
dental team to restore quality of life and provide an expe-
dited and predictable option [2, 37, 38].

What is unclear in the literature is when zygomatic 
implants should be utilized instead of traditional bone 
grafting procedures or other graftless or graft-less alter-
natives. Many papers cite “severe maxillary atrophy” or 
“atrophic maxilla” without defining the degree of bone 
resorption or available bone [39–46]. Moreover, there 
have been many advances with conventional implants, 
where improved implant surfaces, materials, and strong 
evidence behind reduced diameter and short implants 
may allow for  its   expanded use in atrophic situations 
[47, 48]. However, the possibility of shortened treatment 
time, including immediate loading, engagement of sta-
ble cortical bone in the zygoma, and the lack of need for 
grafting, has influenced the decision to utilize zygomatic 
implants to rehabilitate edentulous  atrophic maxillae 
with an implant-supported prosthesis [14, 31, 49, 50].

Therefore, the purpose of this systematic review is to 
address the question “In patients in need of an implant-
supported rehabilitation of the edentulous maxillae, what 
are the indications for the use of zygomatic implants?”

Materials and methods
The current systematic review was reported following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analysis (PRISMA) statement. The PRISMA 2020 
[51] provides updated reporting guidance for systematic 

reviews that reflects advances in methods to identify, 
select, appraise, and synthesize studies.

PIO focused question
Since we were not comparing the indications with other 
procedures, a focused question was formulated and 
approved by all authors, using the PIO format, question-
ing if “In patients in need of a maxillary implant-sup-
ported rehabilitation, what are the indications for the use 
of zygomatic implants?”.

Population was defined as maxillary completely or par-
tially edentulous patients (or those who are to become), 
that had implant-supported prostheses (fixed or remov-
able); intervention was defined as zygomatic implants 
(unilateral, bilateral) supporting fixed or removable 
maxillary prostheses; outcomes assessed were successful 
rehabilitations with a fixed or removable implant-sup-
ported prostheses, involving zygomatic implants.

Data source and eligibility criteria
A systematic search of the PubMed, EMBASE and 
Google Scholar databases was performed, being last 
updated on October 31, 2022. All databases were 
searched from inception to October 31, 2022. Only arti-
cles written in the English language were considered.

The search strategy employed the following medical 
subject heading (Mesh) terms for Pubmed and Emtree 
terms and their synonyms for Embase that were found 
related to the PIO question in the databases; P (Jaw, 
Edentulous maxilla), I (Full mouth rehabilitation), O (suc-
cessful rehabilitations with fixed or removable implant-
supported prostheses, involving zygomatic implants). 
The following words were used as free words due to not 
being Mesh terms or Emtree terms (Zygomatic implants, 
Quad Zygoma, Conventional implants, Graft). The final 
search strategy utilized is described below:

(Maxillas OR “Maxillary Bone” OR “Bone, Maxillary” 
OR “Bones, Maxillary” OR “Maxillary Bones” OR Max-
illae OR “edentulous maxilla” OR “Jaw, Edentulous” OR 
maxilla OR “Edentulous Jaw” OR “Edentulous Jaws” 
OR “Jaws, Edentulous” OR “jaw, upper” OR maxillary 
OR “maxillary area” OR “upper jaw”) AND (“Zygomatic 
implants” OR “Zygomatic implant” OR “Quad zygoma” 
OR “full arch dental reconstruction” OR “full arch recon-
struction” OR “full arch rehabilitation” OR “full arch res-
toration” OR “full mouth reconstruction” OR “full mouth 
restoration” OR “mouth rehabilitation” OR “full arch 
prosthesis” OR “full mouth rehabilitation”) AND (“Con-
ventional implants” OR Graft OR “full mouth” OR “reha-
bilitation Implant, Dental” OR “Implants, Dental” OR 
“Dental Implant” OR “Dental Prostheses, Surgical” OR 
“Dental Prosthesis, Surgical” OR “Surgical Dental Pros-
theses” OR “Surgical Dental Prosthesis” OR “Prostheses, 
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Surgical Dental” OR “Prosthesis, Surgical Dental” OR 
“tooth implant” OR “implant, teeth” OR “implant, tooth” 
OR “implants, teeth” OR “implants, tooth” OR “Bone 
graft” OR “Autograft, bone” OR “autograft, spongy bone” 
OR “autologous bone” OR graft OR “bone autograft” OR 
“bone flap” OR “bone flaps” OR “bone grafts” OR “bone 
transplant” OR “Bone Ceramic” OR “compact bone” 
OR autograft OR “free bone graft” OR “graft, bone” OR 
“osseous flap” OR “osseous flaps” OR “osseous graft” OR 
“osseous grafts” OR “osteoarticular graft” OR “rib auto-
graft” OR “spongy bone” OR autograft).

For the Google Scholar search, the same strategy was 
used.

The reference lists of all articles retrieved through the 
main search and grey literature strategy were manually 
searched for additional relevant papers.

Inclusion and exclusion criteria
Inclusion criteria were considered as: utilized zygo-
matic implants to support a dental prosthesis; included 
at least 10 patients with a minimum follow-up period of 
12  months; clearly stated the indications for the use of 
zygomatic implants.

Studies comparing zygomatic implants to any other 
implant therapy including grafted sites were consid-
ered, as well as oncologic rehabilitation using zygomatic 
implants. Randomized clinical trials, prospective and ret-
rospective studies, and case series were considered if the 
selection criteria were met.

Animal and in  vitro studies were not considered. The 
exclusion criteria also applied to papers where there was 
no clear definition for the indication for use of zygomatic 
implants.

Study selection
Systematic database searches were performed as 
described by one author (AMF). Duplicates were 
removed and the remaining studies were independently 
screened and selected by two authors (AMF and WSL). 
A standardized form was created using the inclusion and 
exclusion criteria to facilitate and maintain consistency 
of eligibility. After an analysis of titles and abstracts, the 
articles were evaluated following the eligibility criteria.

Kappa statistic of interrater reliability was performed. 
Cohen’s k was run to determine the agreement between 
the two authors during paper selection. For title and 
abstract reviews, there was good agreement between the 
two authors, k = 0.899 (95% agreement rate, confidence 
interval 0.888 until 0.909). According to Landis and 
Koch [52], this is considered an “almost perfect” observer 
agreement. All papers that met the inclusion criteria and 
agreed by the authors were selected for full-text reading.

During the full-text review, a third author (WDP) 
decided whether to include or exclude an article.

Studies that did not meet the inclusion criteria were 
excluded, and the reason for exclusion was recorded. 
When the indication referred only to severe maxil-
lary atrophy and/or the use only of some classification 
(Cawood and Howell, Bedrossian, Lekholm and Zarb, 
Misch, Brown), but the study did not cite any other 
indication, it was excluded.

Data extraction
Data were extracted from each of the identified eligible 
studies, and tabulated including:author, year of pub-
lication, type of study, number of patients, number of 
zygomatic implants placed, distribution of zygomatic 
implants (unilateral, bilateral or quad), additional con-
ventional implants placed, follow-up time, loading pro-
tocol and the description of the indication (extreme 
bone resorption; avoid bone graft; maxillectomy sec-
ondary to pathology; cleft palate; trauma; previous 
unsuccessful treatment).

The primary information analyzed and collected was 
a clear description of the zygomatic implant indication. 
Secondary outcomes were the distribution of implants 
and loading protocols.

Risk of bias
The risk of bias was assessed based on the type of 
study available. Only one study was an RCT, and it was 
assessed utilizing the Cochrane RoB 2 tool [53]. The 
remaining non-RCT papers were assessed using the 
ROBINS-I (Risk of Bias in Non-randomized Studies—
of Intervention) [54]. For the bias analysis of the RCT 
study, it was considered confounding factors, selection 
of participants to the study, classification of interven-
tions, deviations from the intended intervention, miss-
ing data, measurement of outcomes, and selection of 
reported results. For non-RCT studies, the criteria 
considered sample selection (selection bias), alloca-
tion concealment (selection bias), blinding of partici-
pants and personnel (performance bias), blinding of 
outcomes assessment (detection bias), incomplete out-
come data (attrition bias), selective reporting (report-
ing bias), other bias, and overall bias.

Studies were classified as having a low risk of bias if all 
items were present, a medium risk of bias if one or two 
items were missing, and a high risk of bias if three or 
more items were missing.

The reviewers (AMF and WDP) ranked each study 
independently and resolved disagreements by reciprocal 
consulting.
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Results
A total of 1266 records were identified through database 
searching, 680 on PubMed, 504 on Embase and 82 on 
Google Scholar. Duplicates (n = 421) were removed and a 
total of 845 documents had titles and abstracts screened 
by two authors (AMF and WSL). Of those, 728 records 
were excluded, and full-text review was requested for 117 
papers. From those, 10 were selected to be included in 
this review. The PRISMA flow diagram is shown in Fig. 1.

Additional 13 records were identified by manual and 
citation searches. All 13 reports were excluded. Ten that 
did not specify the precise indication, 2 had less than 10 
patients and 1 had a follow-up for less than 12 months.

The main reasons for exclusion were follow-up of fewer 
than 12  months, less than 10 patients, not involving a 
zygomatic implant, and full text not in English. Most of 
the excluded papers failed to report a clearly described 
indication for the use of zygomatic implants, but rather 
cited potential advantages of zygomatic implants such as 
immediate loading, as an indication.

The selected papers included the use of 622 zygomatic 
implants in 209 patients, with a median follow-up of 
28.5 months (range 12–162 months). The mean reported 
survival rate for zygomatic implants was 97% (89–100%). 
All data extracted are listed in Table 1.

Zygomatic implant indications were extreme bone 
atrophy or deficiency [n=118], unsuccessful previous 

treatments with grafts and/or implants [n=34], avoid-
ance of staged bone graft procedures [n=29] and medi-
cal considerations that may complicate traditional bone 
grafting procedures, such as benign cysts, amelogenesis 
imperfecta and trauma [n=5].

The use of zygomatic implants was also indicated in 
cases associated with benign or malignant maxillary 
resections [n=16]. Those included resection second-
ary to osteosarcoma [n=1], squamous cell carcinoma 
[n=11], adenoid cystic carcinoma [n=1], mixed salivary 
carcinoma [n=2]. One paper did not report the type 
of pathology associated with the resection. Zygomatic 
implants to rehabilitate maxillary defects secondary to 
cleft palate were reported in 7 cases.

Five studies classified the degree of maxillary atrophy 
using the Cawood and Howell classification, one used 
the Lekholm and Zarb classification and four did not 
use a classification but listed actual measurements and 
anatomic descriptions of the treated patients.

The quad zygoma concept (four zygomatic implants, 
two on each side) was applied to 107 patients, the clas-
sic zygoma concept (bilateral, with one on each side 
splinted to conventional anterior implants) was used in 
88 patients, and the unilateral concept (one zygomatic 
implant on one side, splinted with one or more conven-
tional implants) was employed in 14 patients.

Records identified from*:
Databases (n = 1266)
Pubmed (n = 680)
Embase (n = 504)
Google Scholar (n = 82)

Records removed before screening:
Duplicate records removed
(n = 421)

Records screened
(n = 845)

Records excluded**
(n = 728)

Reports assessed for eligibility
(n = 117)

Reports excluded:
Indication not precise (n = 91)
Follow-up less than 1 year (n = 8)
Less than 10 patients (n = 6)
Does not involve ZI (n = 1)
Not in English (n = 1)

Records identified from:
Citation searching / Manual
search (n = 13)

Reports assessed for eligibility
(n = 0)

Reports excluded:
Indication not precise (n = 10)
Follow-up less than 1 year (n = 1)
Less than 10 patients (n = 2)

Studies included in review
(n = 10)

Identification of studies via databases and registers Identification of studies via other methods
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Fig. 1 PRISMA flow diagram
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Immediate loading was employed in 104 patients and 
conventional loading in 105 patients.

Risk of bias of selected studies
The risk of bias for the included papers is shown in Figs. 2 
and 3. The risk of bias for the RCT included  [14] was 
assessed utilizing the Cochrane RoB 2 tool [53], and the 
result was moderate (Fig.  2). The remaining non-RCT 
papers were assessed using the ROBINS-I tool [54]. Eight 

papers were classified to have a moderate risk of bias, and 
one [13] was considered with a high risk of bias  (Fig. 3).

Discussion
Zygomatic implants are considered a graftless solution to 
rehabilitate atrophic maxillae using a fixed or removable 
implant-supported prosthesis [26, 55]. To avoid extensive 
bone graft procedures, the concept of bone anchorage for 
a prosthesis is applied, instead of reconstructing the alve-
olar bone, creating conditions for ideal numbers, dimen-
sions, and distribution of implants, while improving the 
final restoration.

Brånemark et  al. reported that “the new zygoma fix-
ture was a direct response to the acknowledged need for 
improvements in onlay grafting procedures, particularly 
for improved stability of fixtures and to minimize the 
need for further surgery”. At that time, the grafting alter-
natives for severely atrophic cases were mostly autog-
enous onlay and inlay grafts [16].

The original zygomatic Brånemark protocol included 
one implant in each zygoma traversing the sinus com-
bined with two to four anterior conventional implants 
[16]. Since then, many modifications to zygomatic 
implant designs, surgical approaches, and loading pro-
tocols have been documented in the literature [20–28]. 
However, the original indication for zygomatic implants 
(maxillary defects secondary to maxillectomies) remains 
one of the main indications.

Maxillary ablative defects secondary to resection to 
treat benign or malignant tumors are listed as indications 
for zygomatic implants, to support maxillary obturators. 
In these major defects, grafting alternatives are complex 
and less predictable, and even if considered successful, 
they may not allow for the use of conventional implants. 
Hence, zygomatic implants may be the only remaining 
alternative to assist in maxillofacial prosthodontics reha-
bilitation. The same concept may apply to cleft patients 
that present with partial loss of the maxillary bone, where 
grafting alternatives may not be achievable. The team 
involved in the rehabilitation of complex defects may 
consider the zygomatic implant as a less complex alterna-
tive to support maxillofacial prosthodontics.

Indications for zygomatic implants in conventional 
edentulous patients are presented from different points 
of view in a variety of papers. The most common indi-
cation is “severe atrophy”. However, the published indica-
tions for zygomatic implants must be scrutinized, when 
compared to conventional treatment alternatives. More-
over, indications must be distinguished from advantages 
that arise from a successful treatment using zygomatic 
implants, such as patient and/or surgeon preference, 
avoidance of a grafting procedure, or the possibility of 
immediate loading. The use of an immediate loading 

Fig. 2 Risk of bias RCT (RoB 2)

Fig. 3 Risk of bias of non‑RCT (ROBINS‑I)
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protocol may be a possibility when using zygomatic 
implants, and advantageous for the patients. However, it 
is not a clear indication of it, as the loading protocol is 
dependable on the surgical and restorative team’s exper-
tise and intra-operative findings and may not be always 
employed.

It is important to understand that when zygomatic 
implants were originally introduced, the implantology 
community had mainly autogenous bone grafting tech-
niques as an alternative, followed by longer and regular 
diameter smooth surface implants. The development of 
bone graft substitutes, modern micro-rough surfaces, 
and the growing evidence behind reduced diameter, 
short and ultra-short implants may have changed what 
clinicians previously considered as a minimum avail-
able bone for conventional implant placement [47, 48]. 
In other words, patients with severe resorption requir-
ing zygomatic implants in the past may be successfully 
treated today with non-autogenous bone substitutes with 
or without narrow diameter or short implants. The use 
of cone beam CT and imaging software also allows clini-
cians to perform a more accurate analysis of the alveolar 
and midface structures, including bone quality and volu-
metric measurements, and the possibility of virtual plan-
ning and guided surgery.

Out of the ten selected papers, five used the Cawood 
and Howell classification to define the degree of atrophy 
[6, 13, 56–58], four did not use any classification [14, 18, 
59, 60], and one used the Lekholm and Zarb classification 
[29].

Thirty-five papers used a specific classification, but due 
to other missing information, not all were selected and 
included in the final review. Cawood and Howell was 
the most cited classification with 24 papers [31, 35, 49, 
50, 61–80], followed by Bedrossian (5 papers) [7, 81–84], 
Lekholm and Zarb (2 papers) [28, 30], Misch (2 papers) 
[85, 86] and Brown (2 papers) [87, 88].

Published in 1988 and based on an analysis of 300 dry 
skulls, the Cawood and Howell classification describes 
the degree of atrophy according to alveolar bone remod-
eling, defining a class V or VI as remaining basal bone 
for both anterior and posterior regions of the maxilla 
and mandible. Measurements from the graphics of the 
original publication suggest that moderate and advanced 
resorption groups (Class V and VI) had a mean alveolar 
bone height of 1.09 mm (SD 1.45) in the anterior region 
and 6.46 mm (SD 2.54) in the posterior. The basal bone 
measurements suggest that basal bone height and width 
for both Classes were similar, with a mean of 10 mm for 
the anterior and 3 mm for the posterior regions [89].

Bedrossian et  al. [90] described a systematic pretreat-
ment evaluation method, looking at the presence or 
absence of a composite defect, visibility of the residual 

ridge crest, and the description of zones 1 (anterior), 2 
(pre-molars) and 3 (posterior) to radiographically define 
presence or absence of bone in these 3 zones to define 
the best surgical approach. This protocol has been later 
refined and described in more detail [91]. According to 
this classification, zygomatic implant indications are 
defined according to the presence or absence of alveolar 
bone in zones 1, 2 and 3. This bi-dimensional zone clas-
sification is helpful to screen the availability of bone, but 
it does not give a clear definition of what is considered 
adequate bone to place a conventional implant. The use 
of two zygomatic implants splinted to at least two ante-
rior implants is indicated when no bone is present in 
zone 3 and available in zones 1 or 2, and the use of four 
zygomatic implants is indicated when the bone is absent 
in zones 1, 2 and 3. The authors recognize that the Zones 
classification is helpful to screen for the presence of 
bone, but that a limitation of the protocol is the inability 
to assess the width of the existing bone, suggesting that 
the use of 3D imaging can precisely measure the width 
and height of the maxillofacial anatomy to help define 
the surgical alternatives and the outcome of the planned 
treatment [92].

Alveolar bone height was reported in 18 papers initially 
screened, but they were not included in the final selec-
tion due to other missing criteria. However, we looked 
at their reported alveolar bone height considered as 
an indication to place zygomatic implants (Table  2). Of 

Table 2 Articles that mentioned posterior alveolar ridge 
dimensions (in mm)

Author Year Sample size Number of 
ZI placed

Indication 
per mm

Malevez et al. 2004 55 103 5

Aparicio et al. 2006 69 112 4

Bedrossian et al. 2006 14 28 3

Duarte et al. 2007 12 48 2

Aparicio et al. 2010 25 47 4

Aparicio et al. 2008 20 36 4

Migliorança et al. 2012 21 40 3

Davó et al. 2013 30 68 5

Aparicio et al. 2014 22 41 4

Aparicio et al. 2014 102 197 4

Yates et al. 2014 25 43 8

Espósito et al. 2017 20 80 4

Zhao et al. 2018 25 84 3

Balaji et al. 2020 11 19 4

Tao et al. 2020 23 72 3

Carvalho et al. 2021 31 55 4

Aparicio et al. 2021 122 488 5

Borgonovo et al. 2021 23 46 4
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those, 9 publications mention bone height being less than 
4 mm [19, 21, 33, 93–98], four papers mention less than 
3 mm [23, 34, 55, 99], 3 papers mention less than 5 mm 
[25, 100, 101], one paper mentions 2  mm or less [32] 
and one paper mentions less than 8 mm [102] (Table 2). 
The average alveolar bone height in the posterior maxilla 
reported in those papers was 4  mm, also the measure-
ment reported in most of the papers (9 out of 18). How-
ever, these data show that there is no agreement on the 
minimum remaining alveolar bone to place conventional 
implants with or without additional grafting and indicate 
zygomatic implants. Neither the exact location where the 
bone height was measured nor any information about the 
width of the remaining alveolar ridge was in the paper. 
The 3D measurement of the remaining alveolar ridge is 
rarely presented in the publications.

In severe atrophy, avoidance of extensive staged bone 
grafting and immediate loading are potential benefits of 
zygomatic implants, but not indications. This was a chal-
lenge in reviewing the literature, as benefits were often 
cited as indications.

Assuming that there is a biomechanical advantage of 
splinting implants placed to rehabilitate completely eden-
tulous patients with an implant-supported prosthesis, 
and that the facial and lip support needs are the same 
irrespective of the type of implants placed, options such 
as distally tilted implants splinted to anterior implants, 
or short implants in the posterior maxilla in combination 
with reduced-diameter implants in the anterior maxilla, 
may provide the same support for the planned restora-
tive solution as the use of zygomatic implants. Hence, 
in the assessment of maxillary atrophic bone to plan for 
implant placement, the use of short and reduced-diam-
eter implants should be considered. However, their use 
is not well documented for full arch cases and for imme-
diate loading protocols [47]. When the severe atrophy is 
presented only on the posterior maxilla, with relatively 
good bone height and width in the anterior maxilla, the 
placement of 4 implants, of which the posterior two are 
angulated distally, was well documented and allows the 
use of the immediacy concept [117].

The loading protocol is another point of discussion 
when defining indications for zygomatic implants. 
From our selected papers, 105 patients received con-
ventional loading, and 104 had immediate loading. One 
study was excluded from this analysis because it did 
not present the distribution or the loading condition of 
implants [57]. A recent overview of systematic reviews 
[103] about zygomatic implants found that immediate 
loading was considered the primary treatment option 
because it provides function without having to wait for 
the conventional healing time when using delayed pro-
tocols. Bedrossian et al. [55] and Neugarten et al. [104] 

described a detailed protocol for immediate loading. 
However, they highlighted that this treatment should 
be reserved only for clinicians with experience in both 
surgical and restorative aspects.

The concept of immediacy is beneficial to patients, 
allowing them to achieve their desired outcome in a 
faster manner than using conventional loading proto-
cols, which can add 4–6 additional months to the treat-
ment, sometimes for a long period without an adequate 
interim restoration. Polido et  al. [27] emphasized that 
immediate loading for full arch cases requires the 
utmost level of collaboration between the surgical 
and restorative teams, and this is certainly even more 
critical when using zygomatic implants. Although the 
zygomatic bone has usually adequate density and can 
allow for bicortical anchorage of the tip of the implant 
[105], the implant’s unique trajectory, and the frequent 
need to have the emergency directed towards the pala-
tal region, may complicate or even contraindicate the 
application of immediate loading. Soft tissue aspects, 
swelling, and difficulty in properly seating the restora-
tion and adjusting its occlusion may also influence the 
outcomes.

Immediate loading when using zygomatic implants is 
frequently reported with high survival rates [23, 31, 50, 
70, 76, 101]. Our review shows that the immediate load-
ing protocol was the loading protocol reported in recent 
publications, indicating a growing trend in this direction. 
However, the reports do not mention how many patients 
were scheduled for immediate loading but were unable to 
undergo it because of intraoperative or immediate post-
operative factors. Therefore, all treatment options must 
be considered, and patients informed of possible treat-
ment modifications if immediate loading is not possible. 
No articles reported on the 3D volume shape and/or den-
sity of the zygomatic bone itself. Although this is not a 
clear indicator of indication, it may play a role in surgical 
technique and the possibility of immediate loading.

The patient’s preference is also listed as an indica-
tion in a few reports [12, 57, 106]. These papers were 
excluded since they did not provide a clear criterion 
for the indication. However, when presented with 
treatment alternatives that differ in invasiveness, total 
treatment time and loading protocol, patients fre-
quently prefer the procedure that has less morbidity 
and a reduced treatment time [12]. In a study evalu-
ating patient satisfaction and implant survival rate in 
graftless alternatives, a mean patient satisfaction rate 
of 83% and a survival rate of 98% were obtained for 
zygomatic implants. In comparison, average patient 
satisfaction was 94% for tilted implants and 89% for 
short implants, with similar survival rates [12]. Zygo-
matic implants cannot be considered a minimally 
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invasive procedure because they require larger flaps 
and bone exposure and involve important anatomic 
structures of the midface.

There is a recent growth in the utilization of zygo-
matic implants as a chosen alternative in comparison 
to simultaneous or staged grafting options, due to 
the possibility of a faster treatment time and immedi-
ate loading. However, zygomatic implant surgery and 
rehabilitation are considered one of the most com-
plex procedures, requiring a higher expertise level 
from the surgical and restorative team [107]. There-
fore, the indication must be very strictly evaluated in 
the routine treatment of edentulous patients and the 
surgical procedure remains reserved for experts. Most 
of the papers studied during the preparation of this 
manuscript emphasize the growing use of zygomatic 
implants, and the increased number of complications 
when performed by non-experienced surgeons. There 
is a need for a surgeon’s experience and expertise in 
maxillofacial surgical procedures in the midface, com-
bined with an expertise in implant placement surgery.

Two recent reviews on the quality of systematic 
reviews and meta-analyses about zygomatic implants 
concluded that although this technique has been 
assessed and published for over 10 years, there is a lim-
ited number of systematic reviews about it, and they 
require a higher methodological rigor to provide more 
reliable results to professionals and patients [103, 108].

An adequate prosthetic plan and a detailed 3D 
imaging analysis are mandatory to assess all surgical 
alternatives and their associated risks and suggest an 
adequate treatment plan. Potential short- and long-
term complications, treatment time, invasiveness, and 
cost are factors that need to be considered. The cor-
rect choice of approach and proper execution from the 
team are of paramount importance and have a major 
impact on the treatment outcomes.

Contra-indications generally include any gen-
eral contra-indication to the surgical procedure and 
anesthesia, such as immunocompromised patients, 
pregnant patients, uncontrolled diabetes, acute sinus-
itis and drug or alcohol addiction [83]. Furthermore, 
radiation to the head and neck region with more than 
70  Gy and medical treatment with bisphosphonates 
is also listed as general contra-indications. Reported 
local contra-indications are limited mouth opening 
(< 30 mm), acute maxillary sinusitis, chronic maxillary 
sinusitis with obstruction of the osteo-meatal com-
plex, and any abnormality with the zygomatic bone 
[109]. Smokers and medical diseases that can be con-
trolled before the procedure were considered relative 
contra-indications [38, 71, 110, 111].

Conclusions
The literature is consistent in recommending zygomatic 
implants for the rehabilitation of partially or completely 
edentulous maxillae in unilateral, bilateral or quad 
zygoma concepts, where there is a moderate or severe 
atrophy in the posterior and/or anterior maxilla.

The main indications listed are: (a) patients without 
adequate alveolar bone for whom a staged bone graft 
would be indicated, but would not be desirable due to 
a medical compromise contra-indicating the grafting 
procedure; (b) rescue alternative for previously failed 
conventional implants or graft; (c) patient’s preference 
towards a graftless approach instead a staged graft-
ing approach; (d) patients that had undergone maxillary 
resection secondary to pathology; (e) patients that had 
partial or total loss of the maxillary bone due to trauma; 
(f ) patients with congenital deformities that led to the 
absence of maxillary bone, such as cleft palate.

However, the clear definition of what is considered 
a minimum amount of bone to allow for short and/or 
narrow implants or simultaneous implant placement 
and grafting procedures as alternatives for zygomatic 
implants is not clear from the studied papers. There is 
also a lack of studies reporting on full arch rehabilitation 
utilizing short and extra-short implants, combined or not 
with reduced-diameter implants, in a splinted fashion.

Therefore, we suggest that further studies can provide 
a better-defined indication for zygomatic implants by 
assessing the anatomy with three-dimensional imaging at 
each specific site, including the volume and density of the 
zygomatic bone, and by considering restorative needs, 
the patient’s condition and preferences, surgical alterna-
tives, risks, and long-term outcomes.

The SAC classification in implant dentistry consid-
ers the treatment of extremely atrophic maxillae as a 
complex treatment, from both surgical and restorative 
aspects [118]. The final indication for the use of zygo-
matic implants must consider the type of restoration 
planned, the anatomy of the residual ridge and the zygo-
maticomaxillary region, the patient’s overall health and 
preferences, as well as the experience of the surgical and 
restorative teams.
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