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Abstract

Zygomatic implants are reported to be viable treatment options
to restore defective Orofacial soft and hard tissue configuration.
A systematic review, which was conducted in November 2019,
identified 29 relevant studies for data analysis. In this review,
sinus infection, soft tissue trauma, mucositis, hematoma, and
paraesthesia were found to be the leading zygomatic implant-
associated complications. This systematic follow-up review was
carried out in November 2022 to update the previous study’s
findings. ISI Web of Science, PubMed, Google Scholar, and
Cochrane databases were searched to retrieve relevant articles
for data analysis. The search intrigued articles published between
December 2019 and October 2022. Finally, 27 new relevant
articles were identified after the electronic search. Therefore, the
updated review involved a total of 56 studies for data analysis.
In an average follow period of 3.7 years, 39 different types of
biological complications were found to be reported by all the
articles included for data analysis. In other words, comparatively
more variety of complications were identified in the updated
review. Sinusitis, oroantral fistula, and peri-implantitis were the
most frequently reported complications, with 27%, 14%, and 7%,
respectively. Generally speaking, the updated study identified a
more comprehensive range of biological complications than the
initial systematic review. Still, the set of complications identified
in this review might still be underreported for various reasons.
Hence, it is essential to conduct long-term clinical trials involving
broader study participants to understand the reality better.

Abbreviations

ISI: The Institute for Scientific Information; MeSH: Medical Subject
Headings; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; CASP: Critical Appraisal Skills
Programme; SPSS: Statistical Package for the Social Sciences;
OAF: Oroantral Fistula; OAC: Oroantral Communication

Introduction

Zygomatic implants are among the classes of dental implants
that differ from conventional implants. Most importantly, they
are comparatively very long (30 mm~-52.5 mm) and attached to
the zygomatic bone [1,2]. Zygomatic implants are self-tapping
screws with a 45° angulation, making them viable options to
compensate for angulation between the zygoma and the maxilla
[3]. Per-Ingvar Branemark is the first person to design zygomatic
implants [4,2]. Branemark introduced zygomatic implants to
obtain posterior maxillary anchorage to replace missed teeth and
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rehabilitate defected anatomic facial complex [4,5]. Zygomatic
implants are reported to be less morbid and play a vital role in
the rehabilitation of patients with severely resorbed (atrophied)
maxillary alveolar ridge, maxillary sinus pneumatization, failed
sinus floor augmentation (or alternatively), failed previous bone
grafts (or alternatively), failed conventional implants, congenital
facial anomalies, and in post-trauma and maxillectomy defects
reconstructive surgical interventions [6]. Zygomatic implants are
often combined with 2 to 4 conventional dental implants [2,7].

Various surgical techniques are employed to install zygomatic
implants. One or two zygomatic implants can be installed
unilaterally or bilaterally [8,9]. Several scientific works since the
beginning of 2000 have reported a high success rate of zygomatic
implants [10-12]. Yet, a handful of complications are reported
following the surgical installment of zygomatic implants [13,14].
Expert surgeons suggest good hand on skills to successfully
install zygomatic implants [15,16]. Identifying contraindications
associated with the procedure, includingthe presentation of
acute sinusitis, history of malignancy, and smoking habits, is
also reported to be crucial to enhance the success rate of the
intervention. According toreports, several biological complications
have been identified following the surgical placement of zygomatic
implants [15,17,18]. These biological complications are the focus
of this updated systematic review. This review aimed to identify
the potential biological complications associated with the surgical
placement of zygomatic implants and provide ample evidence
to clinicians for clinical application [8]. In fact, a considerable
number of surgical complication sassociated with the surgical
placement of zygomatic implants were identified in the initial
systematic review, which was conducted in November 2019 [19].
However, the types and nature of surgical complications may
vary over time. Therefore, the present study aimed to update the
biological complications related to zygomatic implant placement
by including the latest publications.

Indications of zygomatic Implants: Zygomatic implants are
indicated to rehabilitate patients presenting with severely
resorbed (atrophied) maxillary alveolar ridge, maxillary sinus
pneumatization, failed sinus floor augmentation (or alternatively),
failed previous bone grafts (or alternatively), failed conventional
implants, congenital facial anomalies, and post-trauma and

maxillectomy defects.

Contraindications of zygomatic Implants: Acute sinus
infection, maxillary or zygoma pathology, malignant condition,
and debilitating immune diseases are some of the major
contraindications to surgically installing zygomatic implants.
Relative contraindications include chronic infectious sinusitis, the
use of bisphosphonates, and smoking more than 20 cigarettes a

day.

Materials and Methods
Study design: A systematic review of published literature between

December 2019 and October 2022 was conducted to ascertain
the study’s primary goal.

Search strategy: PubMed, ISI Web of Science, Cochrane, and
Google Scholar databases were searched to fetch relevant articles
for the review. The review was conducted based on the principles
of the PRISMA guidelines ("PRISMA™ 2020). The search used
different key terms as subjects and adjectives. In addition, CASP
analysis was carried out to assess the validity of each potentially
relevant article for data analysis.

Inclusion criteria: Studies on zygomatic implants in humans.

Exclusion criteria: Systematic review and meta-analysis, medium
of a language other than English, studies with a follow-up period
of fewer than six months, and studies on animals (to avoid double-
counting) published on the abovementioned databases.

Selection and screening of the literature: The article selection and
screening phase of the systematic review began after the initial
electronic search. The selection and screening phase involved
the identification of raw hits, exclusion of duplicates, revision of
abstracts, searching for full texts, in-depth reading of the full texts,
and CASP analysis. The CASP analysis was used to assess the
quality of the potentially eligible articles for data analysis.

Extraction of data and data analysis: The selection of relevant
articles was followed by data extraction and storage. The clinical
data recorded in the data extraction template was used to identify
the possible biological complications related to zygomatic implant
placement. The identified biological complications were organized
and presented in two forms: non-aggregated and aggregated.
The non-aggregated form presents all the identified biological
complications as they are. On the contrary, the aggregated form
combined similar biological complications in a group for better
understanding. SPSS descriptive statistical software was used to
analyze the data.

Ethical clearance: Not applicable.

Results

This section presents the findings of the electronic search. The
database searchresults and the identified biological complications
are described in detail as follows.

Databases search results: A total of 751 articles were retrieved
after the initial database search. Of these, 245 papers were
duplicates and excluded. The remaining 506 articles underwent
rigorous screening. Finally, only 27 articles were found to be
eligible for data analysis (Figure).

Overall biological complications identified: The articles included
in the updated review reported 4840 zygomatic implants placed
in 1996 patients. Thirty-nine various biological complications
were reported after an average follow-up period of 3.7 years. The
complications were reported 102 times, meaning each article
reported an average of 1.9 biological complications. For simplicity
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and better understanding, these biological complications are

described individually (non-aggregated) and categorically
(aggregated). The categorization (C-1 to C-8) of the identified
biological

resemblance in types of surgical trauma encountered, similarity in

complications considered anatomical proximity,
tissue involvement, and affinity in the mechanism of development
of the biological condition (Table).

Generally, the overall biological complications identified in
this systematic review are classified as aggregated and non-
aggregated. Accordingly, sinusitis, oroantral fistula, and peri-
implantitis were the most frequently reported non-aggregated
biological complications, with 27%, 12%, and 7%, respectively.

On the other hand, sinusitis and other sinus-related biological
complications; peri-implantitis, mucositis, and other soft-tissue
involvements; Schneiderian membrane perforation and Oroantral
fistula; complications involving neighboring organs (orbital cavity,
nose, and ear); and complications involving zygomatic bone are
the leading categorized biological complications with 29%, 24%,
10%, and 10%, respectively (Table).

This systematic follow-up review identifled more biological
complications than the initial systematic review. A few severe
forms of biological complications were also identified in this
review. However, in both studies, sinusitis remained the leading
biological complication.

( 1
PRISMA 2020 flow diagram for updated systematic reviews which included searches of databases and registers
only
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Figure: Flow diagram.
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Table: Category and reported frequency of biological complications identified in the systematic review.

Number of biological
complications

Types of biological
complications

Category (C) of biological
complications

Frequency of reports of
biological complications

Definition of categorizations

swelling of the eyelids

(n times)
1 Sinusitis C-1 27 C-1 Sinusitis and other sinus-related
biological complications
2 Mucositis C-2 3
3 Paraesthesia C-4 4
4 Non-osteointegration C-5 1
5 Peri-implantitis C-2 7
6 Oroantral fistula (OAF)/ C-6 12 C-2 Peri-implantitis, mucositis,
oroantral communication and other soft-tissue-related
(OAC) complications
7 Schneiderian membrane C-6 2
perforation
8 Intracerebral penetration C-8 1
9 Rhinosinusitis C-3 1
10 Zygomatic bone fracture C-5 2
11 Orbital cavity penetration C-3 1 C-3 Biological complications
involving neighboring delicate
organs (orbital cavity, nose, and ear)
12 Osteo-meatal obstruction C-3 1
13 Zygomatic bone infection C-5 2
14 Persistent edema C-7 1
15 Hematoma C-7 4
16 Osteitis C-3 1 C-4 Sensory/transient or permanent
paraesthesia and motor deficits
17 Atelectasis in sinuses C-1 1
18 Cutaneous fistula C-2 5
19 Bleeding on probing C-2 2
20 Naso-genial ecchymosis C-3 1
21 Peri-implant soft-tissue C-2 1 C-5 Non-osteointegration and other
inflammation biological complications involving
zygomatic bone
22 Aspergillosis of the C-1 1
maxillary sinus
23 Zygomatic bone resorption | C-5 2
24 Peri-implant soft tissue C-2 1
hypertrophy
25 Peri-implant hyperplasia C-2 1
26 Gingival recession C-2 1 C-6 Schneiderian membrane
perforation and Oroantral fistula
(OAF)
27 Mucosal recession C-2 1
28 Orbital cellulitis C-3 1
29 Peri-implant mucositis C-2 1
30 An abscess around the C-5 1
zygomatic bone
31 Permanent paresthesia C-4 1 C-7 Post-surgical hematoma and
edema
32 Peri-implant C-2 1
granulomatous tissue
33 Proptosis and diffuse C-3 1
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Number of biological | Types of biological Category (C) of biological | Frequency of reports of | Definition of categorizations
complications complications complications biological complications
(n times)

34 Intra-orbital hemorrhage C-3 1
35 Motor nerve damage C-4 1
36 Mucosal fenestration C-2 1 C-8 Intracerebral penetration
37 Penetration of the central C-3 1

orbit
38 Diplopia and difficulty in C-3 1

moving the eye
39 Suppuration of puss around | C-5 1

the zygomatic bone
Total 39 9 102

Discussion who underwent surgical placement of Zls. On the other hand,

Dental implants are reported to be viable option to restore missed
teeth and associated functional and aesthetic disharmony [20].
However, the surgical placement of dental implants is not free
from complications [21]. Likewise, the surgical placement of
the zygomatic implant is associated with various biological
complications [22-24]. Similarly, various biological complications
are identified in this review. Sinusitis and other sinus-related
diseases are found to be the most frequently reported types of
biological complications in this study. Fifty-eight percent of the
papers selected for data analysis have reported sinusitis and
other sinus-related diseases.

Furthermore, Oroantral fistula and peri-implantitis were reported
by 25.5% and 15% of the literature included for data analysis,
respectively. Therefore, Oroantral fistula and peri-implantitis
were the second and third most frequently reported biological
complications following the placement of zygomatic implants
to reconstruct the Orofacial region. Other major biological
complications include paraesthesia, mucositis, Schneiderian
membrane perforation, orbital cavity involvement, zygomatic
bone fracture, cutaneous fistula or fenestration, intracerebral
penetration of zygomatic implant, and hematoma. In this regard,
similar surgical complications were also reported by other
authors [25,26]. Therefore, the most frequently reported biological
complications identified in this systematic review are discussed
one by one as follows.

Sinusitis and other sinus-related biological complications:
Sinusitis or sinus membrane inflammation may be triggered by
mechanical and biological factors [27]. The surgical placement of
a zygomatic implant in the zygomatic fixture is reported to cause
mechanical and/or biological-induced sinusitis [28]. Sinusitis and
other sinus-related conditions are found to be the most frequently
reported biological complications in this review. Twenty-nine
percent of the biological complications identified in this systematic
review are sinusitis and other sinus-related diseases. In fact, 27%
of all the reported biological complications are sinusitis.

Similarly, Becktor et al. reported 19.4% of sinusitis among patients

Chrcanovic et al. reported a relatively low sinusitis incidence (5.2%)
in patients who received Zls to reconstruct the Orofacial region
[29]. These variations can arise from different factors, including
the technical skill of the operating surgeons, the implant designs,
and operating settings [29-31]. Various scientific works suggest
that peri-implant mucositis is the first stage of peri-implantitis
[32]. Peri-implantitis, mucositis, and other soft-tissue-related
problems constituted 24% of all biological complications reported
in this systematic review. This set of postoperative outcomes
is the second most reported biological complication identified
in this study. In this regard, Chrcanovic et al. reported a 3.6%
incidence of mucositis, similar to the 3% non-aggregate report
in this systematic review [2]. On the other hand, several works of
literature reported the occurrence of soft-tissue-related biological
complications after the surgical placement of zygomatic implants
[28,33].

Schneiderian membrane perforation and OAF: Schneiderian
membrane perforation and OAF are the most common types of
soft-tissue-related surgical complications [34]. Displacements
of teeth, roots of teeth, dental implants, and other surgical
instruments are the leading causes of maxillary sinus perforation.
This leads to the unwanted communication of the sinus and the
oral cavity [35,14]. The incidence rate of Schneiderian membrane
perforation and Oroantral fistula varies in different pieces of
literature [36]. Most related reports revealed between 1.5% and
7.5% incidence rates, except for Becktor et al. who reported 29%
[29]. A significant proportion of soft-tissue-related biological
complications have also been identified in this review. This
study revealed a 10% incidence rate of Schneiderian membrane
perforation and Oroantral fistula.

Non-Osseointegration and other biological complications
involving the zygomatic bone: Lack of osseointegration is a
major factor in the failure of zygomatic implants [37,38]. Non-
osseointegration constituted 1% of all complications identified in
this study. Authors such as Becktor et al. Chrcanovic et al. and
Miglioranga et al. reported 9.7%, 4.2%, and 2.5% incidence rates of

non-osteointegration, respectively [29,39]. Inthis regard, the 2.08%,
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1.5%, and 2.5% incidence rates reports of Duarte et al. Aparicio
et al. and Miglioranca et al. respectively, are comparable to the
finding of this study. Zygomatic bone fracture, resorption, and
infection are the other major biological complication identified in
this systematic review. In general, non-Osseointegration and other
biological complications involving the zygomatic bone constituted
10% of all biological complications identified in this study.

Hematoma and other biological complications involving
neighboring delicate organs: Various research works have
reported several uncommon biological complications after
installing zygomatic implants surgically [13,40,47]. Likewise,
intracerebral penetration, aspergillosis, rhinosinusitis, orbital
cellulitis, otitis, motor skill deficit, orbital cavity penetration,
naso-genial ecchymosis, bulging eyes, or proptosis, intra-orbital
hemorrhage, diplopia, and persistent pain are identified in this
review. The involvement of delicate organs comprised 10% of
all biological complications identified in this study. According
to reports, a hematoma is one of the most common biological
complications associated with zygomatic implants [42,43]. Alike,
4% of the biological complications identified in this review were

hematoma related.

Paraesthesia: Several studies have reported paraesthesia after
zygomatic implant placement. Traumatic involvement of the
infraorbital and zygomaticofacial nerves are the leading causes of
zygomatic implant placement-related paraesthesia [2,10,44]. This
review also disclosed a 4% paraesthesia that could comply with
the 5.4% and 4.6% prevalence reports of Bedrossian and Aparicio
et al. respectively [45,46].

Conclusion

Biological complications that are associated with the surgical
placement of zygomatic implants vary from mild to severe. This
review identified varying degrees of biological complications, with
sinusitis being the leading cause of post-surgical morbidity among
patients who underwent Orofacial reconstructive surgery using
zygomatic implants. In fact the review also identified potentially
fatal biological complications. Therefore, the surgical placement
of zygomatic implants should be reserved only for clinicians with
vast knowledge and surgical expertise. In general, the findings of
this study suggest to all implant surgeons to be cautious about
the many, particularly the severe biological complications that are
related to zygomatic implant placement. Yet, the importance of
installing more rigorous studies should be underscored.
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