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Abstract: Zygomatic implants imply the use of the zygoma as the implant anchorage and have been
proposed as a valuable alternative to the invasive classical procedures in cases of severe maxillary
atrophy. Despite the numerous manuscripts published in this field, a quantitative analysis of the
research products to infer the trends and the status identification of this specific issue was missing, as
well as an objective map of this area. Thus, the present scientometric study analyzed all the research
papers published within the interval 1990-2021 that included the keyword “zygomatic implants”.
Research papers containing the keywords “zygomatic implants” were collected using Web of Science
and analyzed with Cytoscape 3.7.2 and Sci software. A total of 654 studies were published between
1990 and 2020, reaching up to 11639 citations in total, with a mean of 17.8 citations per research
study. Data show that the number of publications per year is rapidly increasing, as well as the sum
of citations per year. While the USA was identified as the most productive country in this field,
followed by Italy, Spain, and Brazil, the National Natural Science Foundation of China stands up as
the major funding agency, followed by the National Institutes of Health (NIH) in the USA and the
United States Department of Health and Human Services. The analysis of the keywords showed that
“zygomatic fractures” represents the most common word within this field, with “complications” as
the most recent keyword and “screws” as the keyword used for the longest time. The map of science
representing the authors and their collaborations highlighted the existence of multiple small-size
research groups that contribute to scientific production, forming highly clustered structures that do
not collaborate between them. The present scientometric analysis demonstrates the rising interest in
using the zygomatic implants technique as an alternative to the classical ones. The obtained data
suggest that the scientific community involved in the study of such a field is highly fragmented,
emphasizing the lack of communication among the scientists and research groups.

Keywords: zygomatic implants; scientometry; severe maxillofacial atrophy; edentulism; oral
maxillofacial implants

1. Introduction

Osseointegrated dental implants represent a routine procedure for partial or total
edentulism in clinical practice [1-4]. In the presence of severe atrophies and insufficient
bone volume, for instance, in the posterior maxilla, the insertion of standard dental im-
plants often requires a regenerative procedure accompanied by important biological and
operative costs [5,6]. Several techniques and surgical methods have been proposed to
increase the residual bone volume prior to inserting the dental implants in this region,
such as maxillary sinus augmentation [7-9], Le Fort I procedures [6], autografts [10,11]
and bone substitutes [12,13]. A consistent alternative to bone grafting is represented by
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zygomatic implants, which possess a reduced morbidity due to the high stability of the
cortical/trabecular ratio of this region during the course of human life and in presence
of tooth loss [14,15]. In fact, the maxillary process of the zygomatic bone develops from
the anterosuperior area and is prolonged to the anterior region producing the inferolateral
margin of the eye orbit [15,16]. Biomechanically, the use of zygomatic implants for totally
edentulous subjects should consider a mean vertical loading of 150 newtons (N) on the
occlusal plane that could reach 300 N in the masseteric region [17]. Branemark et al. [18]
described a method to carry out a zygomatic implant procedure, although multiple variants
to the protocol have been proposed [19-21], mainly to preserve the integrity of the Schnei-
derian membrane. Moreover, the zygomatic fixture thread design and self-tapping apex
could influence also the operativity, increasing the control of the dental implant insertion
within this anatomical region [22]. In the literature, zygomatic implants reported a survival
rate range between 91.2 and 100%, similar to the standard dental implants inserted in non-
grafted sites [23]. The most recurrent complications are certainly represented by oedema
and sinusitis, while rarer occurrences are represented by aspergillosis and the violation of
the intracerebral and orbital spaces [23].

In the present study, all the scientific research products containing the keyword “zygo-
matic implants” and published between 1990 and 2021 were gathered in a scientometric
study. Scientometry discipline has gained a key role in science as a quantitative method
to analyze scientific production using mathematical and statistical methods, allowing the
inferences of the trends within a field and the status identification of a specific issue. The
combination of bibliographical collectors such as Web of Science, together with the avail-
able bioinformatic tools such as Cytoscape 3.7.2 and Sci software confers to the scientific
community the possibility to create, investigate and visualize the maps of the Authors,
Countries, Institutions, keywords, publications, and citations, as well as the Journals and
funding Agencies [24-26]. While a scientometric analysis is used to map the scientific
knowledge area objectively, a review manuscript is aimed to identify the research issues
and their challenges based on scientometric results [27,28].

Due to the absence of a quantitative analysis of the research products within this
field, in this study, the bibliometric parameters of the already published manuscripts are
presented. As a result, the most productive Countries are evidenced, as well as the major
funding agencies, the most common Journals where the scientific papers were published,
and temporal analysis of the keywords. Last, a map of science with a topical visualization
of the research collaborations is shown, inferring important information for this field of
study that could be of great utility for policy making, optimization of the available funding,
and research targeting for financial optimization, leading to an improved and enhanced
communication among the research groups, the scientists and the government.

2. Materials and Methods
2.1. Data Collection

The present scientometric study was carried out to analyze the research products
available within the field of zygomatic implants. All data were accessed from the Web
of Science repository (https://webofscience.com/, accessed on 12 December 2021) up to
December 2021 and are referred to the interval 1990-2021. The research products were then
manually checked by three independent expert researchers prior to being included in the
analysis. Figure 1 illustrates the experimental design of this study.
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Figure 1. Experimental design of the study. The flowchart illustrates the step followed from data
collection to data analysis.

In the queries, “zygomatic implants” was used as a topic, obtaining a list of 654 studies
with their attributes. All the following analyses have been carried out on this dataset:

e  Number of citable documents: including articles, reviews, and conference papers;

e  Number of cites per document: number of citations per document in specific years;

e  j-index: a topic/journal/author has an index # if among its Np papers, h has at least i
citations each, and the other papers (N, — /) have no more than / citations each.

2.2. Analysis of ISI Keywords

To analyze the keywords used in terms of frequency of use during the years, data were
processed for temporal analysis using Sci2 Tool (Sci2 Team) [29]. This software generates a
temporal visualization of bursts, detecting and analyzing the ISI keywords used within the
research papers (Sci2 Team. (2009). Science of Science (Sci2) Tool. Indiana University and
SciTech Strategies).

2.3. Map of Science

To explore the closeness (i.e., the distance on the map and thus the similarity in
real life) between the scientific disciplines related to the study of zygomatic implants, a
map of science using the Sci2 software was realized. A map of science is defined as the
representation of a network built with a number N of subdisciplines (in this network, 554,
represented as nodes) that are then grouped into N disciplines of science (13 in this case).
Mapped subdisciplines are organized by their size and are related to the numbers (journals)
and colors (disciplines).
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2.4. Co-Authorship Network

To study the dynamics of the co-authorships, an approach based on social networks
was used, intended as an analysis of the social behavior of the Authors involved in the field
and the collaborations among them [24]. To that, Authors were represented as nodes within
the network and were linked by edges when Authors co-authored two or more publications.
Cytoscape 3.7.2, an open-source software, was used for network creation, visualization, and
analysis, considering the network as undirected [30]. To study the topology of the obtained
networks, the main topological parameters listed in Table 1 were automatically computed.
Then, the network’s topology (i.e., the statistical analysis of the network organization) was
used to infer the social pattern of the Authors’ behavior.

Table 1. Main topological parameters assessed. List of the main topological parameters examined
within the network and their definitions.

Parameter

Definition

Connected component

Number of networks in which every two vertices, a vertex is connected to the others by
links, with no further connections within the network.

Number of nodes (N)

Number of authors included in the network.

Number of edges

Number of interactions between the nodes present in the network.

Clustering coefficient

Represents the tendency of the nodes to form clusters. Calculated as CI =2nl/(kI — 1),
being nl the number of links that connect the neighbors kI of the node I. Since 0 < CI < 1,
the closer to 1, the higher the tendency to form clusters.

Diameter of the network Longest path among the shortest paths calculated within the network.
Path length (characteristic) Expected distance existing between two linked nodes.
Number of neighbors (average) Mean number of connections for each node.
Node degree (k) Number of interactions for each node.
Node degree distribution (P(k)) Probability of a node to possess k links.
Y Node degree exponent within the equation.

RZ

Coefficient of the node degree versus the number of nodes applied to logarithmized data.

3. Results
3.1. Zygomatic Implants Constitute a Constantly-Increasing Plot

In total, 654 research papers were found, characterized by the bibliometric parameters
shown in Table 2. As illustrated in Figure 2, among the research products, 563 were original
articles (including technical notes), 13 were book chapters, 62 corresponded to review
manuscripts (including meta-analysis, commentaries, corrections, and systematic reviews),
and 34 corresponded to proceedings or conference papers (among which 18 products were
also original articles). The number of issues published per year is described in Figure 3A,
demonstrating an exponential increase in interest regarding this issue. The time-trend of
citations (sum of cites per year) reported in Figure 3B confirms the rise in the number of
publications related to “zygomatic implants” by evidencing the exponential increase in the
sum of cites per year. The distribution of cites per year, as shown in Figure 4, follows a
power law with a negative exponent. The bibliometric data referred to papers published in
2020 and 2021 are not stable yet and thus cannot be included in the analysis.

Table 2. Bibliometric parameters refer to the studied dataset.

Parameter Value
H-index 48
Average citations per item 17.8
Sum of the times cited 11,639

Citing articles 7041
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Figure 2. Graphical distribution of the research products. Among the 654 documents, 563 were
original articles, 62 were review manuscripts, 13 were book chapters, and 34 were proceedings or
conference papers.
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Figure 3. Number of publications and sum of cites per year. (A) Time-trend of the number of issues
published per year (R? = 0.739); (B) Time-trend showing the sum of cites per year (R? = 0.975).
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Figure 4. Distribution of cites per year. The distribution of cites per year from 1991 to 2020 shows a
power law with a negative exponent (R? = 0.721), in keeping with the Bradford law, demonstrating
the rising interest in this field of study.
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3.2. USA, Italy, and Spain Are the Most Productive Countries

By investigating the number of issues published by each country, we could estimate
the contribution of the different Countries in zygomatic implant research (Figure 5). As it is
evident, most of the issues have been published in the USA (139), followed by Italy (71),
Spain (65), and Brazil (58). Supplementary Material Table S1 contains the complete list,
including all the Countries.

USA
ITALY
SPAIN
BRAZIL
PEOPLES R CHINA
GERMANY
SWEDEN
TURKEY
ENGLAND
BELGIUM
mm INDIA

BN JAPAN
OTHERS

Figure 5. The USA, Italy, and Spain are the most productive Countries. The graphical representation
shows the number of issues per Country for the 12 most productive Countries.

3.3. China and USA Localized the Major Funding Agencies

The main Agencies funding the research within this field were identified as well
(Figure 6), with the National Natural Science Foundation of China (NSFC) as the major
funding agency, followed by the National Institutes of Health (NIH) USA and the United
States Department of Health Human Services. Supplementary Material Table S2 gathers
the complete list of funding agencies.

National Natural Science Foundation Of China (NSFC)
National Institutes Of Health (NIH) Usa
United States Department Of Health Human Services

Combined Engineering And Medical Project Of Shanghai - Jiac Tong University
Nih National Tnstitute Of Dental Craniofacial Research (NIDCR)
Science Technology Commission Of Shanghai Municipality (STCSM)

Figure 6. Main funding agencies in zygomatic implant research.

3.4. International Journal of Oral Maxillofacial Implants Published Most of the Research Articles

By focusing on the number of papers published by each Journal (Figure 7), results
showed that the International Journal of oral maxillofacial implants published most of the
research studies regarding this field (70 documents), followed by the Journal of oral and
maxillofacial surgery (52) and the Journal of craniofacial surgery (36).
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Figure 7. Map of science. Visual representation of 554 subdiscipline nodes connecting a total
of 55 subdisciplines and 13 disciplines (from left to right: Electrical Engineering and Computer
Sciences; Math and Physics; Chemical, Mechanical and Civil Engineering; Chemistry; Earth Sciences;
Biotechnology; Biology; Infectious Disease; Medical Specialties; Health Professionals; Brain Research;
Humanities; Social Sciences). Each discipline has a distinct color and is labeled. Overlaid are
circles, each representing all records per unique subdiscipline. The circle area is proportional to
the number of fractionally assigned records. Minimum and maximum data values correspond to 0
and 26, respectively. Mapped subdisciplines are shown by size related to the number of matching
journals and colors for the discipline. Created with Sci2 Tool (https:/ /sci2.cns.iu.edu; accessed on
17 January 2023).

3.5. “Screws” Represent the Most Cited Keyword within the Published Studies

The ISI keywords cited in the papers were analyzed to identify the most important
topics addressed, with a special focus on the time window in which they were approached.
Table 3 shows the list of citation bursts identified. While the “weight” corresponds to the
importance of the keyword, the “length” gives information about the number of years
that the keyword has been considered a burst. In this analysis, “complications” stands as
the most recent keyword, used mostly within the last three years but with a high score in
terms of weight, with “zygomatic fractures” representing the most cited keyword (highest
weight) within a timeframe (from 1994 to 2005) and “screw” the longest-lasting keyword
(13 years, since 1994 to 2006) (Table 4).

Table 3. Main Journals publishing zygomatic implants documents. The table shows the number of
documents per Journal among the 20 Journals with more documents published in this issue.

Journal Title Number of Documents
INTERNATIONAL JOURNAL OF ORAL MAXILLOFACIAL IMPLANTS 70
JOURNAL OF ORAL AND MAXILLOFACIAL SURGERY 52
JOURNAL OF CRANIOFACIAL SURGERY 36
INTERNATIONAL JOURNAL OF ORAL AND MAXILLOFACIAL SURGERY 27
CLINICAL IMPLANT DENTISTRY AND RELATED RESEARCH 22
EUROPEAN JOURNAL OF ORAL IMPLANTOLOGY 19
PLASTIC AND RECONSTRUCTIVE SURGERY 19
JOURNAL OF ORAL IMPLANTOLOGY 16
AMERICAN JOURNAL OF ORTHODONTICS AND DENTOFACIAL ORTHOPEDICS 15
JOURNAL OF CRANIO MAXILLOFACIAL SURGERY 14
JOURNAL OF PROSTHETIC DENTISTRY 13

ANGLE ORTHODONTIST 11
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Table 3. Cont.

Journal Title Number of Documents

JOURNAL OF PROSTHODONTICS IMPLANT ESTHETIC AND RECONSTRUCTIVE DENTISTRY 11

ANNALS OF MEDICINE AND SURGERY

INTERNATIONAL JOURNAL OF IMPLANT DENTISTRY

MEDICINA ORAL PATOLOGIA ORAL Y CIRUGIA BUCAL

ORAL AND MAXILLOFACIAL SURGERY HEIDELBERG

CASE REPORTS IN DENTISTRY

CLINICAL ORAL IMPLANTS RESEARCH

BRITISH JOURNAL OF ORAL MAXILLOFACIAL SURGERY

NI | 3| 0| ©| 0|

Table 4. List of citation bursts among the ISI keywords. “Complications” stands as the most recent
keyword, with “screws” representing the most cited keyword and followed by “zygomatic fractures”,
“follow-up”, and “edentulous maxilla”.

Word Level Weight Length  Start End
COMPLICATIONS 1 8.685405761 3 2019 -

EDENTULOUS MAXILLA 1 7.719396763 5 2012 2016
FOLLOW-UP 1 7.986919934 5 2010 2014
ZYGOMATIC FRACTURES 1 12.66350437 12 1994 2005
SCREWS 1 10.20488837 13 1994 2006

3.6. Lack of Communication among the Scientists Involved in the Field

To study the link among the different disciplines involved in zygomatic implant
research, a map representing the co-citation of the documents was set up (Figure 7). To
complete the analysis with the description of the authors and the co-authorship dynamics,
it was set up and analyzed a co-authorship network (Figure 8). In the network, the Authors
are represented as nodes and co-authorship as a link. The analysis of the network topology
shows that the network is constituted by a high number of small-size (Main-Components-
Co-Authorship Network) connected components (sub-networks), with the larger one
reaching about 7.6% of the co-authorship network (Co-A). Thus, a unitary structure with
big collaborations among the members is missing, while multiple small groups participate
in this issue independently. As visually represented in Figure 8, all the components are
characterized by the tendency to form highly clustered structures that do not communicate
with each other. In Figure 9, the table shows the numeric data (Figure 9A), reaching a
total of 337 components (i.e., co-authors) and 2217 nodes (i.e., connections among the
authors), while the graph (Figure 9B) represents the components (subdivided into intervals,
gathering > 98% of nodes) and the frequency of the nodes, with a negative exponent that
emphasizes the low-degree of connection among the scientists in this area. Co-Authorship
Networks 1 and 2 are the two larger subnetworks of Co-A (i.e., the two main groups
from Figure 8).
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Figure 8. Graphical visualization of the Co-A. Visual representation of the co-authorships, in which
the Authors are represented as nodes and the co-authorships as links. This schematic image shows
how the scientific community is highly fragmented, with few groups collaborating and multiple
small, isolated groups.

Parameter Co-A MC1 Co-A MC2 Co-A
CO-AUTHORSHIPS ANALYSIS
Number of nodes 2217 168 106 "
Number of edges 5927 586 414 70 le
Connected components 337 1 1 60 y= 69,614x-1,084
Clustering coefficient 0.889 0.854 0.861 50 *
i .
Diameter 10 8 10 8 40
Z %
Charact. path length 3.240 3.710 4.797 30
*
Avg. number of neighbors 5.347 6.976 7.811 0 \
10 :
v -2.092 -0.832 -0.511
0 % Pte— .
2
i 0.178 0.217 0.206 0 50 100 150 200
A R 0.729 0.360 0.177 B INTERVALS

Figure 9. Topological analysis of the co-authorship network. Table (A) shows the numerical
data extracted from the analysis, reaching a total of 2217 connections between the 337 authors.
Co-A = Co-Authorship Network, MC1 Co-A and MC2 Co-A = Main-Component- Co-Authorship
Network 1 and 2 are the two larger subnetworks of Co-A (i.e., the two main groups from Figure 8).
Graph (B) represents the intervals in which the components (authors) were subdivided and the
frequency of the nodes (connections) among them.
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4. Discussion

The “zygomatic implant” was first developed in 1998 by Branemark et al. to be
applied in oral reconstruction and rehabilitation [18]. The technique proposed the use of
the zygoma as the implant anchorage in cases of severe maxillary atrophy, representing in
today’s society a viable alternative to the invasive classical procedures [31]. Indeed, while
preventing the use of heavy bone graft techniques, it may decrease the treatment time
and costs, with fewer complications and prosthodontic work, shorter rehabilitation times,
and a decrease in patient morbidity [23,32]. In fact, maxillary sinus lifting complications
such as infection, bone loss, implant displacement into the sinus, insufficient new bone
regeneration, and the formation of oroantral fistulas may lead to the failure of sinus bone
grafting [33].

Due to the importance of zygomatic implants within the dental field and the absence
of quantitative analysis focused on the manuscripts published that allow the inference
of important trends, the present in silico study analyzed the research studies published
within the interval 1990-2021 that included the keyword “zygomatic implants”. In total,
654 papers were published during this time frame, gathering up to 11,639 citations in total
(a mean of 17.8 citations per study). In this regard, as observed in Figure 3, the number
of publications per year is rapidly increasing, thus the sum of cites per year. The low
exponent value obtained when analyzing the distribution of cites per year is in keeping
with the Bradford law [34], supporting the rising interest in the use of this technique as an
alternative to the classical ones.

The present study realized a complete analysis of the scientific production gathering
the geographical distribution of the studies, the major funding organizations, the most
productive Countries, the most used words (i.e., the keywords), and their timeframe within
these last decades and finally a topical visualization of the Authors-network and their
collaborations. By analyzing the geographical distribution of the published papers, the
USA was identified as the most productive Country (139), followed by two European
Countries, Italy (71) and Spain (65), and a South American Country, Brazil (58). While
the People’s Republic of China lay in 5th place in terms of scientific production (52), it
possesses the major funding organization, i.e., the National Natural Science Foundation of
China (NSFC), which is followed by the National Institutes of Health (NIH) USA and the
United States Department of Health Human Services. In line with this information, it was
observed that the majority of the studies were published in Journals based in the USA, with
the International Journal of oral maxillofacial implants in the lead (70 research papers).

The analysis of the keywords in terms of importance and timeframe allowed the
inference of important data. “Zygomatic fractures” stands as the most used word within
this field, mostly during the first 15 years, while “complications” stands up as the newest
keyword, principally employed from 2019. It might be probably due to the potential long-
term complications derived from the use of this technique, which is possible to observe due
to the increasing use of this method in clinical practice and the existence of long-standing
patients with this type of implant. On the contrary, the decrease in the use of “zygomatic
fractures” as a keyword may be due to the advances achieved in the field, which have
allowed a safer and more efficient procedure. Of note, “guided placement” did not appear
as one of the most used keywords, even if it represents one of the most controversial issues
within the field, which could be possibly due to the fact that it represents a relatively
new issue.

To study the connections between the disciplines and their Authors, two strategies
were followed: the creation of a map including the co-citation of the documents and
the creation of a network in which the Authors are represented and the collaborations
(co-authorship) among them. This kind of analysis allows inferring the degree of collabo-
ration between the different authors and research groups by quantifying the number of
connections or collaborations (nodes). As evidenced by the results, this scientific issue
is characterized by a high number of small-sized research groups that contribute to the
scientific production, forming highly clustered structures and standing out the absence of
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collaboration between them. These data suggest that the scientific community involved
in studying such an area is highly fragmented, emphasizing the lack of communication
among the scientists involved in this field.

Scientometric analysis has gained enormous importance in several fields with multiple
applications, from the business, entrepreneurship, and financial sectors [35,36] to health
and medical applications [24,37]. However, this kind of analysis presents some limitations
that should be considered. In the present scientometric study, the results achieved are
correlated to the literature found on WOS collection within the period ranging from 1990
to 2021. Thus some studies could have been unintentionally omitted (mostly those after
December 2021 or published within the timeframe but are not yet available), despite the
efforts made by the scientific community working on this document library. Moreover,
although the bibliographic search for this study included the research papers published
until December 2021, the papers published in 2020 and 2021 are not stable yet and thus
could not be included in this specific analysis. Further studies are needed to evaluate
the trends among the Authors, specifically their collaborations and networks, promoting
communication among them to improve the research quality and advances.

5. Conclusions

Zygomatic implantation is still not a mainstream procedure in the daily clinic, and
indications need to be strictly controlled to avoid complications [38] or medical malpractice,
especially considering the rising interest in this issue during the last 20 years, as exposed in
this study. The current scientometric study evidences the need for collaboration among
the experts in this field to share knowledge and contributes to the establishment of this
practice as a routine, improving the life quality of the patients while avoiding important
complications. Moreover, the information presented within this study could be of great
utility for policy making, optimization of the available funding, and research targeting
for financial optimization, leading to improved and enhanced communication among the
research groups, the research scientists, and the government.
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