Bibliometric analysis of the current status and trends in dental
applications of glass fiber-reinforced composites from 1998 to 2022

Khalid Salman Almulhim"*®~F Shafiq Ur Rehman®**£, Saqib Ali*®~F, Shakil Ahmad*®-2, Abdul Samad Khan"A2-F

1 Department of Restorative Dental Sciences, College of Dentistry, Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia
2 Institute of Information Management, University of the Punjab, Lahore, Pakistan
3 Department of Biomedical Dental Sciences, College of Dentistry, Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia

* Central Library, Prince Sultan University, Riyadh, Saudi Arabia

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Dental and Medical Problems, ISSN 1644-387X (print), ISSN 2300-9020 (online)

Address for correspondence
Khalid S. Almulhim
E-mail: ksalmulhim@iau.edu.sa

Funding sources
None declared

Conflict of interest
None declared

Acknowledgements
The Authors would like to thank Prince Sultan University,
Riyadh, Saudi Arabia, for their support.

Received on July 4, 2023
Reviewed on August 29, 2023
Accepted on September 3, 2023

Published online on October 31, 2024

Cite as

Almulhim KS, Rehman SU, Ali S, Ahmad S, Khan AS. Bibliometric
analysis of the current status and trends in dental applications
of glass fiber-reinforced composites from 1998 to 2022. Dent
Med Probl. 2024;61(5):783—795. doi:10.17219/dmp/171803

DOl
10.17219/dmp/171803

Copyright

Copyright by Author(s)

This is an article distributed under the terms of the

Creative Commons Attribution 3.0 Unported License (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/).

Dent Med Probl. 2024;61(5):783—795

Abstract

Over the last few years, considerable attention has been devoted to glass fiber-reinforced composites
(GFRCs) in thefield of dentistry. Glass fiber-reinforced composites are useful in prosthodontics, endodontics,
restorative dentistry, orthodontics, and periodontics. This study considered various aspects related to GFRCs
t0 assess the publications and citations on the subject from 1998 to 2022.

A bibliometric method of analysis was adopted to conduct the study. The relevant papers published within
the established time frame were identified. A document-type filter was applied to retrieve only those
results that were peer-reviewed. The most influential authors, journals, institutions, and countries were
identified, as indicated by the number of citations, as well as the most frequently used keywords.

The findings of the bibliometric analysis revealed that the first article on GFRCs in the context of dentistry
was published in 1998. The greatest number of papers on this subject was published in 2011 (n = 51),
while the number of citations reached its peak in 2008 (n = 1,546). The University of Turku in Finland
published the greatest number of articles, whereas Brazil was the most prolific country, producing the
highest number of publications on dental fiber. Researchers from Brazil, Italy and Germany mainly
collaborated with researchers from other countries, including the USA and Finland. The analysis revealed
that publications of multiple authors were more likely to be cited.

Significant advancements have been made in the field of GFRCs, as demonstrated by an increased
collaboration amongst different countries, organizations and investigators, which enhanced the
development and progression of research related to GFRCs.

Keywords: bibliometric analysis, dentistry, biocompatible materials, glass fiber, glass fiber-reinforced
polymers
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Introduction

The use of fiber-based materials in biomedical appli-
cations is not a novel phenomenon. In the field of ortho-
pedics, fiber-based materials are used in the fabrication
of lower-limb prostheses,! reconstruction of craniofa-
cial bone defects,? and implants.> Among the different
types of fibers, such as carbon, polyaramide and high
molecular weight polyethylene, glass fiber-based ma-
terials have been used for biomedical applications due
to their exceptional mechanical properties, lightweight
characteristics, aesthetic appeal, and compatibility
with the adjacent hard and soft tissues.*® Moreover,
their compatibility with the polymer matrix makes
them a suitable biomedical material.”® For dental appli-
cations, glass fibers can be reinforced in acrylic-based
polymers, such as poly(methyl methacrylate) (PMMA)
and bisphenol A-glycidyl methacrylate (Bis-GMA).
Additionally, both the tooth structure and the glass
fiber-reinforced composite (GFRC) share analogous
physical characteristics.® Glass fiber-reinforced com-
posites are widely used in various dental applications,
including fixed partial dentures (FPDs), restorative and
endodontic post systems, periodontal splints, and fixed
orthodontic retainers.!® They were initially introduced
as a reinforcement for denture base in the 1960s. Sub-
sequently, several studies were conducted to assess the
strength of GFRC,!-!% which is currently considered
an effective enhancement of dental devices, includ-
ing dental base polymers. The glass fibers showed su-
perior results in strengthening the provisional partial
dentures in comparison to other fiber types.!* Even
in the modern era of dental implantology, a majority
of patients opt for removable dentures to improve oral
health-related quality of life.!> Therefore, glass fibers
can be utilized for the repair and reinforcement of den-
tures. Thermoplastic GFRCs were effectively applied in
the fabrication of bonded FPDs, with the material be-
ing indirectly fabricated in a laboratory setting prior to
its intraoral use. Other advantages of using glass fiber
in prosthetics include the minimum invasive prepara-
tion of the abutment teeth compared to metal-ceramic
and all-ceramic FPDs,!¢ the lower incidence of allergic
and toxic reactions associated with metal alloys, and
the increased mechanical properties and time required
for preparation. Glass fiber-reinforced composites are
useful in aesthetic and metal-free dental and restor-
ative applications.’® The introduction of such mate-
rial allows scientists to tailor the composite material
to meet the designer’s requirements and enhance its
properties, thereby making it applicable to many areas
of dentistry.!”

The first non-metallic fiber endodontic post mate-
rial was described in the early 1990s by Duret et al,,
who used the carbon-fiber reinforcement principle.!'®
However, in order to improve the aesthetic outcomes,
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composite materials were incorporated as the main
component. The FRC post systems were introduced
in 1997 to avoid root fractures due to their modulus
of elasticity being analogous to that of the dentin sub-
strate.?’ The glass fiber posts were incorporated owing
to their translucent appearance and strength.?! Several
studies have been conducted to evaluate the mechani-
cal properties of fiber-reinforced posts, which showed
wide variability in their results, mainly due to the differ-
ent materials used in their construction. In summary,
the factors that affect the final mechanical properties
are structural density and integrity, dimensions, fiber
distribution, volume fraction, voids, and the internal
bond between fiber and matrix.2>23

The recently commercialized short glass fiber-based
dental restorative composite (everX Posterior; GC Eu-
rope, Leuven, Belgium)?* is mainly used in the resto-
ration of large cavities in vital and non-vital posterior
teeth. The randomly oriented E-glass fibers and inor-
ganic particulate fillers used in this material provide
improved toughness of the polymer matrix. The incor-
poration of short E-glass fiber fillers resulted in an en-
hanced load-bearing capacity and improved flexural
strength and fracture toughness of the dental compos-
ite resin, as compared to conventional particulate filler
restorative composite resin.?> The inclusion of short
fibers minimized the polymerization shrinkage stress
and led to a decrease in marginal microleakage. There-
fore, the positive results observed in the in vitro re-
search that employed short glass fiber-based composite
resin suggest its clinical use, as it is capable of fulfill-
ing the requirements for ideal posterior restorations.?
Previous research has demonstrated that the use of the
GFRC wire can yield superior results in terms of pa-
tient acceptance and structural integrity.?’

Burstone and Kuhlberg described a novel clinical ap-
plication of GFRCs by applying an aesthetic connecting
bar for active tooth movement.?® This application was
of significant importance due to the enhanced mechani-
cal properties and fracture resistance under masticatory
forces. In contrast, the rigid connection of teeth was
considered a disadvantage, as it resulted in independent
physiologic tooth movement during function. This sub-
sequently led to the development of temporomandibular
joint disorders, which can occur due to malocclusion.?
The debonding or fracturing of the composite-based
splints occurred within a few weeks or months.3 These
less rigid fiber-based composite retainers allowed for
minimal tooth movements, which ultimately yielded un-
satisfactory results. The recent introduction of glass fi-
ber bundles (EverStick Ortho; Stick Tech Oy, Turku, Fin-
land) that are pre-impregnated with a PMMA polymer
has led to an improvement in the micromechanical and
chemical adhesion of the splint.!

The inherent rigidity of the resins used in composite
splints makes them susceptible to debonding failure.
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The reinforcement of the resin-based composites with
glass fiber has shown promising results, enabling cli-
nicians to replace metal wires and conventional resin
composites as periodontal splints with more resil-
ient and aesthetic solutions.?? Conservative and indi-
rect prosthetic splinting have been readily available
through the use of different types of commercial glass
fiber splints, which also exhibit sufficient mechanical
strength and facilitate the maintenance of proper oral
hygiene.®® In recent years, there has been a notable
increase in interest surrounding the use of GFRCs in
dentistry, with numerous narrative and systematic
review articles having been published on the sub-
ject.193% However, a critical analysis of these stud-
ies is essential to assess their impact on the direction
of dental research. A bibliometric analysis is a method
of evaluating the impact of a given scientific field. This
approach has been applied to a variety of dental ma-
terials, including dental polymers,®* composites,* ad-
hesives,3¢ electrospun fibers in dentistry,*” and lithium
disilicate.?® However, our study found no bibliographic
study that quantitatively assessed GFRCs. The bib-
liographic studies provide detailed information about
subdisciplines, facilitate the organization of a field
of study, and identify connections between different
disciplines. Furthermore, a bibliometric analysis en-
ables the identification of topic clusters, literature gaps
and academic silos, as well as the determination of the
most impactful authors and their research. In contrast
to narrative literature reviews, bibliographic literature
reviews use quantitative and statistical methods to
achieve this goal.?® Previous research has shown that
bibliographic studies can lead to the identification
of promising future research areas by identifying gaps
in existing knowledge.*

Therefore, the aim of this study was to examine citation
trends and publications in the field of GFRCs from 1998
to 2022. The other research questions addressed in this
study are as follows:

— What is the pattern of authorship in the field of glass
fiber research in dentistry?

— What is the extent of research conducted in the field
of glass fiber research in dentistry, and how has it
evolved over time?

— Which papers have been most frequently cited, and
which document types are the most preferred in this
field of research?

— Which authors have had the greatest influence on glass
fiber research in dentistry?

— Which countries, institutions, publishers, journals, and
funding agencies are the most prominent in this re-
search area?

— Which countries and institutions are currently engaged
in glass fiber research in dentistry?

— What are the key research areas and keywords in glass
fiber research in dentistry?
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Material and methods

Study design

The study was conducted using a bibliometric method
of research analysis. This method is quantitative in nature
and employs statistical tools to analyze the publications
and citation trends across different fields of knowledge.
Previous studies have adopted a similar bibliometric ap-
proach to map the research in their specific field.3**142

Data retrieval

The data was retrieved from the Scopus database, one
of the largest indexing databases. The Scopus database
was selected due to its comprehensive coverage of pub-
lished scientific literature. A search strategy, accompanied
by a set of inclusion and exclusion criteria, was adopted to
retrieve the bibliographic records.

The following search query was carefully designed us-
ing the Boolean operators:

TITLE-ABS-KEY (“Glass fiber composite” AND “den-
tistry”) OR TITLE-ABS-KEY (“Glass fiber” AND “Dental
Application”) OR TITLE-ABS-KEY (“Glass fiber” AND
“Endodontic posts”) OR TITLE-ABS-KEY (“Glass fiber”
AND “prosthodontics”) OR TITLE-ABS-KEY (“Glass fi-
ber” AND “Fixed Prosthodontics”) OR TITLE-ABS-KEY
(“Glass fiber” AND “crowns”) OR TITLE-ABS-KEY (“Glass
Fiber” AND “orthodontics”) OR TITLE-ABS-KEY (“Glass
fiber” AND “periodontology”) OR TITLE-ABS-KEY
(“Glass Fiber” AND “Dental Splints”) OR TITLE-ABS-KEY
(“Glass Fiber” AND “Core buildup”) OR TITLE-ABS-KEY
(“Glass Fiber” AND “Dental Implants”) OR TITLE-ABS-
KEY (“Glass Fiber” AND “Dental composites”) AND (LIM-
IT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”
OR LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO (DOC-
TYPE, “ch”)) AND (LIMIT-TO (SUBJAREA, “DENT")).

Two of the investigators (SUR and SA) downloaded the
data simultaneously to avoid any bias in data collection.
The retrieved data was then matched, and any differences
were discussed and resolved.

Eligibility criteria

A document-type filter was applied to retrieve solely
the peer-reviewed results. Original papers, reviews,
editorials, book chapters, and conference papers were
included in the study. Documents that did not undergo
the peer-review process were excluded.

Tools used

The data was analyzed and visualized using Microsoft Excel
2016 (Microsoft Corporation, Redmond, USA), biblioshiny
(https://www.bibliometrix.org/home/index.php/layout/bib-
lioshiny) and VOSviewer (https://www.vosviewer.com).


https://www.bibliometrix.org/home/index.php/layout/biblioshiny
https://www.bibliometrix.org/home/index.php/layout/biblioshiny
https://www.vosviewer.com
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Results

Figure 1 illustrates the number of authors (AU) en-
gaged in glass fiber research within the field of dentistry,
along with their total number of publications (TP) and
total number of citations (T'C). The data indicates that re-
searchers preferred to work collaboratively. Six- and five-
author studies were the most common trend, respectively.
The greatest number of studies were carried out through
the collaboration of 6 authors (# = 130). The highest
number of citations were received from the publications
authored by 5 individuals (# = 3,702), followed by papers
published by 4 authors (# = 3,063). Interestingly, the trend
of publications exhibited a decline with an increase in the
number of authors, such as 9 and 10. The number of ci-
tations received by publications authored by a single or
2 authors was relatively high, i.e., 847 and 1,542, respec-
tively. The total number of publications for these authors
was 16 and 38, respectively.

The line graph in Fig. 2 illustrates the number of pub-
lications and citations in glass fiber research. The data
reveals an asymmetrical growth of both publications and
citations in the studied field. The first publication on the
subject was released in 1998. The number of publications
steadily increased until 2003. Subsequently, a non-linear
behavior was observed until 2022. In 2011, the greatest
number of publications was observed (n = 51), which
reached its highest citation number in 2008 (n = 1,546).
Papers published from 2017 to 2022 received a reason-
able number of citations. For example, papers published
in 2017, 2018 and 2019 received 158, 254 and 180 cita-
tions, respectively.

Table 1 presents a list of the 10 most highly cited pa-
pers,2b2743-50 gccompanied by the names of their authors,

66-dL LQ(‘,
€90°¢-0L
Fig. 1. Relationship between the number of authors (AU), the total number

of publications (TP) and the total number of citations (TC) in the field of
glass fiber research in dentistry from 1998 to 2022
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Fig. 2. Evolution in the number of publications and citations in the field of
glass fiber research in dentistry from 1998 to 2022

the year of publication, the source of publication, TC,
and the average number of citations per year. The pa-
per published in 2002 by Akkayan and Giilmez received
the highest number of citations, with a yearly aver-
age of 21.05 citations.*® The paper was published in the
Journal of Prosthetic Dentistry. The findings showed
that the most frequently cited papers were published be-
tween 1999 and 2005,2143-474950 with the exception of 2
papers published in 2013% and 2014,*® which received
151 and 175 citations, respectively. The study by Sarkis-
Onofre et al. exhibited the highest yearly average number
of citations, namely 21.88 citations.*®

Table 2 provides a list of the authors, along with the year
of their first and most recent publications. Additionally,
it provides the number of publications each author has
contributed as a single author, first author, and in other
capacities. The TP and TC values for these authors were
tabulated. Vallittu PK was the most prolific author with
35 publications and 2,159 citations. Following Vallittu PK,
Ferrari M contributed 32 publications and received 1,531
citations. Among the most prolific authors, Vallittu PK
was responsible for 4 studies alone.

Figure 3 presents the TP and TC values for original pa-
pers and reviews. Original papers were the most preva-
lent form of publication, comprising approx. 98% of the
research output. Reviews were the other prominent doc-
ument type. Original papers received the highest share
of total citations (1 = 15,240), while reviews received
the highest average number of citations per document
(n = 58), outperforming all other document types.

Figure 4 shows the countries engaged in collaborative
research related to glass fiber. Brazil, Italy and Germa-
ny demonstrated the greatest degree of collaboration in
various studies related to dental fiber and other related
areas. These 3 countries demonstrated a significant
level of collaboration with the USA. With regard to the
Arab region, Saudi Arabia had demonstrated the high-
est degree of collaboration (Fig. 4). Among the coun-
tries of Finland, Turkey, the USA, China, and Japan,
Finland and Turkey showed high inter-collaborative
publication activity.



Dent Med Probl. 2024;61(5):783-795 787

Table 1. Most frequently cited papers in the field of glass fiber research in dentistry from 1998 to 2022

Authors and the year Journal Yearly
of publication average
1 Akkayan and Gulmez Resistance to fracture of endodontically treated teeth restored with The Journal 471 2105
20024 different post systems of Prosthetic Dentistry ’
5 Vallittu Flexural properties of acrylic resin polymers reinforced with unidirectional The Journal 336 1461
19994 and woven glass fibers of Prosthetic Dentistry ’
3 Las;gg;g al Flexural properties of fiber reinforced root canal posts Dental Materials 280 15.56
Lanza et al. : ) - )
4 2005 3D FEA of cemented steel, glass and carbon posts in a maxillary incisor Dental Materials 224 13.18
Cormier et al. In vitro comparison of the fracture resistance and failure mode of fiber, Journal of
5 P ; ) ; ; . 176 838
2001 ceramic, and conventional post systems at various stages of restoration Prostodontics
Sarkis-Onofre et al. The role of resin cement on bond strength of glass-fiber posts luted into ) }
6 20144 root canals: A systematic review and meta-analysis of in vitro studies Operative Dentistry 175 2188
7 Gor;ocg;g al Evaluation of the adhesion of fiber posts to intraradicular dentin Operative Dentistry 168 9.88
Goracci et al. The adhesion between prefabricated FRC posts and composite resin cores: )
8 2005°° Microtensile bond strength with and without post-silanization LeilliE STl 165 71
9 Garoushlzst al. Physical properties and depth ofcurg of a new short fiber reinforced Dental Materials 157 1678
2013 composite
10 Batezrgggzlet al Fibre-based post systems: A review British Dental Journal 144 7.58

TC - total number of citations.

Table 2. Most prolific authors in the field of glass fiber research in dentistry
from 1998 to 2022

Year of
publication

0 31

Author
Author

1 Vallittu PK- 1998 2021 4 35 2,159
2 FerrariM 2001 2019 0 4 28 32 1531
3 LassilaLV) 2001 2021 0 3 27 30 1,254
4 SoaresCJ 2008 2020 0 5 16 21 786
5 ValandroLF 2005 2020 0 3 17 20 300
6 GoracciC 2001 2015 0 5 14 19 1,153
7 NaumannM 2005 2019 0 8 7 15 690
8 Rosentritt M 2000 2019 0 2 12 14 540
9 Kern M 2003 2020 0 0 1 1 415
10 MonticelliF 2002 2012 0 4 7 11 643

TP — total number of publications.

Table 3 lists the publishers with the highest number
of publications. The TP, TC, and average citation per pub-
lication (TC/TP) for these publishers are presented. It was
found that Mosby Inc. was the most prolific publisher, with
26 publications, followed by Elsevier Inc., with 21 publica-
tions. The highest number of citations per publication was
recorded for these 2 publishers. The mean number of cita-
tions per document for these publishers was 35.

Table 4 lists the institutions that sponsored 4 or more
studies. The TP funded by agencies, TC, and TC/TP are
presented. The highest number of studies were funded by
the Brazilian Federal Agency for Support and Evaluation
of Graduate Education (CAPES) (n = 13). The publica-

Ovz'gL-0)

Fig. 3. Preferred document types in the field of glass fiber research in
dentistry from 1998 to 2022

tions financed by the Ministry of Science, Technology and
Innovation of Brazil were cited with the best average of 67
citations per publication. The highest number of citations
were received by the publications funded by the National
Council for Scientific and Technological Development
(CNPq) (n = 404).

The word cloud shown in Fig. 5 provides the most
frequently used keywords in glass fiber research in den-
tistry. The terms “fiber post’, “fracture resistance’, “bond
strength’, and “endodontically treated teeth” were the
most prevalent in the studies relevant to dental fiber. Oth-
er notable terms include “resin cement’, “adhesion” and
“fiber-reinforced composite”
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Fig. 4. Countries engaged in collaborative research in the field of glass
fiber research in dentistry from 1998 to 2022

Table 3.Top 10 publishers in the field of glass fiber research in dentistry from
1998 to 2022
No. Publisher TP | TC | TC/TP
1 Mosby Inc. 26 920 3538
Elsevier Inc. 21 736 3505
Jaypee Brothers Medical Publishers Pvt. Ltd. 17 100 588
Indiana University School of Dentistry 17 381 2241

Quintessence Publishing Company, Ltd. 13 149 1146
Japanese Society for Dental Materials and Devices 11 84 7.64
Wolters Kluwer Medknow 10 25 250

National Library of Medicine (MVEDLINE) 8 19 238

10 Faculdade de Odontologia de Bauru 8 160 20.00

2
3
4
5 Associacao Brasileira de Divulgagao Cientifica 13 179 1377
6
7
8
9

TC/TP — average citation per publication.

Table 4. Top 10 funding agencies of publications in the field of glass fiber
research in dentistry from 1998 to 2022

\[o} Funding agency TP | TC | TC/TP

Brazilian Federal Agency for Support and

W Evaluation of Graduate Education (CAPES)

13 136 1046

National Council for Scientific and
2 Technological Development (CNPg) [PA e R

Fundagao de Amparo a Pesquisa do Estado de

3 Minas Gerais 9 351 3900

4 Sao Paulo Research Foundation 9 292 3244

s Ministry of Soenpe, Technqlogy 5333 66.60
and Innovation of Brazil

6 Academy of Finland 4 177 4425

7 Japan Society for the Promotion of Science 4 26 650

8 Ministry of Education, Culture, Sports, 4 26 650

Science and Technology

National Institute of Dental and Craniofacial
° Research (NIDCR) 4 249 6225

10  Finnish Funding Agency for Innovation (TEKES) 4 242 60.50

Figure 6 illustrates the evolution of terminology in glass
fiber research in dentistry over 2 time periods: 1998-2012;
and 2013-2022. The terms “flexural strength’, “fiber posts”
and “fracture load” were the most frequently used terms
from 1998 to 2012. The data indicates that a number of new
terms emerged during the final 10 years of the study period.
In the period between 2013 and 2022, researchers demon-

strated a preference for the terms “fibre posts” and “frac-
ture resistance” The terms “fiber post’, “flexural strength”
and “fiber-reinforced composite” remained equally popu-
lar, and were used throughout the study period.

Table 5 presents a list of the journals in which the re-
searchers in this field preferred to publish their research.
The Journal of Prosthetic Dentistry published the greatest
number of studies (n = 50), followed by Dental Materials
(n = 48). Papers published in Dental Materials received
the highest number of citations (n = 2,951).

Figure 7 reveals the most productive countries. Brazil
was the most prolific country in terms of the number
of publications on dental fiber. Brazilian researchers pub-
lished 182 papers that were cited 3,857 times. The USA
published 66 articles, while Germany and Italy published
64 papers each. Saudi Arabia was the only country from
the Arab region to be included among the top publishers

flexural strength push-out bond Sll‘ell!lﬂl

endgﬂggmlcallv treated teeth
ga resm cement

nu u. nnlmlv 4:mmngm

surface treatment
rnnl emm

nost |6I!“| msm DIHIIDDSIIE

shear s,,,,,, m.chlornexmmeadhes|on..c re
fixed partial denture nosl lexural properties
fiberglass post
u ﬂ
:‘: ::’ push-out test
!zllyul:

root canal endodontics u--sm GIJIIIIII)S IG resin

fracturestrenet r@sin ceme||tsEizﬁﬁ.zz,“;:c'::,i':ic,.,sc..uv

Fig. 5. Word cloud showing the keywords most commonly used in
publications related to glass fibers in dentistry

1998-2012

.endodontically treated teeth

Dfermle

[ fracture resistance fibre posts
[ endodontics
-

[E] fiber-reinforced composite
D light transmission

Dscanning electron microscopy

post
fibre posts

dentin
[Jresin cement
[ self-adhesive

2013-2022

fracture resistance

post and core technique

flexural strength push-out!
flexural strength .
fiber-reinforced composite .

Dfracture load
cementation [1]
. fracture composite resins [l

[ post-and-core technique

Fig. 6. Evolution of terms used in the field of glass fiber research in
dentistry from 1998 to 2022
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Table 5. Journals most frequently selected for publication in the field of glass
fiber research in dentistry from 1998 to 2022

I!E

1 The Journal of Prosthetic Dentistry 2,148
2 Dental Materials 48 2951
3 Operative Dentistry 38 1,290
4 Journal of Dentistry 30 1,084
5 The Journal of Endodontics 28 1,538
6 The Journal of Adhesive Dentistry 28 427
7 Dental Materials Journal 24 330
8 International Endodontic Journal 24 560
9 General Dentistry 21 134
10 Journal of Prosthodontics 19 498

worldwide, with 21 papers and 413 citations. It is note-
worthy that Finland had 39 publications, yet the number
of citations was 2,201.

Figure 8 reveals the most active institutions worldwide
that have published research on GFRCs in the context
of dentistry. The University of Turku (Finland) was the most
prolific institution, publishing the highest number of articles
(n = 39). This university also received the greatest number
of citations (n = 2,201). Subsequently, the University of Siena
(Italy) and the University of Sao Paulo (Brazil) demonstrated
comparable performance, with 34 and 28 publications, re-
spectively, and 1,642 and 855 citations, respectively.

™
Brazil

USA
Germany
Italy

Turkey
Finland

India

Japan
Saudi Arabia
China

Fig. 7. Countries with the highest number of publications and citations in
the field of glass fiber research in dentistry from 1998 to 2022

TP TC

University of Turku
University of Siena
University of Sdo Paulo

State University of Campinas

Federal University of Santa Maria
Federal University of Uberlandia
Federal University of Pelotas
Sao Paulo State University
University of Bologna

Tokyo Medical and Dental University

Fig. 8. Institutions with the highest number of publications and citations in
the field of glass fiber research in dentistry from 1998 to 2022
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Figure 9 shows the evolution of trending topics between
1998 and 2022. In the early years of the study period, the
term “fibers” was mostly used. Conversely, in recent years,
the terms “dental prosthesis’, “polyetheretherketone
(PEEK)’, “dentin bonding agents’, and “glass-fiber post”
were the most common. The terms “fiber post’, “bond
strength” and “fracture resistance” were among the most
frequently used between the years 2012 and 2016.

dental prosthesis — )
polyetheretherketone (PEEK) — ®
dentin bonding agents - L 2
glass-fiber post — [}
root canal irrigants — ®
fiberglass post - ®
glass fiber post — ®
resin cement — ®
fracture resistance — .
bond strength — '
fiber post - .
flexural modulus - ®
composite resin - ®
fiber-reinforced composite - ®
post-and-core technique - [ ]
load-bearing capacity — [
resin composite - o
prosthodontics — L J
fibre-reinforced composite - ®
fiber-reinforced — ®
composites -
all-ceramic crowns — °
fibers —

([ ]
2020 - @

1998 -
2000 -
2002 -
2004 -
2006 -
2008 -
2010 -
2012 -
2014 -
2016 -
2018 -
2022 -

Fig. 9. Frequently used terms in the field of glass fiber research in dentistry
from 1998 to 2022

Discussion

Glass fiber-reinforced composites have been incorpo-
rated into dentistry due to their superior strength and
biocompatibility compared to conventional strategies.!
The recent advancements in the field of glass fibers have
significantly improved the mechanical efficacy of these
materials.”? A bibliometric analysis involves the applica-
tion of various statistical and mathematical methods to
determine the number of documents and associated bib-
liographical data, evaluate author contributions, identify
the countries and institutions with the highest scientific
production, and examine the themes and types of papers
published.>®** The present study identified the most in-
fluential authors, journals, institutions, and countries,
along with the most frequently used keywords, as indi-
cated by the number of citations. The bibliometric analy-
sis revealed that the first 2 publications on GFRCs were
published in 1998. These papers evaluated the pattern
and composition of the glass fibers and discussed the
clinical application of these composites in fixed prosth-
odontics. The 2 papers were published in Dental Clinics
of North America (first quartile (Q1)) and the Journal
of Prosthodontics (Q1), and received 21 and 44 citations,
respectively.’>2 Among these, the book chapter by Belve-
dere analyzed the principle and technique for increasing
strength by the reinforcement of fibers, and discussed the
chairside technique for single-visit bridges for teeth.>®
The most notable publication was that of Vallittu,*® which
examined the woven structure and components present
in the GFRCs and compared their weaving pattern using
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a scanning electron microscope and a spectrometer. The
study concluded that E-glass plays a beneficial role due to
its hydrolytic stability over time.

This study evaluated the number of publications in
the field of glass fiber research in dentistry per year
(1998-2022). Overall, a non-linear behavior was observed
in terms of publications and citations in Scopus-indexed
journals. The asymmetrical growth of publications and ci-
tations in the studied field showed that in 2011, the great-
est number of articles was published (n = 51), followed by
a decline in the number of subsequent publications. After
the sudden drop in the number of publications, a similar
pattern was observed in citation data. It was difficult to
determine the cause of this sudden decrease. However, it
is assumed that the lack of innovations and researchers’
interest in GFRC-based dental restorative materials may
have contributed to this state of affairs. Since its intro-
duction in dentistry, the majority of materials have been
based on E-glass fibers, with a similar range of resin ma-
trices. There has been a paucity of experimental research
conducted in this area. The surface treatments of glass
fibers are utilized in dentistry.’”*® Furthermore, limited
studies have been reported concerning the inclusion
of bioactive particles or surface grafting of the glass fibers
with nanoparticles.>-%! Glass fiber-reinforced composites
have been used for all major dental applications. However,
additional marketing is necessary, as the cost of the glass
fiber-based orthodontic retainers, periodontal splints
and endodontic posts is comparatively higher than that
of contemporary materials. It is possible that dentists are
still unconvinced regarding this material. A similar trend
was observed in another bibliometric study,®? where, after
2017, there was a decrease in the number of publications
related to glass fiber-based endodontic posts.

The bibliometric analysis revealed that Brazil was the
leading country in terms of scientific publications re-
lated to glass fiber, with a substantial number of articles
published on an annual basis. These findings were in ac-
cordance with the results of a previously conducted bib-
liometric analysis.®®* The prominent funding agencies in
Brazil are the CNPq, CAPES, and Funding Agency for
Studies and Projects (FINEP). These institutions are re-
sponsible for providing financial support to a range of or-
ganizations, educational universities and the training
of new researchers in various universities. Moreover, the
Sao Paulo Research Foundation, associated with the State
Department of Economic Development, Science and
Technology (SDECT), receives approx. 560 million US
dollars annually for research purposes. This funding fa-
cilitates scientific and technological advancement by sup-
porting research projects across a range of fields.5# The
current bibliographic analysis revealed that the CAPES
and CNPq funded 13 and 12 papers, respectively, in this
domain, and received a high number of citations.

The USA was the second largest contributor to scien-
tific publications. This was due to the substantial financial
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resources allocated to research by the National Institute
of Dental and Craniofacial Research (NIDCR) and the
existence of a vast scientific community.®*-%8 Similarly,
the results of the current analysis demonstrated that
the NIDCR provided funding for GFRC-based research,
which was also highly cited. Additionally, Germany, Italy
and Finland also made substantial contributions. From
the Arab regions, Saudi Arabia made a significant con-
tribution, as evidenced by the publication of 21 papers,
which were cited 413 times. This can be attributed to
the fact that in 2016, Saudi Arabia launched Saudi Vision
2030, a program aimed at supporting Saudi Arabia in be-
coming one of the top 10 countries in the Global Com-
petitiveness Index.® Among the different parameters,
the top ranking was achieved by increasing the number
of publications by institutions from Saudi Arabia. More-
over, various resources were provided to increase the level
of research productivity, including the provision of facili-
ties and the allocation of approx. 1.6 billion US dollars
to enhance the number of research publications in highly
prolific journals.” Furthermore, authors from Saudi Ara-
bia have collaborated with researchers from Egypt, Ye-
men and Lebanon.

The institutions occupying the highest ranking posi-
tions were from Finland, Italy and Brazil. The University
of Turku, Finland, published the highest number of pa-
pers and received the highest number of citations. This
was attributed to the funding provided by the Academy
of Finland, the European Commission, and the Finnish
Funding Agency for Innovation (TEKES).”%”2 Moreover,
the research groups comprising Vallittu and his col-
leagues, who are affiliated with the University of Turku,
contributed significantly to this domain.

The majority of studies on GFRCs were published in
highly influential core journals. The exact criteria used
for describing a core journal are not entirely agreed upon.
Usually, the term “core” is applied to journals publishing
the highest number of articles within a given domain.
However, the journal’s impact factor has also been used as
a benchmark.”-7® Frequently, authors prioritize journals
with a high impact factor over those with a high reader-
ship.”® This is in line with Bradford’s law, which suggests
that about one-third of publications in a particular field
are more often published in the core journals.””7® A similar
pattern was observed in the presented bibliometric analy-
sis, where authors demonstrated a preference for publish-
ing papers in journals with a high impact factor. The Jour-
nal of Prosthetic Dentistry (Q1, impact factor (IF) = 4.3)
published the highest number of papers (1 = 50), followed
by Dental Materials (Q1, IF = 4.6), Operative Dentistry
(Q1, IF = 2.2), and the Journal of Dentistry (Q1, IF = 4.8),
which published 48, 38 and 30 papers, respectively. These
Q1 Scopus journals showed a significant increase in
their impact factors over the past 7 years. For example,
in comparison to the preceding year, these journals dem-
onstrated an increase in impact factor of 0.88, 0.36, 0.42,
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and 0.65, respectively, in 2021.7* This clearly illustrates
the importance of the journal by calculating the number
of selected citations in previous years, which intrigues
enthusiastic researchers who usually prefer to publish in
high-impact factor journals.

Regarding the citations, articles published earlier gen-
erally attain a greater number of citations, compared to
those published later.”” Nonetheless, the position of high-
ly cited papers may vary over time.* In this analysis, Den-
tal Materials received the highest number of citations
(2,951), while the Journal of Prosthetic Dentistry and the
Journal of Endodontics received 2,148 and 1,538 citations,
respectively. In addition, Mosby Inc. was recognized as
the most prolific publisher, with 26 papers published, fol-
lowed by Elsevier Inc., which published 21 papers.

The type of publication is another factor that affects
the number of citations a paper receives. In general,
review articles are cited more frequently than other ar-
ticle types, as they provide a rich source of information
regarding the existing scientific literature and available
data within a particular domain.8'%2 On the contrary,
in this analysis, original articles received more citations
than review articles. It was observed that articles that are
easily accessible online were more frequently cited. Ad-
ditionally, the year of publication, the number of authors
and the quality of the research paper were found to be
significant factors.®

The most highly cited paper on the topic (421 citations)
was written by Akkayan and Giilmez and published in
2002 in the Journal of Prosthetic Dentistry.®® The study
evaluated the fracture resistance of the endodontically
treated teeth by using posts composed of quartz fiber,
titanium, zirconia, and glass fiber. The findings of this
study indicated that teeth restored with quartz fiber dem-
onstrated higher fracture resistance compared to other
restoration materials.*> The 2" most highly cited paper
(336 citations) was written by Vallittu and published in
the Journal of Prosthetic Dentistry in 1999.4 The study
incorporated glass fiber reinforcements (Stick and Stick
Net) into the heat-cured denture base, denture-based
polymers and temporary fixed partial dentures. After the
preparation of the specimens, a three-point test was con-
ducted to evaluate the flexural modulus and transverse
strength. Glass fiber-reinforced material provided prom-
ising results in enhancing the flexural strength of the ma-
terials.** The 3" most highly cited article was written by
Lassila et al. and published in Dental Materials in 2004.%°
It received 280 citations and was co-authored by Vallittu,
a renowned researcher affiliated with the University
of Turku, Finland. This scientific group contributed sig-
nificantly to the field of glass fiber research in dentistry.
This article evaluated the potential of fiber-reinforced
composite posts from various brands and diameters. Sub-
sequently, a three-point bending test was applied to eval-
uate the modulus and the flexural strength of fiber-rein-
forced composite-based posts. The study concluded that
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commercially manufactured fiber-reinforced composite
(FRC) posts had lower flexural strength than the dis-
cretely polymerized FRC material.*> The 4" most highly
cited paper (224 citations) was written by Lanza et al. and
published in Dental Materials in 2005.% This paper as-
sessed the stress distribution pattern within the dentinal
and cemental layer in a root canal-treated maxillary cen-
tral incisor. Carbon, glass and steel posts were subjected
to occlusal load and evaluated using finite element analy-
sis (FEA). The results demonstrated that carbon and glass
fiber posts exhibited higher tensile and fatigue strength,
and could be easily bonded with the root canal.*

The 5% most highly cited paper (176 citations) was
written by Cormier et al. and published in the Journal
of Prosthodontics in 2004.*” The study evaluated the
strength to resist fracture, the failure mode, and the ease
of removing failed post systems for 6 post systems at 4
different stages. A variety of procedures and tests were
performed at each stage. The study revealed that fiber-
based posts offer greater benefits than the conventional
posts system.?

Keywords are an essential element of a scientific pub-
lication. In performing a literature search, the use of rel-
evant keywords allows to retrieve significant results, as
opposed to using phrases or sentences. Keywords have
been recognized to act as a code, which facilitates the
retrieval of pertinent scientific articles.®* Moreover, the
results of the current bibliometric analysis indicate that
the keywords assist in determining the trend of research
publications within this domain.** These frequently used
keywords aid investigators and researchers in identifying
relevant articles related to glass fiber.

The term “fiber-reinforced composite” was the most
frequently used keyword between 2002 and 2009. The use
of FRC in dentistry was first documented in the 1960s.
However, it was not until the early 1990s that researchers
gained interest in this material, leading to a notable in-
crease in the number of publications on the subject.®> The
material was extensively examined as an endodontic post
system in direct restorations and fixed partial dentures.

A number of countries and institutions have launched
various interdisciplinary research projects with the aim
of promoting global research and detecting and resolv-
ing complex problems through a comprehensive un-
derstanding of the subject matter.8*%” Policymakers and
researchers have also studied and examined the ben-
efits of interdisciplinary collaboration, which not only
creates integrative knowledge but also substantially
improves the quality of research and communication
among researchers.®8 Similarly, collaboration among
multiple authors was identified in the current analysis
owing to the rising interest of researchers in the domain
of GFRCs. These collaborative research projects among
international authors are encouraged as they frequently
result in publications that attain higher impact and cita-
tions.”*! This emphasizes the growing expectation for
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more extensive collaboration and joint research projects
in the future.

Numerous papers with the highest number of citations
had 4-10 authors, many of whom were affiliated with dif-
ferent research institutions and countries. Publications
with a greater number of authors receive a higher num-
ber of citations. This phenomenon can be attributed to
3 factors: citations being received from external sources;
self-citations; and higher visibility, as these publications
are more likely to have a higher impact and quality. Fur-
thermore, publications comprising authors from various
disciplines are more likely to attain citations from a vari-
ety of sources.?? This further highlights the value of col-
laboration among countries, organizations and investiga-
tors in advancing research related to GFRCs. In addition,
Vallittu PK, who is affiliated with the University of Turku
in Finland, is a highly cited author who has made a signifi-
cant contribution to this research area and has collabo-
rated extensively with researchers from around the globe.

The present bibliometric analysis had some limitations.
As mentioned earlier, only the Scopus database was used
to obtain bibliometric data. Therefore, some GFRC-relat-
ed publications may have been overlooked. The articles
selected for this study were limited to those written in
English, thus it is possible that some GFRC-related pub-
lications may have been omitted. Moreover, even though
a bibliometric analysis was performed, the authors did not
conduct a quality assessment of the included studies. The
number of citations a paper received allowed for a quanti-
tative evaluation of the scientific influence of publications
within a certain domain. Notably, a scientific publication
with a high citation count does not necessarily indicate
high quality, as the number of citations can be manipu-
lated. In addition, the total citation count included self-
citations, given the absence of available methodology.

Despite these shortcomings, the most recent data avail-
able from the Scopus database presents a comprehensive
overview of recent research trends regarding GFRCs. It
would be beneficial for future research projects to per-
form analysis using other databases such as Web of Sci-
ence, Google Scholar and PubMed.

Over the course of the evaluated time period, consider-
able attention was given to the use of GFRCs in biomedi-
cal applications, which was followed by a recent trend
of applying these materials in the dental field. It is well
established that these materials offer improved clini-
cal results, are highly biocompatible and possess excel-
lent mechanical and aesthetic properties. Accordingly,
many narrative and systematic review articles related to
this topic have been published. The present bibliometric
analysis evaluated their impact on applied science in the
field of dentistry. However, concerns were raised regard-
ing the use of only one type of glass fiber, i.e., E-glass fiber.
The cost of S-glass fibers is high, and their service life is
relatively short. Similarly, the long-term efficacy of glass
fiber-based bridges is questionable. Further research is
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required to improve the physical and mechanical prop-
erties of glass fiber-based dental materials. It is recom-
mended that additional restorative materials should be
manufactured based on glass fibers. The surface proper-
ties of the glass fibers should also be improved. New chal-
lenging studies should address the orientation of fibers, as
most of the fibers can be used only in one direction due to
their anisotropic behavior.

Conclusions

It was concluded that, within the limitations of this
study, the obtained bibliometric analysis provided de-
tailed information regarding the trend of research publi-
cations on GFRCs and their citations from 1998 to 2022.
A remarkable increase in the number of publications was
observed in 2011, which marked the peak in the number
of papers published during the period under review. Bra-
zil was identified as the leading country in terms of re-
search output, while the University of Turku was identi-
fied as the most prolific institution. In addition, a trend
of collaborative research projects with multiple authors
was identified. The journal Dental Materials published
papers that were highly cited, while the keywords “fiber-
reinforced’, “composite resins’, “fracture resistance’, and
“glass fiber posts” were frequently used. This bibliomet-
ric study aimed to provide future research directions
for investigators and researchers in order to identify any
missing gaps in the field of GFRCs. It is anticipated that
this bibliographic study will provide researchers with di-
rection, allowing them to find potential research groups
with whom they can collaborate and to ascertain which
institutions are mostly involved in research related to
glass fibers. Furthermore, it will enable them to identify
the area of research that will be of interest to other re-
searchers (conclusion based on the analysis of citations).
The present bibliographic study revealed that glass fiber
posts and, more recently, the application of short fibers
in dental composites have emerged as areas of interest
among researchers. Nevertheless, this field requires fur-
ther investigation.
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