Bibliometric Analysis of Dental Implantology Journals From
1991 to 2023

Vinayak M. Joshi, BDS, MS, PhD'/Eswar Kandaswamy, BDS, MS'

Purpose: Dental implants are an established treatment option for varying edentulous conditions that has grown in
popularity since the 1990s. This increased clinical application has shown a parallel increase in implant-related research.
The objective of this paper was to perform a comprehensive bibliometric analysis of five dental implantology journals
from 1991 to 2023. Materials and Methods: A search was done in the Web of Science database between 1991 and
2023 in five journals with a focus on dental implantology: Clinical Oral Implant Research, Clinical Implant Dentistry and
Related Research, Implant Dentistry, The International Journal of Oral & Maxillofacial Implants, and International Journal of
Oral Implantology. Results marked as a correction, retraction notice, retracted article, meeting abstract, or withdrawn
publication were removed from the analysis. The time period analyzed was divided into four time periods, organized
by decade: 1991 to 2000, 2001 to 2010, 2011 to 2020, and 2021 to 2023. Additionally, the top 100 cited papers were also
exported separately. Authors and countries with most publications were tabulated from the Web of Science database.
VOSviewer software was used to create network maps of keywords and title word occurrences for each of the time
periods. HistCite software was used to analyze the number of publications and citation counts. Results: Network maps
of keywords and title word occurrences suggested an early focus on osseointegration and titanium implants between
1991 and 2000. Publications between 2001 and 2010 saw a focus on in vivo studies, implant surface, and peri-implantitis.
Publications from 2011 and later saw a focus on bone regeneration, complications, and zygomatic implants. The USA
ranked highest in total number of publications in all analyzed time periods. Conclusions: Within the limitations of the
present study, a comprehensive bibliometric analysis from 1990 to 2023 was reported. Trends in keywords and titles of
implant publications were identified in these journals, which mirrored the trends seen in clinical practice. Int J Periodontics
Restorative Dent 2024;39:e193-e202. doi: 10.11607/jomi.10758

ental implants are now considered an established
treatment option for varying degrees of eden-
tulous conditions.!3 With the increase in clinical use
and application of implants, the research interest and
productivity has grown, as evidenced by an increase
in the number of publications and journals dedicated
to the field of dental and oral implantology since the
2000s.* There has also been a significant focus on mate-
rial development, success and survival of different pro-
cedures, clinical techniques, and complications related
to the field of dental implantology.® As the field and
popularity of implant dentistry has grown, significant
advances and evolutions have been seen over the last 3
decades.’ Clinical decision-making in implant dentistry
is in now largely based on evidence-based principles
and methods.®
Scientific publications and high-quality literature
contribute to evidence-based dentistry by raising and
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answering important preclinical and clinical ques-
tions.”~? Bibliometric analysis attempts a review process
of published literature in a specific niche of medical
and dental research.'%-'2 Visualization techniques are
used, as well as a systematic analysis on the nature and
occurrence of keywords, citation networks, authors,
and countries of publication'>'° across different time
points. Such studies are important and useful for set-
ting priorities, understanding trends, and funding
agencies.'?% Further, bibliometric studies are impor-
tantin dental implantology because of the tremendous
increase in publications, and such analyses help iden-
tify trends in key topics and areas.'*?! Several studies
have performed bibliometric analyses in the field of
dental implantology®'2-1418.21.22 pertaining to specific
topics or a shorter timeframe. However, a comprehen-
sive bibliometric analysis from 1991 to date has not
been performed for journals pertaining to the field of
dental implantology. Thus, the aim of the present pa-
per is to analyze the trends in keywords, titles, authors,
and author-affiliated countries from 1991 to date and
the top 100 cited papers in five dental implantology
journals: Clinical Oral Implant Research, Clinical Implant
Dentistry and Related Research, Implant Dentistry, The In-
ternational Journal of Oral & Makxillofacial Implants, and
International Journal of Oral Implantology.
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Table 1 Top 5 Authors and Countries by Number of Papers for All Time Periods

1991-2000 2001-2010 2011-2020 2021-2023
Author/Country n Author/Country n Author/Country n Author/Country n
Top 5 authors and papers
Lang, NP 40 Lang, NP 97 Wang, HL 155 Wang, HL 44
Sennerby, L 25 Piattelli, A 51 Lang, NP 124 Sanz, M 21
Lekholm, U 21 Watzek, G 46 Botticelli, D 96 Thoma, DSS 21
Hammerle, CHF 19 Sennerby, L 45 Hammerle, CHF 91 Hammerle, CHF 18
Albrektsson, T 17 Eckert, SE 44 Jung, RE 85 Jung, RE 18
Top 5 countries and papers
USA 196 USA 576 USA 1,276 USA 188
Sweden 153 Germany 335 Italy 803 China 131
Switzerland 87 Sweden 298 Brazil 695 Switzerland 120
Germany 74 Italy 297 Switzerland 664 Italy 17
Japan 44 Switzerland 262 Germany 636 Spain 97

Leiden University) was used to analyze keywords and
MATERIALS AND METHODS title word occurrences and subsequently generate net-

Data Source and Study Protocol

The data for this article were extracted from a search
performed in the Web of Science database. The Stan-
dards for Reporting and Qualitative Research (SRQR)
checklist?® was followed. The current bibliometric study
was exempt from institutional review board require-
ments because previously published data were used.

Search Strategy

The Web of Science database was accessed in July 2023.
An electronic search was conducted on the following
five journals: Clinical Oral Implant Research, Clinical Im-
plant Dentistry and Related Research, Implant Dentistry,
The International Journal of Oral & Maxillofacial Implants,
International Journal of Oral Implantology. The search
was done for articles published from 1991 to 2023,
as there were relatively few publications before 1991.
There were no filters used in relation to language or
keywords. The search results were sorted according to
most cited, then exported as RIS (Research Information
Systems) files, using the full record option, and as .txt
files, using the full record and cited references option.
Articles marked as a correction, retraction notice, re-
tracted article, meeting abstract, withdrawn publica-
tion, or addition/correction were removed from the
analysis.

Keyword, Title, Author, and Author-Affiliated
Country Analysis

The exported references were sorted by four time pe-
riods (1991 to 2000, 2001 to 2010, 2011 to 2020, and
2021 to time of search), and the top 100 cited articles
were identified. The VOSvewer software2* (version 16.9,
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work maps. A pilot investigation was performed prior to
generating final figures. The exported files in both for-
mats (RIS and txt) were imported into VOSviewer, and
the resultant term maps and occurrences were analyzed
prior to final data collection. Term maps were used to
visualize, as clusters, topic keywords in terms of occur-
rences for each of the four time periods and for the top
100 cited articles using author keywords and keyword
plus options. For the network maps, only keywords that
had 10 or more occurrences were used for the four time
periods, and words that occurred at least 3 times were
used for top 100 cited article keywords. Term maps uti-
lizing different colors were used to identify unique clus-
ters among the keywords. VOSviewer was also used to
tabulate the word occurrences in the titles for each time
period and for the top 100 cited articles. The titles of the
included articles were analyzed for recurring terms, and
term maps were constructed. For title word analysis, the
full counting option was used, and words with at least
10 occurrences or more were included for each time pe-
riod and at least two occurrences for the top 100 cited
articles. Additionally, the top five keywords and words
occurring in the title were tabulated using VOSviewer
for each time period.

HistCite software (Clarivate) was used to aggregate
publications by authors and countries. The total pub-
lications sorted by country and author were analyzed
for each of the four time periods and the top 100 cited
articles. The top five published authors and author-af-
filiated countries were tabulated for each time period.
Additionally, data were analyzed for the total local cita-
tion count (the total publications citing the article with-
in that publication set) and the total general citation
count (total citations in all literature in Web of Science)
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Table 2 Top 5 Keywords and Title Words by Occurrence for All Time Periods

1991-2000 2001-2010 2011-2020 2021-2023
Word n Word n Word n Word n
Top keywords and occurrences
Dental implants 189 Dental implants 1,202 Dental implants 2,222 Dental implants 374
Bone 19 Titanium implants 384 Dental implant 719 Dental implant 148
Osseointegration 116 Bone 382 Osseointegration 693 Peri-implantitis 126
Osseointegrated implants 94 Osseointegration 341 Survival 608 Survival 108
Implants 93 Placement 276 Bone 602 Bone 81
Top 5 title words and occurrences
Implant 206 Implant 654 Implant 1,034 Implant 200
Study 131 Study 266 Effect 570 Systematic review 93
Bone 74 Effect 230 Study 500 Year 76
Dental implant 72 Dental implant 218 Dental implant 360 Effect 75
Evaluation 65 Bone 193 Evaluation 344 Dental implant 66

for the top 100 cited articles. The citation counts for the
top five authors and countries within the top 100 cited
articles were reported.

RESULTS

General Characteristics

Atotal of 10,724 articles were identified. After removing
retractions, corrections, additions, abstracts, meetings,
and withdrawn publications, 10,610 articles remained.
Two retracted publications were then removed manu-
ally, for a total of 10,608 articles at the time of the search.

Top Five Authors and Countries

The top five authors and countries that had the most
published manuscripts were sorted for the time period
between 1991 to 2023. Among the authors, Lang NP
and Hammerle CHF were among the top five in three of
the four time periods analyzed. Sennerby L, Wang HL,
and Jung R appeared in two of the four time periods
analyzed. Among the top five countries with the most
manuscripts, the USA ranked first for all four time pe-
riods, with Switzerland being one among the top five
countries for all time periods, and Italy and Germany
appearing three times. From 2021 to 2023, Peoples Re-
public of China and Spain made it to the list of top five
countries with most publications (Table 1).

Top Keywords and Title Words

For the top five keywords and the title words for the
four time periods, dental implants and implants domi-
nated the top positions, respectively. For the keywords,
bone was within the top five position for all periods, and
osseointegration was a top five word in three different
time periods. Among the title words, dental implant was

Table 3 Top 5 Authors and Countries with the Most

Publications in the Top 100 Cited Articles
Between 1991 and 2023

Papers, n TLCS, n TGCS, n

Authors

Lang, NP 15 49 7,445
Buser, D 10 36 5125
Zwahlen, M 9 1 4,528
Hammerle, CHF 8 n 2,689
Pjetursson, BE 7 1 3,602
Countries

Switzerland 34 79 14,811
USA 21 42 8,759
Sweden 20 60 8,221
Italy 8 7 3,072
UK 8 Il 3,001

TLCS = the number of times the author’s paper in this selection was cited
by other authors also included in this collection; TGCS = the number of
times the author’s paper in this collection was cited.

among the top five for all periods, with study and effect
appearing in three of the four time periods (Table 2).

Five Most Published and Cited Authors

In the top 100 cited articles from 1991 to 2023, the five
most published authors were N. P. Lang with 15 papers
and D. Buser with 10 papers, M. followed by Zwahlen, C.
H. F. Hammerle, and B. E. Pjetursson with 9, 8, and 7 pa-
pers, respectively. The top three authors with the high-
est number of citations among the top 100 cited papers
were N. P. Lang (n = 7,445 citations), D. Buser (n = 5,125
citations), and Zwahlen (n = 4,528 citations). The three
countries with highest number of citations were Swit-
zerland (n = 14,811), USA (n = 8,759), and Sweden (n =
8,221) based on the total global citation score (Table 3).
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Fig 1 Keyword and title
map for the manuscripts
published between 1991 and
2000. (a) The keyword primar-
ily focused on dental implants,
with links to: osseointegration
and bone (green); augmenta-
tion and bone grafts (yellow);
and guided bone regeneration
and membranes (blue). (b) The
title words primarily focused
on implants, with links to: ani-
mal studies (blue); experimen-
tal study (green); prospective
studies (red); clinical report
and techniques (purple); and
osseointegration (teal).

Keywords and Tile Word Analysis

From 1991 to 2023, the network map analysis for key-
words and title are shown as different groups, repre-
sented by varying colors and the links between them.
The network analysis of keywords from 1991 to 2000
linked dental implant to some of the prominent key-
words, such as osseointegration, bone, and titanium
implants, as well as others, such as augmentation, bone
grafts, guided bone regeneration, and membranes. The ti-
tle words linked implants to research on animal studies,
experimental studies, and prospective studies along
with clinical reports and techniques and the word os-
seointegration (Fig 1).
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The following decade (2001 to 2010), keyword focus
was still seen on titanium implants, bone, and regenera-
tion, along with links to in vivo and in vitro studies, along
with other keywords implant surface, peri-implantitis,
reconstruction, immediate implant, stability, maxilla, im-
plant survival, and immediate loading. The title showed
links to words such as study, bone, patient, effect, and
prosthesis (Fig 2).

The network analysis from 2011 to 2020 shows the
keywords focus on linking dental implants to augmen-
tation, bone regeneration, osseointegration, titanium,
restoration, and complication, along with links to place-
ment, accuracy, and peri-implantitis. The primary title
word was implant, which showed links with evaluation,
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Fig2 Keyword and title map
for the manuscripts published
between 2001 and 2010.
(a) The keywords primarily
focused on dental implants,
with links to: titanium im-
plants, in vitro, in vivo, implant
surface, and peri-implantitis
(blue); bone grafts, regenera-
tion, and reconstruction (red);
immediate, stability, and max-
illa (yellow); and osseointe-
grated implants, survival, and
immediate loading (green).
(b) The title words focused on
implants, with links to: study
and implant stability (blue);
bone, experimental study, and
case report (red); effect and
surface (yellow); patient and
makxilla (brown); prosthesis
(purple); and systematic review
and survival (orange).

experimental study, technique, prosthesis, result, effect,
analysis, systematic review, patient, comparison, and pri-
mary stability (Fig 3).

The final time period, 2021 to 2023, showed some
new primary keywords, such as survival, classification,
rehabilitation, surgery, soft tissue, zygomatic implants,

and anterior maxilla. Peri-implantitis became more
prominent between 2001 and 2023. The title words on
studies published between 2021 and 2023 also showed
new primary terms, such as influence, retrospective
study, comparison, accuracy, systematic review, and clini-
cal trial (Fig 4).
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Fig 3 Keyword and title map for
the manuscripts published between
2011 and 2020. (a) The keyword pri-
marily focused on dental implants,
with links to: augmentation and bone
regeneration (blue); osseointegration,
primary stability, and titanium (red);
restoration, zirconia, and complication
(yellow); placement, CBCT, and accu-
racy (orange); peri-implantitis, surface
roughness, and mucositis (purple).
(b) The title words focused on im-
plants, with links to evaluation, ex-
perimental study, augmentation, and
technique (red); study, result, and
prosthesis (purple); effect, analysis,
and accuracy (yellow); systematic re-
view, patient, rehabilitation, and peri-
implantitis (green); dental implant, com-
parison, and primary stability (teal).

The top 100 cited papers showed the keywords to  complication, and peri-implantitis. The title words in-
be focused on dental implants, interlinking with os- cluded evaluation, experimental study, systematic re-
seointegration, titanium, immediate implants, surgery, view, observation period, prevalence, incidence, implant
and regeneration (bone and tissue), along with hard  placement, complication, and resonance frequency mea-
tissue augmentation, sinus lifts, long-term stability, — surement (Fig 5).
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Fig 4 Keyword and title map for the
manuscripts published between 2021 and
2023. (a) The keyword primarily focused
on dental implants, with links to: survival,
osseointegration, and zirconia (green); aug-
mentation, CBCT, and bone regeneration
(red); peri-implantitis, surgical treatment,
and classification (yellow); rehabilitation,
overdentures, and zygomatic implants
(purple); placement, accuracy, surgery, and
guided surgery (teal); and soft tissue, out-
comes, anterior maxilla, and extraction
sockets (blue). (b) The title words focused
on implants, with links to: influence, pa-
tient, and retrospective study (red); implant
placement, comparison, and accuracy (pur-
ple); year, evaluation, and clinical trial (yel-
low); effect, randomized clinical trial, and
outcome (green); and systematic review,
peri-implantitis, and treatment (blue).

DISCUSSION

The discussions related to bibliometrics started in the
early 1950s, but it is in recent times that bibliometrics
has been used more often due to the increase in re-
search and scientific literature.?>?° The purpose of the

current study was to look at publications in five journals
specific to implant dentistry and analyze the keywords,
title words, author contributions, and countries of pub-
lication over a period of 33 years. It was found that a
majority of top five authors and author-affiliated coun-
tries dominated in most analyzed time periods, and it
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Fig 5 Keyword and title map for the
top 100 cited papers from 1991 to 2023.
(a) The keyword primarily focused on
dental implants, with links to: titanium
implants, osseointegration, and removal
torque (red); Branemark implants, imme-
diate loading, surgery, placement, and
dog (green); bone regeneration, tissue
regeneration, tooth extraction, esthetics,
and soft tissue (purple); augmentation,
alveolar distraction, long-term stability,
maxillary sinus, long-term evaluation, and
osseointegrated implants (blue); success,
complication rates, and biological compli-
cations (yellow); and partially edentulous
patients and peri-implantitis (teal). (b) The
title words focused on implants, with
links to: evaluation, experimental study,
and technique (red); review, oral implant,
effect, and placement (purple); titanium
and edentulous patient (blue); systematic
review and implant placement (green);
survival, complication rate, year, and ob-
servation period (yellow); and prevalence,
incidence, and resonance frequency mea-

surement (brown).

was in recent years that countries like Peoples Republic
of China and Spain made an appearance. This may sug-
gest that far more research related to dental implants
is occurring in newer hubs coming up globally. A study
on the patent landscape in implants from year 2000 to
2020 show a shift in the development of implant tech-
nology from the USA and Europe to a more recent in-
creased growth in Eastern Asian countries.’’ Among
the top five countries with most publications in the top
100 cited articles, countries like those within the United
Kingdom were present. The emergence of newer coun-
tries could be attributed to collaboration between au-
thors from different parts of the world. A bibliometric
analysis done in the PubMed database for global dental
publications found that countries with a larger number
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of corresponding authors ranked higher in terms of ci-
tations and number of published documents.?®

The network analysis for the keywords from 1991
to 2000 was focused on key questions of early implant
studies, including osseointegration, bone, titanium im-
plants, and osseointegrated implants, which are seen
in a larger font in the network figure (see Fig 1). From
2001 to 2010, these keywords then shifted toward in
vivo and in vitro studies, regeneration, implant surface,
and peri-implantitis. In addition, this period also saw
the importance of reconstruction, immediate implant,
stability, immediate loading, and implant survival (see
Fig 2). This highlights the fact that from 1991 to 2010,
the research began to evolve, with a later emphasis on
factors related to implant survival, early implant restor-
ability, and implant-related disease, which mirrored the
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trends observed in clinical practice. It is also interesting
to note that peri-implantitis was more prominently fea-
tured in keywords in publications from 2001 to 2023.
Similar trends were reported in the recently published
bibliometric analysis of top 100 cited research articles
on peri-implantitis.'?

2011 to 2020 keywords showed a focus similar to
previous years, with augmentation, bone integration, os-
seointegration, restoration, titanium, and peri-implantitis
dominating, along with new additions, such as com-
plications, placement, and accuracy. The last few years
(2021 to 2023) have seen a focus on newer keywords,
such as classification, rehabilitation, surgery, soft tissue,
and anterior maxilla. The title words from 2011 to 2020
focused on retrospective studies, systematic reviews,
and clinical trials, which shows the impetus toward
trends adapting to evidence-based treatment proto-
cols. These findings align with the latest guidelines of
the European Federation of Periodontology, which em-
phasizes the importance of clinical practice aimed to-
ward preserving the health and increasing the longevity
of implants and peri-implant tissue.?® The network anal-
ysis for keywords and title words of the top 100 cited
papers captured all of the important keywords and title
words that were prominent in each time period.

The study is not without limitations. Because it is an
aggregation of published data, statistical analysis was
not performed. Additionally, citation and publication
counts had minor variations based on the software
used. Pilot testing was performed for three different
bibliometric software (VOSviewer, Bibliometrix, and
Histcite) and compared it with WoS and Scopus; minor
discrepancies were found, and due diligence must be
used when utilizing this information. In this case, Hist-
cite software was chosen for the citation and publica-
tion counts. A report by van Eck and Waltman based on
the citation analysis of software reports inconsistencies
with databases. While missing and inaccurate refer-
ences were problems of WoS, duplicate publications
were problem with Scopus.3® The various bibliometric
software’s use a variety of artificial intelligence tools to
aggregate date exported from WoS and depending on
the nature of the data and the programming of the tool,
some discrepancies may arise.

CONCLUSIONS

Within the limitations of the present study, a compre-
hensive bibliometric analysis was reported of five den-
tal implantology journals from 1991 to 2023. Trends in
keywords and publication titles were identified in these
journals, which mirrored the trends seen in clinical
practice. Studies from earlier time periods focused on
osseointegration and titanium implants, while studies

from later years focused on anterior implants, immedi-
ate implants, and peri-implantitis. Analysis of countries
with most publications revealed that the USA was at
the top of the list for all time periods studied.
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