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Abstract 
Background: The purpose of the study was to analyze the 100 most-cited articles on peri-implantitis pathology in 
the Web of Science database. 
Material and Methods: The articles were selected from all categories of the Web of Science, to consider all varia-
tions and synonyms of peri-implant disease. Articles were reviewed for typographical, transcription, and indexing 
errors. 
Results: The top 100 most-cited articles were published from 1994 to 2018, and had a total of 24,103 citations; 53 
of the studies were funded. In total, 274 authors contributed to the papers, 5 of whom contributed to 10 or more 
articles. Review (n = 47) and clinical (n = 45) articles were the most prevalent types. European public universities 
made the largest contribution to the literature, and Sweden and Switzerland were the most active countries. All of 
the articles were published in 12 high-impact-factor journals. 
Conclusions: This is the first analysis of the most-cited articles on periimplantitis published in the Web of Science. 
In this bibliometric analysis, the most cited articles were published in high-impact-factor journals and were predo-
minantly review articles. The most-cited authors are also active in other scientific disciplines such as periodontics.
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Introduction
Bibliometric analysis provides information on the most 
productive authors, institutions, and countries for a gi-
ven field of research, based on the number of scientific 
publications indexed in a database and, where possible, 
on the number of citations (1). Although not necessarily 
indicative of the quality of an article (2), the number of 

citations, as well as the impact factor of the journal in 
which it is published, are used to assess the academic 
status of researchers (3). Widely cited articles are refe-
rred to as top cited or hot papers.
Peri-implant diseases are among the most frequent cau-
ses of dental implant problems and decrease the likeli-
hood of success of implant treatment. These diseases 
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have emerged relatively recently, because dental implant 
therapy started only four decades ago (4,5). Research 
is required to improve the clinical outcomes of dental 
implants. Therefore, peri-implant disease is a frequent 
topic among the most-cited articles on dental implanto-
logy (6).
Bibliometric studies have analysed the most cited ar-
ticles in dentistry (6-8) and in subspecialties such as 
endodontics (9-11) orthodontics (12) and periodontics 
(13). There are also bibliometric studies on implantolo-
gy (6,14). Nevertheless, there are no bibliometric studies 
on peri-implant pathologies has been performed. These 
investigations have progressively increased from 5.5% 
to 13.6% in the last 20 years (15).
To address the lack of bibliometric studies in the Peri-Im-
plant diseases field, we performed a bibliometric study of 
the 100 top-cited articles on peri-implant diseases.

Material and Methods
The most cited articles on peri-implant diseases were 
identified by searching the Science Citation Index Expan-
ded database of the Web of Science (Clarivate Analytics). 
The search terms were as follows: (peri-implantitis OR 
periimplantitis OR periimplantitis OR peri-mucositis 
OR “Implant* mucositis” OR “peri-implant* disease*” 
OR “periimplant* disease*” OR “peri-implant* muco-
sitis” OR “periimplant* mucositis”); these terms were 
entered in the ‘topic’ field, with no restrictions regarding 
the year of publication. Limitations were imposed on the 
type of document (article OR review). The search was 
performed on 21 February 2022. The results were sorted 
according to the number of citations per article, and the 
first 200 records registered were selected and exported 
to a text file. This text file was imported from Microsoft 
Access (Microsoft Corp., Redmond, WA, USA) to crea-
te a database. A manual review was performed, and ar-
ticles found not to be relevant were discarded. Only the 

Type of study design N Number of Citations Mean Citations /papers
Review 28 7996 285,57
Systematic Review 19 5959 313,63
Cohort study 16 3026 189,13
Clinical trial 15 2654 176,93
Cross sectional study 11 2490 226,36
Animal study 6 971 161,83
In vitro 2 490 245,00
Retrospective clinical study 2 390 195,00
Case series 1 127 127,00
TOTAL 100 24103 241,03

Table 1: Total citations and mean citations/paper by type of study design.

top 100 most-cited articles were included in the analysis.
Subsequently, terms were unified, and t typographic and 
indexing errors removed. Firstly, The records were ma-
nually normalized; whenever it was not clear whether 
different authors shared the same name, their institu-
tional affiliation was investigated. Similar criteria were 
applied to normalise institutional data; macro-institu-
tions (universities, hospitals, etc.) were retained, while 
departments, research units, etc. were removed.
The variables analysed included the journal in which the 
article was published, year of publication, authors, insti-
tutions, country of origin, and topic. Ethics approval was 
not required for this bibliometric study.

Results
Table 1 lists the study designs.  Of the 100 articles, 28 
were reviews, of which 5 were consensus documents; 
there were 19 systematic reviews, including 3 me-
ta-analyses (1 consensus document). The reviews had 
the most citations , but systematic reviews had the hi-
ghest average number of citations per article. Notably, 
in vitro studies had a high number of citations per article.
Data recording began in 1994; 2012 was the most pro-
ductive year (12 articles published), but 1998 and 2008 
were also productive. The number of citations was hi-
ghest during the 3-4-year period after publication.
A total of 274 authors contributed to the studies, of whom 
94 have only published 1 paper and 5 have published 10 
or more papers. Niklaus Lang was the most productive 
author (19 articles among the 100 most cited) and has 
the highest total number of citations (Table 2). However, 
the author with the highest average number of citations 
per article is Marco Esposito. There was a relationship 
between the number of publications and number of cita-
tions in some, but not all, cases. The average number of 
citations per article was correlated with productiveness, 
i.e. the total number of citations.
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Authors Institution N Number of 
citations

Mean citations / 
article

Lang, Niklaus P University of Bern (Switzerland) 19 4908 258,32
Berglundh, Tord University of Gothenburg (Sweden) 11 3194 290,36
Salvi, Giovanni E University of Bern (Switzerland) 11 2096 190,55
Renvert, Stefan Kristianstad University (Sweden) 10 2257 225,70
Schwarz, Frank Goethe University Frankfurt (Germany) 10 1390 139,00
Braegger, Urs University of Bern (Switzerland) 9 2007 223,00
Derks, Jan University of Gothenburg (Sweden) 7 1379 197,00
Heitz-Mayfield, Lisa JA University of Sidney (Australia) 7 1750 250,00
Mombelli, Andrea University of Geneva (Switzerland) 7 1661 237,29
Quirynen, Marc Catholic University of Louvain (Belgium) 7 2081 297,29
Zitzmann, Nicola U University of Basel (Switzerland) 7 1651 235,86
Pjetursson, Bjarni E University of Iceland (Iceland) 6 1796 299,33
Becker, Juergen University of Düsseldorf (Germany) 5 617 123,40
Roos-Jansaker, Anne-Marie Kristianstad University (Sweden) 5 1256 251,20
Tomasi, Cristiano University of Gothenburg (Sweden) 5 1129 225,80
Zwahlen, Marcel University of Bern (Switzerland) 5 1621 324,20
Esposito, Marco University of Gothenburg (Sweden) 4 1903 475,75
Hammerle, Christoph HF University of Zurich (Switzerland) 4 959 239,75
Karoussis, Ioannis K University of Athens (Athens) 4 878 219,50
Sculean, Anton University of Bern (Switzerland) 4 562 140,50
Wang, Hom-Lay University of Michigan (United States) 4 757 189,25

Table 2: Ranking of authors and last affiliation. Sorted by production, together with the values of the number of total citations and average 
citations per article. 

The authors were mainly European, with the most fre-
quent affiliation being to a Swiss university. However, 
the data only included the last affiliation, and some au-
thors have worked at various institutions during their 
professional career .
A total of 98 institutions participated in the studies, of 
which the majority were universities (n = 86), followed 
by hospitals/clinics (n = 9), research groups (n = 2), and 
government institutions (n = 1).
All 25 institutions with the highest total number of cita-
tions were universities (Table 3). European universities 
topped the list, with Sweden and Switzerland being the 
best-represented countries. The institution with the most 
citations was the University of Gothenburg.
Countries with more than 5 articles among the top 100 
were European countries, although the United States 
was in third position, while Australia was in fifth and 
China in ninth. Thirty countries participated in the pu-
blications, led by Sweden (21.19% of all publications). 
The top three countries contributed 53.82% of the pu-
blications, and the remaining 27 countries contributed 
46.18%.
There was no direct correlation between the number of 
authors and total number of citations or citations per ar-

ticle. The citation rate was higher for national collabora-
tions, at 289.81 citations per article.
Of the 100 articles, 53 were funded by 67 funding ins-
titutions in 17 countries; these institutions were compa-
nies, governments, academic institutions (public univer-
sities, private universities, and research institutes), and 
non-profit entities (foundations and scientific societies). 
The best-funded countries were Sweden (governmental 
and non-profit institutions) and the United States (pri-
vate companies) (15 articles each). Regarding the types 
of funding institutions, 23 were companies, 18 were 
non-profit entities, 15 were academic entities and 11 
were government institutions. However, the order chan-
ges if the number of funded publications is considered: 
non-profit entities funded 25 articles, academic entities 
20 articles, companies 17 articles, and government en-
tities 16 articles. Table 4 shows the best-funded institu-
tions among those with more than two funded articles; 
the Swiss International Team for Implantology is top of 
this list.
The 100 most-cited articles on peri-implant pathologies 
were published in 12 journals. All of those journals have 
a high impact factor, i.e., are in the top two quartiles, and 
the vast majority are in the Dentistry, Oral Surgery and 
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Institution Country N Number of citations Mean citations / article
Gothenburg University Sweden 24 7,490 312.08
University of Bern Switzerland 24 5,487 228.63
Kristianstad University Sweden 10 2,257 225.70
Catholic University of Louvain Belgium 7 2,081 297.29
Uppsala University Sweden 3 1,774 591.33
University of Basel Switzerland 7 1,651 235.86
University of Zurich Switzerland 4 1,319 329.75
University of Hong Kong China 6 1,293 215.50
University of Western Australia (UWA) Australia 4 1,064 266.00
University of Geneva Switzerland 5 952 190.40
Karolinska Institute Sweden 2 872 436.00
University of Dusseldorf Germany 6 809 134.83
Complutense University of Madrid Spain 4 787 196.75
University of Giessen Germany 1 775 775.00
University of Michigan United States 4 757 189.25
Trinity College of Dublin Ireland 3 664 221.33
University of Iceland Iceland 3 657 219.00
University of Texas United States 4 629 157.25
University of Sydney Australia 3 586 195.33
Goethe University Frankfurt Germany 4 559 139.75
University of Milan Italy 3 538 179,33
University of Amsterdam The Netherlands 2 520 260.00
State University of New York SUNY United States 3 505 168.33
University of Liege Belgium 3 505 168.33

Table 3: Ranking of the 25 institutions with the highest number of total citations.

Funding source N Type of organization Country
International Team for Implantology (ITI) 7 NGO Switzerland
Colgate-Palmolive 6 Company United States
Geistlich Biomaterials 6 Company Switzerland
Clinical Research Foundation (CRF) for The Promotion of Oral Health 4 NGO Switzerland
University of Bern 4 Academic Switzerland
National Institute of Dental & Craniofacial Research (NIDCR) 4 Government United States
Public Dental Health Service 3 Government Sweden
Sunstar 3 Company Germany
Procter & Gamble 3 Company United States
National Research Council of Italy (CNR) 3 Government Italy
Kristianstad University 3 Academic Sweden
Straumann 3 Company Switzerland
Goteborg University 3 Academic Sweden
Dentsply Implants 3 Company Sweden
Johnson & Johnson Consumer Inc. 3 Company United States

Table 4: Financing sources of more than 2 publications.
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Medicine category. Of the 100 articles, 44 were publi-
shed in Clinical Oral Implants Research. The two works 
published in the European Journal of Oral Sciences had 
an average of 790 citations.
The most frequently used were peri-implantitis and den-
tal implant. Keywords directly related to peri-implant 
diseases included peri-implant disease (ranked third), 
peri-implantitis (ranked first), and peri-implant mucositis 
(ranked sixth). One group of keywords was directly rela-
ted to implant success (failure, survival rate, and success 
rate), another to complications (biological complications 
and other complications), and a third to the aetiology of 
peri-implant pathologies (dental plaque and bacteria).
The articles discussed diverse aspects of peri-implant 
pathologies, but particularly treatments, followed by 
epidemiology, risk factors, and microbiology. Overall, 
69 articles focused on peri-implant pathologies, 18 on 
peri-implantitis, and only 3 on peri-implant mucositis.

Discussion
Peri-implant pathologies have aroused scientific interest 
because of their clinical implications and association 
with failure of a previous treatment, such as dental im-
plantation. This interest is reflected in our analysis of 
the 100 most-cited articles in this area. Such articles 
first appeared in 1994, but were most prevalent in 2012. 
These years coincide with publications from a consen-
sus meeting on dental implants. All of the articles were 
published in high-impact journals, indicating that editors 
are interested in this topic. The impact factor is linked to 
the number of citations and vice versa, so publishing in 
high-impact journals is desirable (3).
The most-cited articles were reviews and systematic re-
views, as seen in other disciplines (16,17), and particu-
larly in the dental literature (6,7,13) . This is attributable 
in part to the frequent citation of the latest revision of 
an article instead of the original (18), which is known 
as lazy author syndrome (19). Consensus documents 
derived from workshops are also important; these are 
documents based on reviews that include conclusions by 
experts. The high citation rate for in vitro studies that 
we observed is interesting, and may reflect the impor-
tance of material and mechanical factors in periimplant 
diseases.
Publishing more articles increases an author’s total num-
ber of citations, as in the case of Niklaus Lang. Howe-
ver, if the average number of citations per article is con-
sidered, the rank order changes. Many authors are cited 
in other areas of dentistry, such as implant therapy (14) 
and periodontics (20).
Niklaus Lang’s top ranking is attributable to his focus 
on research on peri-implant pathologies at some of the 
top-ranked institutions, such as the University of Bern 
and the University of Gothenburg. He also serves as an 
editor of several journals.

Reviews were the most frequently cited articles. Some 
reviews are commissioned, and authorship may be in-
fluenced by the so-called Saint Mathew’s effect (21) , 
where experts in the field are often the authors of the 
reviews.
The vast majority of institutions in this study were uni-
versities, similar to prior bibliometric studies related to 
implants (14) , but not to other medical disciplines in 
which hospitals are dominant (22).
The most prolific universities tended to be European, 
especially Swedish and Swiss ones, represented by the 
University of Gothenburg and University of Bern, res-
pectively. Both of these institutions were ranked highly 
for total citations. This trend has also been observed in 
bibliometric studies of implantology (6), and may be at-
tributable to modern implantology originating from this 
region (4,5). The level of funding is also high in these 
countries. In summary, European countries and the US 
were the most scientifically productive regions, as in 
other areas of dentistry (6,14).
More than half of the articles were funded, similar to 
dental implantology, although most of the financing 
entities were corporate rather than governmental (23). 
The entities funding implantology studies were similar 
to those funding peri-implant pathology studies. Most 
institutions were based in Switzerland, Sweden, or the 
US, i.e. in the countries with the highest number of total 
citations. There was a tendency for the funding for stu-
dies to emanate from the same country, and funding also 
seems to influence the number of citations.
Dentistry journals had the most cited articles, as in pe-
riodontics (24)  and implantology (14). Clinical Oral 
Implant Research and the Journal Clinical of Periodon-
tology accounted for 39.8% and 29.8% of all citations, 
respectively, i.e. 69.6% of the total citations. The Eu-
ropean Journal of Oral Sciences had very high average 
numbers of citations per article, and the first and third 
most-cited articles. In fact, these articles are from the 
same review on biological factors contributing to im-
plant failure, both authored by Marco Esposito.
The most used keyword was peri-implantitis. This biolo-
gical complication was of interest in other bibliometric 
studies (6). The most-cited articles were on peri-implant 
pathology, epidemiology, risk factors, treatment, and 
microbiology, as in bibliographic studies on periodontal 
pathology (13). 
This study had several limitations that should be discus-
sed. Firstly, the truncated term “periimplant*”, and simi-
lar words, were used as search terms, but some articles 
may have been missed since the words had to be inclu-
ded in the “Subject” field (Title, Abstract and keywords). 
The search identified several articles that did not address 
topics related to peri-implant pathologies but included 
the truncated term in the abstract; these were later dis-
carded. Secondly, self-citation can be a source of bias 
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in bibliometrics. However, among the 100 articles, the 
self-citation rate was 2.57%, lower than that for general 
medical articles (5.97%) (25).
Another limitation was the fact that that some authors 
have had multiple affiliations during their career. When 
analysing productivity by country, only the last affilia-
tion was taken into account. China’s ranking is attribu-
table to Niklaus Lang having worked at the University 
of Hong Kong.

Conclusions
This is the first analysis of the most-cited articles on pe-
ri-implantitis published in journals indexed  in Web of 
Science. The most cited articles on peri-implant patho-
logies were published in high-impact journals. The most 
cited articles were reviews and the most-cited authors 
also published in fields other than dentistry, such as pe-
riodontics. Sweden and Switzerland were the top-ranked 
countries for almost all parameters studied, as also seen 
in other bibliometric studies on implantology.
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