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The 50 most cited articles on soft tissue integration of dental 
implants: A bibliometric analysis
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Implant-supported prostheses 
are an important way to re
place missing teeth,1,2 but the 
prevalence of peri-implantitis 
has been estimated to be 
about 22% and could cause 
the failure of up to 2% of im
plants after 9 years of place
ment.3 The transmucosal 
areas are features of dental 
implants that provide the 
transition between the os
seointegrated implant zone 
and the dental prosthesis. The 
integrity of the peri-implant 
soft tissue seal is essential to 
maintain peri-implant tissue 
health, as the soft tissue seal 
formed across the transmu
cosal area prevents bacteria 
from invading the underlying hard tissue.4–6 Histologi
cally, healthy soft tissue integration includes epithelium 
and connective tissue, acting as a barrier to protect bone 
tissue contact with implant from bacteria.7,8 However, 
mucosa appears to be physically adapted on the implant 
rather than biologically attached, with the fibers                     

traveling parallel, not perpendicular, to the implant,4,9,10

and not achieving a good sealing effect. Improving the 
sealing of soft tissues from a biological perspective to 
promote osseointegration and reduce the occurrence of 
peri-implantitis is essential to the success rate of dental 
implants.11–16
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ABSTRACT 
Statement of problem. Soft tissue integration helps prevent the bacterial invasion of dental 
implants, but bibliometric studies on the top 50 most cited articles in the field of soft tissue 
integration are lacking.

Purpose. The purpose of this bibliometric study was to analyze the 50 most cited articles since 
1999 to explore global trends and research hotspots.

Material and methods. A specific search strategy of the Science Citation Index Expanded (Web of 
Science) was devised, and relevant article-based, journal-based, and author-based parameters 
were analyzed. Correlation analysis was performed (α=.05).

Results. The number of citations ranged from 71 to 586. Clinical Oral Implants Research was the most 
cited journal (1722 citations). Berglundh, Tord was the author with the most publications (6 publications) 
and citations (957 citations). Dental implants and titanium were the keywords with the highest 
frequency. Switzerland was the country with the highest number of publications (12 publications). 
Correlation was found between the publication year and average annual citations (P<.001).

Conclusions. This study determined the scientific progress in soft tissue integration. The surface 
design of dental implant materials is essential for the soft tissue integration of dental implants. 
Soft tissue integration has been a focus of interest in the past few years, but many experiments 
still need to be done to improve soft tissue compatibility with innovative materials. (J Prosthet 
Dent 2025;133:713-723) 
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Bibliometric analysis is a popular method of 
searching for and analyzing a large number of biblio
graphic and scientific data to find the nuances of re
search in the scientific field and discover emerging 
areas.17 Bibliometric analysis explores the number of 
publications, quality, citations, and citation relationships 
of scientific articles. It analyzes the research fields and 
influence of scientific researchers and institutions and 
evaluates the impact of research results. It is also able to 
spot trends in scientific research and provide evidence 
for scientific decision-making. Bibliometric methods 
have been established as scientific specialties and are an 
integral part of the research method.18

Bibliometrics has been applied to the field of oral 
implantology, including the analysis of classical articles, 
implant funding sources, and clinical research 
trends.19–23 However, the authors are unaware of a 
bibliometric analysis of soft tissue integration. Never
theless, interest in soft tissue integration has been in
creasing, and many studies on dental implants have 
been aimed not only at improving osseointegration but 
also at improving soft tissue integration.12,24–26 The au
thors aimed to understand the high-impact articles 
published in the field of soft tissue integration of im
plants over the past 20 years and to perform a biblio
metric analysis to provide assistance to researchers in 
soft tissue integration. Consequently, this study ana
lyzed the 50 most cited publications using bibliometric 
analysis. The research hypothesis was that the number 
of citations of articles on soft tissue integration would be 
influenced by the publication year, number of authors, 
journal impact factors, and authors’ h-index.

MATERIAL AND METHODS

The most cited articles in soft tissue integration were 
identified by a search in the Science Citation Index 
Expanded (SCI-EXPANDED) in Web of Science on 
January 10, 2024. The search strategy was:

TS=[(dental implant OR titanium OR dental abut
ment OR healing abutment OR transmucosal collar OR 

oral implant OR implant dentistry OR dental im
plantology OR dental implantation) AND (soft tissue 
integration OR soft-tissue integration OR soft tissue 
integrity OR mucointegration OR soft tissue attachment 
OR connective-tissue attachment OR soft tissue seal OR 
biologic seal OR junctional epithelium OR soft tissue 
adaptation OR soft tissue barrier OR gingival fibroblast 
OR gingival epithelial cell OR soft tissue sealing OR 
peri-implant attachment OR keratinocyte)].

Inclusion criteria were articles focused on soft tissue 
integration, tissue structures, or cells (for example, 
junctional epithelium, connective tissue, fibroblasts) re
lated to soft tissue integration. Publication years ranged 
from 1999 to 2023. Publications unrelated to soft tissue 
integration in dentistry were excluded.

A list of articles indexed in the Science Citation Index 
Expanded of the Web of Science was obtained and 
sorted by citations. Two researchers (W.Y., Z.L.) read the 
titles, the abstracts, and the full texts independently to 
select the top 50 most cited articles. If the results were 
inconsistent, they tried to reach a consensus after dis
cussion. If they could not reach an agreement, a senior 
researcher (L.Y.) made the definitive decision.

Correlation analysis was performed using a software 
program (IBM SPSS Statistics, v27.0; IBM Corp). The 
Spearman correlation coefficient(r) was used to de
termine the strength of correlations: high (r>0.60), 
moderate (0.30 < r<0.60), and weak (r<0.30) (α=.05).

RESULTS

A total of 2423 articles were retrieved through the search 
strategy, and the 50 most cited articles were selected. 
Citations of the 50 most cited articles ranged from 71 to 
586, as shown in Table 1 with the study design, material, 
surface treatment, and primary outcome. As shown in 
Figure 1, the number of publications showed an upward 
trend before 2007 and a downward trend after 2014. The 
number of citations per year of these 50 most cited ar
ticles on soft tissue integration increased between 2001 
and 2021 (411 in 2021). The proportion of study design 
in the 50 most cited articles is presented in Figure 2.

A moderate correlation was found between total ci
tations and average annual citations (r=0.578, P<.001) 
(Table 2). A strong correlation was found between the 
publication year and average annual citations (r=0.645, 
P<.001), while no significant correlation was found be
tween total citations and publication year (P>.05). No 
significant correlation was found between citations and 
the number of authors (P>.05).

The journal sources of the 50 most cited articles on 
soft tissue integration are shown in Table 3. No statis
tical correlation was found between journal impact fac
tors and total citations. Clinical Oral Implants Research 

Clinical Implications 
This bibliometric study analyzed highly cited 
articles in the field of soft tissue integration, 
including authors, countries, journals, keywords, 
and other information. Researchers should be 
aware that most innovative improvements in 
implant materials have not been confirmed by 
animal experiments or clinical trials. The study 
provides researchers with information on the 
progress of research and the future direction of 
the field. 
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was the journal with the most citations (n=1722; 23.67% 
of all) and most publications (n=10). In Table 3, the 2022 
Journal Impact Factor ranged from 29.4 (Advanced Ma
terials) to 1.6 (International Journal of Periodontics  Re
storative Dentistry; Journal of Oral Implantology), whereas 
the 5 Year Journal Impact Factor ranged from 30.2 
(Advanced Materials) to 1.5 (Journal of Electron Micro
scopy). Of the 23 journals publishing the 50 most cited 
articles on soft tissue integration, 13 (56.5%) were in the 
Category "Dentistry, Oral Surgery  Medicine.".

The 10 authors with the most citations are listed in 
descending order in Table 4. Their h-index ranged from 
7 to 119. No statistical correlation was found between 

h-index and citations per article for each author. Ber
glundh, Tord had the most publications (n=6) and ci
tations (n=957). Among these 10 authors, 4 were from 
Japan, 3 from Switzerland, and 3 from Sweden. The 
partnerships between the author teams and between 
different countries are shown in Figures 3 and 4. The 
authors of the 50 most cited articles on soft tissue in
tegration were from 21 different countries, including 11 
European countries, 4 American countries, 5 Asian 
countries, Australia, and 0 African countries.

The keywords are visualized in a map according to 
frequency of occurrence in Figure 5. Titanium and dental 
implants were the most frequently used keywords in the 
50 articles (25 occurrences), showing the biggest node in 
the map. Keywords such as roughness, fibroblasts, to
pography, and attachment collected 10, 10, 9, and 8 
occurrences.

DISCUSSION

The research hypothesis that the number of citations of 
articles on soft tissue integration would be influenced by 
the publication year, number of authors, journal impact 
factors, and authors’ h-index was rejected, as the find
ings revealed that the publication year, number of au
thors, journal impact factors, and authors’ h-index were 
not statistically associated with the number of citations 
(P>.05). Only the average annual citations was related to 
the publication year (r=0.645, P<.001), indicating that 
researchers tend to read and cite recent articles. In this 
study, the 50 most cited articles, rather than the 100 
most cited articles, were analyzed using bibliometric 
methods, because the top 50 to 100 most cited articles 
were not highly cited. Soft tissue integration is a niche 
area in oral implantology, and the related articles did not 
receive as many citations as those in the field of os
seointegration. However, previous studies have found 
that soft tissue integration was essential to dental im
plants, as good sealing helped reduce the occurrence of 
infection.5,6 Thus, it was necessary to conduct a biblio
metric analysis of the 50 most cited articles on soft tissue 
integration to help researchers understand the research 
progress, explore future research directions, and identify 
research hotspots.

The number of publications per year and citations per 
year for the 50 most cited articles are depicted in Figure 1. 
The total number of citations per year increased from 2001 
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Figure 1. Distribution of number of publications and total number of 
citations per year.
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Figure 2. Study design of 50 most cited papers on soft tissue 
integration.

Table 2. Correlation analysis among total citations, average annual citations, number of authors, and publication year 

Total Citations Average Annual Citations Number of Authors Publication Year

Total citations 1.000 / / /
Average annual citations 0.578*** 1.000 / /
Number of authors −0.107 −0.151 1.000 /
Publication Year −0.139 0.645*** 0.001 1.000

*** indicates statistical significance at P<.001 level.
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to 2021, reflecting the growing interest in the soft tissue 
integration of dental implants. The increasing number of 
articles focusing on soft tissue integration led to an increase 
in citations each year. The reason for the decline in citations 
in 2022 and 2023 may be that these 2 years were in the 
declining period of the citation life cycle of these 50 most 
cited articles.27 Another reason may be that the articles 
about soft tissue integration of implants published since 
2015 had insufficient time to be cited in the 50 most cited 
articles. Therefore, fewer publications of the most cited ar
ticles have been found since 2015, and the number of ci
tations per year has declined since 2022.

The 16 animal studies (32%) were the most pub
lished, followed by the 14 review articles (28%). The 
number of cell research and clinical research publica
tions was 11 (22%) and 9 (18%), respectively. Most of 
the research on soft tissue integration of implants was 
still at the preclinical animal studies stage. In particular, 
most research on new implant materials was still in the 
cell and animal research phases, indicating a significant 

research gap in improving implant materials for soft 
tissue integration. Animal experiments were often con
ducted to explore the anatomy of soft tissues after im
plant placement.13 The implants used in animal 
experiments were often made of titanium or Ti-Al-V, 
with minimal improvements in material composition. 
Some studies investigated the impact of the different 
surface topographies and roughness of implants on soft 
tissue integration.25 Implants with new surface coatings 
were often studied in vitro.12 In recent years, some 
studies focused on surface modification of implants,26

but most were still in vitro. To improve the soft tissue 
integration of implants, it is necessary not only to ex
plore the physiological mechanisms but also to enhance 
soft tissue integration properties through material im
provement. Much work must be done to conduct in vivo 
animal and clinical experiments.

The 50 most cited articles were published in 23 sci
entific journals, among which 42% were published in 3 
journals (Clinical Oral Implants Research, Biomaterials, 

Table 3. Journals that published 50 most cited articles on soft tissue integration 

No. Journal Title Number of 
Articles

Number of 
Citations

2022 Journal 
Impact Factor

5-Year Impact 
Factor

Quartile

1 Clinical Oral Implants Research 10 1722 4.3 5.7 Q1
2 Biomaterials 7 959 14.0 13.8 N/A
3 Journal of Periodontology 4 760 4.3 5.4 Q1
4 Journal of Clinical Periodontology 3 552 6.7 9.1 Q1
5 Journal of Dental Research 2 326 7.6 7.6 Q1
6 International Journal of Periodontics 

Restorative Dentistry
2 282 1.6 1.9 Q4

7 Clinical Implant Dentistry and Related 
Research

2 224 3.6 4.6 Q1

8 Dental Materials 2 211 5.0 6.0 Q1
9 Journal of Biomedical Materials 

Research Part A
2 181 4.9 4.6 N/A

10 International Journal of Oral 
Maxillofacial Implants

2 180 2.0 2.8 Q2

11 Journal of Prosthetic Dentistry 2 180 4.6 4.5 Q1
12 Acta Biomaterialia 1 559 9.7 9.9 N/A
13 Journal of Biomedical Materials 

Research Part B-applied Biomaterials
1 208 3.4 3.4 N/A

14 Advanced Materials 1 140 29.4 30.2 N/A
15 Journal of Prosthodontic Research 1 124 3.6 4.0 Q1
16 Journal of Oral Implantology 1 108 1.6 2.0 Q4
17 Periodontology 2000 1 88 18.6 15.8 Q1
18 Implant Dentistry 1 86 3.0 (2021) N/A Q2
19 Journal of Electron Microscopy 1 83 1.6 (2014) 1.5 N/A
20 Biomedical Materials 1 81 4 4.0 N/A
21 Colloids and Surfaces B-Biointerfaces 1 78 5.8 5.4 N/A
22 Advanced Healthcare Materials 1 73 10.0 10.6 N/A
23 Expert Opinion on Drug Delivery 1 70 6.6 7.0 N/A

Table 4. Top ten authors with most citations 

No. Author Articles Citations Citations per Article Country H-index

1 Berglundh, Tord 6 957 159.5 Sweden 83
2 Abrahamsson, Ingemar 5 855 171 Sweden 38
3 Lang, Niklaus Peter 4 628 157 Switzerland 119
4 Lindhe, Jan 4 599 149.75 Sweden 109
5 Bosshardt, Dieter Daniel 3 591 197 Switzerland 49
6 Schupbach, Peter 3 336 112 Switzerland 9
7 Yamaza, Takayoshi 3 269 89.66667 Japan 40
8 Tanaka, Teruo 3 269 89.66667 Japan 33
9 Kido, Mizuho A. 3 269 89.66667 Japan 29
10 Shimono, Masayuki 3 269 89.66667 Japan 12
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Journal of Periodontology), indicating that articles on soft 
tissue integration were concentered in a few scientific 
journals. In the 3 journals, Biomaterials was primarily in 
the category of Engineering, Biomedical. Among the 23 
scientific journals, 7 were not in the category of 

Dentistry, Oral Surgery  Medicine, indicating that soft 
tissue integration is a multidisciplinary field.

The journal with the highest impact factor was Advanced 
Materials, categorized under "Chemistry, Multidisciplinary; 
Materials Science Multidisciplinary; Physics, Condensed 
Matter; Nanoscience  Nanotechnology; Chemistry, Physical; 
Physics, Applied." Journals that encompass multidisciplines 
usually have higher impact factors and 5-year impact factors 
associated with a broader audience. Multidisciplinary and 
medical journals tend to have higher impact factors than 
journals in the dental field.

Associated with the rapid development of dental 
implants in Switzerland and Sweden, more Swiss and 
Swedish scholars conducted research in related fields. 
Additionally, geographical advantages might incline re
searchers to cite articles from scholars within the same 
country or institution. The co-occurrence of authors with 
more than 2 publications is presented in Figure 3, and 
the authors of the 50 most cited publications formed 
several small groups. Most scholars cooperated closely 
within groups, while there was little cooperation among 
groups (analyzed from these 50 publications).

The osseointegration properties of titanium was first 
discovered by a Swedish scientist,1 explaining why the 
highest number of publications were from Switzerland, 
Sweden, the United States, and Germany. Despite 
the rapid growth of the dental implant market in the 

Figure 3. Co-authored bibliometric networks in top 50. Minimum number of occurrences of author: two articles. Straight line represents partnership.

Figure 4. Map of co-authorship between countries. Minimum number 
of occurrences of country: 1 article. Words that correspond to largest 
circles are ones that have highest occurrence. Words that appear in 
smaller circles had smaller occurrence.
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Asia-Pacific region in recent years, Europe and North 
America still had a significant technological advantage. 
Kim et al28 reported that the number of patent applica
tions in the Asia-Pacific region has increased since 2000, 
whereas Europe and the United States had more pa
tented dental implant technologies before 2000. Despite 
the rapid development in the number of dental implant 
patents and the market in the Asia-Pacific region, re
search on soft tissue integration of dental implants still 
lagged behind that of European and North American 
countries. The impact of soft tissue integration articles 
from the Asia-Pacific region still needs improvement.

The VOS viewer can be used to construct maps of 
keywords for a specific research area based on the co- 
occurrence data and analysis of the relationship of dif
ferent terms.29 In this study, the 2 most frequently ap
pearing terms were "dental implants" and "titanium." 
"Dental implants" represented the main topic of the 
included papers. Titanium was the most common ma
terial used in dental implants and remains the standard 
for fabrication.2 Other high-frequency terms included 
"fibroblasts," "connective tissue," "roughness," and 
"topography." "Fibroblasts" and "connective tissue" 

explained the soft tissue integration in relation to gin
gival fibroblasts and gingival connective tissue from a 
cellular and tissue perspective. "Roughness" and "to
pography" were also large nodes, associated with "at
tachment," "adhesion," and "proliferation," suggesting 
that altering the roughness and topography of the im
plant surface affected cell adhesion and prolifera
tion.30–33 Brunette et al31 also reported that the 
roughness and irregularities of dental implant surfaces 
were associated with the attachment and response of 
connective tissue.

In the keyword co-occurrence diagram, the green 
section is mainly related to the influence of material 
surface on the connective tissue. The yellow section 
included keywords related to epithelium, such as 
"junctional epithelium," "basal lamina," "laminin", and 
"horseradish-peroxidase." Epithelial bonding to the 
implant is achieved by hemidesmosomes, resulting in a 
sealing effect. The junctional epithelium attachment to 
teeth was described as a "biological seal" or "tape," 
which blocks microbial colonization and infection.25

Laminin, a main component of hemidesmosomes, and 
integrin laminin 332 ligation affect hemidesmosome 

Figure 5. Network map of most used keywords among 50 most cited. Minimum number of occurrences of keyword: three articles. Words that 
correspond to largest circles are most common. Circles with same color indicate greater interactions between associated keywords.
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formation and density.8 The laminin coating has been 
reported to promote soft tissue integration and sealing 
of implants.15,16 Due to the high technical requirements 
of hard tissue sectioning of implants on the nanometer 
scale, it is difficult to directly observe the number of 
hemidesmosomes around the implant under an electron 
microscope. Therefore, the sealing of inflamed epithe
lium has been tested using the horseradish peroxidase 
test.34 The integration of connective tissue is closely 
related to fibroblasts. Enhancing the expression of in
tegrins may promote the adhesion of fibroblasts.12 The 
connective tissue around the implant includes a central 
area rich in fibroblasts and a lateral area rich in collagen 
fibers.13 Soft tissue integration can be improved by al
tering the implant surface properties and increasing the 
expression of human gingival fibroblast adhesion pro
teins.14 A structure with microgrooves has been reported 
to be conducive to connective tissue attachment.7,11

In the 50 most cited articles, Ti was the most common 
implant material used in animal studies and clinical trials. 
The most widely used surface treatment was alteration of 
surface roughness, with limited studies on the prepara
tion of new coatings. Most of the coatings were metal 
compound coatings of Ti and Zr. Only 1 cell study and 1 
animal study reported the influence of biological coatings 
to soft tissue integration on dental implants.12,24 Future 
animal studies could explore whether new coatings can 
significantly enhance soft tissue integration in addition to 
altering the surface roughness and topography.

Limitations of this paper included that no single term 
could be used universally to describe soft tissue in
tegration, resulting in various synonyms such as "soft 
tissue sealing" and "soft tissue attachment." This 
variability in terminology might have led to missed ar
ticles in the search strategy. To mitigate this bias, re
searchers included synonyms and related terms like 
"gingival fibroblasts" and "gingival epithelial cells" in 
the search strategy. However, no criterion is available for 
whether scientific research is related to soft tissue in
tegration other than manual screening.

CONCLUSIONS

Based on the findings of this bibliometric analysis the 
following conclusions were drawn: 

1. The number of citations to articles on dental im
plant soft tissue integration is increasing, indicating 
a strong and growing interest in this field, but it is 
not statistically associated with the publication 
year, number of authors, journal impact factors, 
and authors’ h-index.

2. Soft tissue integration is a multidisciplinary field of 
study involving material science, biomedicine, and 
dentistry. Implants need to be improved for better 

soft tissue integration with additional animal stu
dies and clinical trials.
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