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Abstract: The topic of OC interface (OCI) has shown an increasing interest in recent years, with a considerable 

increase in the number of publications. Here, the aim was to reveal trend in OCI research studies and analyze 

the publications with high citations. An online search was performed on the Web of Science Core Collection 

(WSCC) for publications on OCI. The journals, publication year, countries, institutions, and citations received 

were obtained, and the results were analyzed using VOSviewer. Only the most frequently cited top 100 

publications on OCI were further considered. Totally, 225 publications were found related to OCI. The number 

of publications on OCI has increased with time. The US has published the most articles on OCI (n=61). The 

University of Minho (Portugal) was the most productive institution, with 8 publications and 753 citations. The 

number of publications on OC interface has recently increased. This study is the first bibliometric study 

evaluating publications on the OC interface and serves as a valuable source for researchers and practitioners 

actively working in the field. 
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Introduction 

The osteochondral interface (OCI) refers to the graded region between the cartilage layer and 

the underlying bone in the joints. It is seen in articulating joints, including articular cartilage, growth 

plates, and intervertebral discs [1]. The OCI plays an important role in providing mechanical stability 

to the joint as well as preventing the vascularization and mineralization of uncalcified cartilage [2,3]. 

Osteochondral interface lesions are more prevalent in countries with a high prevalence of high-

impact sports, including football, basketball, and soccer [4]. Additionally, if not treated, osteoarthritis 

can lead to the initiation and progression of osteochondral interface lesions. Due to its avascular and 

hypocellular nature, injuries related to articular cartilage do not heal themselves and require surgical 

treatments, including microfracture, mosaicplasty, and subchondral drilling [2]. Despite reported 

encouraging results, these currently available treatment options seem far from optimal outcomes, 

and therefore, alternative strategies are being investigated [5]. Despite the growing research on the 

osteochondral interface, its pathogenesis and natural history are not fully understood, especially the 

contribution of the selective membrane called tidemark. Engineering the osteochondral interface 

using regenerative approaches has the potential to overcome these limits; however, our recent review 

on the topic demonstrated a need to draw the community's attention to examine the composition and 

structure of the OCI effectively. Therefore, further research must be performed to recapitulate the 

native OCI's structure, composition, and function. In this regard, the trends in research and the most 

impactful studies in the field need to be systematically identified to make plausible recommendations 

for better outcomes. Bibliometric analysis is used to statistically and visually evaluate quantitative 

and qualitative trends in research. This study aims to analyze the scientific publications on the 

osteochondral interface using bibliometric methods to reveal highly cited publications and analyze 

the trends in OCI related area.  
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Material and Methods 

Searching WSCC 

The data was generated by collecting articles from the WSCC on August 25, 2023. The keywords 

are obtained using Medical SubjectHeading terms from Pub Med. The search was designed as 

follows: ((osteochondral interface) [Title]) OR ((osteochondral tissue engineering) [Title]) OR 

((osteochondral regenerative engineering) [Title]) OR ((osteochondral tissue regeneration) [Title]) OR 

(tidemark [Title]) AND Document type (article) AND Period 2000 to 2023. 

Analysis Tools 

VOSviewer as well as Microsoft Excel 2016 were combined for data analysis. VOS viewer is a 

tool used to visualize and analyze bibliometric data. Networks of authors, institutions, countries, co-

occurrence of the keywords, and co-citation of references were all determined using VOSviewer. 

Excel 2016 was used to prepare tables and construct figures. 

Data Extraction 

Two authors independently conducted data extraction, and any differences in findings were 

resolved through discussions. Data were downloaded from the WSCC database, and Microsoft Excel 

2016 and VOSviewer were employed for the analyses. Authors, journals, institutions, countries, total 

citations, and research trends were the parameters considered. 

Results 

Publication Trend 

A total of 225 publications were identified on OCI research included to the database between 

2000 and 2023. The total publications related to OCI increased from 27 between 2000 and 2010 to 79 

between 2015 and 2020. In the years after 2020, 41 articles related to OCI were published. (Figure 1A). 

 

Figure 1. Overview of articles related to osteochondral interface (OCI). (A) Number of articles and 

citations from 2000 to 2023. B) Geographic map showing regional sources of articles. (C) Top 10 

countries where articles were published. (D) Network visualization map showing international 

collaborations investigating OCI. 
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Country Distribution  

The research published in articles was performed in 31 different countries. The USA published 

the most articles (n=61), followed by China (n=55), England (n=19), and Germany (n=18) (Figure 1B 

and C). A total of 22 countries were the home for 2 articles. The network analysis revealed that the 

USA served as the hub of Osteochondral interface research, while China, England, and Germany 

were seen as additional centers (Figure 1D). 

Institution Distribution 

A total of 473 universities or research centers were involved in the extracted publications, with 

the highest contribution coming from the Chinese institutions (Figure 2). The highest ranking 10 

institutions were the University of Minho (Portugal; n=8), Columbia University (USA; n=7), Rice 

University (USA; n=7), Shanghai Jiao Tong University (China; n=7), Nanjing Medical University 

(China; n=6), Sichuan University (China; n=6), University of Kansas (USA; n=6), Fourth Military 

Medical University (China; n=5), University of Connecticut (USA; n=5), and The University of Hong 

Kong (China; n=5) (Figure 2A). Publications from the University of Minho were the most cited, with 

a total of 753 times, followed by Columbia University with 614 citations and the University of Kansas 

with 471 citations (Figure 2B). Regarding co-authorship relationships between institutions, the 

University of Minho has the strongest network (n=37), followed by Columbia University (n=33), 

University of Kansas (n=24), and ICVS/3B's—PT Government Associate Laboratory (n=17) (Figure 

2C). The number of authorship share between institutions is depicted by the thickness of the line 

connecting the institutions.  

 

Figure 2. Highest-impact institutions are publishing on the osteochondral interface. (A) The 10 

institutions with the most articles. (B) The 10 institutions with the most citations. (C) Network 

visualization map showing institutional collaborations related to the osteochondral interface. 

Journal of Publication 

The 225 extracted publications appeared in 118 different journals. The top 25 journals published 

47.5% of the publications (Table 1). The most publishing 5 journals were Acta Biomaterialia, 

Biomaterials, Journal of Tissue Engineering and Regenerative Medicine, Journal of 

BiomedicalMaterials Research-PartA, and TissueEngineering-PartA. The articles published in 

Biomaterials had the highest total citations (n=1129). In contrast, the Journal of Controlled Release 

had the highest mean citations (217, not shown in the table of top 25). The impact factor of the journals 

with greater than 10 publications averaged to 8.44. 
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Table 1. Journals Publishing Most on OCI. 

 

Keywords and Research Clusters 

The co-occurrence network analysis tool analyzed keywords from articles related to the 

osteochondral interface. The number of total occurrences was set at 20, and a total of 15 keywords 

were used and they were classified into 3 different clusters: "Basic research," "articular cartilage," and 

"cell culture." In the primary research cluster, the most frequently seen keywords were "bone," 

"cartilage," "differentiation," "knee," and "regeneration" (Figure 3A). The frequency of "bone" was 

high during the period selected. In the “articular cartilage” cluster, "articular cartilage repair," 

"chondrocytes," "defects," "hydroxyapatite," "in-vitro," and "subchondral bone" were the keywords 

that were most popular. In the cell culture cluster, the most popular keywords were "chondrogenic 

differentiation," "mesenchymal stem cells," "osteochondral," and "osteogenic differentiation.” To 

determine variation in research focus over the period examined, we evaluated the trend of the 

keywords with highest-frequency (Figure 3B). Colors represent the average time in years the 

keywords appeared in articles. For instance, the purple color shows that the keywords appeared 

earlier than the keywords in yellow. This analysis demonstrated that “basic science research” 

attracted more interest early on, which later shifted in favor of “cell culturing”. In recent years, it is 

seen that the shift was toward keywords "mesenchymal stem cells", "osteogenic differentiation" and 

"chondrogenic differentiation". 
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Figure 3. Keyword analysis. (A) Network visualization map showing cluster analysis of keywords 

associated with the osteochondral interface. (B) Network visualization map showing the evolution of 

keyword frequency over time. Colors were assigned according to the average year keywords 

appeared in articles. Basic science research seems to be a more frequent area of focus early on, with a 

shift toward clinical focus in recent years. 

The Most-Cited 100 Publications 

The most highly-cited 100 publications on osteochondral interface appeared between 2000 and 

2023 (Table 2). The largest number of articles published on the topic was between 2011 and 2015 (45 

articles), followed by 2016 and 2020 (26 articles) (Figure 4A). These 100 articles were produced by 

twenty countries. The USA contributed 30 articles, followed by China with 14 articles; Germany with 

12 articles; the UK with 10 articles; Italy with 9 articles; Japan with 8 articles; and Portugal with 7 

articles (Figure 4B). The University of Kansas and Minho contributed 6 articles each to the top 100 

most cited articles, followed by Columbia University, with 5 articles, and Rice University and 

Tsinghua University, with 4 articles each (Figure 4C). The other 23 institutions produced two articles, 

and the remaining institutions produced only one article in the most-cited 100 groups. 

Table 2. The Top 100 Most-Cited Articles on OCI. 
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Figure 4. Analysis of the top 100 most-cited articles on osteochondral interface. (A) Year of 

publication. (B) Distribution of articles by country of origin. (C) Institutions with >2 Articles. 
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The most highly-cited studies were published in 52 journals. Biomaterials was at the top of the 

list, with 12 publications and 1205 citations that was followed by Acta Biomaterialia with the same 

number of articles (771 citations), and Tissue Engineering, which published 6 articles (652 citations) 

(Table 3). 

Table 3. Top Journals Publishing the 100 Most-Cited Articles on OCI. 

 

Concerning authorship in most-cited articles, Detamore and Berkland contributed 5 articles, 

followed by Dormer and Reis. They contributed 4 articles each, followed by Mikos and Martin, who 

had 3 articles each (Table 4). 

Table 4. Top Authors Contributing to the 100 Most-Cited Articles on OCI. 

 

Discussion 

Kroner first reported the osteochondral defect of the patella in 1905 and described in detail by 

HM Coleman in 1948 [6]. The primary function of the cartilage as load-bearing tissue is to resist and 

absorb the load exerted on the joint. Thus, osteochondral defects resulting from diseases, trauma, and 

aging may lead to severe consequences that cannot heal themselves due to their avascular nature.[7] 

We have detected significant interest in osteochondral interface-related research. This study reports 

the first bibliometric analysis of osteochondral literature to demonstrate OCI-related research data 

over time and to determine the articles with the highest impact. 
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Publication Trends in the Osteochondral Interface Research  

Recently, the number of osteochondral interface-related articles has increased rapidly. The 

articles originated from 31 countries, with the highest contribution coming from the USA. This can 

be due to high prevalence of osteochondral defects in the United States. Concerning institutional 

contributions, the University of Minho (Portugal) produced the most articles and topped the list of 

total citations. Analysis of joint work between countries and institutions showed a regional cluster 

formation. However, despite the geographic separation, the highest frequency of collaborations 

occurred between China and the United States. England also significantly contributed to the OCI 

research, ranking number 3 after China. In addition, Actabiomaterilia, Biomaterials, Tissue 

Engineering, Journal of Controlled Release, and Tissue Engineering Part A published the most 

articles on the osteochondral interface. 

Research Focus 

Our analysis determined that articular cartilage, biomaterials, and chondrogenic differentiation 

were the cluster centers. Essential science keywords were seen more frequently at the beginning, with 

more focus on in-vitro investigation keywords later. In this regard, keywords used more frequently 

in earlier included mesenchymal stem cells, scaffolds, differentiations, and design.  

The Most Impactful Publications 

The study with the most citations was "Novel hydroxyapatite/chitosan bilayered scaffold for 

osteochondral tissue-engineering applications: Scaffold design and its performance when seeded 

with goat bone marrow stromal cells," authored by Joaquim M. Oliveira et al. in 2006 [8]. In this 

article, the authors aimed at evaluating hydroxyapatite / chitosan (HA / CS) bi-layered construct, and 

goat marrow stromal cells were tested for their differentiation capacity on these scaffolds. It was 

demonstrated that the scaffold may provide an adequate environment for the regeneration of 

osteochondral defects.  

The earliest publication in 100 most-cited list was authored by Jizong Gao et al. in 2001 and titled 

"Tissue-Engineered Fabrication of an Osteochondral Composite Graft Using Rat Bone Marrow-

Derived Mesenchymal Stem Cells" [9]. These researchers demonstrated the possibility of constructing 

a tissue-engineered composite osteochondral graft using MSCs, biomaterials and biofactors.  

The latest publication in the list of top 100 most-cited was authored by Chong Wang et al. in 

2020. It was titled "Cryogenic 3D Printing of Heterogeneous Scaffolds with Gradient Mechanical 

Strengths and Spatial Delivery of Osteogenic Peptide/TGF-β1 for Osteochondral Tissue 

Regeneration" [10]. These investigators found that osteochondral scaffolds obtained gradient rBMSC 

osteogenic/chondrogenic differentiation.  

Limitations 

In this study, there may be impactful articles in other databases excluded from our study. 

Second, the most recent date of publication was August 25, 2023. Although the numbers are unlikely 

to differ dramatically since then, the findings are subject to change slightly.    

Conclusions 

Findings revealed that research efforts on the OC interface have dramatically increased in the 

last 23 years, despite limited success in the field. Our search results indicated that only 225 papers 

have been published in this field, with the specified keywords, between 2000 and 2023. 

Characterization of the OC interface, designing biomimetic biomaterials, and applying these to 

regenerate the OC interface appear to be the priorities on this topic. This bibliometric analysis is 

expected to serve as a helpful guide for clinicians and researchers in portraying the most impactful 

literature in the field. 
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