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ABSTRACT

Articular cartilage lesions are a frequently encountered pathology during arthroscopic procedures and present a
significant challenge. The purpose of this study was to conduct a bibliometric analysis to identify the 50 most cited
clinical publications on treatments for cartilage surgery from the past decade, providing an updated overview of
influential research and emerging trends in treatment strategies. A literature search was performed in October 2025
using the search terms of “cartilage treatment” OR “cartilage surgery” OR “cartilage repair” were used and filtered to
include only those published between 2015 through 2025. The 50 most cited articles were identified and independently
reviewed by two authors. Methodological quality was assessed using the Modified Coleman Score, and randomized
controlled trials (RCTs) were evaluated using the Revised Tool for Risk of Bias in Randomized Trials (RoB 2.0) tool.
A total of 21,640 articles were identified in the initial search. The 50 most cited articles were published between January
2015 and January 2021 and had 6407 total citations (mean+standard deviation, 128.1+63.2) (range, 73-366). Study
designs of most cited articles included case series (n=26 studies, 52%), RCTs (n=12 studies, 24%), and cohort (n=12
studies, 24%) designs. The mean modified Coleman was 68.0+8.8 (range, 53-85). The journals publishing the most
cited articles were the American Journal of Sports Medicine and Cartilage. High-impact cartilage research has shifted
toward MSC-based therapies, surpassing ACI/MACI, while overall methodological quality continues to improve.

Keywords: Cartilage repair, Bibliometric analysis, Autologous chondrocyte implantation, Mesenchymal stem cells,
Osteochondral allograft, Cartilage surgery

INTRODUCTION

Articular cartilage lesions are frequently observed and
commonly encountered during arthroscopy procedures.
Despite their common occurrence, treatment of these
lesions presents a challenge in orthopaedics.! The
avascular nature of cartilage coupled with the limited
proliferative potential of its chondrocytes and an inability

to recruit extrinsic repair cells, leads to an insufficient
spontaneous repair response and complicates restoration of
lesion or damage to the structure.’® While definitive
treatment has yet to be established, failure to address
cartilage lesions has been associated with worse
outcomes.* The progression of these lesions emphasizes
the importance of timely intervention. The lack of a
universally accepted gold standard of treatment over the
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past several decades has driven substantial research into
this topic.>® Numerous cartilage repair interventions such
as autologous chondrocyte implantation (ACI),
subchondral marrow stimulation, mesenchymal stem cells
(MSCs) osteochondral autograft transplantation (OAT),
and osteochondral allograft (OCA) transplantation, have
been developed to address cartilage defects.”'* Given the
differing techniques and investigation of each treatment's
efficacy, it is important to explore the most impactful
studies that seek to manage cartilage lesions.'%!!

Bibliometric analysis provides a quantitative approach to
explore the influence of scientific literature.'> Within
orthopaedics, bibliometric analyses have been used to
identify the most influential clinical publications and are
able to track evolving research trends.'® These analyses use
of citation counts offer a reliable metric that highlights past
and current trends of a particular topic.!” Using this type of
analysis enables a better understanding of cartilage
treatment development and the identification of the current
most influential clinical articles. While previous studies
have examined the totality of the clinical cartilage
literature, to our knowledge no study has characterized
recent literary trends in this rapidly evolving topic.'”'® Due
to the complexity and prevalence of articular cartilage
lesions, it is important to understand the available
treatment options and the most current literature. Previous
research has compiled the most cited articles on this topic,
but few have updated these findings to reflect the most
recent literature. Therefore, the purpose of this study was
to conduct a bibliometric approach to identify the 50 most
cited clinical publications on treatments for cartilage
surgery from the past decade, providing an updated
overview of influential research and emerging trends in
treatment strategies.

METHODS

A literature search was performed in October 2025 for
clinical studies on cartilage surgery and eligible articles
were found using the Scopus, PubMed, and Web of
Science databases. The terms utilized in the literature
search were “cartilage treatment” OR “cartilage surgery”
OR “cartilage repair” and filtered to include only those
published between 2015 through 2025. All studies were
then downloaded and placed into Microsoft Excel
(Microsoft  Excel, Version 16.100.4, Microsoft
Corporation, Redmond, WA). Data was then sorted in
descending order according to total number of citations
and screened using the criteria of (1) relevance to cartilage
lesions, (2) inclusion of treatment by procedural
intervention (3) reporting of patient follow-up data post-
treatment. Inclusion criteria consisted of original research
published on cartilage surgery. Studies were excluded if
they were review articles, book chapters, retracted articles,
errata, books, short surveys, editorials, and non-peer-
reviewed content. Screening was performed until the top
50 most cited articles were found. Data extraction was
performed by MM and OO and included the following: the
total number of citations, citation density (per year),

authors, institution, country of origin, year publication,
journal of publication, number of patients, type of cartilage
technique utilized, mean follow up period, number of
patients, and study design. The literature search, article
screening, and data extraction were performed
independently by MM and OO. A third author JC was
available for review and discussion in the case of conflicts
until consensus had been met.

Quality of evidence assessment

The quality of each eligible study’s methodology was
assessed using the Modified Coleman Score, which was
completed by authors MM and OO.'° A third author, JC.
was available in the case of discrepancies, which did not
arise. If the study was a randomized controlled trials
(RCT) the RoB 2.0 tool (Revised Tool for Risk of Bias in
Randomized Trails) was used to evaluate the

methodological quality of each study (Figure 1).2°
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Figure 1: Risk of bias assessment using Cochrane risk
of bias tool 2.0 for randomized controlled trials.

Statistical analysis

RStudio (RStudio, PBC, Boston, MA) was used for all
statistical analyses. Citation density was calculated by
finding the total number of citations and dividing them by
the number of years since publication. A p-value <0.05
was considered statistically significant in the present
study.

RESULTS

A total 0f 21,640 articles were identified from the PubMed,
Scopus, and Web of Science databases published from
2015-2025 (Figure 2). Following article screening, the top
50 most cited articles were then identified with publication
dates ranging from January 2015 to January 2021 (Table
1). In total, the Top 50 articles were cited a total of 6407
times (meantstandard deviation, 128.1463.2) (median,
IQR, 102, 81.0-156.8) (range, 73-366). Citation density,
calculated as the number of citations per year of
publication, ranged from 7.7 to 40.67 (mean, 16.2+7.5)
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citations per year. The most cited years by citation count 16
were 2016 (15 citations), 2015 (10 citations), and 2017 (8 14
citations), while there were no studies included in the years 12
2022-2025. Importantly, 2025 was only aggregated from 10

the first nine months of the year as the search was

8
conducted in late September 2025. 6
4
2
PubMED, Web of Science, and Scopus were 0 . .

searched

21640 articles were identified
2015 2016 2017 2018 2019 2020 2021

Year of Publication

mRCT mProspective Cohot  m Retrospective cohort

Articles were sorted in descending order mComparative Study  wCase Series/Case Report

according to the number of times cited and
searched untilthe top 50 most cited and meeting
inclusion ertera were dentified Figure 3: Number of 50 most cited articles by study

design.

1380 articles were searched

The most common study designs of the selected articles
A R————— were case series (n=26 studies, 52%), RCTs (n=12 studies,

crteria wereidentified 24%), and cohort (n=12 studies, 24%) (Figure 3). The
mean modified Coleman score for the selected articles was
68.0+8.8 (range, 53-85). The most productive year of most
cited publications was 2016 (n=15 studies, 30%), while
least productive years were 2022-2025 (Figure 4).

Figure 2: PRISMA flow chart.

Table 1: The 50 most-cited publications (2015-2025) on cartilage surgery.

. Times Citation

Rank Article cited density

1 Stem cells translational medicine’ 366 40.7 54
2 Arthritis research and therapy® 280 31.1 69
3 Arthros;opy: the journal of arthroscopic and related 236 262 64

surgery

4 American journal of sports medicine®® 231 33.0 78
5 Lancet® 216 24.0 57
6 Stem cell research and therapy>° 212 35.3 72
7 Journal of bone and joint surgery America®' 209 23.2 79
8 Stem cells* 208 26.0 57
9 Clinical orthopedics and related research®? 189 18.9 61
10 American journal of sports medicine* 170 18.9 71
11 International journal of rheumatic diseases>” 169 18.8 60
12 Cartilage’® 157 15.7 62
13 The knee®’ 157 17.4 56
14 Stem cells translational medicine3® 156 17.3 68
15 Cartilage® 156 15.6 76
16 International orthopedics*’ 149 18.6 70
17 International orthopedics*! 148 24.7 64
18 American journal of sports medicine*? 140 17.5 83
19 American journal of sports medicine* 135 19.3 78
20 Stem cells* 117 14.6 62
21 Knee surgery, sports traumatology, arthroscopy* 107 13.4 65
22 American journal of sports medicine*® 104 13 81
23 Knee surgery, sports traumatology, arthroscopy?® 104 11.6 57
24 American journal of sports medicine*’ 102 10.2 67
25 NPJ regenerative medicine*® 102 17.0 60
26 Human gene therapy clinical development® 102 14.6 77

Continued.
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Rank  Article T.imes Citat‘ion Coleman
cited density score
27 Arthrossci)opy: the journal of arthroscopic and related 101 1.2 63
surgery
28 American journal of sports medicine’! 97 9.7 72
29 The knee> 97 9.7 53
30 American journal of sports medicine® 94 11.8 64
31 Orthopedics journal of sports medicine>* 89 14.8 66
32 American journal of sports medicine® 89 11.1 85
33 American journal of sports medicine®® 89 9.8 72
34 Osteoarthritis and cartilage®’ 88 9.7 70
35 Bone and joint journal®® 87 8.7 64
36 Journal of gene medicine™ 85 10.6 58
37 American journal of sports medicine® 84 14.0 65
38 Regenerative therapy®! 80 13.3 58
39 Cartilage®? 79 11.2 67
40 Cartilage® 79 7.9 80
41 Cartilage® 78 7.8 82
42 Knee surgery, sports traumatology, arthroscopy® 77 7.7 72
43 Orthopedics journal of sports medicine®® 76 12.6 81
44 International journal of orthopedics®’ 75 8.3 61
45 Cartilage®® 74 18.5 67
46 Orthopedics journal of sports medicine® 74 18.5 79
47 Cartilage’® 74 14.8 82
48 American journal of sports medicine’! 73 14.6 55
49 American journal of sports medicine’? 73 10.4 66
50 Journal of orthopedics and traumatology?! 73 8.1 68

Table 2: Characteristics of journals publishing the top 50 cited studies in cartilage research 2015-2025.

No. of articles Mean citation Total number of Mean Coleman

— (%) density citations score
American journal of sports medicine 13 (26) 14.9 1481 72.1
Cartilage 7 (14) 13.1 697 73.7
Arthroscopy: the journal of

arthroscopic and related surgery 24 18.7 337 63.5
Knee surgery, sports traumatology, 3(6) 10.9 288 64.7
arthroscopy

International orthopedics 3 (6) 17.2 372 65.0
The knee 2(4) 13.6 254 54.5
ggil;(c)i[:idlcs journal of sports 3(6) 15.3 239 753
Stem cells 2 (4) 20.3 325 59.5
Stem cells translational medicine 2 (4) 29.0 522 61.0
Arthritis research and therapy 1(2) 31.1 280 69.0
Bone and joint journal 1(2) 8.7 87 64.0
Clinical orthopedics and related 12) 18.9 189 61.0
research

Human gene therapy clinical 12) 14.6 102 77.0
development

Il‘lternatlon journal of rheumatic 12) 18.8 169 60.0
diseases

iomu:;liitlof bone and joint surgery 12) 232 209 790
Journal of gene medicine 1(2) 10.6 85 58.0
Lancet 1(2) 24.0 216 57.0

Continued.
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Mean citation Total number of Mean Coleman

No. of articles

Journal . o g:
density citations score

NPJ regenerative medicine 1(2) 17.0 102 60.0
Osteoarthritis and cartilage 1(2) 9.7 88 70.0
Regenerative therapy 1(2) 13.3 79 58.0
Stem cells research and therapy 1(2) 353 212 72.0
Journal of orthopedics and 12) 81 73 63.0
traumatology

The journals where the most cited articles most frequently
appeared were American Journal of Sports Medicine (n=
13 studies, 26%) and Cartilage (n=7 studies, 14%) (Table
2). The most cited article was published in Stem Cells
Translational Medicine while the least cited article was
published in Journal of Orthopaedics and Traumatology.”

21
8
6
4
z ]
: i i

2015 2016 2017 2018 2019 2020 2021
Year of Publication

Figure 4: Number of 50 most cited articles per year of
publication.

Authorship was divided among home institutions from 17
different countries spanning over 5 continents. The
countries contributing the most articles were the United
States (n=9 articles, 18%), Italy (n=7 articles, 14%), and
Republic of Korea (n=6 articles, 12%).

Table 3: Techniques of the top 50 cited studies in
cartilage research 2015-2025.

Type of cartilage Techniques investigated in
procedure articles (%)

MSC 18 (35)

MACI/ACI 13 (25)

OCA 8 (15)

OAT 4(7)

Microfracture 3(6)

Other 6 (12)

The institutions with the most contributed articles were
Department of Orthopaedic Surgery, Scripps Clinic (n=4
articles, 8%), Rush University Medical Centre (n=3, 6%),
and Department of Orthopaedic Surgery, Yonsei Sarang
Hospital (n=3 articles, 6%). Authors such as Dr. Alberto
Gobbi (n=4 articles, 8%), Dr. Brian Cole (n=3, 6%) Dr.
Yong-Sang Kim (n=3 articles, 6%), and Chul-Won Ha (n
=3 articles, 6%) contributed the most selected articles out

of the top 50 most cited cartilage research papers over the
last decade. The most frequently cited treatments reported
on by the selected articles were MSC (n=18 articles, 36%),
(MACI/ACI) (n=13 articles, 25%), and OCA (n=8 articles,
16%) (Table 3). The anatomical regions of interest most
frequently focused on included knee (n=46, 92%), ankle (n
=2 articles, 4%), knee and ankle (n=1 articles, 2%), and
hip (n=1 article, 2%).

DISCUSSION

The findings of this analysis of the current trends in
cartilage repair research from 2015-2025 lend insight into
several important findings. Case series/case reports (52%),
RCTs (24%), and cohort studies (24%) were the most
frequent studies included in the analysis, indicating many
of the most influential articles in cartilage repair are lower
levels of evidence. MSC (36%) and cell-based cartilage
repair techniques, such as ACI/MACI (25%) and were the
most frequently investigated repair techniques. The United
States, Italy, and the Republic of Korea were the countries
that had the greatest number of articles included in this
study. Articles published in 2016 accrued the most
citations, followed by 2015 and 2017, respectively.
Despite searching for articles published through 2025,
none of the top 50 most cited articles were published in the
past 3 years. Lastly, the American Journal of Sports
Medicine (26%) was the journal that published the most
papers on cartilage repair studies.

The majority of studies included in the Top 50 were case
series or reports, which suggests that some of the most
influential literature in cartilage repair consists of lower
levels of evidence. The modified Coleman score was
utilized to determine the methodological quality of the
selected articles. The mean modified Coleman score for
the Top 50 was 68.0, which is higher than previously
reported (68.0 vs. 61.0).'® However, Franceschini et al did
describe a trend of 14 of their more recent papers in their
study having higher modified Coleman scores of 71.0.'8
Given the articles included in the present study are more
recently published, they follow this trend, which
emphasizes that methodological quality and study design
have been improving with time, regardless of the level of
evidence.

Previous studies have indicated that cell-based cartilage
techniques, such as ACI/MACI, are effective and have
continued to grow in clinical use, frequently appearing in
the top cited literature.'® The findings of the present study
are broadly consistent with these trends but reveal a
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notable shift in research focus. Specifically, MSC based
studies have surpassed ACI/MACI as the most frequently
cited technique within the top 50 articles over the past
decade. MSCs have been increasing in prominence,
perhaps due the generally less invasive mode of
application, via intra-articular injection or mini
arthrotomy, and the possible benefit of cartilage
regeneration, as opposed to OAT or OAC, where
previously matured tissue is transferred to the recipient.??
In fact, the top three most cited articles in this study were
investigating the use of stem cells and accounted for 8§82
times cited. These findings underscore the academic and
clinical interests in biological augmentation using MSCs
and suggest that future research is heading more into this
direction and away from structural restoration alone, such
as OAT and OAC, and even further away from previous
first line techniques, such as microfracture.”-?324

Similarly, there have been other shifts in the frequency of
techniques discussed in the 50 most cited papers from the
past 10 years when compared with previous bibliometric
analyses. Whereas Franceschini et al found microfracture
and OAT to be the second and third, most cited techniques,
respectively, the past ten years of literature have
investigated the use of ACI/MACI and OCA more
frequently than microfracture and OAT."® The distribution
of publication by country is similar as previously
described, with the United States (n=9) the top countries
publishing research on cartilage repair, however, Italy (n=
7) and the Republic of Korea (n= 6) were second and third,
respectively. These findings suggest that interest and
influence of cartilage repair techniques have only been
increasing globally, and future findings will be from a
global community as opposed to only a few countries
alone.

Based on the findings of the present study, future cartilage
research may take place globally, as technology has made
the dissemination of information and techniques less
difficult to pursue and learn. MSC transplantation has seen
increased interest, likely due to its biologic regenerative
possibilities. ACI/MACI currently remains an area of
intense interest for cartilage repair, however, future
research in this area of cartilage research may purse
acellular based scaffolds, as can be seen in Christensen et
al’s study, which investigated an acellular scaffold
consisting of type I collagen and hydroxyapatite, but led to
poor results.2?” Despite these poor results, this is a newer
subject of cartilage research and there is ample opportunity
to improve. More broadly, there has been significant
improvement in the quality of studies; however, more
RCTs are needed for both ACI/MACI and MSCs to
determine the efficacy, long-term outcomes, and safety of
these cartilage repair techniques.

Limitations

This study is not without limitations. First, many of the
studies included in analysis are not of the highest quality
and a majority are level IV evidence, while a minority are
Level I or II. Additionally, this study investigated the years

of 2015-2025, however, there were no articles included
from the years 2022-2025. This is likely due to
chronological bias as articles gain citation counts with
time. Although citation density was applied to mitigate this
bias, based on the included articles, there is still bias
present. Another limitation is due to a lack of long-term
follow-up in many of the included studies, which may be
due to overcrowding by other studies which investigate
more novel techniques.

CONCLUSION

This bibliometric review demonstrates a shift in high-
impact cartilage research toward MSC-based therapies,
which now surpass ACI/MACI as the most frequently
cited techniques. Although lower-level evidence still
predominates, overall methodological quality of cartilage
research is improving.
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