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Abstract: This study aimed to improve Knee Osteoarthritis (KOA) therapy by evaluating the knowledge framework
and investigating research trends in inflammatory mechanisms. Conducting a thorough search on July 31, 2023,
using the Science Citation Index Expanded of the Web of Science Core Collection, we identified 1,083 articles
authored by 6,159 individuals from 3,610 institutions across 299 countries. China led in productivity with 377
papers, followed by the United States (253) and Japan (60). The University of California System (20 publications),
Guangzhou University of Science and Technology (19), Duke University (18), and Shanghai Jiao Tong University
(18) were the top institutions. Notably, the USA and Southern Medical University China held significant centrality in
countries and institutions, respectively. Among 1,084 co-occurring keywords, “expression”, “rheumatoid arthritis”,
“articular cartilage”, “F kappa b”, and “Synovial fluid” emerged as highly correlated topics. Analyzing inflammatory
mechanisms in KOA through visualization tools offers insights into the knowledge framework, aiding in identifying
future trends for better pain control. The study employed CiteSpace, VOS Viewer, and Tableau to analyze research
hotspots and frontiers in inflammation mechanisms in KOA. It focused on essential signaling pathways in articular
cartilage, synovial membrane, subchondral bone, and synovial fluids of OA patients and animal models, along with
potential therapeutic reagents. Future exploration of the interaction between mechanisms can elucidate key factors
in different pathways and the efficacy of injection therapy on inflammation.

Keywords: Knee osteoarthritis (KOA), hot spots, knowledge framework, inflammatory mechanisms, trigonometric
analysis

Introduction

Knee osteoarthritis (KOA) poses a significant
health challenge as a prevalent chronic degen-
erative disease, impacting a substantial hum-
ber of individuals. The hallmark symptoms of
KOA, including joint pain, numbness, ankylosis,
and dysfunction, underscore the need for com-
prehensive research and therapeutic strate-
gies. Beyond the observable symptoms, KOA
can lead to progressive damage to both carti-
lage and underlying bones, accompanied by
the formation of new tissues in the joint, ulti-
mately reducing the joint cavity [1].

Understanding the pathogenesis of osteoar-
thritis (OA) is crucial for developing effective
interventions. OA is characterized by a gradual
decline in extracellular matrix (ECM) proteins

and an increased proliferation of synovial cells
[2]. The intricate interplay between proinflam-
matory and anti-inflammatory mediators plays
a pivotal role in the progression of OA, fostering
a state of low-grade inflammation. This inflam-
matory milieu significantly contributes to the
degradation of cartilage, remodeling of bone,
and proliferation of synovial tissue [3].

The inflammatory cascade in OA initiates within
the synovial membrane, where humoral and
cellular mediators activate the immune system.
Central to this process are “Damage-associat-
ed molecular patterns” (DAMPs), fragments
released into the joint space during cartilage
degradation. DAMPs stimulate the production
of inflammatory mediators by synovial fibro-
blasts and macrophages, creating a detrimen-
tal loop as articular cartilage chondrocytes
respond by producing metalloproteinases [4].
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The disruption of knee cartilage metabolism
due to an imbalance in OA-related inflammatory
cytokines poses a threat to the normal struc-
ture of the knee joint. Despite the prevalence
and impact of KOA, the exact etiology re-
mains unknown, prompting research endeav-
ors aimed at early detection, diagnosis, and
treatment. Current efforts focus on identifying
biomarkers in patients’ peripheral blood or
bodily fluids to facilitate timely intervention [5].

Several markers, including IL-6, IL-13, and INF-
a, have been identified for early OA diagnosis
[6-8]. A study by Erma et al. highlighted the
potential use of COP M in serum as a biological
marker for early KOA diagnosis [9]. How-
ever, current focus primarily revolves around
conventional therapies for OA, mainly centered
around symptomatic pain management, with-
out addressing cartilage regeneration or atten-
uation of joint inflammatory factors and signal-
ing pathways associated with KOA severity.

While inflammatory mechanisms in KOA have
gained attention, there’s a lack of published
bibliometric reports analyzing corresponding
scientific data to summarize development pro-
cesses, research hotspots, and useful trends.
While biomarkers and diagnostic tools are cru-
cial, a deeper mechanistic understanding of
inflammation in OA pathogenesis is imperative.
Current research primarily emphasizes conven-
tional therapies centered around symptomatic
pain management. However, these approaches
fall short in addressing the regeneration of
degenerated cartilage and the attenuation of
joint inflammatory factors and signaling path-
ways associated with the severity of KOA
lesions.

In this context, unraveling the complexities of
inflammatory mechanisms in KOA is para-
mount. Although the research landscape has
seen an increased focus on biomarkers, there
remains a significant gap in understanding the
broader mechanistic underpinnings. A compre-
hensive exploration of the inflammatory pro-
cesses at play in KOA provides a foundation for
developing targeted therapies that not only
manage symptoms but also promote cartilage
repair through matrix synthesis.

Bibliometric analysis, a widely adopted meth-
od, was employed in this article to identify and
visualize scientific literature on inflammatory
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mechanisms in KOA. Therefore, this study
employs a bibliometric approach to delve into
the scientific literature on inflammatory mecha-
nisms in KOA. By analyzing research trends,
hotspots, and key contributors in this domain,
we aim to contribute new insights that extend
beyond the diagnostic realm, fostering a deep-
er understanding of the mechanistic intricacies
of KOA and paving the way for more effective
interventions.

Material and methods
Subjects

For this study, bibliometric analysis was con-
ducted using the Core Collection of the Web of
Science (WOSCC), which is widely regarded as
the optimal data source for bibliometrics. The
search formula was set to TS = (Knee
Osteoarthritis OR KOA) and TS = (inflammatory
mechanisms) up until July 31, 2023, with the
language limited to English. Only original arti-
cles and reviews were included as publication
types, while papers from proceedings, letters,
editorials, meeting abstracts, news reports,
corrections, early access, retracted publica-
tions, repeated papers, and non-English litera-
ture were excluded.

In the final analysis, a total of 1083 records
were identified. Only English original articles
and reviews were considered for this study. Two
authors, YC and FH, independently selected
and recorded the data. Any disagreements
were thoroughly discussed until a consensus
was reached.

The document data was saved in plain text for-
mat, consisting of full records and cited refer-
ences, using the WOSCC platform. Before
importing the data into CiteSpace, some prepa-
ratory work was required. A new folder was cre-
ated, containing four sub-folders named input,
output, data, and project. The file previously
exported from WoSCC was saved in the input
folder and named “download_**.txt” in a for-
mat recognized by CiteSpace, where ** repre-
sents the corresponding number.

Next, CiteSpace and VOS viewer were opened
to perform data format conversion, deduplica-
tion, visualization, and other necessary opera-
tions. Relevant data were collected and record-
ed in Microsoft Excel for further analysis. A lit-
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erature analysis based on WoSCC was conduct-
ed to summarize general information regarding
the distribution of publication years, journals,
organizations, authors, and research fields.
The ranking was determined using the Standard
Competition Ranking method.

Subsequently, bibliometric analysis and net-
work visualization were performed using
CiteSpace V 6.2.R4, Tableau, and VOS viewer
version 1.6.16 software.

Bibliometric analysis and visualization

This analysis included identifying the top
authors, keywords, research cooperation rela-
tionships, and co-citation network analysis of
references.

To explore the basic features of eligible litera-
ture, WOSCC was used to analyze the number
of literates and corresponding citations. Web
of Science (https://wcs.webofknowledge.com)
was utilized to analyze the search results and
generate a histogram illustrating the publica-
tion trend. The H-index, which measures the
impact of scientific research based on the num-
ber of papers published by a scholar, was also
employed.

By conducting bibliometric visualized analysis,
we obtained insights into the current research
basis, cutting-edge knowledge, and research
trends related to the inflammatory mechanisms
of Knee Osteoarthritis (KOA). The world map
showing co-countries was created using
Tableau software. Additionally, a time curve
illustrating the publications and citations of the
articles we researched was generated.

Citespace software [10], developed by Pro-
fessor Chen, was used for bibliometric analysis
to analyze trends and patterns in the identified
publications. CiteSpace V 6.2.R4 was specifi-
cally utilized for detecting and visualizing co-
journal, institution, reference, and keywords
citation burst analysis. In the co-citation maps,
different elements were represented by points,
with the size of the points indicating the num-
ber of citations received by the publications.
The lines connecting the points represented
co-citation relationships. Different colors of the
points and lines denoted different clusters or
years. The size and color of the nodes indicated
the frequency of appearance or citation, with
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circles of different colors representing the
years 1993 to 2023 from the inside to the out-
side of the nodes. Additionally, lines between
the nodes represented cooperation co-occur-
rence or co-citation relationships. The size of
the circle represented centrality, with nodes
having high centrality considered pivotal or key
points in a specific field.

The parameters for Citespace were set as fol-
lows: the time range was from 1993 to 2023,
with 5 years per slice. All options in the term
source were selected, and one node type was
chosen at a time. The selection criteria used
the top 50%, while the g index (k=1) and prun-
ing (pathfinder and pruning sliced networks)
were applied. To ensure accuracy in the analy-
sis of cited journals, institutions, and referenc-
es, the software merged the same names with
different spellings. For the analysis of keyword
burst detection, the “Keywords” category was
selected as the Node Type, and nonsensical
words were removed. The top 15 keywords with
the strongest citation bursts were identified
and presented through clustering.

Furthermore, for the co-citation analysis of key-
words and authors, this study utilized the VOS
viewer software to perform a detailed analysis
[11]. VOS viewer, developed by Eck and
Waltman from Leiden University in 2009, is
widely used for constructing scientometrics
networks and visualizing knowledge maps. It
offers a more concise view of international col-
laboration strength compared to CiteSpace,
providing greater clarity in presenting nodes
and links. The import studies were retrieved
from WOSCC and analyzed using VOS viewer
1.6.16, employing the full counting method,
which assigns the same weight to each co-cita-
tion link or co-occurrence. In the analysis of
productive co-authors, a minimum of 1 docu-
ment per author was set, while in the analysis
of co-occurring keywords, a minimum of 5 cita-
tions per source was required. The detailed
search strategy is presented in Figure 1.

Results
Annual publications

Based on the search criteria, a total of 1083
literatures were collected from the years 1993
to 2023. After excluding non-English litera-
tures, the number was reduced to 1193.
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1143 articles retrieved from Web of Science
Core Collection (Search period to 31 July 2023)

first in both frequency and
centrality. The journal has
been cited by 915 records

articles were excluded: from other top journals, and
Non-English articles. an article titled “Osteoarthri-
1126 articles Identified tis” has been cited 963 times
articles were excluded: [12].
1. Proceeding paper(14)
2. Early access(14) Distribution of countries and
1083 articles retrieved: 3. Editoral material(6) institutions
article(870)review(245) 4. Book chapters(4)
5. Retracted publication(3) In Figure 3, it’'s evident that
A 6. Le?tefﬂ) China’s publications boast the
Visualization and analysis (Citespace, Mg s highest total citation frequen-

VOS viewer, Talbeau software)

Figure 1. The topic search strategies.

Further excluding meeting abstracts, proceed-
ings papers, correction book chapters, and
retracted publications, 154 literatures were
identified. As depicted in Figure 2, the global
literature trend has been steadily increasing
year by year. The number of literatures has
risen from 15 in 1993 to 77 in 2023. The total
number of times these literatures have been
cited is 30539, with an average of 28.2 cita-
tions per item. The h-index, which measures
the impact of research, is 78. The increasing
trend in publication numbers indicates that the
inflammatory mechanisms of KOA have gar-
nered more attention, leading to a greater num-
ber of studies focusing on this area in recent
years.

Analysis of journals and cited journals

Table 1 presents the top 12 journals that have
published articles on the inflammatory mecha-
nisms of KOA. These journals have an average
impact factor (IF) of 7, indicating their influence
inthe field. Amongthese journals, Osteoarthritis
and Cartilage stands out as the most produc-
tive, with a total of 60 articles. Following closely
is Arthritis Research Therapy, with 36 articles.
Table 2 displays a cited journal map generated
by CiteSpace, which combines cavitation and
centrality. The map consists of 116 represent-
ed journals represented as nodes, with links
indicating cavitation relationships between
them. The purple ring in the map signifies the
centrality of the literature, highlighting nodes
that hold significant importance in the field. In
this case, Osteoarthritis and Cartilage ranks
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cies. A total of 299 countries/

regions have contributed to

literature in this field, with

China leading in paper publi-

cations (377), followed by the
USA (253), Japan (60), Italy (64), and England
(54) as outlined in Table 3. To anticipate the
future global literature trend, a logistic regres-
sion model plotted a time curve of literate num-
bers, suggesting an escalating focus on macro-
phages associated with OA. Notably, the USA
emerges as the country with the highest
centrality.

The comprehensive study on inflammatory
mechanisms for KOA, involving 3610 institu-
tions, pinpointed the University of California
System, Guangzhou University of Science
Technology, Duke University, Shanghai Jiao
Tong University, and the University of Not-
tingham as the top 5 institutions (Table 4).
Remarkably, Guangzhou University of Science
& Technology not only led in prolificacy but also
in total count, indicating its significant role.
Furthermore, the top 3 centrality institutions
included Southern Medical University China,
Nanjing Medical University, and the University
of Sydney. This underscores the current empha-
sis on KOA research by institutions in Australia,
the USA, and China, as discerned from both
publications and centrality metrics.

Analysis of authors

In Figure 4, the analysis of authors revealed
180 nodes and 348 links, portraying the col-
laborative landscape among 6159 authors.
This map aims to highlight prolific authors and
their collaboration closeness, offering insights
into influential research groups and potential
collaborators. The top 5 authors, Klaus VB, Li X,
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A Number Publications

40

Citations

Figure 2. A. The annual number of publications on inflammatory mechanisms for KOA between 1993 to 2023. B.
The annual citations of publications on inflammatory mechanisms for KOA between 1993 to 2023.

Table 1. Top 12 scholarly journals related to KOA

Rank Publications  Journal IF (2023)/JCR area
1 60 Osteoarthritis and cartilage 7.0/Q1

2 36 Arthritis research therapy 4.9/01

3 30 International journal of molecular sciences 5.6/Q1

4 24 Journal of orthopedics research 2.8/Q2

5 20 Frontiers in pharmacology 5.6/Q1

6 17 International psychopharmacology 5.6/Q1

7 15 Scientific reports 4.6/Q2

8 14 Experimental and therapeutic medicine 2.7/Q4

9 13 BM musculoskeletal disorders 2.3/Q3

10 13 Evidence based complementary and alternative medicine 2.6/Q3

11 13 Journal of orthopedics surgery and research 2.6/Q2

12 13 Lops one 3.7/Q2
Table 2. Top 3 frequency and centrality of cited journals related to KOA

Rank Cited Journal Frequency Rank Cited Journal Centrality
1 Osteoarthritis and cartilage 915 1 Osteoarthritis and cartilage 0.71

2 Arthritis rheumatology-us 695 2 Int mewl sci 0.14

3 Annals of the rheumatic diseases 683 3 Nature 0.11

Wang Y, Li J, and Bhang Y (Table 5), showcased
Klaus VB from Duke University, USA, as the
most prolific with 14 articles, delving into
Synovial fluid, ILARN, Diet-induced, cozineal,
Mitochondrion sulfate, lipo poly, saccharide-
mediated, and Post-Traumatic Arthritis.

Despite the high author count, the collabora-
tion links suggest a need for closer cooperation
among authors to yield more high-quality arti-
cles. Notably, Goldring MB led in citation counts
(191), trailed by Loeser RF (162), Felson DT
(158), Hunter DJ (158), and Berenbaum F (125)
(Table 5). Their impactful work focused on
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inflammatory mechanisms in KOA. Goldring
MB, from Cornell University, USA, explored OA
in inflammation, including meniscus and synovi-
um-produced molecules [13], articular carti-
lage degradation [14], CITED2 and IL-4 [15],
chondrogenesis, chondrocyte differentiation,
and articular cartilage metabolism [16]. Loeser
RF, a professor at the University of North
Carolina, emphasized age, biological sex, and
pain in mouse models to mimic human OA,
deepening our understanding of KOA mecha-
nisms. His top-cited article reviews current
studies for a better understanding of OA patho-
genesis and effective therapeutic strategies,
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Figure 3. The number of published countries on inflammatory mechanisms for KOA.

Table 3. Top 5 publication and centrality of cited journals analyze cited references. According to
related on KOA the analysis, the top five counts of au-
thors are Hunter DJ (71) [12], Robinson
WH (69) [22], Berenbaum F (63) [23],

Rank Publications Countries Rank Centrality Countries

1 377 China 1 0.66 USA Glyn-Jones S (61) [24], Wojasasieicz P
2 253 USA 2 0.27 England (61) [25]. The top six reference cited
3 60 Japan 3 0.21  SaudiArabia authors are Berenbaum F (0.63) [23],
4 59 Italy 4 0.20  Netherlands Scazello CR (0.54) [26], Glyn-Jones S
5 54 England 5 0.18 Singapore (0.47) [24], Hunter DJ (0.41) [12], Sun-
dma EA (0.39) [27], Kon E (0.39) [28].
emphasizing chondrocyte function and interac- Analysis of keywords
tions with surrounding tissues [17]. Loeser RF
ranked first in the cited author frequency and The analysis of keywords reveals crucial
he is a professor at the University of North insights into the core content and evolving
Carolina. Some articles suggest focusing on trends within the literature. Prominent key-
the factor of age [18-20], biological sex, and words, based on frequency and centrality, in-
pain matter in mice to Model Human OA [21]. clude “knee Osteoarthritis”, “expression”, “in-
flammation”, “cartilage”, “rheumatoid arthritis”,
Analysis of reference and cited references “articular cartilage”, “knee”, “Osteoarthritis”,
“mechanisms”, “Nf kappa b”, and “Synovial
The top 10 cited references and 10 high-fre- fluid” (Table 8). The co-occurrence of keywords,
quency references from WoSCC Analysis are illustrated in Figure 5A, highlights key themes
shown in Tables 6, 7. The top article that was such as “nf-kappa-b”, “rheumatoid arthritis”,
mainly reviewed which also had a greater influ- “double-blind”, “mesenchymal stem cell”, and
ence in this field was Osteoarthritis [12]. A total “articular cartilage” in the timeline map (Figure
of 43693 records were generated citations to 5B).
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Table 4. Top 5 publication, centrality and frequency of Constitution related on KOA

Rank Publications Constitution

Rank Centrality Constitution

Rank Frequency Constitution

1 20 University Of California 1 0.4 Southern Medical 1 18 Guangzhou University of
System University China Science & Technology
2 19 Guangzhou University Of 2 0.34 Nanjing Medical 2 17 Duke University
Science Technology University
3 18 Duke University 3 0.32 University Of Sydney 3 17 Shanghai Jiao Tong
University
4 18 Shanghai Jiao Tong 4 0.32 China Medical University 4 17 University of California
University Taiwan System
5 17 University Of Nottingham 5 0.31 University Of Nottingham 5 15 University of Nottingham
liagyty The top cited article on “rheu-
wang, pm matoid arthritis” emphasizes
weihyl yang y ding, | the role of synovitis in OA and
@ balgh - waig.q zhang, | other arthritis pathogenesis.
v Knee synovial fluid analysis
zhasgm WY wagw from various arthritis condi-
waiig vy b P e ks tions reveals associations
e B gy kra vb with severe pain, joint dys-
v waiig, | “mdBggheri, a function, and predictive value
zrui' wage, | g waishy & for faster cartilage loss in
vogw Pirgn © ya-‘: specific patient populations.
R, 24 Additionally, the emergence
&gy of keywords like “prolifera-
o tion” reflects recent trends
§ vosviewer i and evolving topics in the
field.
Figure 4. The citations of authors on inflammatory mechanisms for KOA.
Discussion

Table 5. Top 5 publications and frequency of Institutions related on

General information of main

KOA findings

Rank Publication Author Rank Frequency Author

1 14 Kraus VB 1 9 Bai Luohao Over the past 30 years, the
2 11 Li X 2 8 Yang Yue research on the inflammatory
3 11 Wang Y 3 7 Wang Peimin mechanisms in Knee Osteo-
4 10 LiJ 4 6 Wang Qian arthritis has experienced ra-
5 10 ZhangY 5 6 Wei Yingliang pid development, as eviden-

Examining the top 15 keywords with the stron-
gest citation burst from 1993 to 2023 (Figure
6), recent burst keywords include “rheumatoid
arthritis”, “Synovial fluid”, “nonsteroidal anti-
inflammatory drugs”, “double-blind”, “in vitro”,
“necrosis factor alpha”, “osteoarthritis”, “gene
expression”, “nitric oxide”, and “intraarticular
injection”. Notably, the strength of the burst
keyword “rheumatoid arthritis” suggests an
increased focus in recent years, with a burst
strength of 13.06. This trend may indicate a
growing discussion on rheumatoid arthritis
compared to osteoarthritis.
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ced by a consistent increase
in yearly publications in Wo-
SCC. This trend suggests widespread interest
and promising prospects in this research field.
Visualization analysis results indicate existing
research connections among countries, institu-
tions, and scholars, forming relatively concen-
trated collaborative networks, although such
connections are somewhat limited.

The study highlights potential collaborators,
influential institutions, and hot topics, offering
insights into developing trends. Notably, China
emerges as the most prolific country, while the
USA is the most cited. The University of

Am J Clin Exp Immunol 2023;12(6):127-139



The inflammatory mechanisms in KOA in 30 years

Table 6. Top 10 citations of reference related to inflammatory mechanisms on KOA

Rank Title First Author Publication  Total Average

Year Citations per Year
Osteoarthritis Goldring MB 2007 964 56.71
The role of synovitis in osteoarthritis pathogenesis Scanzello CR 2012 676 56.33
Aging and osteoarthritis: the role of chondrocyte senescence and aging changes Loeser RF 2009 434 28.93
in the cartilage matrix
4 Interleukin-6 and soluble interleukin-6 receptors in the synovial fluids from Kotake S 1996 425 15.18
rheumatoid arthritis patients are responsible for osteoclast-like cell formation
Emerging regulators of the inflammatory process in osteoarthritis Liu-Bryan R 2015 408 45.33
6 The structure of aggrecan fragments in human synovial-fluid - evidence that Lohmander LS 1993 374 12.06
aggrecanase mediates cartilage degradation in inflammatory joint disease, joint
injury, and osteoarthritis
7 The role of synovial macrophages and macrophage-produced cytokines in driving Bondeson Jan 2006 349 19.39
aggrecanases, matrix metalloproteinases, and other destructive and
inflammatory responses in osteoarthritis
8 Aging-related inflammation in osteoarthritis Greene MA 2015 280 3111
9 Aging and osteoarthritis: central role of the extracellular matrix Rahmati M 2017 267 38.14
10 Age-related changes in the musculoskeletal system and the development of Loeser RF 2010 254 18.14

osteoarthritis

Table 7. Top 10 high-frequency of cited references related on inflammatory mechanisms on KOA

Publication Document Cited Reference

Rank Title Author Year types Count
1 Aging-related inflammation in osteoarthritis Greene MA 2015 Review 63
2 Aging and osteoarthritis: central role of the extracellular matrix Rahmati M 2017 Review 173
3 Inflammation in joint injury and post-traumatic osteoarthritis Lieberthal J 2015 Review 112
4 Emerging regulators of the inflammatory process in osteoarthritis Liu-Bryan R 2015 Review 109
5 Deferoxamine alleviates osteoarthritis by inhibiting chondrocyte Guo Z 2022 Article 37
ferroptosis and activating the Nrf2 pathway
6 Mesenchymal stem cell-based therapy of osteoarthritis: current Harrell CR 2019 Review 90
knowledge and future perspectives
7 Biomimetic injectable hydrogel microspheres with enhanced lubrication Han'Y 2021 Article 40
and controllable drug release for the treatment of osteoarthritis
8 Molecular pharmacology of inflammation: medicinal plants as Tasneem S 2019 Review 138
anti-inflammatory agents
9 RUNX2 stabilization by long non-coding RNAs contributes to hypertrophic Yoon DS 2023 Article 64
changes in human chondrocytes
Table 8. Top 10 frequency and centrality of keywords related to KOA
Rank Frequency Keywords Rank Centrality Keywords
1 460 Knee Osteoarthritis 1 0.35 Knee Osteoarthritis
2 223 Expression 2 0.30 Expression
3 166 Inflammation 3 0.23 Cartilage
4 151 Cartilage 4 0.23 Hyaluronic acid
5 139 Rheumatoid arthritis 5 0.21 Inflammation
6 125 Articular cartilage 6 0.18 Rheumatiod arthritis
7 119 Knee 7 0.17 Model
8 112 Osteoarthritis 8 0.17 Progression
9 112 Mechanisms 9 0.13 Knee
10 97 Nf kappa b 10 0.13 Pain
11 97 Synovial fluid 11 0.13 In vitro
California System in the USA stands out as the global attention to inflammatory mechanisms
most productive institution, emphasizing the in patients with Knee Osteoarthritis. The need

134 Am J Clin Exp Immunol 2023;12(6):127-139
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related to KOA.

for increased cooperation among different
institutions and countries is evident in recent
results. Double-blinded controlled trials are the
predominant research method, and high-fre-
quency document types focus on reviewing
inflammatory factors or mechanisms specifi-
cally in OA patients.

Despite the unknown complete inflammatory
mechanisms in Knee Osteoarthritis, the height-
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ened focus on this field indicates its potential
for high safety and fewer side effects. Publi-
cations in journals like Osteoarthritis and
Cartilage and Arthritis Research Therapy show-
case significant contributions. Recent studies,
such as those by Ru Liu-Bryan et al., emphasize
the importance of understanding bioenergy
sensors’ role in linking metabolism with inflam-
matory processes to regulate joint physiology
and clinical phenotypes, paving the way for
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Top 15 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End
rheumatoid arthritis 1993 13.06 1993 2012
synovial fluid 2003 9.16 2003 2017
nonsteroidal antiinflammatory drugs 1998 7.21 1998 2012
double blind 2003 7.5 2003 2017
in vitro 2005 6.95 2005 2017
necrosis factor alpha 2001 6.87 2008 2017
osteoarthritis 2003 6.51 2003 2012
gene expression 2004 6.11 2004 2017
nitric oxide 2005 541 2005 2012
intraarticular injection 2013 5.08 2013 2017
arthritis 1995 5.06 1995 2007
human articular chondrocytes 2008 4.58 2008 2017
proliferation 2018 4.53 2018 2022
mechanisms 1994 439 1994 2012
degradation 2003 4.33 2003 2012

1993 - 2023

Figure 6. The top 15 strengths of burst keywords related to KOA.

integrative preventative and therapeutic strate-
gies for Knee Osteoarthritis [29].

Dentification of research hotspots and emerg-
ing topics

Keyword co-occurrence analysis in bibliomet-
rics serves as a valuable tool for discerning
academic subject hotspots and evolving
research trends. Notably, the preeminent arti-
cle, “Osteoarthritis”, elucidates themes incor-
porating keywords such as “articular cartilage”,
“knee”, “Osteoarthritis”, “mechanisms”, and
“Synovial fluid”, all of which emerge as burst
keywords. This article is dedicated to exploring
questions integral to a comprehensive under-
standing of Osteoarthritis (OA) pathogenesis
and the formulation of efficacious therapeutic
strategies. Its emphasis extends to the intri-
cate influence of erythrocytes and their interac-
tions with the surrounding tissues in the con-
text of OA.

The discourse within this article brings atten-
tion to substantial challenges within the field,
including the imperative to modify the complex
processes inherent in OA pathogenesis. It
underscores the necessity of accounting for
synovial inflammation and subchondral bone
changes, as well as the profound impact of
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cytokines-whether operating individually or
within networks-on cellular responses in joint
tissues. Significantly, unraveling the intricacies
of the mechanisms governing the erythrocyte
response assumes paramount importance for
the development of innovative strategies facili-
tating early diagnosis. Late-stage alternatives
proposed encompass advanced cartilage tis-
sue engineering through gene therapy involving
anabolic factors and mesenchymal stem cells.
The persistent challenge of elucidating the ori-
gin of OA-related pain and associated symp-
toms underscores the ongoing need for the for-
mulation of more effective treatment modali-
ties. The study advocates for an exploration of
the functional dynamics of adult articular eryth-
rocytes within their unique milieu and under-
scores the application of insights into cartilage
formation during development. Such endeav-
ors are posited to expedite early diagnosis and
inform the design of novel treatments capable
of fundamentally altering the trajectory of the
disease.

According to the insights gleaned from Table 7,
the article addressing the pro-inflammatory
profile of Synovial fluid highlights variations in
OA pain mechanisms contingent upon the spe-
cific characteristics of knee pain. Furthermore,
it establishes a correlation between diet-
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induced obesity and an augmented risk of
symptomatic features in OA, attributing this to
alterations in musculoskeletal function and
pain-related behaviors. Notably, the study un-
derscores an independent association be-
tween systemic adipokine levels and the sever-
ity of Knee Osteoarthritis (KOA), thus substanti-
ating the role of adipose-associated inflamma-
tion in the molecular pathogenesis of obesity-
induced OA.

Moreover, the research contends that physio-
logic leptin levels do not exert an influence on
extracellular matrix homeostasis in healthy car-
tilage, positing leptin as a secondary mediator
in the pathogenesis of OA. In the context of
obesity, the dietary fatty acid (FA) content
emerges as a regulatory factor affecting wound
healing and influencing OA severity subsequent
to joint injury. Consequently, the pathogenesis
of obesity assumes a discernible impact on
inflammation in Knee Osteoarthritis.

Figure 5B illustrates the prevailing focus on
specific topics in Knee Osteoarthritis (KOA),
including the NF-kB pathway, synovial mem-
brane, biological therapy, cartilage, and reac-
tive oxygen species.

1. NF-kB pathway: NF-kB, a family of transcrip-
tion factors, plays pivotal roles in diverse phy-
siological and pathological processes. The
canonical and non-canonical NF-kB pathways,
activated through different mechanisms, are
crucial in inflammation, immune responses,
cell proliferation, differentiation, and survival
[30]. Notably, inhibiting the NF-kB signaling
pathway holds central importance in OA treat-
ment, particularly in controlling inflammatory
responses in macrophages [31].

2. Synovial membrane and DAMPs: A number
of studies demonstrated that synovitis is relat-
ed to pain, poor function and may even be an
independent driver of radiographic OA onset
and structural progression. Treating key
aspects of synovial inflammation therefore
holds great promise for analgesia and also for
structure modification [32]. The OA inflamma-
tory process initiates in the synovial mem-
brane, activating the immune system and
involving humoral and cellular mediators.
DAMPs, or “damage-associated molecular pat-
terns”, play a crucial role in this process.
Mesenchymal stem cells (MSCs) emerge as a
promising therapeutic option in this context [4].
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3. Biological therapy: Recent investigations into
knee OA treatment explore biological therapies.
Platelet-rich plasma (PRP), an autologous blood
product rich in platelets, has shown efficacy
attributed to the release of growth factors,
including PDGF, TGF-B, IGF-I, and VEGF [33].
Hyaluronic acid (HA), naturally present in articu-
lar cartilage and synovial fluid, demonstrates
multifaceted benefits, serving roles such as
lubrication, antioxidative/antinitrosative, anal-
gesic, anti-inflammatory, chondroprotective,
and cartilage repair [34].

4. Chondrocyte hypertrophy and senescence:
OA, stemming from trauma or age-related carti-
lage damage, involves chondrocyte hypertro-
phy and senescence. Investigating the effect of
these processes in OA provides a promising
research field for developing potential thera-
peutic agents [35].

5. Chondrocytes and reactive oxygen species
(ROS): Chondrocytes, responsible for maintain-
ing articular cartilage, undergo an age-related
imbalance in reactive oxygen species (ROS)
production. Excessive ROS production is impli-
cated in cartilage degradation and chondrocyte
cell death. Studies, including those in mice,
demonstrate the impact of genes such as
SOD2 and Nrf2 on OA severity, indicating a role
for excessive ROS in the pathogenesis of OA
[36].

Limitation

This article’s analysis is confined to documents
recorded in WoSCC, excluding other databases
that might impact the results. Consequently,
the findings may be constrained by the selec-
tion of databases and landmarks. Furthermore,
while the research topic was delimited using
specific search categories, ensuring every doc-
ument aligns precisely with the topic remains
challenging. For instance, high-frequency arti-
cles solely addressing Osteoarthritis (OA) with-
out specific reference to the knee may intro-
duce variability in the results. It is crucial to
acknowledge the potential divergence in out-
comes when excluding the knee specification.
Despite these limitations, we posit that this
study provides a comprehensive depiction of
the overall situation and trends within the spec-
ified parameters.
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Conclusion

This study employed CiteSpace, VOS Viewer,
and Tableau to analyze the research hotspots
and frontiers of inflammation mechanisms in
Knee Osteoarthritis (KOA). The investigation
delved into key molecules within essential sig-
naling pathways in articular cartilage, synovial
membrane, subchondral bone, and synovial
fluids of both OA patients and animal models,
with a focus on potential therapeutic agents.
Noteworthy pathways and factors such as Wnt,
TNF, TGFB/BMP, FGF pathway receptors, FA
proteins, and signaling regulators like AMPK,
mTOR, FGF, BMP, HIFs, and NF-kB were exam-
ined for their roles in transducing biochemical
and mechanical signals and regulating down-
stream factors in a complex network within
articular chondrocytes and synovium [37].

The forefront of research encompasses them-
es like expression, rheumatoid arthritis, articu-
lar cartilage, Nf kappa b, and Synovial fluid.
Furthermore, future studies could delve into
the intricate interactions between different
mechanisms and aim to elucidate the role of
age, articular cartilage, Synovial fluid, and adi-
pose-associated inflammation in the molecular
pathogenesis of Knee Osteoarthritis. This mul-
tifaceted exploration contributes to a deeper
understanding of the complexities inherent in
KOA, paving the way for more targeted and
comprehensive research endeavors.
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