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Abstract

Knee osteoarthritis (KOA) is the most common joint disease worldwide and, with the progression of an aging population, is Q
of the most important causes of disability worldwide. Its main symptoms include articular cartilage damage, periarticular pain,
swelling, and stiffness. Intra-articular (IA) injections offer many advantages over systemic administration and surgical treatment,
including direct action on the target joint to improve local bioavailability, reduce systemic toxicity, and lower costs. This study
analyzed KOA intra-articular injection treatment and its hot literature and research horizons using bibliometric methodologies
and graphical tools to aid future research. We performed a bibliometric analysis of 2360 publications in the Web of Science core
collection using CiteSpace software. The United States (28.26% of publications) and China (18%) had the biggest publications.
Rush University was the most active institution, but Boston University had the greatest citation/publication rate (65.77), suggesting
a high literature standard. The majority of publications were in Osteoarthritis and cartilage. Bannuru RR was the most referenced
author, while Filardo, Giuseppe was the most productive author. Studies in platelet-rich plasma (PRP), mesenchymal stem cells
(MSCs), and microsphere formulation are likely to be future research hotspots. The current scientometric study provides an
overview of KOA intra-articular injection therapy studies from 2012 to 2022. This study outlines the current research hotspots
and potential future research hotspots in the field of intra-articular injection treatment for KOA and may serve as a resource for
researchers interested in this topic.

Abbreviations: CS = chitosan, DF-HA = Diclofenac-Hyaluronate, HA = hyaluronic acid, IA = intra-articular, KOA = knee
osteoarthritis, LP-PRP = Leukocyte-poor PRP, LR-PRP = leukocyte-rich PRP, MSCs = mesenchymal stem cells, OA = osteoarthritis,
PCL = polycaprolactone, PRP = platelet-rich plasma, SB = subchondral bone, TENA = tetrahedral framework nucleic acid, WOS
= Web of Science.
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In addition, other structures that make up the joint such as
ligaments, synovium, and muscles, play this role in the KOA
process,! while intra-articular therapy targets the entire joint
cavity. Placebo effects can have an impact on the treatment
of KOA, and the effect size of intra-articular placebo injec-
tions may be greater than that of topical and oral placebo.!!
Therefore, joint cavity injection therapy is a better treatment
option than systemic administration.

Intra-articular therapies is a method of drug delivery that has
many advantages compared to systemic administration. Firstly,
intra-articular delivery can improve local bioavailability. This
means that the drug can more directly act on the affected joint,
increasing the concentration of the drug in the joint, and thereby
more effectively treating joint diseases. Secondly, intra-articular

1. Introduction

Knee osteoarthritis (KOA) is the most prevalent joint disease
in the world, with an estimated global prevalence of 3.8% and
a greater prevalence in women (mean 4.8%) than in males
(mean 2.8%) as one of the primary causes of disability glob-
ally.'! KOA is a multifactorial degenerative illness that is com-
monly characterized by articular cartilage “wear and tear.”
Furthermore, it has been demonstrated that KOA is a condi-
tion induced by chronic low-grade inflammation.”! It mainly
damages the articular cartilage and causes pain, swelling, and
stiffness around the joints.P! Intra-articular injectable therapy
has several advantages over systemic administration and surgi-
cal treatment, such as increased local bioavailability, decreased

systemic exposure, fewer unpleasant effects, and lower costs.!
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delivery can reduce systemic exposure. As the drug is injected
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directly into the joint instead of being transported through the
systemic circulation system, the concentration of the drug in
other parts of the body is reduced, thereby reducing side effects
and adverse events on other organs throughout the body. In
addition, reducing adverse events is also an advantage of Intra-
articular therapies. As the drug acts directly on the joint, it can
reduce unnecessary accumulation of the drug in other parts
of the body, thereby reducing the occurrence of drug adverse
reactions. Finally, intra-articular delivery can also reduce costs.
As a smaller dose of the drug is needed compared to systemic
administration, the cost of the drug can be reduced. In sum-
mary, intra-articular therapies has many advantages, including
improving local bioavailability, reducing systemic exposure,
reducing adverse events, and reducing costs. Intra-articular
therapies include Glucocorticoids, hyaluronic acid (HA), Intra-
articular delivery of biologics, Cell therapies, and the intra-ar-
ticular therapy pipeline.”? Of these, only glucocorticoids have
received the majority of support. Even though HA is widely
used in the articular cavity treatment of KOA, there is still con-
troversy about whether to look at HA or not. Other agents also
suffer from inconsistent preparation standards or insufficient
evidence of their safety and efficacy. Despite the unresolved
issues, the prospect of intra-articular injection therapy for KOA
continues to interest clinicians and patients.

The bibliometric analysis can summarize the research profile
of research teams and individual researchers, thereby revealing
research trends in the target field. It also gives a means of visu-
alizing the contributions of academic organizations and individ-
uals.!®! CiteSpace is a widely-used Web-based Java program for
data analysis and visualization in bibliometrics.”’ The Leiden
University, Netherlands-based VOSviewer version 1.6.18 soft-
ware was used to build online visualizations of related journals,
institutions, and keyword presentations. In this study, we gath-
ered scholarly articles pertaining to KOA intra-articular injec-
tion treatment from the core collection of the Web of Science
(WOS) database between January 1, 2012, and November 1,
2022. CiteSpace and VOSviewer were utilized to describe the
intra-articular injection treatment collar knowledge structure.
Our objective is to present a comprehensive review of the cur-
rent scientific achievements and future developments in intra-ar-
ticular injection treatment for KOA.

2. Material and Methods

2.1. Data source

In total,2552 records were identified after database search-
ing. We conducted the search using Clarivate Analytics’ WOS
core database since it is the database of choice for bibliometric
analysis.['% The search technique depicted in Figure 1 was run
on November 28, 2022, utilizing the following search formula
during an advanced WOS core set search. Ts = (((osteoarthritis,
knee OR knee osteoarthritis OR knee osteoarthritis OR KOA
OR osteoarthritis of the knee) AND (Intraarticular injection OR
Intra-articular Injection))) The inclusion criteria for the litera-
ture were as follows: the manuscript was about intra-articular
injection treatment for KOA and its complete text was accessi-
ble; the document type com-prised articles and reviews; and it
was written in English. The following factors determined exclu-
sion: meeting abstracts, editorial materials, correspondences,
corrections, and reprints. Finally, 2360 records were obtained.

2.2. Research method

The following values were entered into CiteSpace: a time range
(2012-2022), a number of years per slice (1), a year of review
(LBY = 8), a selection criterion (g-index: k =25), a minimum
duration (MD = 1), and all possibilities from the terminology
source, one node type at a time. The findings of our analysis
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of nation, institution, literature, author, journal, and keyword
are presented by the node. The size of the node represents the
occurrence frequency; the smaller the node, the lower the occur-
rence frequency. The connecting lines between the nodes repre-
sent collaborative, co-occurrence, or co-citation links. Different
colored circles, from inner to outer, represent the years 2012
through 2022. The outermost purple ring signifies that the node
has a very high centrality and is typically regarded as an import-
ant node in a certain area.!'!!

3. Results

3.1. Temporal distribution of literature

From 2012 to November 01, 2022, 2360 publications on
KOA joint cavity injection therapy were published on the
WOS, including 1905 (80.72%) articles and 455 reviews
(19.28%). The literature covers 74 countries or regions and
411 institutions.

Between 2012 and November 1,2022, 2360 articles related
to KOA intra-articular injection treatment were published in
the WOS. The annual production from 2012 to 2022 shows
a general upward trend in the number of articles related to
KOA intra-articular injection treatment (Fig. 2). The number
of publications per year was 94 in 2012, 103 in 2013, 119 in
2014, 165 in 2015, 214 in 2016, 202 in 2017, 229 in 2018,
299 in 2019, 301 in 2020, 341 in 2021, and 292 in 2022.
The number of papers on intra-articular injection therapy
published by KOA Joint in 2021 was the highest in the last
decade.

3.2. National and institutional literature publication volume

Figure 3 depicts the country-by-country publication trends for
KOA intra-articular injection treatment from 2012 to 2022.
The United States has 667 publications, followed by China with
425, Ttaly with 226, the United Kingdom with 157, and Japan
with 137. Figure 4 shows that the United States has been the
most published and referenced country among the top 10 coun-
tries/regions over the past decade, showing that it has been a
significant force in the growth of KOA intra-articular injection
treatment research. Table 1 shows the number of citations per
nation. The United States has 20,393 citations, which is much
higher than any other nation, and its citation/publication rate
is strong (30.57.) Although China has more citations (7768),
its citation/publication rate (18.28) is lower than that of other

Studies identified from
web of science (n=3383)

Studies excluded not
between
2012.01.01-2022.11.01

[ n=2552

Studies excluded written in
non-English

| n=2525

Studies excluded not
published in the original
article or review

[ n=2360

Figure 1. Search strategy.
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nations. China has a significant performance in terms of pub-
lishing production, but its centrality is just 0.07 compared to
0.61 for the United States. The fact that Canada has the greatest
citation/publication rate (44.67), although having a relatively
modest number of publications, implies that its published arti-
cles are of high quality.

The active institutions regarding KOA intra-articular injec-
tion therapy research are shown in Figure 5. Table 2 displays
the 10 institutions with the most number of publications. Rush
Univ published 40 papers with 2395 citations, followed by
Zhejiang Univ (39 papers, 1202 citations), Harvard med sch
(33 papers, 741 citations), Mayo Clin (31 papers, 1243 cita-
tions), and Univ Calif Los Angeles (31 papers, 1243 citations).
Consistent with the aforementioned nation study, 6 of the ten
most productive institutions were located in China and the

www.md-journal.com

United States. Among the top 10 institutions, RUSH Univ had
the highest total number of citations (2395) and a high average
number of citations (59.88), indicating that RUSH Univ pub-
lishes higher-quality articles in this field and can be regarded
as a significant center for KOA intra-articular injection therapy
research. Figure 6 depicts the institutional cooperation study
we did, which reveals the collaboration between institutions.
According to the findings, there are essentially no ties between
various countries and institutions, and collaboration between
institutions is mostly restricted to countries or regions.

3.3. Analysis of journals and co-cited journals

Figure 7 depicts the periodicals in which the material was pub-
lished. Table 3 lists the leading 10 publications. Osteoarthritis
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Figure 2. Distribution of publications on knee osteoarthritis (KOA) intra-articular injection therapy studies by year.
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Figure 3. Number of national publications on KOA intra-articular injection therapy studies. KOA = knee osteoarthritis.
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Figure 4. Country co-occurrence map on KOA intra-articular injection therapy studies. KOA = knee osteoarthritis.

Number of national publications and literature citations on KOA intra-articular injection therapy.

Country/region Article count Percentage (N/2360) Citations Citation per publication
1 USA 667 28.26 20393 30.57
2 Peoples R. 425 18.00 7768 18.28
China
3 Italy 226 9.58 6190 27.39
4 England 157 6.65 4153 26.45
5 Japan 137 5.80 2954 21.56
6 South Korea 123 5.21 4102 33.35
7 Canada 111 4.70 4958 44.67
8 France 110 4.66 3420 31.09
9 Germany 102 4.32 2285 22.40
10 Spain 99 419 3050 30.81

and cartilage (98 articles, 3.48%) published the most articles
in this field among the 10 most prolific journals, followed by
Bmc musculoskeletal disorders (72 articles, 3.32%), American
Journal of Sports Medicine (65 articles, 3.00%), carti-
lage (60 articles, 3.00%), and Plos one (50 articles, 2.79%).
Osteoarthritis and cartilage was the journal with the highest IF
(7.507) and the most citations. The American journal of sports
medicine has the greatest rate of citations and publications
(54.23). Six of the leading 10 journals were classed as Q1, 3 as
Q2, and one as Q3.

Table 4 lists the ten most-cited journals discussing intra-ar-
ticular injection treatment for KOA. The journal with the most
co-citations was Osteoarthr cartilage (1986), followed by Ann
rheum dis (1371 citations). Ann rheum dis was referenced 3640
times and had the greatest impact factor (IF) (27,973) among
the top 10 co-cited journals.

3.4. Author and co-citation author analysis

All authors who published literature related to KOA intra-artic-
ular injection therapy in the last decade are shown in Figure 8,
and the 10 most productive authors are shown in Table 5. By

analysis, Filardo, and Giuseppe published the most papers with
a total of 27 articles, followed by Cole, Brian J (18 publications)
and Kon, Elizaveta (17 publications). Further analysis shows
that 4 of the top ten authors are from Italy, 3 from France, 2
from the USA, and one from the UK. Co-cited authors are shown
in Figure 9, where the number of authors’ citations correlates
with the size of the nodes, including Bannuru RR (455Citation),
Bellamy N (419Citation), Mcalindon TE (394Citation), Zhang
W (385Citation) and Altman RD (360Citation)

3.5. Analysis of cited references

With a 1-year time slice and a 2012 to 2020 coverage span, the
co-citation network graph had 868 nodes and 1524 linkages
(Fig. 10). According to the 5 articles most commonly mentioned
(Table 6), the OARSI guidelines for the non-surgical manage-
ment of KOA (with 241 co-citations) published in Osteoarthritis
Cartilage (IF = 7.507) was the most cited article by Mcalindon
TE. Also, among the top 5 co-cited papers, Mcalindon TE
authored Effect of Intra-articular Triamcinolone vs Saline
on Knee Cartilage Volume and Pain in Patients With KOA: A
Randomized Clinical Trial, which was published in JAMA.
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Figure 5. Synoptic diagram of the institution studying intra-articular injection therapy in KOA. KOA = knee osteoarthritis.

Top 10 high-yield institutions for KOA intra-articular injection therapy studies.

Institution Article count Citations Citation per publication Country

1 RUSH Univ 40 2395 59.88 USA

2 ZHEJIANG Univ 39 1202 30.82 China

3 Harvard med sch 33 741 22.45 USA

4 Mayo Clin 31 1243 40.10 USA

5 Univ Calif Los Angeles 31 874 28.19 USA

6 Hosp special surg 29 565 19.48 USA

7 Univ liege 28 832 29.71 Belgium
8 Peking Univ 27 533 19.74 China

9 Boston Univ 26 1710 65.77 USA

10 Shanghai Jiao Tong Univ 22 753 34.22 China
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Figure 6. Inter-institutional cooperation diagram for KOA intra-articular injection therapy. KOA = knee osteoarthritis.

Reference Co-citation Analysis explores the research hotspots in  indicating clustering. Co-cited references were plotted, and 8 major
a given domain. Previous studies have shown that LLR labels have  clusters were selected for articles related to KOA intra-articular
high confidence in covering topics with a profile value (0.9212) > 0.7,  injection treatment (Fig. 11), including “mesenchymal stem cells,”
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Figure 7. Publication of the journal of KOA intra-articular injection therapy. KOA = knee osteoarthritis.

Top ten publications on intra-articular injection therapy for KOA.

Number of Quartile in Percentage Total Citation per
Published journals articles issued IF category (N/2360) citations publication
1 Osteoarthritis and cartilage 98 7.507 Q1 415 3746 38.22
2 Bmc musculoskeletal disorders 72 2.562 Q3 3.05 1076 14.94
3 American journal of sports 65 7.010 Q1 2.75 3525 54.23
medicine
4 cartilage 60 3.117 02 2.54 700 11.67
5 Plos one 50 3.752 Q2 2.1 965 19.3
6 Journal of orthopedic research 45 3.102 02 1.90 991 22.02
7 Arthroscopy-the journal of ar- 41 5973 Q1 1.74 2171 52.95
throscopic and related surgery
8 International journal of molecular 39 6.208 Q1 1.65 517 13.26
sciences
9 Knee surgery sports traumatolo- 38 4114 Q1 1.61 1481 38.97
gy arthroscopy
10 Arthritis research & therapy 35 5.606 Q1 1.48 1259 35.97

Top 10 co-cited journals on KOA intra-articular injection therapy.

Co-cited journals Citations Quartile in category
1 Osteoarthr Cartilage 1986 a1
2 Ann Rheum Dis 1371 a1
3 Arthritis Rheum-us 1192 a1
4 J Bone Joint Surg Am 1080 a1
5 Arthritis Res Ther 1051 a1
6 J Rheumatol 975 02
7 Am J Sport Med 954 a1
8 Arthritis Rheum 923 a1
9 Bmc Musculoskel Dis 882 Q3
10 Arthroscopy 821 a1

“platelet-rich plasma,” “hyaluronic acid,” “stromal vascular frac-
tion,” “viscosupplementation,” “growth factors,” “triamcinolone

9 <

acetonide extended-release,” “inflammation.”

We discovered that 7 of the top ten most-cited papers were
associated with “viscosupplementation,” “hyaluronic acid,”
and “triamcinolone acetonide extend-ed-release,” indicating
the significance of hyaluronic acid (viscosupplementation)
and “triamcinolone acetonide extended-release” in this field.
This indicates the importance of “triamcinolone acetonide
extended-release” in this field. One paper investigated the
therapeutic effect of PRP in early KOA, and 2 papers eval-
uated the therapeutic effect of intra-articular injection of
autologous MSCs in KOA, indicating that MSC therapy has
received widespread attention for its safety and efficacy as
a novel therapeutic modality in the treatment of KOA by
intra-articular injection. By analyzing the co-cited literature,
we conclude that glucocorticoids and HA are the most widely
used treatment modalities in the intra-articular treatment of
KOA.

A timeline view was drawn for all clusters using CiteSpace.
The publication date is at the top, and the most recent pub-
lication is on the right (Fig. 12). The results show that “hyal-
uronic acid,” “growth factors,” and “inflammation” appear
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3.6. Keyword co-occurrence analysis
Table 5 . . .
Authors and co-cited authors. The examination of keyword co-occurrence is essential for the
- investigation of article subjects. Using VOSviewer, we created a
Author Number  Co-cited authors ~ Number of citations  visual network diagram of the keywords (Fig. 14). 756 of the
] . 5897 keywords happened 5 times or more. There was a sig-
1 F"Trdg Giuseppe 27 EaH”“rU,\T'R' 455 nificant correlation between the terms “osteoarthritis” (1289
g EgneEI'nine\:é 13 Mec;'r;?jlon.TE g;g occurrences, 11,465 total link strength), “knee osteoarthritis”
4 Altmar:ZR\(l)y D 14 Zhanlg Wei 285 (856 occurrences, 7733 total link strength), “knee” (544 occur-
5 Chevalier Xavier 13 Altman R.D 360 rences, 5046 total link strength), “intraarticular injection” (460
6  BoffaAngelo 19 Filardo G. 316 occurrences, 4462 total. link strength), and “efficacy” (424
7 Conrozier Thierry 12 Hochberg M.C. 291 occurrences, 4175 total link strength). .
8 Maffulli Nicola 10 Hunter D.J. 290 We constructed a keyword clustering viewable through
9  Conaghan Philip G. 10 Kellgren J.H. 275 CiteSpace (Fig. 15A) and plotted a timeline view of keyword
10 Berenbaum Francis 10 Kon E. 274 clustering (Fig. 15B). We found that “subchondral bone,” “hyal-

first, and the current study focuses more on “platelet-rich

plasma,” “stromal vascular fraction,” and “triamcinolone
acetonide.” The current study focuses more on “platelet-rich
plasma,” “stromal vascular fraction,” and “triamcinolone ace-

”»

tonide extended-release,” which may be the focus of future
studies.

We used CiteSpace to map the top 25 citations for KOA artic-
ular cavity injection therapy from 2012 to 2022 based on a burst
detection algorithm (Fig. 13). OARSI recommendations for the
management of hip and KOA, Part II: OARSI evidence-based,
expert consensus guidelines the highest intensity was 27.87.
Secondly, Therapeutic trajectory of hyaluronic acid versus cor-
ticosteroids in the treatment of KOA: a systematic review and
meta-analysis (Intensity 26). Platelet-rich plasma: intra-articu-
lar knee injections produced favorable results on degenerative
cartilage lesions (Intensity 21.79). While Single, intra-articular
treatment with 6 ml Hylan G-F 20 in patients with symptomatic
primary osteoarthritis of the knee: a randomized, multicenter,
double-blind, placebo-controlled trial outbreak duration up to
6 years (2012-2018), these high-intensity outbreaks in the liter-
ature reaffirm the extensive research on hyaluronic acid versus
corticosteroids in the treatment of osteoarthritis of the knee, in
line with our previous findings.

» «

uronic acid,” “articular cartilage,” “mesenchymal stem cells,”
“corticosteroid injection,” and “platelet-rich plasma” are grad-
ually increasing the number of studies related to these fields. In
recent years, the field represented by these clusters has become
a prominent study focus, as shown by the bigger nodes and
warmer hues. This is consistent with the emphasis on highly ref-
erenced material discussed above.

To investigate the research hotspots in the field of KOA
intra-articular injection therapy, keywords were extracted from
the 2360 publications for co-occurrence analysis on CiteSpace
software. Table 7 shows the top 10 highest-frequency and
highest-centrality keywords. Among these keywords, “knee
osteoarthriti” (857 times) frequently appeared, followed by
“intraarticular injection” (725 times), “hyaluronic acid”(686
times), “platelet-rich plasma (prp)” (428 times), “efficacy” (413
times), and “articular cartilage” (389 times). In terms of central-
ity, “knee osteoarthriti” (0.41) was the most central, followed
by “intraarticular injection” (0.26), “hyaluronic acid” (0.14),
“therapy” (0.13), and “double blind” (0.09).

The keyword burst detection algorithm identifies the most pop-
ular keywords in recent years. The keyword “sodium hyaluro-
nate” has the largest occurrence value of 14.22. “Intraarticular
hyaluronan” has the longest occurrence time, from 2012 to
2018. We focused on keywords that have been in the outbreak
since (Fig. 16), including “microsphere formulation” (outbreak
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Figure 10. Co-cited references.

intensity of 4.34), “single” (outbreak intensity of 3.83), “clinical
outcome” (outbreak intensity of 6.54), “cartilage regeneration”
(outbreak intensity of 5.61), “risk  (burst intensity of 4.77) ‘PRP
injection’ (burst intensity of 4.58) ‘impact’ (burst intensity of
4.49) stem cell therapy” (burst intensity of 3.39). It may be a
hot spot for future research.

4. Discussion

4.1. Research hotspots

Hot topics in this field are examined via keyword clustering
analysis. Herein, keyword clustering analysis revealed main
hot topics in KOA intra-articular injection therapy research:

“subchondral bone,” “hyaluronic acid,” “articular cartilage,”
“mesenchymal stem cells,” “corticosteroid injection,” and
“platelet-rich plasma.”

Under normal culture circumstances, “mesenchymal stem
cells” (MSCs) are defined as adhering cells with a spindle-shaped
morphology specified by the International Society for Cellular
Therapy in 2006. They express CD105, CD73, and CD90, but
not CD45, CD34, CD14, CD11b, CD79a, CD19, or HLA-DR,
and may develop in vitro into osteoblasts, adipocytes, and chon-
drogenic cells. These requirements, however, are insufficient to
characterize MSCs.!"?! Although the initial notion of MSCs per-
tains exclusively to cells in the BM (bone marrow stromal cells),
its therapeutic use as an intra-articular treatment for OA can be
expanded to include cells from various sources (e.g., synovium,
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Top 5 co-cited references.

Publication Total number
Title Journals and IF DOI time of citations
1 OARSI guidelines for the non-surgical management of knee Osteoarthritis 10.1016/j.joca.2014.01.003 2014.04 241
osteoarthritis Cartilage
(IF =7.507)
2 Intra-articular injection of mesenchymal stem cells for the Stem Cells 10.1002/stem.1634 2014.05 207
treatment of osteoarthritis of the knee: a proof-of-con- (IF = 5.845)
cept clinical trial
3 American College of Rheumatology 2012 recommendations Arthritis Care 10.1002/acr.21596 2012.04 186
for the use of nonpharmacologic and pharmacologic Res (Hoboken)
therapies in osteoarthritis of the hand, hip, and knee (IF=5.178)
4 Treatment with platelet-rich plasma is more effective Am J Sports Med 10.1177/0363546512471299 2012.02 152
than placebo for knee osteoarthritis: a prospective, (IF=7.010)
double-blind, randomized trial
5 Effect of intra-articular triamcinolone vs saline on knee JAMA 10.1001/jama.2017.5283 2017.05 143

cartilage volume and pain in patients with knee osteoar-
thritis: a randomized clinical trial
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adipose tissue, dental pulp, etc).”? Therapy using mesenchymal
stem cells (MSCs) is a treatment for KOA with high hopes.
Studies have established that the in vitro development of MSCs
has tremendous potential for treating a variety of tissue damage,
organ failure, inflammatory illnesses, and autoimmune disorders-
(31 Tt was thought that stem cells could stimulate cartilage repair,
delaying or preventing the need for total knee arthroplasty.!"*
Regarding the efficacy of MSCs in the treatment of KOA, a study
revealed that cell doses of 10, 40, and 100 million autologous
cells per knee joint resulted in very similar healing outcomes and
that the majority of the effects obtained 1 year after cell applica-
tion persisted 2 and 4 years later.'’! Individuals with KOA level
2 were most likely to exhibit the optimal response with 40 106
cells. Similarly, considerable improvements were observed with
both low (24 106) and high (100 106) cell counts, but there may
be no response with chronic discomfort or edema.!"! Numerous
European research and clinical trials indicate that bone mar-
row MSCs are the primary source of cells; nonetheless, the ideal
source of MSCs remains speculative when taking into account
the cell preparation procedure, differentiation capacity, and

enduring effects of MSCs. Successful use of in vitro expanded
MSCs may need optimization of aspects relating to MSC pro-
duction, manipulation, assessment of the immunological state
of the recipient, and delivery route and dosage. Importantly,
additional concurrent medications should not interfere with the
desirable immuno-modulatory effect of MSCs.!'”!

Platelet-rich plasma (PRP) is a patient-derived blood prod-
uct. The physician takes a minute quantity of peripherally
sedated blood, processes it by centrifugal concentration, and
reinjects it into the patient joint cavity.'! Platelets contain
3 distinct types of granules:a -granules, dense granules, and
lysosomal granules. Vascular endothelial growth factor, plate-
let-derived growth factor, insulin-like growth factor-1, and
transforming growth factor are all produced by -granules.!””!
Additionally, other factors in alpha particles, such as coagu-
lation factors and chemokines, have been shown to stimulate
chondrocyte and cartilage MSC proliferation, promote chon-
drocyte cartilage matrix secretion, and attenuate the catabolic
effects of proinflammatory cytokines, thus positively influenc-
ing the osteoarthritic state.?2!!
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Top 25 Keywords with the Strongest Citation Bursts

Keywords

Zhang W, 2008, OSTEOARTHR CARTILAGE, V16, P137, DOI 10.1016/jjoca.2007.12.013, DOI
Bannuru RR, 2009, ARTHRIT RHEUM-ARTHR, V61, P1704, DOI 10.1002/art.24925, DO

Kon E, 2010, KNEE SURG SPORT TR A, V18, P472, DOI 10.1007/500167-009-0940-8, DOI

Zhang W, 2010, OSTEOARTHR CARTILAGE, V18, P476, DOI 10.1016/j.joca.2010.01.013, DOI
Bellamy N, 2006, COCHRANE DB SYST REV, VO, PO, DOI 10.1002/14651858.CD005321.pub2, DOI
Kon E, 2011, ARTHROSCOPY, V27, P1490, DOI 10.1016/j.arthro.2011.05.011, DOI

Bannuru RR, 2011, OSTEOARTHR CARTILAGE, V19, P611, DOI 10.1016/j,jo¢a.2010.09.014, DO

Sanchez M, 2008, CLIN EXP RHEUMATOL, V26, P910

Sampson S, 2010, AM J PHYS MED REHAB, V89, P961, DOI 10.1097/PHM.0b013e3181fc7edf, DOI
Filardo G, 2011, KNEE SURG SPORT TR A, V19, P528, DOI 10.1007/500167-010-1238-6, ROI

Chevalier X, 2010, ANN RHEUM DIS, V&9, P113, DOI 10.1136/ard.2008.094623, DOI

Reichenbach S, 2007, ARTHRIT RHEUM-ARTHR, V57, P1410, DOI 10.1002/art.23103, DOI
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Lawrence RC, 2008, ARTHRITIS RHEUM, V58, P26, DOI 10.1002/art.23176, DOI

Filardo G, 2012, BMC MUSCULOSKEL DIS, V13, PO, DOI 10.1186/1471-2474-13-229, DO

Spakova T, 2012, AM J PHYS MED REHAB, V91, P411, DOI 10.1097/PHM.0b013e3182aab72, DOI

Colen S, 2012, BIODRUGS, V26, P257, DOI 10.2165/11632580-000000000-00000, DOI
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Lee WS, 2019, STEM CELL TRANSL MED, V8, P504, DOI 10.1002/s¢tm.18-0122, ROI

Freitag ), 2019, REGEN MED, V14, P213, DOI 10.2217/rme-2018-0161, DO

Lin KY, 2019, ARTHROSCOPY, V35, P106, DOI 10.1016/j.arthro.2018.06.035, DOI
Matas J, 2019, STEM CELL TRANSL MED, V8, P215, DOI 10.1002/5ctm.18-0053, DOI

Figure 13. Co-cited references burst.
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At 12 months, there were no significant differences in joint
structure or symptoms between intra-articular PRP injections
and saline placebo injections in patients with symptomatic
mild-to-moderate MRI knee OA. These findings do not sup-
port using PRP to treat KOA.??I In a controlled study with HA,
both groups were observed for an average of 11.1 months. The
mean improvement in total WOMAC score was much greater
in the PRP group (44.7% vs 12.6%) than in the HA group
(P.01). Patients with knee OA who are treated with PRP may
see better outcomes than those who get HA. Leukocyte-poor
PRP (LP-PRP) may be a more effective treatment option than
leukocyte-rich PRP (LR-PRP) for KOA.?! One of the most

10

disputed issues concerning the efficacy of PRP is whether the
presence of leukocytes is detrimental.?* Leukocytes in PRP,
according to Wen-Jing Yin, produce an increase in proinflamma-
tory cytokines and enzymes that may have an opposite effect.!>’!
To address this issue, Alessandro Di Martino observed that 3
intra-articular LR-PRP or LP-PRP injections produced equal
clinical improvement during a 12-month follow-up period in
patients with symptomatic knee OA. In both treatment groups,
the frequency of adverse events was low, and there were no sig-
nificant differences between groups. It was established that the
presence of leukocytes did not affect the clinical outcome of
PRP injections considerably.2¢!
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In clinical research, methodologies for preparing PRP have
been described inconsistently, and the majority of studies have not
supplied sufficient information to duplicate the protocol. In addi-
tion, available data on the manufacturing and content of PRP do
not allow for a comparison of PRP products provided to patients.
There is a need for comprehensive, precise, and exhaustive
descriptions of PRP preparation processes??” in order to simplify
comparisons between studies and assure their reproducibility.

It is obvious that glucocorticoids and HA are now the most
widely used intra-articular (IA) treatments, despite the fact
that perspectives about mucus supplementation vary by coun-
try.?$l The AAOS intended to conduct a network meta-analy-
sis to compare the clinical efficacy of NSAIDs, acetaminophen,
intra-articular corticosteroids, intra-articular PRP, and intra-ar-
ticular hyaluronic acid versus placebo. Intra-articular HA did
not score among the top 5 therapies in terms of pain, function,
and the combination of pain and function. In the pain trial,
intra-articular HA scored the highest, ranking sixth. Given the
lack of therapeutic effect, intraarticular hyaluronic acid is not
recommended for symptomatic knee OA1?"!

According to a study,*® HA may have antioxidant and
anti-apoptotic effects and reduce inflammation by modulating
the AKT pathway. In addition, HA has lubricating, analgesic,
and possibly tissue-repair characteristics.*!! It has been discov-
ered that IA hyaluronic acid is employed often in mild to severe
OA.B2I Therapeutic trajectory following intra-articular hyal-
uronic acid injection in KOA - meta-analysis yielded the same
conclusion, namely that IAHA is efficacious at 4 weeks, reaches
maximum efficacy at 8 weeks, and exerts detectable residual
effects at 24 weeks.’! In addition, a number of studies** have
investigated whether HA can attenuate the cytotoxic effects of
glucocorticoids and anesthetics. One study examined the effi-
cacy and safety of Diclofenac-Hyaluronate (DF-HA) Conjugate
(Diclofenac Etalhyalu-rate) in the treatment of KOA utilizing
DF covalently linked to a high molecular weight fermented
HA. Results demonstrate that when DF-HA is paired with the
advantages of IA HA and NSAIDs, symptoms are significantly
reduced. To maintain efficacy, DF-HA requires repeated injec-
tions every 4 weeks, which may be more expensive than tra-
ditional TA formulations, which are administered every 3 to 6

11

months.?! Despite its faults, this may indicate a new approach
for HA.

KOA is characterized by articular cartilage degeneration and
subchondral bone changes.*®! Therefore, while examining the
beginning and course of KOA, the origin of the subchondral
bone cannot be neglected. Subchondral lesions are linked to
symptomatic knee OA.B’”! Under the influence of biochemical
and mechanical factors, subchondral bone and cartilage from
a bone-chondral monolithic functional complex®! are involved
in the etiology of osteoarthritis. In early OA, the self-repair of
articular cartilage reduces the excessive mechanical strain on the
subchondral bone. As a result, the subchondral bone is not sub-
jected to the necessary stress. In turn, this under load increases
the ratio of receptor activator of nuclear factor-kappa B ligand/
osteoprotegerin receptor activators in osteocytes, resulting in
an increase in osteoclast formation and bone resorption activ-
ity®” On the one hand, as KOA progresses, the cartilage layer
seems abnormally altered, leading to a diminished capacity to
absorb mechanical stress and an increase in subchondral bone
loading. The rapid turnover of subchondral bone, on the other
hand, results in altered biomechanical properties of bone tissue
in early OA, transmitting shear loads to the cartilage layer and
causing persistent cartilage damage.’”) The subchondral bone
plate and subchondral trabecular bone make up the subchon-
dral bone (SB). As osteoarthritis (OA) progresses, uncoupled
bone remodeling occurs in the SB, leading to the production of
microfractures and vascular infiltration in the subchondral bone
plate.*) Media generated by osteoclasts and chondrocytes can
scatter and travel through micro-fissures or invasive arteries.

“Triamcinolone acetonide extended-release.” Corticosteroid
intra-articular injection is the most well-approved therapy tech-
nique for KOA joint cavity injection. The OARSI recommen-
dations for non-surgical KOA treatment propose intra-articular
(IA) corticosteroid injections.*!! According to studies, synovial
inflammation plays a significant part in the pathogenesis of
KOA. Therefore, the synovium may be an important target in
the therapy of KOA,*? and intra-articular injections of cortico-
steroids (such as tretinoin) may alter synovial inflammation.*!
Injections of intra-articular tretinoin can alleviate moderate
to severe pain,*! however, the effect declines soon following
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Figure 15. (A) Clustering analysis of correlates. (B) Keyword clustering timeline diagram.

The top 10 keywords for the highest count and centrality on
KOA intra-articular injection therapy.

Count Keywords Centrality Keywords
1 857 Knee osteoarthriti 0.41 Knee osteoarthriti
2 725 Intraarticular injection 0.26 Intraarticular injection
3 686 Hyaluronic acid 0.14 Hyaluronic acid
4 428 Platelet-rich plasma (prp)  0.13 Therapy
5 413 Efficacy 0.09 Double blind
6 389 Avrticular cartilage 0.08 Articular cartilage
7 380 Double blind 0.07 Efficacy
8 369 Osteoarthriti 0.06 Knee
9 288 Knee 0.05 Platelet-rich plasma (prp)
10 274 Management 0.04 Osteoarthriti

the injection.*) A recently developed micro-sphere-based pro-
longed-release tretinoin formulation is able to sustain tretinoin
concentrations in the joint for a longer period of time. Philip G.

12

Conaghan examined the therapeutic effectiveness of FX006 for
the treatment of KOA pain and found that FX006 32 mg consid-
erably outperformed the saline group.**! Uncertain is the benefit
of FX006 over traditional tretinoin preparations.
“Inflammation.” Osteoarthritis is an inflammatory disorder.
Studies have shown that synovitis is widespread in osteoar-
thritic joints and that inflammation is present in the synovium
at all phases of OA, including the earliest stages.[*”! Clinical
and epidemiological studies*®! indicate a correlation between
the progression of cartilage loss and inflammation in the knee
joint of people with KOA. Surface pattern recognition recep-
tors (PRRs) on macrophages, which are germline-encoded
innate immune receptors, are activated during the develop-
ment of osteoarthritis (OA), allowing synovial macrophages
to differentiate between external pathogen-associated molec-
ular patterns and endogenous damage-associated molecular
patterns. Activated PRRs induce intracellular downstream
effects, such as the NF-B pathway, resulting in the produc-
tion of proinflammatory cytokines and chemokines.*! il-1 is
a proinflammatory cytokine that plays an important role in
OA pathogenesis by stimulating OA pathogenesis-associated
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Figure 16. Keyword burst.

inflammatory factors such as inducible nitric oxide synthase
and cyclooxygenase-2, thereby reducing aggregated glycans
and collagen II and promoting ECM degradation.”® Under
inflammatory conditions, chondrocytes undergo metabolic
changes mediated by NF-B activation, and according to stud-
ies, chronic NF-B activation is one of the key causes of patho-
logical abnormalities in OA. In chondrocytes, mechanical
stress, injury, and age, as well as metabolic disease factors,
can activate NF-B to promote catabolic alterations. In turn,
cartilage degeneration exacerbates mechanical stress and joint
injury, exacerbating inflammatory stimulation of the syno-
vial cavity, sustaining NF-B activity, and generating a positive
feedback loop.F!

4.2. Research frontiers

“Keyword burst” refer to words that are frequently cited over a
period of time. The distribution of keywords with the strongest
citation burst can be used to predict the frontier of research
trends. Through analysis, we believe that Regarding knee joint
injection therapy, cartilage repair may receive more attention.
PRP, MSCs, and non-steroidal drugs are used as injection mate-
rials, but the effective ingredients may rapidly decline over
time after injection. Microsphere may slow down this process.
Researchers hope to combine PRP, MSCs, and microsphere to
repair articular cartilage and alleviate pain caused by KOA.
Alessandro Di Martino et al undertook a 5-year, double-blind,
randomized, controlled experiment comparing PRP injections
to HA injections for KOA. The median duration of subjective
symptom alleviation was 9 months for HA and twelve months
for PRP (insignificant). The only meaningful difference was the
much-decreased reintervention rate at 24 months in the PRP
group. Both therapies enhanced the knee functionality and alle-
viated its discomfort over time. PRP did not produce greater
clinical improvement in symptom function at various follow-up

13
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points or duration of impact when compared to HA.? In the
treatment of mild to moderate KOA, intra-articular injections
of PRP were better than HA or saline solution. Individuals with
mild to severe KOA who receive intra-articular injections of
LP-PRP demonstrate clinically significant functional improve-
ment for a minimum of 1 year.’¥ Mengjiao Ma et al loaded
PRP powder into polyethylene glycol microspheres, and platelet
aggregation prolonged the duration of PRP release from micro-
spheres. This delivery system can be used to load and release PRP
to promote tissue regeneration and wound healing, or inhibit
tissue degradation of osteoarthritis and disc degeneration.5*!

Based on chitosan (CS) hydrogel/3d printed polycaprolactone
(PCL) hybrid material, pinxue Li et al injected tetrahedral frame-
work nucleic acid into the articular cavity. As a promising DNA
nanomaterial to improve the regenerative microenvironment,
tetrahedral framework nucleic acid can be absorbed into bone
marrow mesenchymal stem cells and promote the proliferation
and chondrogenic differentiation of bone marrow mesenchymal
stem cells.l’! Six months after a single injection of AD-MSCs,
WOMAC scores had significantly improved. Six months later,
the WOMAC score of the control group did not change appre-
ciably. At 6 months, MRI demonstrated no change in cartilage
abnormalities in the MSC group, but cartilage defects increased
in the control group. This suggests that MSCs may influence
cartilage healing. At the 6-month follow-up, neither group had
unfavorable results. For studies to provide greater evidence,
larger sample sizes and longer follow-up periods may be nec-
essary.’® Julien Freitag applied a semi-quantitative and veri-
fied MOAKS evaluation to define structural changes over 12
months and demonstrated a trend toward enhanced disease sta-
bility with the twofold injection regimen in comparison to the
single injection regimen. The discovery of cartilage stability as
opposed to regeneration suggests that MSCs function via para-
crine and local support pathways as opposed to direct differen-
tiation along the chondrocyte lineage.l”!

In conclusion, PRP and MSCs may be at the forefront of joint
injection research for KOA. We highlighted the phrases “micro-
sphere formulation,” “single,” “clinical outcome,” “cartilage
regeneration,” “risk,” “PRP injection,” “effect,” and “stem cell
treatment” since the outbreak has persisted to date. These key-
words are similar to those found in the previously quoted arti-
cle outbreak and concentrate on the clinical efficacy and safety
of PRP and MSCs. The concept of new drug delivery system
has shown practical benefits as a new way of accurate, safe and
high-quality drug delivery for OA treatment. With the progress
of material technology, “microsphere formulation” may become
a new trend in the development of corticosteroid drugs for com-
bined residence time and reducing systemic exposure, thereby
improving the therapeutic effect of KOA. In addition, herbal
medicine is also used to treat osteoarthritis because of its less
efficacy and side effects. Herbal medicine combined with micro-
sphere preparation may have better effect.

5. Conclusion

The number of papers on the topic of KOA intra-articular injec-
tion treatment is increasing year by year. Research disciplines
are accompanied by crossover and convergence. The United
States is the largest contributor to research on this topic, with
the highest number and centrality of studies in the world. There
is a need for more inter-country collaboration among authors
and institutions of published studies. Mesenchymal stem cells,
PRP, hyaluronic acid, triamcinolone acetonide extended-release,
inflammation, and subchondral bone are the main research
hotspots. From the above analysis, we believe that PRP, MSCs,
and microsphere formulation have a broader future for KOA
intra-articular injection treatment, but as an emerging ther-
apeutic modality, questions about its efficacy and risk profile
still need to be addressed, requiring researchers to conduct
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more precise experiments and to enhance cooperation among
various organizations, institutions, and countries. This requires
researchers to conduct more precise experiments and increase
cooperation among organizations, institutions, and countries
to reach a consensus on the preparation, efficacy, and safety of
joint cavity injection reagents.

PRP therapy has shown promise for treating joint problems.
PRP is a concentration of blood platelets containing growth fac-
tors that can help stimulate the body natural healing processes.
Some studies have shown that PRP can promote the repair of
cartilage and help relieve pain caused by KOA.MSCSs (mesen-
chymal stem cells) are a type of adult stem cell that can dif-
ferentiate into various types of cells, including cartilage cells.
Researchers are exploring the use of MSCSs to repair joint car-
tilage and relieve pain caused by KOA. Microspheres are small,
sphere-shaped particles that can carry drugs or growth factors
to the joint. By combining PRP, MSCSs, and microsphere for-
mulations, researchers hope to develop a more effective treat-
ment for joint cartilage repair and pain relief in patients with
OA. However, it is important to note that research in this area
is ongoing, and the long-term effectiveness and safety of these
treatments need to be further evaluated. Additionally, the use
of these therapies may be limited by factors such as cost and
availability.

6. Advantages and limitations

This research represents groundbreaking investigation into
visual analysis within the field of KOA intra-articular injection
treatment, employing a bibliometric approach to comprehend
trends and focal points. Despite the implementation of a com-
prehensive and meticulously organized research methodology,
solely articles that were published within the Web of Science
Core Collection were chosen for data analysis. This approach
may result in the exclusion of pertinent papers. The study only
considered English articles, potentially introducing source bias.
Subsequent analyses will incorporate additional databases to
overcome this constraint.
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