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Background: The wide range of clinical applications and controversial scientific evidence associated with platelet-rich plasma
(PRP) therapy in musculoskeletal medicine requires an examination of the most commonly cited studies within this field.

Purpose: To identify the 50 most cited articles on PRP, assess their study design, and determine any correlations between the
number of citations and level of evidence (LoE) or methodological quality.

Study Design: Cross-sectional study.

Methods: The Web of Science database was queried to identify the top 50 most cited articles on PRP in orthopaedic surgery.
Bibliometric characteristics, number of citations, and LoE were recorded. Methodological quality was evaluated using the Modified
Coleman Methodology Score (MCMS), Methodological Index for Non-randomized Studies (MINORS), and Minimum Information
for Studies Evaluating Biologics in Orthopaedics (MIBO). The Pearson correlation coefficient and Spearman correlation coefficient
(rs) were used to determine the degree of correlation between the number of citations or citation density and LoE, MCMS, MINORS
score, and MIBO score. Student t tests were performed for 2-group comparisons.

Results: The top 50 articles were published between 2005 and 2016 in 21 journals. The mean number of citations and citation
density were 241 £ 94 (range, 151-625) and 23 + 8, respectively, and the mean LoE was 2.44 + 1.67, with 15 studies classified as
LoE 1. The mean MCMS, MINORS score, and MIBO score were 66.9 + 12.6, 16 + 4.7, and 12.4 + 3.7, respectively. No correlation
was observed between the number of citations or citation density and LoE, MCMS, MINORS score, and MIBO score. A significant
difference (P = .02) was noted in LoE in articles from the United States (3.56 + 1.7) versus outside the United States (2 + 1.5). Seven
of the 8 in vivo studies were published between 2005 and 2010, whereas 19 of the 25 clinical outcome investigations were
published between 2011 and 2016. Studies that were published more recently were found to significantly correlate with number of
citations (rs = —0.38; P = .01), citation density (rs = 0.36; P = .01), and higher LoE (rs = 0.47; P = .01).

Conclusion: The top 50 most cited articles on PRP consisted of high LoE and fair methodological quality. There was a temporal
shift in research from in vivo animal studies toward investigations focused on clinical outcomes.
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Platelet-rich plasma (PRP) therapy is one of the most highly
discussed and controversial topics in the field of orthopae-
dic surgery. Originally used in the 1970s by hematologists
for transfusions in patients with thrombocytopenia and
then used in maxillofacial surgery for its cell prolifera-
tion—inducing effects, PRP quickly became widely used for
the treatment of various musculoskeletal disorders.’ Much of
the controversy surrounding PRP has to do with poorly
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standardized preparation and administration protocols, as
well as a history of PRP’s being applied to many pathologies
before rigorous investigation regarding its efficacy. It is
thought that a major contributor to PRP’s rapid integration
into clinical practice has been its coverage in the media as a
popular treatment of elite athletes and celebrities, leading to
acceleration of its use through the notorious “hype
pipeline.”®°

With osteoarthritis and joint disorders being the second
most common nonacute condition for which patients seek
health care in the United States,®® there is clearly a high
demand for nonsurgical therapies, such as PRP, for the
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treatment of these conditions. Currently, PRP is most com-
monly used in the treatment of cartilage-related conditions,
followed by meniscal, tendinous, and glenoid labral pathol-
ogy.1%* However, this pattern of usage is not entirely
aligned with current evidence for PRP. PRP has the
highest-quality evidence for the treatment of lateral
epicondylitis and knee osteoarthritis.?®5* Although not as
well supported, there is evidence surrounding the use of
PRP in the treatment of patellar tendinopathy and plantar
fasciitis. 28586998 However, there is either insufficient evi-
dence or a lack of efficacy for the use of PRP in rotator cuff
tendinopathy, osteoarthritis of the hip, high ankle sprain,
Achilles tendinopathy, muscle injuries, acute fracture or
nonunion, surgical augmentation in rotator cuff repair,
Achilles tendon repair, and anterior cruciate ligament
(ACL) reconstruction.?® With expanding usage of PRP, the
global PRP market is expected to grow between $380 mil-
lion and $4.5 billion within the next 10 years,** with the
vast majority of spending coming out-of-pocket from
patients at a cost of $707 on average per injection (range,
$175-$4973)® since PRP therapy is not typically covered by
most medical insurance companies.**

As PRP has gained popularity in the field of musculoskel-
etal medicine, there has been a concurrent sharp increase in
the number of publications relating to PRP. An independent
PubMed search by our study team for the terms “platelet-rich
plasma” yielded 12,913 publications, with the year 2020 hav-
ing the largest number of publications to date (1243 articles),
which was up from only 132 articles during the year 2000.
From these publications, questions remain regarding study
design and methodological quality of the most popularly ref-
erenced investigations of PRP therapy in the setting of mus-
culoskeletal pathology. It is well known that studies with
positive findings are more likely to be published and cited
than are those reporting negative results,*® and this bias may
also be present in the PRP literature. Furthermore, previous
bibliometric analyses in the field of orthopaedic surgery relat-
ing to the elbow,*® the rotator cuff,”® the spine,’°! the ACL,%®
the ankle,®® pediatrics,® and patellar instability? have identi-
fied numerous scenarios whereby some of the most commonly
cited studies are of low scientific quality. Thus, further char-
acterization of the most highly cited publications on PRP is
warranted to better understand the current practices and
controversy surrounding PRP.

The purpose of this study was to objectively identify the 50
most cited articles evaluating the use of PRP in musculoskel-
etal medicine, assess the study design of these investigations,
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and determine if there is any correlation between the number
of citations for these studies and their level of evidence (LoE)
or methodological quality. We hypothesized that most com-
monly cited articles would report a benefit associated with
PRP therapy yet have low-quality study methods.

METHODS

The Web of Science online database (Version 5.35) was
queried in March 2021 for articles published in English with-
out date restrictions.®?15591101 The terms “platelet-rich
plasma,” “PRP,” “orthobiologics,” “platelet-concentrated
therapy,” “autologous conditioned plasma,” “autologous
plasma injection,” “regenerative therapy,” and “platelet-
rich growth factors” were individually searched within this
database. All articles and their associated journals were
included in the search results. The resultant articles were
sorted by the number of times cited, from most to least. Each
article was reviewed to determine whether it was related to
PRP in musculoskeletal medicine, and the top 50 most cited
articles that met inclusion criteria were selected.

Each article in the 50 most cited list was assessed for the
following characteristics: number of citations, author(s), year
of publication, journal source, country of origin, and study
type (controlled laboratory study, animal study, literature
review, systematic review, retrospective cohort study, pro-
spective cohort study, case-control study, case series, or ran-
domized controlled trial [RCT]). The citation density for each
article was computed by dividing the total number of citations
by the number of years since publication. For each clinical
article, the LoE was determined based on guidelines pub-
lished by the Journal of Bone and Joint Surgery—American
Volume (JBJS).%° Study methodological quality for
each article was analyzed using the Modified Coleman
Methodology Score (MCMS),%® Methodological Index for
Non-randomized Studies (MINORS),%® and Minimum Infor-
mation for Studies Evaluating Biologics in Orthopaedics
(MIBO).”* MCMS ranges from 0 to 100, and scores <55 are
considered poor, between 55 and 69 are fair, between 70 and
84 are good, and between 85 and 100 are excellent.'® An
overall MINORS score of 24 is considered a perfect score and
suggests low risk of bias.'® An overall MIBO score of 23 is
considered a perfect score and suggests high transparency,
reproducibility, and comparability.”® Controlled laboratory
studies, literature reviews, and animal studies were not
evaluated for methodological quality.
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The data were analyzed for a normal distribution using the
Kolmogorov-Smirnov test. The Pearson correlation coefficient
(r) was used to determine the degree of correlation between
the top-cited articles and their corresponding LoE, study qual-
ity, and year of publication when the data were normally
distributed; and the Spearman correlation coefficient (rg) was
used to determine the degree of correlation if the data did not
follow a normal distribution. The strength of correlations for
both tests was defined according to previous assessments of
top-cited articles in orthopaedic surgery.>*>! Student ¢ tests
were performed for 2-group comparisons. P < .05 was defined
as significant. IBM SPSS Statistics, Version 26 was used.

RESULTS

The top 50 most cited articles on PRP were published between
2005 and 2016 and are shown in Appendix Table Al. The
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Figure 1. Distribution of top 50 most cited platelet-rich
plasma-related articles by decade of publication.
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overall mean number of citations was 241 + 94 (range, 151-
625), and the mean citation density was 23 + 8. The decade
between 2010 and 2019 accounted for the largest number of
articles (n = 34; 68%) (Figure 1), with most of the articles
published in 2011 (n = 12; 24%). The top 50 articles were
published in 21 different journals, with the top 3 most cited
journals being the American Journal of Sports Medicine (n =
18; 36%), Arthroscopy (n = 5; 10%), and the Journal of Ortho-
paedic Research (n = 5; 10%) (Table 1). A total of 13 countries
were represented in the list, with the United States (n = 19;
38%), Italy (n = 10; 20%), and the Netherlands (n = 7; 14%)
contributing the most articles (Figure 2). There was no signif-
icant difference between articles published in the United
States versus outside the United States regarding the mean
number of citations (n = 19, 263 + 114 vs n = 31, 227 + 78,
respectively; P = .19) and mean citation density (24.7 + 8.7 vs
22.2 + 7.7, respectively; P = .29).

The most common study type among the most cited arti-
cles was the RCT (n = 15; 30%) (Figure 3). Of the clinical
articles, predominating topics included use of PRP therapy
in the setting of knee osteoarthritis (n = 10; 20%) and elbow
tendinopathy (n = 7; 14%). A breakdown of topic by PRP
therapy outcome and LoE is shown in Table 2.

The overall mean LoE for qualifying articles (n = 34) was
2.44 + 1.67, with studies classified as level 1 being the most
prevalent (n = 14) (Figure 4). Level 3 studies were not
represented. Unclassified articles are largely basic science
studies that do not qualify for assessment using the LoE
guidelines published by JBJS. There were no significant
correlations between number of citations or citation density
and LoE (r; = 0.12, P = .51, and ry, = —0.22, P = .22, respec-
tively). However, a significant difference (P = .02) was noted
in LoE in articles from the United States (3.56 + 1.7) versus
outside the United States (2 £ 1.5).

TABLE 1
Number and Percentage of Top 50 Most Cited Platelet-Rich Plasma—Related Articles by Journal of Publication
Journal n (%) No. of Citations
American Journal of Sports Medicine 18 (36) 4757
Journal of Orthopaedic Research 5(10) 1164
Arthroscopy 5(10) 1119
Knee Surgery, Sports Traumatology, Arthroscopy 3(6) 702
Journal of the American Medical Association 1(2) 473
Osteoarthritis and Cartilage 2(4) 408
Journal of Bone and Joint Surgery—American Volume 2(4) 403
Journal of Bone and Joint Surgery—British Volume 1(2) 338
Clinical Orthopaedics and Related Research 1(2) 312
Current Reviews in Musculoskeletal Medicine 1(2) 275
Clinics in Sports Medicine 1(2) 239
Journal of Shoulder and Elbow Surgery 1(2) 235
Journal of the American Academy of Orthopaedic Surgeons 1(2) 221
BMC Musculoskeletal Disorders 1(2) 189
Injury 1(2) 189
Sports Medicine 1(2) 184
American Journal of Physical Medicine and Rehabilitation 1(2) 182
Journal of Cellular Physiology 1(2) 181
International Orthopaedics 1(2) 164
British Journal of Sports Medicine 1(2) 151
Acta Orthopaedica 1(2) 169
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Twenty-five studies were analyzed for methodological
quality, given the exclusion of 11 reviews, 8 animal studies,
and 6 controlled laboratory studies. The overall mean
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Figure 2. Distribution of top 50 most cited platelet-rich
plasma-related articles by country of origin.
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Figure 3. Distribution of top 50 most cited platelet-rich
plasma-related articles by study type.
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MCMS, MINORS score, and MIBO score were 66.9 + 12.6,
16 + 4.7, and 12.4 * 3.7, respectively. There was no signif-
icant correlation between number of citations or citation
density and MCMS (rg = 0.075, P = .72, and rg = 0.3,
P = .15, respectively), MINORS score (rg = 0.19, P = .36,
and rg = 0.37, P = .07, respectively), or MIBO score (r =
0.21, P = .3, and r = 0.17, P = .41, respectively). Also, no
significant difference existed in articles from the United
States versus outside the United States concerning MCMS
(62.75 + 16.32 vs 67.67 £ 12.06, respectively; P = .48),
MINORS score (13.5 + 4.51 vs 16.43 £ 4.75, respectively;
P = .27), and MIBO score (11 +£1.15vs 12.71 £ 4.03, respec-
tively; P = .41).

Articles were analyzed for change over time. This change
over time demonstrated a shift from in vivo animal model
investigations toward clinical studies focused on health
outcomes. There was a weak negative correlation between
number of citations and year of publication (rg = —0.38;
P = .01), whereas a weak positive correlation was noted for
citation density and publishing year (rg = 0.36; P = .01).
There was also a weak positive correlation observed
between year published and improved LoE (rg = 0.47;
P = .01). However, no statistically significant correlations
were noted between more recent year of publication and
improved MCMS (rg = 0.19; P = .35) MINORS score (rs =
0.03; P = .87), or MIBO score (r = -0.19; P = .37).

DISCUSSION

This investigation identified the 50 most cited articles
related to PRP in musculoskeletal medicine. Nearly half
(48%) of the studies had a high LoE (level 1 or 2). However,
when assessed via MCMS, MINORS, and MIBO scoring
criteria, most studies were of fair methodological quality.
Additionally, there were no significant correlations
between number of citations and LoE (rg = 0.12; P = .51)
or MCMS (rg = 0.075; P = .72), MINORS score (rg = 0.19;
P = .36), or MIBO score (r = 0.21; P = .3). However, signif-
icant correlations were noted for recent publication
date and improved LoE (rg = 0.47; P = .01), number
of citations (rg = —0.38; P = .01), and citation density
(r¢ = 0.36; P = .01).

In medical literature, the number of times an article is
cited by other authors is often used as a marker of influence

TABLE 2
Distribution of Clinical Research Topics by Platelet-Rich Plasma Therapy Outcome and Level of Evidence®

Therapy Outcome

Level of Evidence

Topic Positive Negative 1 2 3 4 5
Knee osteoarthritis 9(18) 1(2) 5(10) 5(10) 0 0 0
Elbow tendinopathy 6 (12) 1(2) 5(10) 2 (4) 0 0 0
Rotator cuff tear 1(2) 2(4) 2(4) 1(2) 0 0 0
Patellar tendinopathy 2(4) 0 0 1(2) 0 1(2) 0
Achilles tendinopathy 0 2 (4) 2 (4) 0 0 0 0
Bone fracture 0 1(2) 0 1(2) 0 0 0

“Values are expressed asn (%). The percentage represents the percentage of articles within the top 50 most cited platelet-rich plasma articles.
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Figure 4. Distribution of top 50 most cited articles by level of
evidence (LoE).

within a discipline for research topics, journals, and
authors alike.l""9:10:1%:30:55 Thig list of the top 50 most cited
articles on PRP provides seminal papers in musculoskele-
tal medicine for historical indexing and identifies authors
and topics of study that have profoundly influenced its
growth in the past 20 years. The articles within this list
also demonstrate the evolution of standard practices
and controversies regarding PRP, which may serve to
guide clinical practice and future research studies.
This investigation demonstrated that there was no signif-
icant relationship between the number of citations of the
top 50 most cited articles and their methodological quality
based on 2 separate scoring systems for assessing study
method. The articles in the top 50 most cited were of a high
LoE and had fair methodological assessment scores.

By analyzing the characteristics of the prominent arti-
cles in the top 50 list, we sought to ascertain the features
that make these articles important to colleagues within
orthopaedic surgery. Here, we found that the most cited
article within the list was by Foster et al,>” with 625 cita-
tions accrued since its year of publication (2009). This large
citation number likely reflects the importance of this com-
prehensive review in the history of knowledge about PRP
clinical applications in the setting of sports-related injuries.
The most common studies were RCTs (LoE 1), which were
mostly published in the American Journal of Sports Medi-
cine between 2010 and 2015 and were largely conducted in
various European countries.

Although no prior bibliometric analyses exist regarding
PRP, the results of this study are fairly similar to those of
previous bibliometric reviews in subspecialties of orthopae-
dic surgery. Comparable with findings in ulnar collateral
ligament surgery,* patellar instability,? rotator cuff sur-
gery,®! and multiligamentous knee injury literature,*® the
most predominant country among the most cited articles on
PRP was the United States (38%). This trend corroborates
the fact that the United States perseverates as a global
leader in research output.’® As suggested previously, this
finding may be subject to bias, given that many journals are
published in the English language and based in the United
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States. Journals based in the United States of high impact
factor may also impose a geographical bias for publishing
research work from American authors, and articles from
high-impact journals are often cited more because of their
perceived quality.

RCT studies were the most represented type of study in
this investigation, differing from prior bibliometric analy-
ses in orthopaedics, which tend to have more case series
and basic science studies.>”4%4391 This finding highlights
the possible increased demand for interventional studies
capable of providing reliable scientific evidence, such as
RCTs, to adjudicate the controversies surrounding the lack
of both clear guidelines for PRP and high-quality evidence
supporting its range of potential applications and benefits
for musculoskeletal injuries. However, the stringent regu-
lations and costs associated with RCTs and higher PRP
costs in the United States compared with foreign countries
may explain why RCTs are more likely to originate out of
the country.'®7%7884103 This i5 in line with our investiga-
tion, in which most of the RCTs (13 of 15 studies, LoE 1) and
prospective cohort studies (6 of 7 studies, LoE 2) found
within the top 50 list were conducted abroad. This trend
may explain the statistically significant difference found
between improved LoE and articles published abroad ver-
sus in the United States (P = .02). This emphasizes the
influence of international researchers whose contributions
have been essential in the evolution of PRP therapy, in
terms of its fundamental understanding and clinical prac-
tice application. In addition, the considerable number of
RCTs and prospective cohort studies in this investigation
reflect the recent increasing importance of evidence-based
medicine across all fields.?® Correspondingly, this study
determined that there was a statistically significant
increase in quality of evidence as publication year
approached the modern era (P = .01). Even with this
improvement, we observed no statistically significant cor-
relation between improved methodological quality (MCMS,
MINORS, or MIBO) and year of publication. Despite grow-
ing interest surrounding PRP over the years, the quality of
studies has not improved accordingly. Perhaps this finding
is attributable to the fact that a great proportion of the
clinical studies found within our top 50 most cited list
were consistently underpowered and had insufficient
follow-up time.

Previous bibliometric analyses in shoulder surgery,”™
rotator cuff surgery,®>?! spine surgery,'°! ulnar collateral
ligament injuries,*® and multiligament knee injuries*’
have found similar results regarding timing of publication,
with a vast majority of the most cited papers being pub-
lished as they approached the present. Ordinarily this
trend is nonintuitive, as increasing time since publication
would allow for more opportunity to accumulate citations.
Our finding may reflect the relatively recent emergence of
PRP therapy because of its novel tissue healing and regen-
eration potential in conditions such as chronic tendinopa-
thies, cartilage repair, and repair of soft tissue injuries,*"-¢”
which were the focus of numerous papers in our list. Per-
haps this increase in recognition of PRP led to an overall
increase in the number of publications in recent years. Fur-
thermore, only 3 of the previous most cited orthopaedic
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literature studies evaluated the methodological quality of
the identified articles.?®*3°! In support of what has been
previously described, our investigation shows a continued
need for high-quality reports on PRP clinical applications
and outcomes in orthopaedic disease processes.

After 2010, there was a shift in topics from in vivo PRP
studies to outcomes-based, comparative clinical studies
surrounding PRP use versus other nonoperative therapies
for treatment of orthopaedic diseases. The most frequently
investigated study topics included PRP use for treatment
of knee osteoarthritis and elbow epicondylitis. Consider-
ing that the number of publications on PRP continues to
grow, it is imperative to evaluate the quality of studies
that guide its clinical use. Furthermore, Table 2 shows
therapy outcome, either positive or negative, for PRP in
relation to either placebo or alternative therapies, for all
clinical research studies within the 50 most cited publica-
tions on PRP. The distribution of outcomes for articles in
our investigation generally followed the current clinical
recommendations for PRP use based on recent meta-
analyses. For example, in this study, the vast majority of
outcomes for PRP use in knee osteoarthritis and elbow
epicondylitis were positive, which is in line with current
general consensus that PRP is superior to hyaluronic acid
for osteoarthritis!''? and PRP is superior to corticoster-
oids for elbow epicondylitis.*? Not surprisingly, many of
the articles related to knee osteoarthritis and elbow ten-
dinopathy were classified with greater LoE, comprising
most of the level 1 and 2 studies found in our investiga-
tion. Both clinical studies within our list on PRP for patel-
lar tendinopathy had positive outcomes, which follows
current moderate evidence that PRP is superior to other
nonsurgical treatments for patellar tendinopathy.?! The
finding in our sample that the majority of outcomes were
negative for PRP in the treatment of rotator cuff lesions,
Achilles tendinopathy, and fractures is also in line with
lack of current evidence for these PRP uses.”?83:102
Finally, although there were no clinical studies on PRP
for plantar fasciitis within our top 50 most cited articles,
it should be noted that there is emerging evidence of
greater efficacy for PRP compared with corticosteroids.*?
However, the overall consensus continues to state that
PRP is currently an experimental therapy and thus
requires proper patient education regarding risks and
benefits. Although current indications and expected out-
comes remain controversial, for those with recalcitrant
musculoskeletal disease processes who are not ideal sur-
gical candidates, PRP may be an effective alternative
therapy, particularly in patients who are affected by knee
osteoarthritis or elbow epicondylitis.

When appreciating works published in high-impact
journals or with lofty citation numbers, it is important to
be mindful that they do not necessarily correlate with
high-quality studies. As this study has identified a lack
in methodological quality when reviewing current highly
cited PRP publications, we hope future clinicians and
researchers will adopt aspects of the MCMS, MINORS,
or MIBO scoring criteria when designing their studies to
achieve higher-quality literature.
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Limitations

This review had several limitations. Selecting the top 50
articles for our citations list was arbitrary, as was the
inclusion of any alternative number of studies among
other citation analysis investigations.b”1%475% In addi-
tion, we recognize that our list of publications may not
adequately represent all the literature related to PRP.
We only included 50 of the numerous available publica-
tions, and our search protocol only accounted for peer-
reviewed publications available online. Furthermore, our
study utilized only 1 database, Web of Science, to identify
the most cited articles. We recognize this may have omit-
ted certain relevant articles from our study. Therefore, in
an attempt to optimize sampling of the relevant literature,
we did not limit our search criteria to only orthopaedic
journals.

There was a large number of animal, in vitro, and review
articles that were included in our top 50 most cited list;
however, only 25 of these studies were clinical investiga-
tions that could be assessed for methodological quality, as
LoE does not apply to nonclinical studies or review articles.
Our study design may have benefited from evaluating the
top 50 clinical investigations to better understand the qual-
ity and change in PRP clinical research over time, but in an
effort to provide a more comprehensive review, we aimed to
identify all research articles that may appeal to the variety
of investigators within this field. Additionally, as in any
citation study, the number of citations represents influence
within a medical discipline; however, this correlation
often introduces biases such as timing of publication and
self-citation,> "8 1791191 yegylting in the identification of
articles that do not necessarily represent the most influen-
tial or best articles. Citation density partially accounts for
the inherent biases present in the number of citations met-
ric. As in previous studies, this investigation may have
generated articles that underwent the “snowball effect,”
whereby authors are more likely to cite an article because
of relevant previous citations rather than for its content
and quality.'”™

It should also be noted that, recently, the combination of
PRP with additional adjunctive therapies has increased in
use, thereby confounding interpretation of isolated PRP
treatment efficacy. Four studies within our most cited stud-
ies list utilized PRP therapy in combination with an addi-
tional therapeutic product. In addition, our study did not
distinguish between the different types of PRP therapy,
such as leukocyte-rich versus leukocyte-poor, because of
the fact that our overall goal was to determine the current
quality of studies related to PRP therapy regardless of
preparation formulation. Finally, we recognize that regard-
less of preparation technique, the variability of platelet con-
centrations as well as variability in the amount of and types
of growth factors contained within harvested autologous
platelet preparations continues to present challenges
related to interpreting clinical efficacy. Platelet concentra-
tions and their growth factors vary greatly temporally and
from patient to patient; thus, it is impossible to standardize
PRP treatment administration.??76.94.96
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CONCLUSION

The top 50 most cited articles on PRP in orthopaedic sur-
gery showcased a myriad of geographic regions and jour-
nals. These studies were primarily of high LoE (level 1) but
fair methodological quality when assessed using MCMS,
MINORS, and MIBO scoring criteria. There was a temporal
shift from animal studies toward clinical investigations.
Articles published abroad were statistically different from
US publications in terms of LoE. A statistically significant
correlation between improved LoE and more recent year of
publication was also noted in our review. Overall, higher
methodological quality studies are necessary to establish
informed appropriate guidelines and management stan-
dards regarding PRP-based therapeutic interventions.

REFERENCES

1. Adams AB, Simonson D. Publication, citations, and impact factors of
leading investigators in critical care medicine. Respir Care. 2004;
49(3):276-281.

2. Agarwalla A, Yao K, Darden C, et al. Assessment and trends of the
methodological quality of the top 50 most cited articles on patellar
instability. Orthop J Sports Med. 2021;9(1):2325967120972016.

3. Akeda K, An HS, Okuma M, et al. Platelet-rich plasma stimulates
porcine articular chondrocyte proliferation and matrix biosynthesis.
Osteoarthritis Cartilage. 2006;14(12):1272-1280.

4. Alsousou J, Thompson M, Hulley P, Noble A, Willett K. The biology of
platelet-rich plasma and its application in trauma and orthopaedic
surgery: a review of the literature. J Bone Joint Surg Br. 2009;91(8):
987-996.

5. Alves R, Grimalt R. A review of platelet-rich plasma: history, biology,
mechanism of action, and classification. Skin Appendage Disord.
2018;4(1):18-24.

6. Anitua E, Andia |, Sanchez M, et al. Autologous preparations rich in
growth factors promote proliferation and induce VEGF and HGF pro-
duction by human tendon cells in culture. J Orthop Res. 2005;23(2):
281-286.

7. Arshi A, Siesener NJ, McAllister DR, et al. The 50 most cited articles in
orthopedic cartilage surgery. Cartilage. 2016;7(3):238-247.

8. Baldwin KD, Kovatch K, Namdari S, et al. The 50 most cited articles in
pediatric orthopedic surgery. J Pediatr Orthop B. 2012;21(5):463-468.

9. Baltussen A, Kindler CH. Citation classics in anesthetic journals.
Anesth Analg. 2004;98(2):443-451.

10. Baltussen A, Kindler CH. Citation classics in critical care medicine.
Intensive Care Med. 2004;30(5):902-910.

11. Baria MR, Vasileff WK, Borchers J, et al. Treating knee osteoarthritis
with platelet-rich plasma and hyaluronic acid combination therapy: a
systematic review. Am J Sports Med. 2022;50(1):273-281.

12. Belk JW, Kraeutler MJ, Houck DA, et al. Platelet-rich plasma versus
hyaluronic acid for knee osteoarthritis: a systematic review and meta-
analysis of randomized controlled trials. Am J Sports Med. 2021;
49(1):249-260.

13. Bollyky TJ, Cockburn IM, Berndt E. Bridging the gap: improving clin-
ical development and the regulatory pathways for health products for
neglected diseases. Clin Trials. 2010;7(6):719-734.

14. Bosch G, van Schie HT, de Groot MW, et al. Effects of platelet-rich
plasma on the quality of repair of mechanically induced core lesions in
equine superficial digital flexor tendons: a placebo-controlled exper-
imental study. J Orthop Res. 2010;28(2):211-217.

15. Boswell SG, Cole BJ, Sundman EA, Karas V, Fortier LA. Platelet-rich
plasma: a milieu of bioactive factors. Arthroscopy. 2012;28(3):
429-439.

16. Cannizzaro CK, Schuette HB, Houck DA, et al. Sex-based differences
in recurrence rates following arthroscopic anterior shoulder

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Top 50 Most Cited PRP Articles 7

stabilization: a systematic review. Arthrosc Sports Med Rehabil.
2020;2(5):e637-e644.

Cassar Gheiti AJ, Downey RE, Byrne DP, Molony DC, Mulhall KJ. The
25 most cited articles in arthroscopic orthopaedic surgery. Arthros-
copy. 2012;28(4):548-564.

Castillo TN, Pouliot MA, Kim HJ, Dragoo JL. Comparison of growth
factor and platelet concentration from commercial platelet-rich
plasma separation systems. Am J Sports Med. 2011;39(2):266-271.
Castricini R, Longo UG, De Benedetto M, et al. Platelet-rich plasma
augmentation for arthroscopic rotator cuff repair: a randomized con-
trolled trial. Am J Sports Med. 2011;39(2):258-265.

Cerza F, Carni S, Carcangiu A, et al. Comparison between hyaluronic
acid and platelet-rich plasma, intra-articular infiltration in the treat-
ment of gonarthrosis. Am J Sports Med. 2012;40(12):2822-2827.
Chen PC, Wu KT, Chou WY, et al. Comparative effectiveness of dif-
ferent nonsurgical treatments for patellar tendinopathy: a systematic
review and network meta-analysis. Arthroscopy. 2019;35(11):
3117-3131.e3112.

Creaney L, Wallace A, Curtis M, Connell D. Growth factor-based ther-
apies provide additional benefit beyond physical therapy in resistant
elbow tendinopathy: a prospective, single-blind, randomised trial of
autologous blood injections versus platelet-rich plasma injections.
Br J Sports Med. 2011;45(12):966-971.

de Jonge S, de Vos RJ, Weir A, et al. One-year follow-up of platelet-
rich plasma treatment in chronic Achilles tendinopathy: a double-
blind randomized placebo-controlled trial. Am J Sports Med. 2011;
39(8):1623-1629.

de Mos M, van der Windt AE, Jahr H, et al. Can platelet-rich plasma
enhance tendon repair? A cell culture study. Am J Sports Med. 2008;
36(6):1171-1178.

de Vos RJ, Weir A, van Schie HT, et al. Platelet-rich plasma injection
for chronic Achilles tendinopathy: a randomized controlled trial.
JAMA. 2010;303(2):144-149.

DelLong JM, Russell RP, Mazzocca AD. Platelet-rich plasma: the PAW
classification system. Arthroscopy. 2012;28(7):998-1009.

Dragoo JL, Braun HJ, Durham JL, et al. Comparison of the acute
inflammatory response of two commercial platelet-rich plasma sys-
tems in healthy rabbit tendons. Am J Sports Med. 2012;40(6):
1274-1281.

Dragoo JL, Wasterlain AS, Braun HJ, Nead KT. Platelet-rich plasma
as a treatment for patellar tendinopathy: a double-blind, randomized
controlled trial. Am J Sports Med. 2014;42(3):610-618.

Eddy DM. Clinical decision making: from theory to practice. Practice
policies—guidelines for methods. JAMA. 1990;263(13):1839-1841.
Fan JC, McGhee CN. Citation analysis of the most influential authors
and ophthalmology journals in the field of cataract and corneal refrac-
tive surgery 2000-2004. Clin Exp Ophthalmol. 2008;36(1):54-61.
Filardo G, Di Matteo B, Di Martino A, et al. Platelet-rich plasma intra-
articular knee injections show no superiority versus viscosupplemen-
tation: a randomized controlled trial. Am J Sports Med. 2015;43(7):
1575-1582.

Filardo G, Kon E, Buda R, et al. Platelet-rich plasma intra-articular
knee injections for the treatment of degenerative cartilage lesions and
osteoarthritis. Knee Surg Sports Traumatol Arthrosc. 2011;19(4):
528-535.

Filardo G, Kon E, Della Villa S, et al. Use of platelet-rich plasma for the
treatment of refractory jumper’s knee. Int Orthop. 2010;34(6):
909-915.

Filardo G, Kon E, Di Martino A, et al. Platelet-rich plasma vs hyaluronic
acid to treat knee degenerative pathology: study design and prelim-
inary results of a randomized controlled trial. BMC Musculoskelet
Disord. 2012;13:229.

Filardo G, Kon E, Pereira Ruiz MT, et al. Platelet-rich plasma intra-
articular injections for cartilage degeneration and osteoarthritis: sin-
gle- versus double-spinning approach. Knee Surg Sports Traumatol
Arthrosc. 2012;20(10):2082-2091.

Fortier LA, Barker JU, Strauss EJ, McCarrel TM, Cole BJ. The role of
growth factors in cartilage repair. Clin Orthop Relat Res. 2011;469(10):
2706-2715.



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

Bugarin et al

Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA.
Platelet-rich plasma: from basic science to clinical applications.
Am J Sports Med. 2009;37(11):2259-2272.

Gosens T, Peerbooms JC, van Laar W, den Oudsten BL. Ongoing
positive effect of platelet-rich plasma versus corticosteroid injection
in lateral epicondylitis: a double-blind randomized controlled trial with
2-year follow-up. Am J Sports Med. 2011;39(6):1200-1208.

Hall MP, Band PA, Meislin RJ, Jazrawi LM, Cardone DA. Platelet-rich
plasma: current concepts and application in sports medicine. J Am
Acad Orthop Surg. 2009;17(10):602-608.

Hankins DA, Fletcher IE, Prieto F, et al. Critical evaluation of the
methodologic quality of the top 50 cited articles relating to knee dis-
location and multiligamentous knee injury. Orthop J Sports Med.
2019;7(11):2325967119880505.

Hsu WK, Mishra A, Rodeo SR, et al. Platelet-rich plasma in orthopae-
dic applications: evidence-based recommendations for treatment.
J Am Acad Orthop Surg. 2013;21(12):739-748.

Huang K, Giddins G, Wu LD. Platelet-rich plasma versus corti-
costeroid injections in the management of elbow epicondylitis and
plantar fasciitis: an updated systematic review and meta-analysis.
Am J Sports Med. 2020;48(10):2572-2585.

Jack RA I, Sochacki KR, Morehouse HA, et al. Correlation between
quality of evidence and number of citations in top 50 cited articles on
elbow medial ulnar collateral ligament surgery. Orthop J Sports Med.
2018;6(4):2325967118768216.

Jones IA, Togashi RC, Vangsness CT Jr. The economics and regula-
tion of PRP in the evolving field of orthopedic biologics. Curr Rev
Musculoskelet Med. 2018;11(4):558-565.

Joober R, Schmitz N, Annable L, Boksa P. Publication bias: what are
the challenges and can they be overcome? J Psychiatry Neurosci.
2012;37(3):149-152.

Kajikawa Y, Morihara T, Sakamoto H, et al. Platelet-rich plasma
enhances the initial mobilization of circulation-derived cells for tendon
healing. J Cell Physiol. 2008;215(3):837-845.

Key JD. Citation classics: most-cited articles from Archives of PM&R.
Arch Phys Med Rehabil. 1988;69(12):1058-1059.

Kon E, Buda R, Filardo G, et al. Platelet-rich plasma: intra-articular
knee injections produced favorable results on degenerative
cartilage lesions. Knee Surg Sports Traumatol Arthrosc. 2010;18(4):
472-479.

Kon E, Filardo G, Delcogliano M, et al. Platelet-rich plasma: new
clinical application. A pilot study for treatment of jumper’s knee.
Injury. 2009;40(6):598-603.

Kon E, Mandelbaum B, Buda R, et al. Platelet-rich plasma intra-
articular injection versus hyaluronic acid viscosupplementation as
treatments for cartilage pathology: from early degeneration to osteo-
arthritis. Arthroscopy. 2011;27(11):1490-1501.

Kraeutler MJ, Freedman KB, MacLeod RA, et al. The 50 most cited
articles in rotator cuff repair research. Orthopedics. 2016;39(6):
e€1045-e1051.

Krogh TP, Fredberg U, Stengaard-Pedersen K, et al. Treatment of
lateral epicondylitis with platelet-rich plasma, glucocorticoid, or
saline: a randomized, double-blind, placebo-controlled trial. Am J
Sports Med. 2013;41(3):625-635.

Le ADK, Enweze L, DeBaun MR, Dragoo JL. Current clinical recom-
mendations for use of platelet-rich plasma. Curr Rev Musculoskelet
Med. 2018;11(4):624-634.

Le ADK, Enweze L, DeBaun MR, Dragoo JL. Platelet-rich plasma.
Clin Sports Med. 2019;38(1):17-44.

Lefaivre KA, Shadgan B, O’Brien PJ. 100 most cited articles in ortho-
paedic surgery. Clin Orthop Relat Res. 2011;469(5):1487-1497.
Lopez-Vidriero E, Goulding KA, Simon DA, Sanchez M, Johnson DH.
The use of platelet-rich plasma in arthroscopy and sports medicine:
optimizing the healing environment. Arthroscopy. 2010;26(2):
269-278.

Magalon J, Bausset O, Serratrice N, et al. Characterization and com-
parison of 5 platelet-rich plasma preparations in a single-donor
model. Arthroscopy. 2014;30(5):629-638.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

The Orthopaedic Journal of Sports Medicine

Mahindra P, Yamin M, Selhi HS, Singla S, Soni A. Chronic plantar
fasciitis: effect of platelet-rich plasma, corticosteroid, and placebo.
Orthopedics. 2016;39(2):e285-e289.

Malik AT, Noordin S. The top 50 most-cited articles on total ankle
arthroplasty: a bibliometric analysis. Orthop Rev (Pavia). 2018;10(1):
7498.

Marx RG, Wilson SM, Swiontkowski MF. Updating the assignment of
levels of evidence. J Bone Joint Surg Am. 2015;97(1):1-2.
Mazzocca AD, McCarthy MB, Chowaniec DM, et al. Platelet-rich
plasma differs according to preparation method and human variabil-
ity. J Bone Joint Surg Am. 2012;94(4):308-316.

McCarrel T, Fortier L. Temporal growth factor release from platelet-
rich plasma, trehalose lyophilized platelets, and bone marrow aspirate
and their effect on tendon and ligament gene expression. J Orthop
Res. 2009;27(8):1033-1042.

Meheux CJ, McCulloch PC, Lintner DM, Varner KE, Harris JD. Effi-
cacy of intra-articular platelet-rich plasma injections in knee osteoar-
thritis: a systematic review. Arthroscopy. 2016;32(3):495-505.
Mishra A, Pavelko T. Treatment of chronic elbow tendinosis with
buffered platelet-rich plasma. Am J Sports Med. 2006;34(11):
1774-1778.

Mishra A, Woodall J Jr, Vieira A. Treatment of tendon and muscle
using platelet-rich plasma. Clin Sports Med. 2009;28(1):113-125.
Mishra AK, Skrepnik NV, Edwards SG, et al. Efficacy of platelet-rich
plasma for chronic tennis elbow: a double-blind, prospective, multi-
center, randomized controlled trial of 230 patients. Am J Sports Med.
2014;42(2):463-471.

Mlynarek RA, Kuhn AW, Bedi A. Platelet-rich plasma (PRP) in ortho-
pedic sports medicine. Am J Orthop (Belle Mead NJ). 2016;45(5):
290-326.

Momaya AM, McGee AS, Dombrowsky AR, et al. The cost variability
of orthobiologics. Sports Health. 2020;12(1):94-98.

Monto RR. Platelet-rich plasma efficacy versus corticosteroid injec-
tion treatment for chronic severe plantar fasciitis. Foot Ankle Int. 2014;
35(4):313-318.

Mundi R, Chaudhry H, Mundi S, Godin K, Bhandari M. Design and
execution of clinical trials in orthopaedic surgery. Bone Joint Res.
2014;3(5):161-168.

Murray IR, Geeslin AG, Goudie EB, Petrigliano FA, LaPrade RF. Min-
imum Information for Studies Evaluating Biologics in Orthopaedics
(MIBO): platelet-rich plasma and mesenchymal stem cells. J Bone
Joint Surg Am. 2017;99(10):809-819.

Murray IR, Murray AD, Geeslin AG, et al. Infographic: we need mini-
mum reporting standards for biologics. Br J Sports Med. 2019;53(15):
974-975.

Murray MM, Spindler KP, Abreu E, et al. Collagen-platelet rich plasma
hydrogel enhances primary repair of the porcine anterior cruciate
ligament. J Orthop Res. 2007;25(1):81-91.

Namdari S, Baldwin K, Kovatch K, Huffman GR, Glaser D. Fifty most
cited articles in orthopedic shoulder surgery. J Shoulder Elbow Surg.
2012;21(12):1796-1802.

Nauwelaers AK, Van Oost L, Peers K. Evidence for the use of PRP in
chronic midsubstance Achilles tendinopathy: a systematic review
with meta-analysis. Foot Ankle Surg. 2021;27(5):486-495.

Oh JH, Kim W, Park KU, Roh YH. Comparison of the cellular compo-
sition and cytokine-release kinetics of various platelet-rich plasma
preparations. Am J Sports Med. 2015;43(12):3062-3070.

Patel S, Dhillon MS, Aggarwal S, Marwaha N, Jain A. Treatment with
platelet-rich plasma is more effective than placebo for knee osteoar-
thritis: a prospective, double-blind, randomized trial. Am J Sports
Med. 2013;41(2):356-364.

Peerbooms JC, Sluimer J, Bruijn DJ, Gosens T. Positive effect of an
autologous platelet concentrate in lateral epicondylitis in a double-
blind randomized controlled trial: platelet-rich plasma versus cortico-
steroid injection with a 1-year follow-up. Am J Sports Med. 2010;
38(2):255-262.

Piolanti N, Poggetti A, Nucci AM, et al. The 50 most cited articles
about wrist surgery. Orthop Rev (Pavia). 2018;10(4):7715.



The Orthopaedic Journal of Sports Medicine

80.

Rachul C, Rasko JEJ, Caulfield T. Implicit hype? Representations of
platelet rich plasma in the news media. PLoS One. 2017;12(8):
e0182496.

93.

Top 50 Most Cited PRP Articles 9

St Sauver JL, Warner DO, Yawn BP, et al. Why patients visit their
doctors: assessing the most prevalent conditions in a defined Amer-
ican population. Mayo Clin Proc. 2013;88(1):56-67.

Sundman EA, Cole BJ, Fortier LA. Growth factor and catabolic cyto-
kine concentrations are influenced by the cellular composition of
platelet-rich plasma. Am J Sports Med. 2011;39(10):2135-2140.
Thanasas C, Papadimitriou G, Charalambidis C, Paraskevopoulos I,
Papanikolaou A. Platelet-rich plasma versus autologous whole
blood for the treatment of chronic lateral elbow epicondylitis: a ran-
domized controlled clinical trial. Am J Sports Med. 2011;39(10):
2130-2134.

Trevisson B, Becerro-de-Bengoa-Vallejo R, Sevillano D, et al. Age-
based inter-subject variability in platelet and white blood cell con-
centrations of platelet-rich plasma prepared using a new application
to blood separation system. Int Wound J. 2022;19(2):362-369.

van Buul GM, Koevoet WL, Kops N, et al. Platelet-rich plasma relea-
sate inhibits inflammatory processes in osteoarthritic chondrocytes.
Am J Sports Med. 2011;39(11):2362-2370.

Vetrano M, Castorina A, Vulpiani MC, et al. Platelet-rich plasma ver-
sus focused shock waves in the treatment of jumper’s knee in ath-
letes. Am J Sports Med. 2013;41(4):795-803.

Vielgut |, Dauwe J, Leithner A, Holzer LA. The fifty highest cited
papers in anterior cruciate ligament injury. Int Orthop. 2017;41(7):
1405-1412.

Virchenko O, Aspenberg P. How can one platelet injection after ten-
don injury lead to a stronger tendon after 4 weeks? Interplay
between early regeneration and mechanical stimulation. Acta
Orthop. 2006;77(5):806-812.

Virk SS, Yu E. The top 50 articles on minimally invasive spine sur-
gery. Spine (Phila Pa 1976). 2017;42(7):513-519.

Wang C, Zhang Z, Ma Y, Liu X, Zhu Q. Platelet-rich plasma injection
vs corticosteroid injection for conservative treatment of rotator cuff
lesions: a protocol for systematic review and meta-analysis. Medi-
cine (Baltimore). 2021;100(7):e24680.

Zannad F, Stough WG, Pina IL, et al. Current challenges for clinical
trials of cardiovascular medical devices. Int J Cardiol. 2014;175(1):
30-37.

Zhang JY, Fabricant PD, Ishmael CR, et al. Utilization of platelet-rich
plasma for musculoskeletal injuries: an analysis of current treatment
trends in the United States. Orthop J Sports Med. 2016;4(12):
2325967116676241.

Zhu Y, Yuan M, Meng HY, et al. Basic science and clinical applica-
tion of platelet-rich plasma for cartilage defects and osteoarthritis: a
review. Osteoarthritis Cartilage. 2013;21(11):1627-1637.

The Top 50 Most Cited Articles on Platelet-Rich Plasma in Orthopaedic Surgery, 2005-2016

Study Type Citations (CD) LoE MCMS MINORS MIBO

81. Randelli P, Arrigoni P, Ragone V, Aliprandi A, Cabitza P. Platelet rich 94.
plasma in arthroscopic rotator cuff repair: a prospective RCT study,
2-year follow-up. J Shoulder Elbow Surg. 2011;20(4):518-528.

82. Rodeo SA, Delos D, Williams RJ, et al. The effect of platelet-rich fibrin 95.
matrix on rotator cuff tendon healing: a prospective, randomized clin-
ical study. Am J Sports Med. 2012;40(6):1234-1241.

83. Roffi A, Di Matteo B, Krishnakumar GS, Kon E, Filardo G. Platelet-rich
plasma for the treatment of bone defects: from pre-clinical rational to
evidence in the clinical practice. A systematic review. Int Orthop. 96.
2017;41(2):221-237.

84. Russo F, D’Este M, Vadala G, et al. Platelet rich plasma and hyaluro-
nic acid blend for the treatment of osteoarthritis: rheological and bio-
logical evaluation. PLoS One. 2016;11(6):e0157048. 7.

85. Sambandam SN, Gul A, Priyanka P. Analysis of methodological defi-
ciencies of studies reporting surgical outcome following cemented
total-joint arthroplasty of trapezio-metacarpal joint of the thumb. Int 98.
Orthop. 2007;31(5):639-645.

86. Sampson S, Gerhardt M, Mandelbaum B. Platelet rich plasma injec-

. L . 99.
tion grafts for musculoskeletal injuries: a review. Curr Rev Musculos-
kelet Med. 2008;1(3-4):165-174.

87. Sanchez M, Anitua E, Orive G, Mujika |, Andia . Platelet-rich therapies 100.
in the treatment of orthopaedic sport injuries. Sports Med. 2009;39(5):

345-354.

88. Schnabel LV, Mohammed HO, Miller BJ, et al. Platelet rich plasma
(PRP) enhances anabolic gene expression patterns in flexor digitorum 101.
superficialis tendons. J Orthop Res. 2007;25(2):230-240.

89. Sheth U, Simunovic N, Klein G, et al. Efficacy of autologous platelet- 102.
rich plasma use for orthopaedic indications: a meta-analysis. J Bone
Joint Surg Am. 2012;94(4):298-307.

90. Slim K, Nini E, Forestier D, et al. Methodological Index for Non-
Randomized Studies (MINORS): development and validation of a new 103.
instrument. ANZ J Surg. 2003;73(9):712-716.

91. Sochacki KR, Jack RA II, Nauert R, Harris JD. Correlation between
quality of evidence and number of citations in top 50 cited articles in 104.
rotator cuff repair surgery. Orthop J Sports Med. 2018;6(6):
2325967118776635.

92. Spakova T, Rosocha J, Lacko M, Harvanova D, Gharaibeh A. Treat-
ment of knee joint osteoarthritis with autologous platelet-rich plasma 105.
in comparison with hyaluronic acid. Am J Phys Med Rehabil. 2012;
91(5):411-417.

APPENDIX
TABLE Al

Rank Title First Author Year

1 Platelet-rich plasma: from basic science to Foster®” 2009

clinical applications

2 Treatment of chronic elbow tendinosis with Mishra® 2006

buffered platelet-rich plasma

3 Platelet-rich plasma injection for chronic de Vos?® 2010

Achilles tendinopathy: a randomized
controlled trial
4 Positive effect of an autologous platelet Peerbooms™ 2010

concentrate in lateral epicondylitis in a
double-blind randomized controlled trial:
platelet-rich plasma versus corticosteroid
injection with a 1-year follow-up

Review 625 (52.1) 5 NA NA NA
Prosp cohort 499 (33.3) 2 58 13 12
RCT 473 (43.0) 1 82 22 12
RCT 382 (34.7) 1 79 23 14

(continued)
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Table Al (continued)

Rank Title First Author Year Study Type Citations (CD) LoE MCMS MINORS MIBO

5 Treatment with platelet-rich plasma is more Patel” 2013 RCT 345 (43.1) 1 74 21 16
effective than placebo for knee osteoarthritis:
a prospective, double-blind, randomized trial

6 The biology of platelet-rich plasma and its Alsousou* 2009 Review 338 (28.2) 5 NA NA NA
application in trauma and orthopaedic
surgery: a review of the literature

7 Autologous preparations rich in growth factors Anitua® 2005 Lab 319 (19.9) NA NA NA NA
promote proliferation and induce VEGF and
HGF production by human tendon cells in

culture
8 The role of growth factors in cartilage repair Fortier®® 2011 Review 312 (31.2) NA NA NA NA
9 Platelet-rich plasma intra-articular injection Kon®® 2011 Prosp cohort 295 (29.5) 2 58 15 18

versus hyaluronic acid viscosupplementation
as treatments for cartilage pathology: from
early degeneration to osteoarthritis

10  Platelet-rich plasma: intra-articular knee Kon*® 2010 Prosp cohort 295 (26.8) 2 53 11 18
injections produced favorable results on
degenerative cartilage lesions

11 Ongoing positive effect of platelet-rich plasma  Gosens>® 2011 RCT 276 (27.6) 1 79 23 5
versus corticosteroid injection in lateral
epicondylitis: a double-blind randomized
controlled trial with 2-year follow-up

12 Platelet-rich plasma augmentation for Castricini’® 2011 RCT 2176 (27.6) 1 77 19 16
arthroscopic rotator cuff repair: a randomized
controlled trial

13 Comparison of growth factor and platelet Castillo® 2011 Lab 275 (27.5) NA NA NA NA
concentration from commercial platelet-rich
plasma separation systems

14 Platelet rich plasma injection grafts for Sampson®® 2008 Review 275 (21.2) 5 NA NA NA
musculoskeletal injuries: a review
15 Platelet rich plasma (PRP) enhances anabolic ~ Schnabel®® 2007 Animal 268 (19.1) NA NA NA NA

gene expression patterns in flexor digitorum
superficialis tendons

16 Can platelet-rich plasma enhance tendon de Mos?* 2008 Lab 254 (19.5) NA NA NA NA
repair? A cell culture study

17 Platelet-rich plasma: a milieu of bioactive factors Boswell*® 2012 Review 252 (28.0) NA NA NA NA

18 Growth factor and catabolic cytokine Sundman® 2011 Lab 245 (24.5) NA NA NA NA

concentrations are influenced by the cellular
composition of platelet-rich plasma

19 Treatment of tendon and muscle using platelet- Mishra® 2009 Review 239 (19.9) 5 NA NA NA
rich plasma
20 Platelet-rich plasma stimulates porcine Akeda® 2006 Animal 236 (15.7) NA NA NA NA

articular chondrocyte proliferation and
matrix biosynthesis

21 Platelet-rich plasma: the PAW classification DeLong?® 2012 Review 235 (26.1) 5 NA NA NA
system

22 Platelet rich plasma in arthroscopic rotator cuff Randelli®® 2011 RCT 235 (23.5) 1 70 20 9
repair: a prospective RCT study, 2-year
follow-up

23 Platelet-rich plasma differs according to Mazzocca®® 2012 Lab 234 (26.0) NA NA NA NA
preparation method and human variability

24 Platelet-rich plasma: current concepts and Hall*® 2009 Review 221 (18.4) 5 NA NA NA
application in sports medicine

25 Platelet-rich plasma intra-articular knee Filardo®2 2011 Prosp cohort 220 (22.0) 2 53 11 16

injections for the treatment of degenerative
cartilage lesions and osteoarthritis
26 Temporal growth factor release from platelet-  McCarrel®® 2009 Animal 215 (18.0) NA NA NA NA
rich plasma, trehalose lyophilized platelets,
and bone marrow aspirate and their effect on
tendon and ligament gene expression

(continued)
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Table Al (continued)

Rank Title First Author Year Study Type Citations (CD) LoE MCMS MINORS MIBO

27 Collagen-platelet rich plasma hydrogel Murray”® 2007 Animal 205 (14.6) NA NA NA NA
enhances primary repair of the porcine
anterior cruciate ligament

28 Comparison between hyaluronic acid and Cerza?® 2012 RCT 193 (21.4) 1 79 12 10
platelet-rich plasma, intra-articular
infiltration in the treatment of
gonarthrosis

29  The effect of platelet-rich fibrin matrix on Rodeo®? 2012 RCT 192 (21.3) 2 62 14 12
rotator cuff tendon healing: a prospective,
randomized clinical study

30 Platelet-rich plasma vs hyaluronic acid to treat Filardo®* 2012 RCT 189 (21.0) 1 67 14 11
knee degenerative pathology: study design
and preliminary results of a randomized
controlled trial

31 Platelet-rich plasma releasate inhibits van Buul®” 2011 Lab 189 (18.9) NA NA NA NA
inflammatory processes in osteoarthritic
chondrocytes

32 Platelet-rich plasma: new clinical application: A Kon*® 2009 Case series 189 (15.8) 4 48 7 18
pilot study for treatment of jumper’s knee

33 Platelet-rich plasma intra-articular injections  Filardo®® 2012 Prosp cohort 187 (20.8) 2 65 13 18

for cartilage degeneration and osteoarthritis:
single- versus double-spinning approach

34 Platelet-rich therapies in the treatment of Sanchez®” 2009 Review 184 (15.3) 5 NA NA NA
orthopaedic sport injuries
35 One-year follow-up of platelet-rich plasma de Jonge®® 2011 RCT 183 (18.3) 1 70 19 10

treatment in chronic Achilles tendinopathy: A
double-blind randomized placebo-controlled
trial
36 Treatment of knee joint osteoarthritis with Spakova®? 2012 Prosp cohort 182 (20.2) 2 60 10 16
autologous platelet-rich plasma in comparison
with hyaluronic acid
37 Platelet-rich plasma enhances the initial Kajikawa?® 2008 Animal 181 (13.9) NA NA NA NA
mobilization of circulation-derived cells for
tendon healing
38 Platelet-rich plasma versus autologous whole Thanasas®® 2011 RCT 178 (17.8) 1 68 18 13
blood for the treatment of chronic lateral
elbow epicondylitis: a randomized controlled
clinical trial

39 The use of platelet-rich plasma in arthroscopy  Lopez- 2010 Review 178 (16.2) 5 NA NA NA
and sports medicine: optimizing the healing Vidriero®®
environment

40 Treatment of lateral epicondylitis with platelet- Krogh®? 2013 RCT 173 (21.6) 1 71 20 12

rich plasma, glucocorticoid, or saline: a
randomized, double-blind, placebo-controlled
trial
41 Basic science and clinical application of platelet- Zhu!%® 2013 Review 172 (21.5) 5 NA NA NA
rich plasma for cartilage defects and
osteoarthritis: a review

42 Efficacy of autologous platelet-rich plasma use  Sheth®® 2012 Systematic 169 (18.8) 2 45 14 6
for orthopaedic indications: a meta-analysis review
43 How can one platelet injection after tendon Virchenko!® 2006 Animal 169 (11.3) NA NA NA NA

injury lead to a stronger tendon after 4 weeks?
Interplay between early regeneration and
mechanical stimulation
44 Efficacy of platelet-rich plasma for chronic Mishra® 2014 RCT 168 (24.0) 2 85 19 10
tennis elbow: a double-blind, prospective,
multicenter, randomized controlled trial of
230 patients
45 Use of platelet-rich plasma for the treatment of Filardo®® 2010 Prosp cohort 164 (14.9) 2 58 13 9
refractory jumper’s knee

(continued)
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Table Al (continued)

Rank Title First Author Year Study Type Citations (CD) LoE MCMS MINORS MIBO
46 Efficacy of intra-articular platelet-rich plasma Meheux® 2016 Systematic 159 (31.8) 1 46 8 10
injections in knee osteoarthritis: a systematic review
review
47 Effects of platelet-rich plasma on the quality of Bosch'* 2010 Animal 157 (14.3) NA NA NA NA

repair of mechanically induced core lesions in
equine superficial digital flexor tendons: a
placebo-controlled experimental study
48 Platelet-rich plasma intra-articular knee Filardo®! 2015 RCT 153 (25.5) 1 91 20 11
injections show no superiority versus
viscosupplementation: a randomized
controlled trial
49 Comparison of the acute inflammatory response Dragoo?’ 2012 Animal 151 (16.8) NA NA NA NA
of two commercial platelet-rich plasma
systems in healthy rabbit tendons
50 Growth factor-based therapies provide Creaney?? 2011 RCT 151 (15.1) 1 74 20 9
additional benefit beyond physical therapy in
resistant elbow tendinopathy: a prospective,
single-blind, randomised trial of autologous
blood injections versus platelet-rich plasma
injections

“CD, citation density; Lab, controlled laboratory study; LoE, level of evidence; MCMS, Modified Coleman Methodology Score; MIBO,
Minimum Information for Studies Evaluating Biologics in Orthopaedics; MINORS, Methodological Index for Non-randomized Studies; NA,
not applicable; Prosp, prospective; RCT, randomized controlled trial.
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