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Background: Citation analysis reflects the influence a work has on a field of research and can be used to identify ‘“‘classic’ works
and their qualities in medical specialties. By analyzing the characteristics of these works, we intended to determine what qualities
make for a highly cited work in pediatric orthopaedic sports medicine.

Purpose: To identify the top 25 most cited articles in the field of pediatric orthopaedic sports medicine.
Study Design: Cross-sectional study.

Methods: The Science Citation Index Expanded feature within the Web of Science database was searched using a Boolean
string, generating 2008 pediatric orthopaedic sports medicine articles arranged by number of citations. The top 25 most cited
articles were reviewed for authors, year of publication, source journal, country of origin, region of origin, diagnosis or condition
of focus, and level of evidence (LOE).

Results: Most of the articles were published in the 2000s (range, 1992-2016). The mean number of citations was 166 (range, 119-
329), and the mean citation density was 13.25 (range, 4.25-29.57). There were 18 of 25 studies performed in the United States. A
plurality of the articles were published in the American Journal of Sports Medicine. The LOE ranged from 2 to 4, with the most
common being level 2 (11/25). Anterior cruciate ligament (ACL) injury management (14/25) and epidemiological studies on the
incidence of various sports injuries (6/25) were the most represented topics of study. Since the 1990s, the mean citation density
for articles related to ACL injuries in young athletes and the epidemiology of sports injuries has been increasing.

Conclusion: This evaluation demonstrated that ACL injuries and the epidemiology of sports injuries had the highest citation den-
sity of the most influential studies in pediatric orthopaedic sports medicine. We identified attributes such as country of publication,
journal of publication, and LOE that make for a highly cited pediatric orthopaedic sports medicine article. Overall, citation density
in pediatric sports medicine is increasing. Nonetheless, the most represented LOE in the most cited works is level 2, with no level
1 studies being represented in the top 25. In terms of both topics and LOE, this study allows surgeons to identify deficiencies in
the existing literature and meaningfully design future studies to improve on these.
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The number of citations is an important metric within aca-
demia, with the impact factor of a medical journal largely
based on the number of times its authors are cited.?*
When mapped topographically, citations establish links
between articles, authors, and journals to highlight lead-
ing experts whose work is valued and the most influential
studies in each field.?® For individual authors, the H-index,
a metric for evaluating the cumulative impact of an
author’s scholarly output and performance using the
mean number of citations per publication, also demon-
strates the impact citations have on identifying substantial
contributors to a field. For the average researcher or
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clinician, the citation number offers a way to screen for rel-
evant publications in their quest to remain up to date on
their science or clinical knowledge.>® Articles that identify
and examine the characteristics of “classic works” allow for
a greater understanding of what exact qualities make for
an outstanding and impactful study.l” As suggested by
Baldwin et al,’ lists such as these can be used by residency
and fellowship directors as required or suggested readings
for residents and fellows or by medical school advisors for
prospective students interested in pursuing specific
subspecialties.

According to the Pediatric Orthopaedic Society of North
America, 45 years ago there were only 9 orthopaedic sur-
geons in the United States and Canada working exclu-
sively with children.?® Pediatric orthopaedic sports
medicine has been an even newer area of subspeciality
focus. In 1974, the first pediatric sports medicine clinic
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TABLE 1
Web of Science Search Parameters
Boolean String Searches
TS = (orthopedic* OR orthopaedic* OR cartilage OR ligament OR bone OR knee* OR elbow* OR shoulder* OR ankle* OR hip #1
OR hand OR wrist OR joint OR joints OR "rotator cuff' OR "upper extremity" OR "lower extremity")
TS = (pediatric* OR paediatric* OR adolescen* OR child* OR youth OR girl OR girls OR boy OR boys OR teen* OR #2
prepubescen* OR "skeletally immature")
TS = (sport* OR athlete*) #3
TS = (surger* OR surgical* OR operat* OR Acetabuloplast®* OR Arthrodesis OR Arthroplast* OR Arthroscop* OR #4
Cementoplast* OR Vertebroplast* OR Diskectom* OR fixation OR Laminectom* OR Meniscectom* OR resection* OR
replacement*)
#1 AND #2 AND #3 AND #4 #5

was founded at Boston Children’s Hospital. It was not until
2012 that the Pediatric Research in Sports Medicine Soci-
ety was founded. While the body of literature within pedi-
atric orthopaedic sports medicine continues to expand,
existing literature in the field has yet to be thoroughly
characterized. Additionally, while certain topics affect
both young athletes and adults, there are specific topics
of importance to pediatric patients almost exclusively,
including but not limited to anterior cruciate ligament
(ACL) tears in skeletally immature patients, osteochondri-
tis dissecans, and overuse/apophysitis-type injuries,
among others.

The aim of our study was to identify and characterize
the most cited articles in the field of pediatric orthopaedic
sports medicine, trends in topics covered, journals of
impact, regional contributions, and citation density over
time. We hypothesized that the rate of citation for articles
would increase over time, that articles related to ACL inju-
ries would be highly represented in our list, and that stud-
ies performed in the United States would be most common.

METHODS

In October 2022, we searched the Science Citation Index
Expanded feature within the Web of Science database
(Thompson Reuters) using a Boolean string, generating
2008 pediatric orthopaedic sports medicine articles
arranged by number of citations. Search details are out-
lined in Table 1. We included articles with patients
<18 years of age primarily related to arthroscopy and/or
pediatric and adolescent athletes with a focus on pediatric
orthopaedic surgery. We excluded non—English-language
studies, review articles, case reports, basic science articles,
and primary care sports medicine topics such as concus-
sion, expert opinions, and letters to editors. The 2 authors

independently screened article abstracts to ensure rele-
vance and compliance to inclusion criteria, followed by
a full-text review of candidate studies.

We identified the top 25 most cited articles and recorded
the following information: authors, year of publication,
source journal, country of origin, region of origin, study
design, diagnosis or condition of focus, and level of evi-
dence (LOE). LOE was determined independently by
each of the 2 reviewers according to the guidelines outlined
by the Journal of Bone and Joint Surgery.'® As detailed by
Baldwin et al,® we calculated citation density as the num-
ber of citations divided by the number of years since
publishing.

RESULTS

The 25 most cited articles had 4169 citations combined.*
ACL injury management (14/25)% and epidemiological
studies on the incidence of various sports injuries
(6/25)%11:1531:82,34 wore the most represented topics of
study (Figure 1). These 2 topics alone encompassed 2208
and 1275 (83.5%) of the total citations, respectively. The
remaining topics, osteochondritis dissecans (1/25),3°
meniscectomy (1/25),2° femoroacetabular impingement
(1/25),3° knee articular cartilage injury (1/25),22 and
medial patellofemoral ligament injury (1/25),2¢ comprised
only 686 (16.5%) of the citations.

The mean number of citations was 166 (range, 119-329).
The mean citation density was 13.25 (range, 4.25-29.57)
(Table 2). The distribution of articles by decade showed
a predominance of articles published in the 2000s, with
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Figure 1. Number of articles by diagnosis and topic of focus. ACL, anterior cruciate ligament.

the earliest published in 1992 and the most recent pub-
lished in 2016 (Figure 2). John W. Powell and Allen
F. Anderson were the most prolific authors on this list,
comprising 881 (21%) of the total citations. In terms of
geography, 18 of 25 articles originated from the United
States (Table 3). Within the United States, regional contri-
butions varied, with most studies coming from the Midwest
(8/18) (Figure 3).

The 2 authors had 100% agreement on the LOE of
included studies. The LOE ranged from 2 to 4, with the
most common being level 2 (11/25) (Figure 4). None of
the included studies had level 1 evidence. A plurality of
the articles were published in the American Journal of
Sports Medicine, while the remainder originated from
a variety of general and subspeciality journals (Table 4).

When comparing the article topics by citation density
over the past 3 decades, articles related to ACL injuries
and epidemiology of sports injuries have increased in cita-
tion density over time (Figure 5). The other topics in this
list peaked in citation density in the 2000s except for fem-
oroacetabular impingement, with its first publication on
the list in the 2010s.

Since the 1990s, the mean number of citations for all
articles on this list has been decreasing (Figure 6). How-
ever, when looking at mean citation density, which controls
for the age of an article, there has been a trend of increasing
citation density in more recent decades (Figure 7).

DISCUSSION

Our analysis revealed interesting trends among top
articles in the field. Articles published more recently
received more citations per year than articles from prior
decades, with the mean rate increasing from 8.14 citations
per year in the 1990s to 20.1 citations per year in the
2010s. This trend may be due to an expanding number of
researchers and publications within pediatric orthopaedic
sports medicine as well as a rapid advancement in the
fund of knowledge in this relatively nascent field.!” This
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Figure 2. Number of articles by decade.

upward trend in the rate of citation for articles in more
recent decades was undetected using only citation number,
lending further credibility to the utility of citation density.
Our analysis also found an overwhelming influence of
articles related to ACL injuries and the epidemiology of
sports-related injuries in children. These 2 topics alone
accounted for 83.5% of the citations on this list. ACL injuries
may represent a focal topic of interest in pediatric orthopae-
dic sports medicine given the complexity and multiple
approaches for addressing ACL tears in skeletally immature
athletes. Nonetheless, the dominance of ACL injuries also
represents a need to focus on other up-and-coming topics.

Most of the articles came from the United States, which
was also the case in many other similar articles across
medical fields.#51%16 This might indicate that American
authors may be at an advantage, especially those publish-
ing out of the Northeast, Southeast, and Midwest. Publish-
ing in the American Journal of Sports Medicine appears to
be advantageous for having an influential article in this
field, as 10 of the 25 included in this list were published
in the American Journal of Sports Medicine. Topic of
choice, such as focusing on ACL injury, may give an addi-
tional advantage, as papers on this topic were the most
cited and had the highest rate of citation per year.
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TABLE 2
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Top 25 Cited Pediatric Orthopaedic Sports Medicine Articles Published in Web of Science

Rank

Article

No. of Citations (Citation Density)

10

11

12

13

14

15

16

17

18

19

20

21

Powell JW, Barber-Foss KD. Injury patterns in selected high school sports: a review of
the 1995-1997 seasons. J Athl Train. 1999;34(3):277-284.

Millett PJ, Willis AA, Warren RF. Associated injuries in pediatric and adolescent
anterior cruciate ligament tears: does a delay in treatment increase the risk of
meniscal tear? Arthroscopy. 2002;18(9):955-959.

Powell JW, Barber-Foss KD. Sex-related injury patterns among selected high school
sports. Am JJ Sports Med. 2000;28(3):385-391.

Darrow CJ, Collins CL, Yard EE, Comstock RD. Epidemiology of severe injuries among
United States high school athletes: 2005-2007. Am J Sports Med. 2009;37(9):1798-
1805.

Padua DA, DiStefano LJ, Beutler Al, de la Motte SJ, DiStefano MdJ, Marshall SW. The
Landing Error Scoring System as a screening tool for an anterior cruciate ligament
injury-prevention program in elite-youth soccer athletes. J Athl Train. 2015;50(6):589-
595.

Graf BK, Lange RH, Fuyjisaki CK, Landry GL, Saluja RK. Anterior cruciate ligament
tears in skeletally immature patients: meniscal pathology at presentation and after
attempted conservative treatment. Arthroscopy. 1992;8(2):229-233.

Mizuta H, Kubota K, Shiraishi M, Otsuka Y, Nagamoto N, Takagi K. The conservative
treatment of complete tears of the anterior cruciate ligament in skeletally immature
patients. J Bone Joint Surg Br. 1995;77(6):890-894.

Fernandez WG, Yard EE, Comstock RD. Epidemiology of lower extremity injuries
among U.S. high school athletes. Acad Emerg Med. 2007;14(7):641-645.

Takahara M, Mura N, Sasaki J, Harada M, Ogino T. Classification, treatment, and
outcome of osteochondritis dissecans of the humeral capitellum. J Bone Joint Surg
Am. 2007;89(6):1205-1214.

Joseph AM, Collins CL, Henke NM, Yard EE, Fields SK, Comstock RD. A multisport
epidemiologic comparison of anterior cruciate ligament injuries in high school
athletics. J Athl Train. 2013;48(6):810-817.

Swenson DM, Collins CL, Best TM, Flanigan DC, Fields SK, Comstock RD.
Epidemiology of knee injuries among U.S. high school athletes, 2005/2006-2010/2011.
Med Sci Sports Exerc. 2013;45(3):462-469.

Anderson AF, Anderson CN. Correlation of meniscal and articular cartilage injuries in
children and adolescents with timing of anterior cruciate ligament reconstruction. Am
J Sports Med. 2015;43(2):275-281.

Borowski LA, Yard EE, Fields SK, Comstock RD. The epidemiology of US high school
basketball injuries, 2005-2007. Am J Sports Med. 2008;36(12):2328-2335.

Anderson AF. Transepiphyseal replacement of the anterior cruciate ligament in
skeletally immature patients. A preliminary report. J Bone Joint Surg Am.
2003;85(7):1255-1263.

McNicholas MJ, Rowley DI, McGurty D, et al. Total meniscectomy in adolescence. A
thirty-year follow-up. J Bone Joint Surg Br. 2000;82(2):217-221.

Werner BC, Yang S, Looney AM, Gwathmey FW Jr. Trends in pediatric and adolescent
anterior cruciate ligament injury and reconstruction. J Pediatr Orthop.
2016;36(5):447-452.

Philippon MJ, Yen YM, Briggs KK, Kuppersmith DA, Maxwell RB. Early outcomes after
hip arthroscopy for femoroacetabular impingement in the athletic adolescent patient:
a preliminary report. J Pediatr Orthop. 2008;28(7):705-710.

Parkkari J, Pasanen K, Mattila VM, Kannus P, Rimpeléd A. The risk for a cruciate
ligament injury of the knee in adolescents and young adults: a population-based cohort
study of 46 500 people with a 9-year follow-up. Br J Sports Med. 2008;42(6):422-426.

Gornitzky AL, Lott A, Yellin JL, Fabricant PD, Lawrence JT, Ganley TdJ. Sport-specific
yearly risk and incidence of anterior cruciate ligament tears in high school athletes:
a systematic review and meta-analysis. Am J Sports Med. 2016;44(10):2716-2723.

Ramski DE, Kanj WW, Franklin CC, Baldwin KD, Ganley TdJ. Anterior cruciate
ligament tears in children and adolescents: a meta-analysis of nonoperative versus
operative treatment. Am J Sports Med. 2014;42(11):2769-2776.

Andernord D, Desai N, Bjornsson H, Ylander M, Karlsson J, Samuelsson K. Patient
predictors of early revision surgery after anterior cruciate ligament reconstruction:
a cohort study of 16,930 patients with 2-year follow-up. Am J Sports Med.
2015;43(1):121-127.

329 (14.30)

229 (11.45)

229 (10.4)

213 (16.38)

207 (29.57)

204 (6.8)

195 (7.22)

177 (11.8)

170 (11.33)

167 (18.56)

166 (18.44)

165 (23.57)

161 (11.5)

158 (8.32)

139 (6.32)

137 (22.83)

136 (9.71)

128 (9.14)

127 (21.17)

124 (15.5)

124 (17.71)

(continued)
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TABLE 2
(continued)
Rank Article No. of Citations (Citation Density)
22 Henry J, Chotel F, Chouteau J, Fessy MH, Bérard J, Moyen B. Rupture of the anterior 124 (9.54)
cruciate ligament in children: early reconstruction with open physes or delayed
reconstruction to skeletal maturity? Knee Surg Sports Traumatol Arthrosc.
2009;17(7):748-755.
23 Mithéfer K, Minas T, Peterson L, Yeon H, Micheli LJ. Functional outcome of knee 122 (7.18)
articular cartilage repair in adolescent athletes. Am J Sports Med. 2005;33(8):1147-
1153.
24 McCarroll JR, Shelbourne KD, Porter DA, Rettig AC, Murray S. Patellar tendon graft 119 (4.25)
reconstruction for midsubstance anterior cruciate ligament rupture in junior high
school athletes. An algorithm for management. Am J Sports Med. 1994;22(4):478-484.
25 Nelitz M, Dreyhaupt J, Reichel H, Woelfle J, Lippacher S. Anatomic reconstruction of 119 (13.22)

the medial patellofemoral ligament in children and adolescents with open growth
plates: surgical technique and clinical outcome. Am J Sports Med. 2013;41(1):58-63.

TABLE 3
Article Distribution by Country of Origin

Country No. of Articles

United States 1
Japan

United Kingdom

Sweden

Finland

France

Germany

= = = N o

TABLE 4
Source Journals for the Top 25 Most Cited
Orthopaedic Pediatric Sports Medicine Articles

No. of

Journal Articles

American Journal of Sports Medicine 1
Journal of Athletic Training

Journal of Pediatric Orthopaedics

Journal of Arthroscopy and Related Surgery

Journal of Bone and Joint Surgery. British Volume

Journal of Bone and Joint Surgery. American Volume
Academic Emergency Medicine

Medicine & Science in Sports & Exercise

British Journal of Sports Medicine

Knee Surgery, Sports Traumatology, Arthroscopy

== DNDNDDNDDND WO

Citation number offers insight to the quality and impact
of a study and is widely used in medicine.%1° Addition-
ally, calculating citation density can account for more
recently published papers developing a high impact despite
not having a longer “runway” since the time of publication.
We determined that the pediatric orthopaedic sports med-
icine articles exerted the most citation influence on the
field and what qualities make for such studies. By utilizing
this list, program directors and medical school advisors
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Figure 3. Article contributions by geographic region within
the United States.
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Figure 4. Distribution of articles by level of evidence.
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have a resource to help guide their residents or students
in familiarizing themselves with some of the most influen-
tial papers in pediatric orthopaedic sports medicine. Fur-
thermore, this work allows our colleagues to identify
potential areas of deficiency, either in classic papers with
lower LOEs or in topics that are underrepresented but
becoming more important.
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Citation Density

1990s

~—ACL Injury
Meniscectomy

—e—Medial patellofemoral ligament injury

2000s

Decade

*—Osteochondritis Dissecans
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The Orthopaedic Journal of Sports Medicine

2010s

Epidemiology of Sports Injuries

—e—Knee articular cartilage injury

Figure 5. Citation density of article topics by decade. ACL, anterior cruciate ligament.
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Figure 7. Mean citation density by decade.

While prior studies of the most cited pediatric orthopae-
dic works have been performed, pediatric orthopaedic
sports medicine has not been well represented. In fact,
Baldwin et al® performed a study that characterized the
50 most cited articles in pediatric orthopaedic surgery
overall, and this list did not include a single pediatric
sports medicine paper. This lack of inclusion may be due
to a smaller cohort of practicing academic pediatric

orthopaedic sports medicine surgeons who were active for
less time than that of the entirety of the more established
field of pediatric orthopaedics. Nonetheless, these study
design limitations do not discount the existing pediatric
orthopaedic sports medicine literature or the importance
of identifying, studying, and improving on the most
impactful papers in the field to date.

This study does have inherent limitations. First, this
analysis did not account for authors referencing their
own publications, for textbooks or lectures, or for authors
choosing to reference studies in their target journals.
Second, the categorical organization within the Web of Sci-
ence database, although encompassing a complete list of
the top orthopaedic journals, may have excluded any pedi-
atric orthopaedic sports medicine papers published in non-
orthopaedic medical journals, as well as journals not
written in English. Last, there may be an inherent bias
involved in citation analysis, in that topics that are viewed
as popular may be more likely to be cited. Despite this bias,
we suggest that citation analysis can be used to shift the
focus of the literature onto less popular but still important
topics. In the mid-2010s, the Pediatric Research in Sports
Medicine Society Tibial Spine Fracture Research Interest
Group identified that tibial spine fractures were under-
studied and set out to fill that gap in knowledge.® A search
in PubMed over the past 2 decades found a clear increase
in the number of studies on tibial spine fractures between
2013 and 2023 compared with the previous decade, which
coincides with the efforts of the Tibial Spine Fracture
Research Interest Group (Appendix Figure Al). Citation
analysis can be used to identify similarly understudied
topics and bring institutional resources to bear to further
our understanding in these fields.

CONCLUSION

Our study showed that ACL injuries and the epidemiology
of sports injuries had the highest citation density in our list
of most cited studies in pediatric orthopaedic sports
medicine. We identified attributes such as country of
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publication, journal of publication, and LOE that make for
a highly cited pediatric orthopaedic sports medicine article.
Overall, citation density in pediatric sports medicine is
increasing. Nonetheless, the most represented LOE in
the most cited works was level 2, with no level 1 studies
being represented in the top 25. In terms of both topics
and LOE, our study allows surgeons to identify deficiencies
in the existing literature and meaningfully design future
studies to improve on these.
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Figure A1. Pediatric tibial spine fracture articles published within PubMed between 2003 and 2023.



