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Musculoskeletal Injury in American Football

A Bibliometric Analysis of the Most Cited Articles

Sohil S. Desai,* MD, Craig S. Dent,” MS, Dany B. El-Najjar,* BS, Hasani W. Swindell,* MD,
and Charles A. Popkin,*$ MD

Investigation performed at the Center for Shoulder, Elbow and Sports Medicine,

Columbia University, New York, New York, USA

Background: Textbook knowledge and clinical dogma are often insufficient for effective evidence-based decision making when
treating musculoskeletal injuries in American football players, given the variability in presentation and outcomes across different
sports and different levels of competition. Key evidence can be drawn directly from high-quality published articles to make the
appropriate decisions and recommendations for each athlete’s unique situation.

Purpose: To identify and analyze the 50 most cited articles related to football-related musculoskeletal injury to provide an efficient
tool in the arsenal of trainees, researchers, and evidence-based practitioners alike.

Study Design: Cross-sectional study.

Methods: The ISI Web of Science and SCOPUS databases were queried for articles pertaining to musculoskeletal injury in Amer-
ican football. For each of the top 50 most cited articles, bibliometric elements were evaluated: citation count and density, decade
of publication, journal, country, multiple publications by the same first author or senior author, article content (topic, injury area),
and level of evidence (LOE).

Results: The mean = SD number of citations was 102.76 = 37.11; the most cited article, with 227 citations, was ‘‘Syndesmotic
Ankle Sprains’ published in 1991 by Boytim et al. Several authors served as a first or senior author on >1 publication, including
J.S. Torg (n = 6), J.P. Bradley (n = 4), and J.W. Powell (n = 4). The American Journal of Sports Medicine published the majority of
the 50 most cited articles (n = 31). A total of 29 articles discussed lower extremity injuries, while only 4 discussed upper extremity
injuries. The majority of the articles (n = 28) had an LOE of 4, with only 1 article having an LOE of 1. The articles with an LOE of 3
had the highest mean citation number (133.67 = 55.23; F = 4.02; P = .05).

Conclusion: The results of this study highlight the need for more prospective research surrounding the management of football-
related injury. The low overall number of articles on upper extremity injury (n = 4) also highlights an area for further research.

Keywords: American football; bibliometric analysis; citation; injury

American football is among the most popular sports in the
United States for athletes and viewers alike. Over 1 mil-
lion high school,®® 70,000 collegiate,?® and 2000 National
Football League (NFL) players®® actively compete each
year, and the NFL generated an astounding $16 billion
in revenue in 2019.28 The incidence of injury is also well
reported, with rates between 4.1 and 7.9 injuries per
1000 athlete-exposures in high school football,>37 9.3 and
40.6 in collegiate football,”! and 23.1 and 64.7 in the
NFL.?37° Roughly 65% of football-related musculoskeletal
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injuries are of the lower extremity, and the most common
injuries encountered include knee sprains, ankle sprains,
hamstring and adductor strains, and shoulder sprains.?®4!
Information regarding sports medicine care in the general
population is more readily accessible in textbooks and edu-
cational resources than is information regarding care for
specific sport populations. The management and return-
to-play (RTP) timelines often vary depending on the ath-
letic populations, and high-quality evidence must be
extracted directly from published articles.?*26:44.56,64,75
Bibliometric analysis can serve as an important tool for
sports medicine physicians to efficiently evaluate the exist-
ing influential literature regarding the management nuan-
ces in specific athletic populations. These analyses have
been frequently wutilized in recent years to allow
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Figure 1. Search and screening procedure.

identification and evaluation of the most influential
articles within a field of study, based on total citations
and citation density (ie, citations per year since publica-
tion). 2817215769 Among the many benefits of such analy-
ses is the ability for educators to facilitate creation of
efficient reading programs for residents and fellows to
cover the most influential articles in a field of study. Sec-
ond, these data are useful for researchers to ensure that
they are abreast of the most influential articles and to
identify key evidence before designing their research ques-
tions. Finally, these analyses can identify the overall qual-
ity (eg, level of evidence [LOE]) and distribution (eg, type
and topic of study) of influential articles in a given field.

Sport-specific bibliometric analyses can be particularly
valuable, as there is great variability in the epidemiology,
presentation, management, and outcomes of musculoskele-
tal injuries across sports, as well as across levels of compe-
tition within the same sport. To continue supporting the
use of evidence-based decision making by sports medicine
practitioners, an awareness of landmark evidence in the
sport is critical.

The purpose of this study was to identify and analyze the
50 most cited articles related to musculoskeletal injury in
football to provide an efficient tool in the arsenal of trainees,
researchers, and evidence-based practitioners alike.

METHODS

The ISI Web of Science (which includes MEDLINE, BIO-
SIS Citation Index, Scielo Citation Index, KCI-Korean

Journal Database, and Russian Science Citation Index)
and SCOPUS databases were utilized to conduct a search
for articles pertaining to musculoskeletal injury in Ameri-
can football. Articles discussing injuries to the cervical
spine were included. Our search was performed on April
27, 2022, and included all articles published up to that
date. The Boolean operators utilized were as follows: ((foot-
ball) AND injury) NOT (concussion OR encephalopathy OR
brain OR soccer OR FIFA OR UEFA OR Australian OR
rugby). The Web of Science search yielded 2990 articles.

Articles were then screened consecutively by title and
abstract, starting with the most cited, to exclude those
unrelated to musculoskeletal injury in American football.
Articles were excluded if they discussed soccer, Australian
football, rugby, multiple sports where American football
was not the predominant subject, or nonmusculoskeletal
injury (ie, concussion, chronic traumatic encephalopathy).
Country and language of publication did not serve as exclu-
sion criteria. Screening of the first 336 articles resulted in
exclusion of 236 that were unrelated, generating a prelimi-
nary list of the 100 most cited articles with possible rela-
tion to musculoskeletal injury in American football. Next,
the 3884 articles generated from the SCOPUS search
were screened consecutively by title starting with the
most cited. After exclusion of duplicates and unrelated
articles from the first 222 on the SCOPUS list, an addi-
tional 14 not found in the Web of Science search qualified
for the 100 most cited list, displacing those less cited
(Figure 1).

From this list, sorted by descending number of total
citations, each article was screened consecutively for full

SAddress correspondence to Charles A. Popkin, MD, Department of Orthopedic Surgery, Columbia University Medical Center, 622 W 168th St, PH 11,

New York, NY 10032, USA (email: cp2654@cumc.columbia.edu).

*Department of Orthopedic Surgery, Columbia University Medical Center, New York, New York, USA.
*College of Osteopathic Medicine, Nova Southeastern University, Fort Lauderdale, Florida, USA.
*Vagelos College of Physicians and Surgeons, Columbia University, New York, New York, USA.

Final revision submitted December 21, 2022; accepted January 24, 2023.

One or more of the authors has declared the following potential conflict of interest or source of funding: H.W.S. has received education payments from
Medwest and Smith & Nephew. C.A.P. has received education payments from Arthrex. AOSSM checks author disclosures against the Open Payments
Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto. Ethical

approval was not sought for the present study.



The Orthopaedic Journal of Sports Medicine

25
20
3 20
©
z
s
G
L0 12
€
=)
z
5
0

1970-1979 1980-1989 1990-1999 2000-2009 2010-2019
Decade Published

Figure 2. Top 50 cited articles according to decade of pub-
lication, 1970-2019.

text by 2 authors independently (S.S.D, D.B.E.-N.) until the
50 most cited were identified. If 2 articles had the same
number of citations, citation density since publication was
used as a tiebreaker. After 52 articles were screened and
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an additional 2 were excluded (1 soccer, 1 Australian foot-
ball), the final list of the 50 most cited was formed. The
full texts of these 50 were further analyzed to collect biblio-
metric data.

The top 50 articles were evaluated according to citation
count, citation density, decade of publication, journal of
publication, country of origin, multiple publications by
the same first author or senior author, content (study topic,
injury area), and LOE. The LOE was determined by a sin-
gle author via the Oxford evidence-based medicine crite-
ria®? and verified by the senior author (C.A.P.). Content
was classified into 1 of 7 study topics: injury mechanism
and biomechanics, epidemiology and outcomes, imaging,
nonoperative management, surgical management, preven-
tion and rehabilitation, or comprehensive review. Articles
were also classified into 1 of 9 injury areas: foot, ankle,
knee, thigh, hip, shoulder, elbow, spine, or nonspecific.

Categorical variables were reported as counts, and con-
tinuous variables were reported as means and standard
deviations. The Shapiro-Wilk test was performed to exam-
ine the distribution of individual variables for normality.
One-way analysis of variance was used to compare groups
of continuous variables. Bonferroni-adjusted pairwise ¢
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Figure 3. Correlation between (A) total number of citations and (B) citation density and decade of publication.
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Figure 4. Top 50 cited articles according to journal of publication.
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TABLE 1
First or Senior Author With Multiple Publications in the Top 50 Cited Articles

Citations, No.

Author Articles, No. Ranking in Top 50 Citations Mean Total
Torg JS 6 9, 16, 18, 29, 35, 44 96.7 580
Bradley JP 4 4, 19, 20, 48 109.8 439
Powell JW 4 19, 22, 38, 41 85.0 340
Warren RF 3 26, 34, 47 80.0 240
Nicholas SJ 2 12, 46 94.5 189
Meyer SA 2 37, 41 78.5 157
Brophy RH 2 26, 34 84.0 168
Moorman CT 2 30, 40 81.0 162
Mair SD 2 32. 36 81.5 163
Kelly BT 2 10, 47 97.5 195
Hawkins RJ 2 2, 32 151.5 303
Plisky PJ 2 13, 25 100.5 201
35
30 31
825
Q
£
< 20
kS
3 15
Q
€
210
o — —
Comprehensive  Epidemiology & Imaging Mechanism of Nonoperative Prevention & Surgical
Review Outcomes Injury & Management Rehabilitation Management

Figure 5. Top 50 cited articles according to topic category.

tests were performed to analyze any significant differences
identified. Fisher exact test was used to evaluate categori-
cal variables. Pearson correlation coefficient was used to
assess associations between 2 continuous variables. All
analyses were performed with R Version 4.1.0 (R Founda-
tion for Statistical Computing). The threshold for signifi-
cance was set at P < .05.

RESULTS

The 50 most cited articles related to musculoskeletal injury in
American football are presented in Appendix Table Al The
mean number of citations was 102.76 * 37.11, and the
median was 87. The most cited article, “Syndesmotic Ankle
Sprains” by Boytim et al,'® was cited 227 times, and the
50th most cited was cited 71 times. The mean citation density
since the year of publication was 5.83 + 3.71.

IReferences 7, 9-16, 19, 22, 24, 25, 29, 31, 33-36, 40, 42, 43, 46-49, 51-
55, 58, 61, 62, 65, 68, 72-74, 76-86.

Biomechanics

Study Topic

All articles were published from 1970 to 2016. Of these 5
decades, 2000 to 2009 was the most prolific, producing 20
publications (40%) (Figure 2). The most prolific years
were 1974, 1990, 1992, 2003, 2004, 2006, 2007, and 2009,
each with 3 articles (6% each). The next most prolific
decade was 2010 to 2019, with 9 articles and the highest
mean citation density of 11.46 = 3.59. The earliest pub-
lished article on the list, by J.A. Nicholas®? in 1970, was
the fifth most cited, with 155 citations. Articles published
in the earliest decade (1970-1979) had the lowest mean
citation number, at 97.17 * 31.21. There was no correla-
tion between year of publication and citation count (r =
—0.04; P = .77); however, there was a statistically signifi-
cant strong correlation between year of publication and
citation density (r = 0.73; P < .01) (Figure 3).

The top 50 articles were published in 11 journals. The
most prolific journal was the American Journal of Sports
Medicine, which published 31 articles (62%). The remain-
ing journals published at most 4 articles, with 5 journals
publishing 1 (Figure 4). Multiple authors served as a first
or senior author on several publications, such as J.S. Torg
(6 articles), J.P. Bradley (4 articles), and J.W. Powell (4
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articles) (Table 1). Of the top 50 most cited, 49 were from
the United States and 1 was from Australia.

Regarding study topic, most of the top 50 articles were
related to epidemiology and outcomes (n = 31; 62%). The
second most common category was injury mechanism
and biomechanics, with 6 articles (12%). Four articles
fell under surgical management (8%) and 3 each under
nonoperative management and prevention/rehabilitation
(6% each). Only 2 articles were categorized under imaging
(4%), and a single one was a comprehensive review
(Figure 5). There was no difference in total citation count
(F = 2.35; P = .13) or citation density (F = 0.74; P = .39)
among topics.

The articles were also classified by injury area, as repre-
sented in Figure 6. The greatest number of articles dis-
cussed knee injuries (n = 13; 26%). Among the top 50, 8
(16%) were “nonspecific” and did not discuss a single injury
location. Additional common injury locations discussed
were spine (n = 9; 18%), ankle (n = 6; 12%), and hip (n =
5; 10%), among others. Articles on knee injuries had the
highest mean number of citations, with 119.92 *= 45.31.
However, there was no difference in total citation count
(F = 1.87; P = .18) or citation density (¥ = 0.002; P = .96)
among types of injury.

The majority of articles (n = 28; 56%) had an LOE of 4.
Nine (18%) had an LOE of 3, and 8 (16%) had an LOE of 2
(Figure 7A). Only 1 article had an LOE of 1. Four articles
were not given an LOE, because they were either

Musculoskeletal Injury in American Football 5

13
8
6
5
. B

Hip Shoulder Elbow Spine

Nonspecific

Injury Area

biomechanics studies (n = 3; 6%) or reviews (n = 1; 2%).
Articles with an LOE of 3 had the highest mean citation
number (133.67 = 55.23), followed by those with an LOE
of 2 (112.50 * 25.95), the single LOE 1 article (93 cita-
tions), and LOE of 4 (92.75 = 30.34) (Figure 7B). There
was no difference in total citation count (F' = 4.02; P =
.05) or citation density (F = 2.44; P = .13) among the
LOE categories.

DISCUSSION

Of the top 50 most cited articles on musculoskeletal injury
in American football, the 2 earliest in our analysis were
authored by Nicholas®® in 1970 and Heiser et al®' in
1984. Nicholas demonstrated the importance of high-
quality screening physical examinations for football play-
ers, identifying that an increased index of ligamentous
laxity was associated with an increased incidence of
injury—examination findings that are still of importance
today to the practicing physician.3>%” Heiser et al were
among the first to show that correction of muscular
strength imbalances involving the hamstrings and quadri-
ceps and a rehabilitation program including isokinetic
exercises resulted in reduced incidence of hamstring injury
and reduced recurrence after injury.

The most cited article overall was by Boytim et a
with 227 citations. Their analysis of 43 ankle sprains
among NFL athletes established that syndesmotic sprains
led to increased morbidity and games missed when com-
pared with lateral ankle sprains, findings that have consis-
tently been supported in the literature since this article’s
publication in 1991.1%:1820.66 Boytim et al emphasized the
severity of syndesmotic ankle sprains at a time when this
injury was largely unrecognized. Previously, when athletes
had continued complaints after 6 weeks with what was
thought to be lateral ankle sprains, their motivation to
play and toughness were often questioned by the medical
staff. The external rotation stress test described in the arti-
cle also remains an integral component of the evaluation of
syndesmotic ankle sprains.®® With 220 total citations, the
second most cited article in our analysis was “The Micro-
fracture Technique in the Treatment of Full-Thickness
Chondral Lesions of the Knee in National Football League

1,10
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Players,” by Steadman et al.”” These authors described

outcomes of this technique in 25 active NFL athletes and
found improvements in functional outcomes for the players
who underwent the procedure, with an RTP rate of 76%.

The article with the highest citation density in our
study was “Return to High School- and College-Level Foot-
ball After Anterior Cruciate Ligament Reconstruction: A
Multicenter Orthopaedic Outcomes Network (MOON)
Cohort Study” by McCullough et al,®® with 18.5 citations
per year since it was published in 2012. This landmark
study demonstrated an RTP rate <70% in both cohorts
and a 43% rate of self-evaluated return to previous perfor-
mance level. Importantly, this study postulated that iden-
tification of psychological factors, unaddressed in former
studies, was a major barrier to RTP and should be a vital
component of the rehabilitation process.’! In follow-up
studies, Nwachukwu et al®® and Gennarelli et al?” found
that fear of reinjury was the most common psychological
reason affecting RTP rates after anterior cruciate ligament
injury, while use of psychosocial interventions can promote
improved rehabilitation adherence, athlete mood, and pain
management.

When articles were analyzed by journal, 31 (62%) of the
top 50 most influential were published in the American
Journal of Sports Medicine, highlighting the importance
of this flagship journal of the American Orthopaedic Soci-
ety for Sports Medicine in football-related literature (Fig-
ure 4). Another 4 were published in the Journal of Bone
and Joint Surgery-American Volume (8%), and 3 each
were published by Arthroscopy and Medicine and Science
in Sports and Exercise (6% each).

Regarding study topic, the majority discussed epidemi-
ology and outcomes (62%), including all 5 articles pub-
lished after 2013 (Figure 5). It is evident that recent
influential literature has surrounded the identification of
risk factors and patterns of injury, which ultimately may
provide targets for injury prevention. “Prediction of Lat-
eral Ankle Sprains in Football Players Based on Clinical
Tests and Body Mass Index,” published in 2016 by Gribble
et al,?° identified that poorer performance on the Star
Excursion Balance Test and higher body mass index
were associated with lateral ankle sprains. In 2013, Larson
et al*° similarly examined biometric data, finding an asso-
ciation between increasing alpha angle (indicative of larger
cam-type deformities) and increased risk of hip/groin pain
in NFL prospects.

When injury area was analyzed, the knee was the most
frequent subject of influential football-related literature,
with 13 articles (26%) focusing on injuries of this joint (Fig-
ure 6).7 Overall, injuries to the lower extremity (hip, thigh,
knee, ankle, foot) totaled 29 articles (58%), while injuries to
the upper extremity were discussed in only 4 (8%).34:35:4748
This predominance of lower extremity injury research is
unsurprising given the proportion of NFL injuries that
are of the lower extremity (62.3%) and the knee specifically
(29.3%).5*° Bedard and Wyndham Lawrence® demon-
strated that incidence of knee injuries was declining

IReferences 11, 13, 15, 22, 33, 51, 62, 72, 74, 76, 77, 79, 82.
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overall, which they postulated could be related to rule
changes such as penalization of chop blocks and augmenta-
tion of the horse collar rule. Analyses of injury trends, such
as the present analysis, are vital in informing decision
making to increase prevention of injuries overall.

After knee injuries, spine injuries were the next most
frequently discussed (n = 9; 18%) (Figure 6).* Dr Joseph
Torg was the most prolific author, not just among spine-
related articles, but across our entire analysis, with 6 first
and senior authorships (Table 1). Torg routinely published
highly cited manuscripts on the topic of head and neck
injury with a focus on cervical spine injury.*3:80-81,8384
His article in 1996 demonstrated that athletes with con-
genital cervical spine stenosis were at heightened risk of
transient cervical neuropraxia but were not at elevated
risk for permanent catastrophic injury and thus are safe
to compete in contact sports.®! His research on the
National Football Head and Neck Injury Registry provided
critical early data on cervical spine injury and sparked
future research in the field.5384

Analysis by LOE revealed only 1 LOE 1 study (2%) and
8 LOE 2 studies (16%) (Figure 7A). This is consistent with
previous bibliometric analyses demonstrating that in many
cases the most cited articles are not always of the highest
LOE."?17 This finding reveals the opportunity and relative
need for prospective research to improve the quality of evi-
dence with which football team physicians make evidence-
based decisions. We acknowledge, however, that performing
randomized and prospective research can be difficult in this
population, which often involves teams of >50 players with
varying schedules outside their sports participation. Fur-
thermore, many athletes will inevitably graduate from their
school or switch teams between seasons. Additional chal-
lenges arise at the professional level when unique approval
from governing bodies such as the National Football League
Players Association is required to perform research. The
ability of Sitler et al’® to perform an LOE 1 study may be
related to the fact that the study was completed at West
Point, where enrollees could be more closely observed and
followed. Nonetheless, there remain gaps in knowledge
regarding ideal treatment, RTP guidelines, and prevention
strategies for football-related injuries, primarily attributed
to the vast differences that exist in management of football
injuries across levels of competitiveness. These gaps in
knowledge will be best addressed with high-quality prospec-
tive research. There was no difference in total citation count
(F = 4.02; P = .05) or citation density (F = 2.44; P = .13)
among the LOE categories, once again suggesting no associ-
ation between higher LOE and increased citations among
the most cited articles.

Limitations

Importantly, our analysis excluded articles that discussed
concussion and chronic traumatic encephalopathy. Some
of the most cited American football research is centered

*References 7, 25, 43, 49, 54, 80, 81, 83, 84.
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on these brain pathologies, with the National Collegiate
Athletic Association concussion studies published by Gus-
kiewicz et al*® and McCrea et al®® amassing 1111 and
1013 citations, respectively, at the time of this analysis.
There are additional limitations associated with bibliomet-
ric analyses that are important to note. While a careful
strategy was employed when searching for articles in the
ISI Web of Science and SCOPUS databases, it is possible
that relevant highly cited articles were missed by this
analysis. Additionally, citation numbers do not necessarily
reflect quality or impact of research. Furthermore, citation
counts can be influenced by publication in nonindexed
journals, textbooks, lectures, and digital media, which
are not captured in the ISI Web of Science and SCOPUS
databases. Finally, the newest articles, which have not
had enough time to gather enough citations to be included
in this list, will be excluded from these types of analyses.
Thus, a bibliometric analysis as a research tool can serve
as an excellent starting point for literature searches but
must be supplemented with traditional methods that will
capture the full spectrum of articles.

CONCLUSION

The results of this study highlight the need for more pro-
spective research surrounding the management of
football-related injury. The low overall number of articles
on upper extremity injury (n = 4) also highlights an area
for further research.
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