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Top-100 Most-Cited Sports-Related Concussion ®
Articles Focus on Symptomatology, Epidemiology,
and Demographics

Kade S. McQuivey, M.D., M. Lane Moore, B.S., Jordan R. Pollock, B.S.,
Jeffrey D. Hassebrock, M.D., Karan A. Patel, M.D., and Anikar Chhabra, M.D.

Purpose: To analyze the top-100 cited articles on sports-related concussions together with a bibliometric analysis to
determine citations by year, level of evidence, study design, and several other factors related to the top referenced articles
in sports concussions. Methods: The Clarivate Analytics Web of Knowledge database was used to gather data using
Boolean queries to capture all possible iterations of sports-related concussion research. Articles were organized in
descending order based on the number of citations and included or excluded based on relevance to concussion. Collected
information included author name, publication year, country of origin, journal name, article type, study focus, and the
level of evidence. Results: The top-100 articles were cited 31,197 times with an average of 312.0 citations per publication.
More than one half were published in 2006 or later (52). Cohort studies and descriptive articles were the most prevalent
study types (22 each). Studies with Level V evidence were the most common (33). The most common areas of study were
symptomatology (short term, long term) with 17 articles, followed by epidemiology/demographics with 16 articles. The
least common area of study was concussion prevention (2 articles), followed by management/treatment, diagnostics (labs,
imaging) with 4 articles each. Conclusions: We identified the most influential studies in sports-related concussion based
on number of citations and citation density. A majority of these articles were published in the United States after 2006 and
are most commonly cohort studies (Level IV evidence) and descriptive articles (Level V evidence). Current research fo-
cuses most heavily on the symptomatology and epidemiology/demographics of sports concussion. Clinical Rele-
vance: This study serves to identify the most influential articles in sports-related concussion and identify research topics
with general deficiencies within the field of sports-related concussion research.

oncussion is defined by the American Medical
Society for Sports Medicine, the International
Olympic Committee, and the American Academy of
Neurology, as a “biomechanically provoked alteration
of brain function, usually transient, after the initiation
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of a complex pathophysiologic process.”' > This com-
plex process can be caused by a either direct or indirect
contact that ultimately leads to force transmission
through the head/neck region. Although current diag-
nostic imaging modalities do not detect structural
changes, the clinical, functional, and cognitive sequalae
of such trauma can result in a variety of symptoms.
These symptoms may include headache, vision
changes, confusion, disorientation, delayed reaction
time, amnesia, photophobia, decreased postural bal-
ance, dizziness, and mood Changes.“’S The duration of
these symptoms is similarly varied, with reported
ranges from days to months depending upon severity of
the injury.’

The earliest known descriptions of concussions began
with the ancient Greeks. They described an injury that
led to a temporary state of altered mentation.® Histor-
ically, concussions remained poorly described until the
advent of American football in the late 1800s and early
1900s. During this era, it was observed that the best
protection afforded a football player was, “but a bushy
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head of hair.” ° Given our poor understanding of
concussion during this time, there was a rapid growth
in concussion incidence, including several deaths sec-
ondary to closed head injuries.” The following excerpt
from The Trainers Bible, published in 1948, provided the
most comprehensive guidelines on concussions in
sports at that time:

“If he shows normal muscular control, complete orien-
tation, does not complain of dizziness or headache, the
conclusion must be that the jarring of the brain was
quite mild. If the physician approves, the boy may
resume play. If there is no urgent need of him, take him
out for a rest and further observation...A severe fall or
blow may result in nothing worse than a momentary
sensation of “seeing stars.””

This brief history of concussion serves as a reminder
that we have come a long way in our understanding of
the pathophysiology, mechanisms, long-term sequalae,
and innumerable other aspects of sport related
concussion within the last few decades. Given the
immense body of literature that exists in the field of
sports-related concussion, it can be difficult for clini-
cians to evaluate the quality and impact of any single
article. One well-established tool to identify common
themes and to analyze how the science is trending
within a field is through a bibliographic analysis. Bib-
liometric analysis differs from systematic reviews in that
bibliometric analyses focus solely on the quantity of
published articles and quantity of citations obtained by
each publication whereas systematic reviews analyze
information of specific research outcomes from each
publication to be analyzed together with several other
studies. Information obtained through bibliometric
analysis can be used to calculate citation impact and
other research power indicators. These analyses also
assist researchers/clinicians in identifying areas that are
well established and those in need of further investi-
gation. They also serve to assist researchers/clinicians in
identifying research areas that are well established and
those in need of further investigation.”'® These ana-
lyses are also very useful, as they serve to identify high-
impact articles within a certain field and to determine
the relative impact an article has on a specific field." "'~
Sports concussion represents a dynamic topic that is
rapidly evolving, as such, it is important to analyze the
most influential work in this dynamic field. This anal-
ysis will prove beneficial to care providers as we
attempt to identify the most impactful, and up to date
literature on sport-related concussion.

The purpose of this study was to analyze the top-100
cited articles on sports-related concussions together
with a bibliometric analysis to determine citations by
year, level of evidence, study design, and several other

K. S. MCQUIVEY ET AL.

factors related to the top-referenced articles in sports
concussions. The authors hypothesized that publication
year would have a significant influence on the number
of citations that an article was able to generate and that
the majority of articles would address the epidemiology
and symptomatology of sports concussion.

Methods

After we obtained institutional review board exempt
status, our study methods were designed after similar
studies conducting bibliometric analyses.'’*” We used
the Clarivate Analytics Web of Knowledge database to
gather data and metrics on April 6, 2020. We performed
the search using varying Boolean queries to capture all
possible iterations of concussion research. The final
Boolean search phrases were: TS = [(Concussion OR
Mild Traumatic Brain Injury OR Traumatic Brain Injury
OR TBI) AND (Sports OR Sports Medicine OR Athlete
OR Collegiate OR Player OR NCAA OR High School OR
Professional OR Rugby OR Rugby Union)]. No date,
language, journal, or country of origin restrictions were
placed on this search. The web of science database in-
cludes articles that are not in English. This resulted in
10,104 total articles.

The resulting search list was sorted in descending
order based on the number of citations, and the title
and abstract of each article were then reviewed by 2
independent reviewers to determine its relevance to
concussions in sports. Inclusion criteria comprised
studies with a central focus on concussion or traumatic
brain injury in a sports setting were included for anal-
ysis. Occasionally, broad literature searches can result in
several articles where, although mentioned in the ab-
stract, concussion was not the central focus of the study.
Exclusion criteria included papers that did not have
sport concussion as their central focus or had mention
of chronic traumatic encephalopathy. If a study was
unclear or if there was a question as to whether it
should be excluded, the full article was obtained and
reviewed by 2 independent reviewers. If these authors
were in disagreement, the senior author reviewed the
article and ultimately decided upon inclusion or
exclusion. The authors decided a priori to only include
the top 100 concussion articles in the final analysis. A
total of 171 articles were reviewed, with 71 articles
being excluded for failure to meet aforementioned
criteria. See Appendix Table 1, available at www.
arthroscopyjournal.org, for a list of the top-100 cited
sports-related concussion articles.”' "’

The final 100 studies were manually reviewed to
obtain the following information: author name, publi-
cation year, country of origin, journal name, article
type (expert opinion, review article, descriptive study,
case report, case series, case—control study, cohort


http://www.arthroscopyjournal.org
http://www.arthroscopyjournal.org

TOP-100 SPORTS CONCUSSION ARTICLES

Number of Articles by Year

12

w 8
9
g s
< 4
2
0
M 1N N O = MmN N O=E N NN O =E MmN N
0 0 W W O O O O O © © © © © "W = = o
a 0O 0O 0O O O O 0O 0O O O O O O © © © ©
™ = = EH W W W - - NN NN N NN NN

Year

= Number of Articles

Fig 1. Number of articles published per year.

study, randomized controlled trial, nonrandomized
controlled trial, or consensus/position statement), and
the level of evidence for clinical articles based on the
guidelines published by The Journal of Bone and Joint
Surgery. The level of evidence was determined by
consensus opinion between the two independent re-
viewers. If a study had a published self-designated level
of evidence, it was re-evaluated according to the pre-
viously mentioned The Journal of Bone and Joint Surgery
criteria to ensure accuracy and consistency of reported
results. If there was still a question of classification, the
senior author was consulted. If an article simply
reviewed the literature, and no systematic approach
was used, it was classified in the “expert opinion”
category. However, if an article incorporated a sys-
tematic approach to reviewing the literature or if a
meta-analysis was performed, the article was classified
in the “review article” category.

In an attempt to identify well-studied areas and those
in need of further investigation, each article included in
this study was categorized into one of 11 of the
following categories; Epidemiology/Demographics,
Summary/Consensus/Position Statement, Symptom-
atology (long term, short term), Grading/Evaluation,
Mechanisms/Biomechanics, Recovery, Pathophysi-
ology, Associated Conditions, Diagnostics (imaging,
labs), Management/Treatment, and finally Prevention.
Categorization into 1 of the 11 categories occurred by 2
reviewers and a third reviewer settled discrepancies of
article categorization.

Included articles were analyzed by citation density in
addition to total number of citations. Citation density
was calculated as the total number of citations divided
by the number of years since publication. A subanalysis
was performed for the articles published before and
after 2006, as this represented a midpoint in the data. A
Student ¢ test was performed to compare the difference
in citation density and total citations for studies pub-
lished before and after 2006 with P < .05 indicating
statistical significance. An R? value was also calculated
for the growth in total citations since 1983. All data
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collection and analysis were completed using Microsoft
Excel (Microsoft Corp, Redmond, WA).

Results

The earliest year of publication for the 100 included
studies was 1983 and the latest was 2017. Of these
studies, 86 were published in 2000 or after, and more
than one half were published in 2006 or later (52). The
most articles published in a single year was 2003 (10),
followed closely by 2007 and 2013 (8) (Fig 1). The total
number of citations for the 100 included studies was
31,197, with an average of 312.0 citations per publi-
cation. The most-cited article was cited a total of 1,170
times at the time the search was performed.' The sec-
ond- and third-most cited articles were cited a total of
1,061 and 953 times, respectively.”’''® There was a
large range between the most-cited and least-cited
article (1,170 to 174). Across the 100 most-cited
concussion studies, the year with the most cumulative
citations occurred in 2017 with a total of 3,271 cita-
tions. The years 2019 and 2016 followed closely behind
with 3,196 and 3,083 citations, respectively. The
growth in citation rate for the 100 included concussion
studies also has shown significant growth over the past
4 decades with an R? value of 0.91 (Fig 2).

The top 3 articles by citation density were attributed
to McCrory et al. (161.5 citations/year),' McCrory et al.
(146.2 citations/year),”® and Hootman et al. (75.8 ci-
tations/year).”” The oldest published study included in
this study, published in 1983 by Gerberich et al.””
ranked 58th in total citations (219) and was tied for
last in citation density (5.8 citations/year). McCrory
et al.”® was the author of the most recently published
article in 2017 and ranked seventh in total citations
(646) and first in citation density (161.5 citations/year).
The average citation density of studies published in
2006 or later was 30.0 citations/year and was 17.3 ci-
tations/year for articles published before 2006. This
difference was statistically significant (P < .01). The
average number of citations for studies published before
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Fig 2. Number of citations per year of the top-100 cited
sports-related concussion papers.
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Table 1. Authors With More Than 1 Publication in the Top-
100 Most-Cited Sports-Related Concussion Papers

Number of
Articles Total Number Average Citations
Author Included of Citations per Publication
Guskiewicz 8 3,848 481.0
McCrory 8 3,608 451.0
McCrea 7 2,613 373.3
Collins 4 1,253 313.3
Lovell 4 1,229 307.3
Iverson 3 747 249.0
Broglio 3 676 225.3
Harmon 2 679 339.5
Pellman 2 573 286.5
Kelly 2 476 238.0
Cantu 2 469 234.5
Vagnozzi 2 450 225.0

2006 was 328.5 and 296.7 for studies published after
2006. This difference was not statistically significant
(P = 41).

There was a total of 12 authors who were credited
with 2 or more articles included in this study of the 100
most-cited concussion studies (Table 1). Guskiewicz
and McCrory were credited with the most publications,
with 8 each. They were followed closely behind by
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McCrea (7), Collins (4), and Lovell (4). All 100 included
articles were published in English and originated in 29
different journals (Table 2). Of these journals, Neuro-
surgery was the most represented, with 14 articles, fol-
lowed by the Clinical Journal of Sports Medicine (12) and
the Journal of Athletic Training (11). The average impact
factor for all represented journals was 7.213 (standard
deviation 9.6). The top 100 concussion articles had first
authors who originated from 7 different countries
(Fig 3). None of the top 100-cited articles came from
publications in a different language in our search. The
United States was responsible for 78% of the articles,
followed by Australia (9%) and Canada (6%). Cohort
studies and descriptive articles were the most prevalent
study types (22 each) followed by case series (17) and
consensus/position statements (12) (Table 3). This is
closely correlated to the level of evidence, with Level V
being the most common (33) followed by Level IV (30)
studies (Table 4).

The most common areas of study among the top-100
most-cited sports concussion papers were symptom-
atology (short term, long term) with 17 articles, fol-
lowed by epidemiology/demographics with 16 articles,
and finally summary/consensus/position statements
with 15 articles published. The least common area of
study was prevention (2 articles)) management/

Table 2. Journals in Which Top-100 Most-Cited Sports-Related Concussion Articles Were Published With Associated Impact

Factor
Journal of Origin Number of Articles Impact Factor

Neurosurgery 14 4.605
Clinical Journal of Sports Medicine 12 2.702
Journal of Athletic Training 11 2.253
American Journal of Sports Medicine 9 6.093
British Journal of Sports Medicine 7 11.645
JAMA - Journal of the American Medical Association 7 51.273
Neurology 4 8.689
Pediatrics 4 5.401
Brain Injury 3 1.665
Journal of Neurosurgery 3 4.130
Journal of the International Neuropsychological Society 3 3.098
The Journal of Head Trauma Rehabilitation 3 2.667
Clinics in Sports Medicine 2 2.178
Journal of Neurotrauma 2 3.754
Stapp Car Crash Journal 2 1.500
Acta Neuropatholgica 1 18.174
American Journal of Public Health 1 5.381
Annals of Biomedical Engineering 1 3.474
Applied Neuropsychology 1 1.548
Archives of Clinical Neuropsychology 1 2.226
Brain 1 11.814
Clinical Neuropsychologist 1 2.006
Journal of Biomechanical Engineering - Transactions of the ASME 1 2.025
Journal of Pediatrics 1 3.739
Medicine and Science in Sports and Exercise 1 4.478
MMWR - Morbidity and Mortality Weekly Report 1 14.874
Neuroimage 1 5.812
Neuron 1 14.403
Sports Medicine 1 7.583
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treatment, diagnostics (labs, imaging), and associated
conditions, each with 4 articles published (Fig 4).

Discussion

The majority the top 100-cited articles (52%) were
published after the year 2006. In comparison, similar
bibliometric analyses in conducted within the field of
sports medicine show a majority of top-cited articles
being published between the 1970s and the 1990s."*"”

Within the last 20 years, there has been an explosion
of concussion-related research that has significantly
propelled our understanding on the subject. The
renewed interest in sports-related concussion is further
evidenced by the study designs of the most-cited arti-
cles. The top 100 most-cited articles were most
commonly cohort studies and descriptive articles with
Level IV and Level V evidence. Among the articles
identified in this study there were no randomized
controlled trials or articles with a Level I evidence. This
is of little surprise, given the difficulty of performing a
randomized controlled trial among this study popula-
tion. As the state of sports-related concussion literature
progresses, it is likely that study designs with higher
level of evidence will displace case series, descriptive
articles, and other study designs with lower level of
evidence in the top 100 most-cited studies. As research
continues to advance on a global scale, we anticipate

Table 3. Study Design pf Top-100 Cited Sports-Related
Concussion Articles

Study Type Number of Articles
Randomized controlled trial 0
Nonrandomized controlled trial 2
Cohort study 22
Case—control Study 8
Case series 17
Case report 1
Review article 5
Descriptive article 22
Consensus/position statement 12
Expert opinion 11
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Table 4. Level of Evidence of Top-100 Cited Sports-Related
Concussion Articles

Articles Level of Evidence Number of Articles

I 0
I 19
I 18
v 30
Vv 33

higher-level research will replace some of the lower
level of evidence research articles found in our study.

Sports-related concussion is also a rapidly evolving
field of research. This is evidenced by the differences
between citation density between older and newer ar-
ticles. Older articles typically have an advantage in
terms of the total number of citations generated as
more time is provided for it to be cited, nonetheless the
current citation density slows as an article gets older
and the foundational knowledge becomes common-
place. This phenomenon is known as “obliteration by
incorporation,”''” This is what we observe in our
analysis as the average citation density of studies pub-
lished in 2006 or later was 30.0 citations/year compared
with 17.3 citations/year for articles published before
2006. This finding is similar to many other dynamic
fields where research continues to rapidly
evolve.'>>'? In contrast, our analysis shows that
among the top-100 cited sports concussion papers, the
latest was published in 2017. It is reasonable to believe
that articles published in the last 3 to 5 years, although
impactful in the field, have not had adequate timing to
be cited to the same extent as older articles of equal
impact. Consequently, they were excluded from this
analysis.

We also found the most common focuses of the
included studies touched mainly on symptomatology
(short term, long term) and epidemiology/de-
mographics, with one third of articles falling in either of
these 2 categories. Surprisingly, the fewest cited articles
touched on management/treatment and prevention of
sports-related concussion. Clinicians and researchers
can use this data to shine light on areas of sports-related
concussion that require further investigation. This study
serves to identify future areas of research that could
contribute to improve quality of care, improve patient
safety, and reduce cost of care in patients who experi-
ence sports-related concussion.

Limitations

There are several limitations inherent to this partic-
ular study design. The number of citations an article
receives is an important metric, but it is not a perfect
method for measuring an article’s impact. Unlike older
articles, articles published in the last several years,
although impactful, have not had adequate timing to be
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cited to the same extent as older articles of equal
impact. Articles with fewer citations may have signifi-
cant impact in sports concussion research but may have
been overlooked. We attempted to minimize this effect
by including citation density which as defined in the
methods is total number of citations divided by the
number of years since publication. The selection criteria
used to include or exclude concussion articles as well as
categorizing these articles based on “study focus” could
represent a potential source for subjectivity. The au-
thors incorporated several different reviewers in an
attempt to be as objective as possible. There are several
factors other than the impact of an individual article
that influence citations.'® For example, we did not take
into account self-citations; therefore, high-volume au-
thors who self-cite many times may be at a slight
advantage. Finally, the Web of Knowledge Database
was used in this analysis. This database is comprehen-
sive, but it is possible that influential articles were
excluded by the search criteria or the categorization of
articles by citation number.

Conclusions

We identified the most influential studies in sports
related concussion based on number of citations and
citation density. A majority of these articles were pub-
lished in the United States after 2006 and are most
commonly cohort studies (Level IV evidence) and
descriptive articles (Level V evidence).. Current
research focuses most heavily on the symptomatology
and epidemiology/demographics of sports concussion.
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