REVIEW

Julio C. Furlan, MD, LLB, MBA,
MSc, PhD, FRCPC ©*#

Michael M. Radan*

Charles H. Tator, MD, PhD,
FRCSCS!

*Lyndhurst Centre, KITE - Toronto
Rehabilitation Institute, University Health
Network, Toronto, Ontario, Canada;
*Department of Medicine, Division of
Physical Medicine and Rehabilitation,
University of Toronto, Toronto, Ontario,
Canada; SKrembil Brain Institute and
Division of Neurosurgery, and Canadian
Concussion Centre, Toronto Western
Hospital, University of Toronto, Toronto,
Ontario, Canada; "Department of Surgery,
Division of Neurosurgery, University of
Toronto, Toronto, Ontario, Canada

The results of this study were presented
in the 13th World Congress of Brain Injury
in Toronto, Canada, on March 15th 2019 as
a poster presentation, and in the 67th
Annual Scientific Meeting of the
Canadian Association of Physical
Medicine and Rehabilitation in
Gatineau-Ottawa, Canada, on May 31st
2019 as a poster presentation.

Correspondence:

Julio C. Furlan, MD, LLB, MBA, MSc, PhD,
FRCPC,

520 Sutherland Drive, Room 206 J,
Toronto, Ontario, Canada, M4G 3V9
Email: jefurlan@gmail.com

Received, November 7, 2019.
Accepted, March 16, 2020.
Published Online, May 16, 2020.

Copyright © 2020 by the
Congress of Neurological Surgeons

NEURO

A Scoping Review of Registered Clinical Studies on

Mild Traumatic Brain Injury and Concussion

(2000 to 2019)

BACKGROUND: While many patients with mild traumatic brain injury (mTBI) or
concussion recover completely, prolonged postconcussion symptoms remain a challenge
for patients and an opportunity for clinical research. This has led to numerous research
initiatives over the last 2 decades.

OBJECTIVE: To review the characteristics of clinical studies on management of
mTBI/concussion; and to examine their definitions of mTBI/concussion.

METHODS: This scoping review included all clinical studies on diagnosis and
management of patients with mTBIl/concussion registered at www.clinicaltrials.gov
from 2000 to June/2019. The terms “mild TBI/concussion” were used for the primary search.
Definitions of mTBIl/concussion were obtained from the protocols. When a definition was
missing in the website, the study’s investigators were contacted for clarification.
RESULTS: There were 225 interventional and 95 observational studies. Most of the studies
are focused on treatment (54.7%) or diagnosis (37.5%), while 3.4% examined preventive
measures, 2.8% evaluated prognostic instruments, and 1.6% developed registries. Most
of the studies in this American database were single-center initiatives led by American
and Canadian institutions. The definitions of mTBI/concussion differed widely among 109
studies.

CONCLUSION: The results of this review suggest that most of the clinical studies
are focused on diagnosis and non-pharmacological therapies for patients with
mTBIl/concussion. The large number of differing definitions of mTBIl/concussion among
the studies creates significant limitations when comparing studies. The requirements
for registering research protocols on mTBI/concussion should include the necessity to
state the definition being used. There is a need for consensus on a uniform definition of

concussion.
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raumatic brain injury (TBI), according to
the report from the World Health Organi-
zation (WHO), is the leading cause of
death and disability in children and young adults
worldwide, and is accountable for almost half
of all trauma-related deaths." In a systematic
review, Tagliaferri el al® summarized the results
of 23 prior studies on the epidemiology of TBI

ABBREVIATIONS: ACRM, American Congress of
Rehabilitation Medicine; GCS, Glasgow Coma Scale;
mTBI, mild traumatic brain injury; NIH, National
Institutes of Health; TBI, Traumatic brain injury

in Europe. The authors reported an estimated
incidence rate of 235 per 100000 inhabitants
based on aggregate data from hospitalized plus
fatal TBL?> There was no estimation of the
prevalence rate of TBI among the 23 European
studies.” The minority of TBIs are considered
“severe”, whereas the vast majority of the TBIs
are classified as “mild” (approximately 90%).?
The most commonly used classification of TBIs
is based on the Glasgow Coma Scale (GCS) based
on a point system to assess the best ocular, verbal
and motor responses.! According to the WHO
criteria, individuals with mild TBI have a GCS
score from 13 to 15, whereas individuals with
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moderate TBI have a GCS from 9 to 12, and individuals with
severe TBI have a score from 3 (the worst cases) to 8.! While the
classification of mild TBI according to WHO criteria represents
a heterogeneous group of patients including concussion, many
other definitions of mild TBI have been proposed.

In a recent population-based study, Langer et al* reported
an estimated incidence of concussion of 1153 per 100000
residents in the province of Ontario (Canada) in a given
year (or approximately 1.2% per year). This was the highest
rate of concussion ever reported in the literature, which
raises the question of possible methodological discrepancies,
especially related to definition of mild traumatic brain injury
(mTBI)/concussion among the prior studies. While TBI in
general has become a pressing public health issue there is also
concern about a silent “epidemic” of mTBI/concussion for more
than a decade, and furthermore the true incidence and prevalence
of mTBI/concussion remain unclear.4-

The lack of uniformity in the definition of mTBI/concussion
has created major difficulties for researchers and clinicians many
experts in the field.”"® This variability of definitions may have a
significant impact on the epidemiological analysis and general-
izability of the registered studies of the management of patients
with mTBI/concussion. To examine this issue of definition,
we analysed data from recently completed and ongoing clinical
studies registered in the ClinicalTrials.gov website. A scoping
review was performed: (a) to analyze and summarize the charac-
teristics of clinical studies on management of mTBI/concussion;
and (b) to examine the definitions of mTBI/concussion used in
these studies.

METHODS

This scoping review included all clinical studies on the management
of mTBI/concussion registered in the Clinical Trials.gov website from the
date when the website became publicly available in February 2000 to June
29, 2019. The term “mTBI/concussion” was used to identify the clinical
studies focused on management of mTBI/concussion.

All definitions of mTBl/concussion used in the clinical studies
were collected and analyzed. When there was no definition of
mTBI/concussion in the study description in the website, the principal
investigator was contacted via email with a request to provide the
definition used in the study. A reminder was sent 2 wk later if there was
no response to the initial request.

ClinicalTrials.gov Website

ClinicalTrials.gov is a Web-based resource publicly available to anyone
wishing to search for clinical studies on many diseases and condi-
tions including TBI.” The website was established following the Food
and Drug Administration Modernization Act of 1997 (FDAMA) that
ordered the U.S. Department of Health and Human Services to create
“a registry of clinical trials information for both federally and privately
funded trials conducted under investigational new drug applications to
test the effectiveness of experimental drugs for serious or life-threatening
diseases or conditions.” The National Institutes of Health (NIH),
through the National Library of Medicine, was delegated the task to
create and maintain the website. By combining forces, the NIH and
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the Food and Drug Administration (FDA) developed the website that
became available to the public in February 2000.°

The sponsor or principal investigator of the clinical study is respon-
sible for providing and updating the website with study information. All
listed studies include human volunteers who participate in a research
protocol led by an institution located in the United States or in 193
other countries.” While the majority of registered studies are clinical
trials where human volunteers are assigned to interventions (so-called
“interventional studies”), the website also includes observational studies
on investigational drugs outside of clinical trials (expanded access).” Not
all clinical studies in the United States are required by law to be regis-
tered in the website. For example, observational studies and clinical trials
that are not focused on a drug, biologic agent, or device do not have to
be registered. There has been an escalation of registered studies as more
investigators and sponsors have voluntarily recorded their studies.’

RESULTS

Our search captured 320 studies on mTBI/concussion regis-
tered in the website, and most involved a single center (n = 251),
whereas there were 69 multicenter studies. The vast majority
of studies were led by institutions situated in the United States
(n = 230) followed by: Canada (n = 43); Denmark (n = 9);
France (n = 7); Israel and Norway (n = 4 each); Austria, China,
Ireland, Taiwan (n = 3 each), Afghanistan and England (n = 2
each); and Brazil, Finland, Indonesia, Irag, Malaysia, Sweden,
Switzerland (n = 1 each).

Demographics and Characteristics of the Participants

Demographic data of the participants in the studies were
available in the inclusion criteria in 228 out of 320 research
protocols that were documented in the website. Adults were
the most commonly recruited participant group for the studies
followed by adolescents (ages 12-17), younger adults (18-35),
elderly (>65) and children (<11) (Figure 1). Specific groups
of participants were recruited in a few studies that focused on
military personnel (n = 11), females older than 14 yr of age
(n = 1), male adults (n = 1), and civilians (n = 1).

Characteristics of the Clinical Studies

Of the 320 studies, 225 were classified as interventional
(including clinical trials), and 95 were designated as observa-
tional. Most were focused on treatment (54.7%) or diagnosis
of mTBI/concussion (37.5%), while 3.4% examined preventive
measures, 2.8% evaluated prognostic instruments, and 1.6%
involved development of a registry. Of the 175 studies focused
on treatment, several different therapeutic modalities were
studied including exercise-based therapy (20.5%), pharmaco-
logical therapy (16.8%) and neuromodulation (9.7%) among
others (Figure 2). The pharmacological and neuromodulation
therapy studies are shown in Table 1. Of the 120 studies
focused on diagnosis, most protocols used clinical assessments,
neuroimaging analyses, or other technology-based assessments for
diagnosis of mTBI/concussion (Figure 3).
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FIGURE 1. Age distribution of the participants with concussion or mTBI according to the research protocols that were reported in the website
ClinicalTrials.gov. Of note, none of these studies limited recruitment based on the sex of participants. Those studies that included a broader age

Definitions of Concussion or mTBI

A definition of mTBI or concussion was available in 86 of
the 320 studies (26.9%) posted in the website. Information on
the definitions used was obtained from the investigators in 23
additional studies who responded to our request. A definition of
mTBI or concussion was obtained for 109 of the 320 (34.1%)
studies (Table 1). However, among these 109 studies, there were
several different definitions: in 33 a variety of definitions based on
selected clinical criteria without following a previously reported
definition; in 19 the definition was a GCS between 13 and 15
at presentation; and in 16 a combination the two former criteria.
Among those 33 definitions within the variety group (“clinical
criteria that were not previously cited in the literature” in Table 1),
there were relatively simple definitions of mTBI/concussion such
as: “Reported or observed signs (Loss of consciousness, amnesia,
disorientation/confusion) at time of injury, and Current reported
symptoms and/or impairment (cognitive, balance, visual)”. On
the other hand, there are also more complex definitions such as: “A
TBI induced by biomechanics forces, which was caused by either
a direct or indirect blow to the head, face, neck or elsewhere on
the body with an impulsive force transmitted to the head, which
may or may not have involved loss of consciousness, and included
one or more of the following clinical domains: symptoms (eg,
headache, nausea, fatigue, feeling like in a fog, difficulty concen-
trating or remembering, and/or emotional lability); physical signs

NEUROSURGERY

(eg, loss of consciousness, amnesia, neurological deficit); balance
impairment (eg, gait unsteadiness); behavioural changes (eg,
irritability); cognitive impairment (eg, slowed reaction times);
sleep/wake disturbance (eg, somnolence, drowsiness).” There
were at least 11 other definitions of mTBI or concussion used
in the study protocols (Table 2).

DISCUSSION

Our review of the clinical studies on mTBI/concussion revealed
that the vast majority of the recently completed or ongoing inves-
tigations are led by North American institutions. In 72% of
the study protocols, participants of both sexes were included
when the mTBI/concussion occurred in their adolescence or
adulthood. While the majority of the research protocols are
investigational and focused on therapies or diagnostic tools
for mTBI/concussion, fewer investigations were focused on
preventive measures, prognostic instruments, and development
of registries for future research. Moreover, the lack of consensus
on the definitions for mild TBI and concussion remains a major
challenge in this research field.

Demographics and Characteristics of the Participants

Although the clinical studies in this review predomi-
nantly included adults and adolescents of both sexes with
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Rest therapy

Group therapy

Cell-based therapy

Auditory therapy
Neurorehabiltation
Neurofeedback or biofeedback
Multidisciplinary therapy
Alternative therapies
Educational tools
Vestibular-visual combined therapy
Psychotherapy

Light-based therapy
Acupunture oracupressure
Mindfulness therapy
Counselling

Cognitive behavioural therapy
Visual therapy
Computer-based training
Hyperbaric oxygen therapy
Balance therapy

Cognitive or metacognitive therapy
Neuromodulation
Pharmacological therapy

Exercise-based therapy

FIGURE 2. Summary of the studies focused on treatment of concussion or mTBI according to types of therapeutic modality.

mTBI/concussion, fewer research protocols included all other age
groups. The reasons for preferentially studying adults and adoles-
cents could be related to the causes of mTBI/concussion in those
age groups that raise greater interest in workplace- and sports-
related injuries and their consequences in their ability to return to
work and to return to play, respectively.'®!! In a recent systematic
review, Iverson et al stressed that the current research is largely
focused on sports-related mTBI/concussion.!? As an example of
the impact of the escalation on research in this field, there have
been improvements in the management of young athletes with
sports-related mTBI/concussion over the past 15 yr that allow
additional time for brain recovery after injury, and reducing the
risk of repetitive concussion during the critical period of brain
susceptibility.'? Work-related mTBI/concussion is another area
of great interest in the research and medical community due to
the potential societal impact related to the delay in return to
work. This impression is supported for instance by the results of
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a recent nationwide cohort study with 5-yr follow-up period in
Denmark where 43% of the patients with mTBI/concussion were
not attending regular work 5 yr after injury and received health
and social transfer benefits.!?

Despite the apparent lack of sex-related preference in the
inclusion criteria for the studies that were documented in the
Clinical. Trials.gov website, the actual enrolment may favour a
disproportionally greater involvement of the male population in
the research studies on mTBI/concussion. In a recent review
analysing data from 1501 interventional studies listed in the
ClinicalTrials.gov website, Prakash et al reported that females were
under-represented in recent clinical trials that were funded by
cither NIH or industry.' There is a growing body of evidence
for sex- and gender-related differences in the epidemiology and
outcomes of mTBI/concussion, which emphasises the need for
proper representation of males and females and sex-stratified data
analyses in future clinical studies.!>*1¢
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TABLE 1. Description of the Pharmacological Therapies (n =30) and Neuromodulation Therapies (n = 17). The Number of Studies Focused on the
Same Therapy is Shown in Parentheses; Otherwise, There has Been Only one Study for Each of the Other Therapies

Primary outcome measures

Pharmacological therapies

Neuromodulation therapies

General symptoms or
post-concussive symptoms

Cognitive function

Magnesium (n = 2), Ibuprofen vs Acetaminophen,
hypertonic saline, Atorvastatin, Ondansetron,
Melatonin, Sidefanil citrate, anti-oxidant substances,
Citicoline, Glycyl-L-2-Methylpropyl-L-Glutamic Acid,
branched chain amino acids, hyperosmolar sodium

Magnetic EEG/EKG resonance therapy, high-definition
transcranial direct stimulation (n = 2), pulsed
electromagnetic field, transcranial high-intensity LED
Transcranial direct stimulation (n = 3)

lactate, Reservatrol
Headache

salt-water solution
Return to play or functional

recovery (n=2)

Brain blood oxygenation Sidenafil citrate, Tolcapone
Post-traumatic stress disorder Lithium

Cerebrovascular reactivity Sidefanil citrate
Inflammatory markers Probiotics

Depressive mood Citalopram

Performance fatigue Recombinant growth hormone
Balance and gait performance No studies

Neurobehavior No studies

Alcohol craving No studies

Number of abnormal No studies
magnetoencephalography (MEG)

slow-waves

Prazosin, calcitonin gene-related peptide (CGRP),
Erenumab, Metoclopramide, Onabotulinumtoxin A,

Docosahexaenoic acid (DHA), Omega 3 fatty acid

Transcranial magnetic stimulation

No studies

No studies

Intermittent theta burst stimulation

No studies

No studies

Transmagnetic brain stimulation

No studies

Cranial-nerve non-invasive brain stimulation (n = 2)
Acoustic stimulation

Transmagnetic brain stimulation

Transcranial direct electrical stimulation

europhysiological tests
5%

Combined modalities
2%

FIGURE 3. Summary of the studies focused on diagnosis of concussion or mTBI according to types of diagnostic methods.

Clinical Studies on mTBI or Concussion

The results of this review suggest that research on diagnosis,
treatment, prognosis and prevention of mTBI/concussion is
a global endeavour, even though most of the studies in this
American database were from institutions situated in the United

NEUROSURGERY

States and Canada. In a recent review on the PubMed database
using Clinical Queries, Hon et al'” also documented that, despite
the global efforts, the majority of the publications on concussion
in the pediatric population was led by institutions in the United
States and Canada. MTBI/conscussion represents a major public
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TABLE 2. Definitions of Concussion or mTBI Reported in the Study
Protocols

Definition n Percentage
Not specified 21 65.9%
Clinical criteria that were not 33 10.3%
previously cited in the literature

GCS from 13-15 19 5.9%
GCS and clinical criteria 16 5.0%
ACRM? 9 2.8%
US Department of Defense® 8 2.5%
Clinical impression and 6 1.9%
pathophysiological aspects

Zurich Consensus Statement® 6 1.9%
Clinical impression and 4 13%
neuroimaging

Danish Consensus Report on 2 0.6%
Commotio Cerebri

World Health Organization® 2 0.6%
GCS from 9-15 1 0.3%
GCS 14 and 15 1 0.3%
Rancho Los Amigos Scale score of 7 1 0.3%
or above

2017 Berlin International Consensus 1 0.3%
Conference

2Included studies that adopted the published definition ‘as is’and studies that cited the
published definition but applied a modified version still containing all original criteria;
bConsensus statements from different International Conferences on Concussion in
Sport were used.

health issue worldwide that requires a global contribution in the
efforts of prevention, diagnosis, treatment and prognosis of this
condition. This point of view is further reinforced by the fact that
different jurisdictions may face particularities in terms of epidemi-
ology, risk factors, social and economic status, safety legislation
and regulation, and healthcare access and coverage. For instance,
research studies on the use of helmets during American football
or hockey matches is not relevant for a country where those sports
are not practiced but soccer is the most popular sport.

The research protocols captured in our website-based search
are mainly focused on the development of new therapies and
diagnostic instruments for mTBI/concussion. Among 175 studies
on treatment for mTBl/concussion captured in our review,
there was a wide-range of therapeutic modalities including
exercise-based  therapy (20.5%), pharmacological therapy
(17.5%), neuromodulation (11.9%), among others. Using
data from Clinical. Trials.gov and 7 additional WHO registries,
Burke et al'® also documented several different categories of
treatment for concussion that were studied until 2013. Research
and clinical practice have been evolving with the increasing
recognition that mTBI/concussion is a heterogeneous condition
with distinct clinical profiles affected by several modifying
factors.”” In this new conceptual framework, more compre-
hensive and multimodal assessments are required in order to
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facilitate the development of more personalized and targeted
therapies that can potentially improve outcomes of individuals
after mTBI/concussion. '

Data from this review indicate that preventive measures were
the focus of only 3.4% clinical studies that were registered in
ClinicalTrials.gov. Despite important educational initiatives on
the prevention of mTBl/concussion such as Parachute, 7hink-
First Canada Smart Hockey, and Heads Up Football programmes,
there is a need for further studies on prevention in order
to reduce the risks for individuals and the societal burden
of mTBI/concussion.”’** In a recent review analyzing data
from 14 prospective studies on prevention of mTBI/concussion,
Schneider et al*! found only one study on education program that
examined the effects of the Heads Up Football programme which
emphasizes proper tackling technique.”> Furthermore, Schneider
et al’! concluded that the relative risk of concussion in athletes
wearing novel protective equipment did not differ from those
athletes wearing standard equipment.

Overall, the recently completed and ongoing research studies
on mTBI/concussion have been predominantly enrolling adoles-
cents and adults who often sustained a sports-related or work-
related trauma. In addition, development of new therapies and
diagnostic instruments for mTBI/concussion has been the focuses
of the majority of the research studies in this field according to
data largely collected in North America.

Definitions of mTBI and Concussion

The results of this scoping review revealed that the majority of
the study descriptions (73.1%) in the Clinical. Trials.gov website
did not include a definition of mTBI/concussion. Moreover,
there was a great diversity of definitions of mTBI/concussion
among the study protocols when this information was provided
by the investigators. Similarly, the WHO Collaborating Centre
for Neurotrauma Task Force on mTBI carried out a compre-
hensive review that identified 38 different case definitions of mild
TBI in the literature published between 1980 and 2002.2* Those
findings led the WHO Task Force to develop an operational
definition following many criteria suggested in the definition
from the mTBI Committee of the Head Injury Interdisciplinary
Special Interest Group of the American Congress of Rehabili-
tation Medicine (ACRM).2*25 In a more recent review, Kristman
et al*® documented a greater variation in the definition of mild
TBI (n = 101) where, although the ACRM and WHO Task Force
criteria were frequently applied, the use of additional, distinct
diagnostic criteria often resulted in the selection of subsets of
patients with mild TBI for clinical studies.

In the context and purpose of the Clinical. Trials.gov website,
the lack of a definition and the heterogeneity of definitions of
mTBI/concussion represent important challenges for the research
community in terms of consistent recruitment of study partici-
pants and accurate clinical application of the results of the studies
on patients with mTBI/concussion. The lack of consensus on
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the definitions of mild TBI and concussion causes selection of
heterogeneous patient populations for clinical research which
compromises the generalizability of the results.”” Similarly, the
heterogeneity of definitions of mTBI and concussion represents
one of the major challenges in the determination of the true
incidence and prevalence of this clinical entity.” Similarly, the
lack of consensus on the definition has implications for accurate
diagnosis and management of mTBI/concussion.?” In a recent
analysis, Crowe et al*® applied 17 different definitions of mild
TBI in a large observational cohort study (ie, Australian Paedi-
atric Head Injury Rules Study) that included 11907 children
with age at the time of brain injury between 3 and 16 yr. The
authors reported that the proportion of children classified as
having sustained mild TBI varied widely from less than 10%
to more than 90% of the study population of TBI of any
degree.?®

An additional problem is that the terms “mild TBI” and
“concussion” are frequently used interchangeably in the medical
literature and clinical practice, even though patients may perceive
them as distinct entities.”” In fact, the implications of the termi-
nology affect the patients’ perception of the severity of the injury
and its prognosis. In an interesting prospective study, 105 under-
graduate students who had acute brain trauma were randomly
assigned as patients with either “mild TBI” or “concussion”.”’
While both study groups showed no significant differences
regarding anxiety, symptomatology, timeline, or consequence
scales, those assigned to the “mTBI” group were allocated more
days to return to play than their counterparts with “concussion”,
likely because the perceptions of the severity of the injury were
different between the 2 participant groups and concussion may
not be perceived as an actual brain injury.?’ Furthermore, there is
still a debate in the literature between those who claim concussion
is the constellation of symptoms that can arise from any mTBI,
and those who argue concussion is “a distinct pathophysiological
entity with its own diagnostic and management implications”.*

We believe that the definition of “mTBI/concussion” denotes
different populations of patients. Furthermore, mTBI may not
be as useful a term as concussion for clinical trials because many
patients with GCS of 13 and 14 have focal brain lesions such
as cerebral contusions, brain microhemorrhages or subarachnoid
hemorrhage which are identifiable on computed tomography and
magnetic resonance imaging. In contrast, the modern definition
of concussion as enunciated by the periodic Consensus Confer-
ences of the Concussion in Sport Group, the last of which was in
Berlin in 2016 excludes patients with focal neurological deficits
and patients with structural lesions identified by imaging,3 1
Therefore, in our view concussion encompasses a more homoge-
neous group of patients than the group of individuals with mTBI.

In summary, the diversity and incorrectly presumed equiv-
alence of the definitions of mTBI and concussion remains a
common and serious problem in clinical research. The effects of
this lack of appreciation of the differences in the two definitions
impair clinical trials of diagnosis and treatment of this type of

NEURO
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brain injury. As well, the lack of uniformity of definition also
impairs studies of the prevention and prediction of prognosis of
mild brain injuries.

Study Limitations

Although this scoping review included up-to-date information
on clinical research on mTBI/concussion, there are some limita-
tions. First, this review was based solely on information from the
ClinicalTrials.gov website and, hence, the accuracy and compre-
hensiveness of the data depend upon the individuals who regis-
tered the studies. Concerns about the quality assurance for
all entries in this publicly available website were raised many
years ago, which led to regulatory modifications to make data
insertion more complete, timely, accurate, and informative.’>%?
Second, the search for this review was based on the term
“mTBl/concussion” that is a feature available in the Clinical-
Trials.gov website. The lack of a clear definition in most of
the registered studies precluded any distinction between the
two clinical entities, mTBI and concussion. Third, this scoping
review using data from the ClinicalTrials.gov is essentially a cross-
sectional analysis of the recently completed or current/ongoing
clinical studies at one point in time that may over-represent obser-
vational interventional studies in the field. Finally, the Clinical-
Trials.gov website is an American initiative containing predom-
inantly registered studies from the United States and Canada
followed by other high-income countries. While the low- and
middle-income countries experience more burden from TBI, the
high-income countries provide disproportionally greater funding
support of research on this subject.**

CONCLUSION

The results of this scoping review assess the character-
istics of the recently completed and ongoing clinical studies
on mTBI/concussion. North American institutions have been
leading most of the clinical studies in this American database,
but the results from studies conducted in higher-income countries
such as United States and Canada may not necessarily reflect
the reality in the low- and middle-income countries where
the epidemiology of mTBI/concussion, healthcare access and
coverage, and legislation for prevention of trauma can be substan-
tially different from the United States and Canada. The epidemi-
ological, medical, and regulatory discrepancies among jurisdic-
tions worldwide should also be considered when evaluating the
relevance of the clinical studies registered in the Clinical Trials.gov
website, which were largely focused on adolescents and adults
who sustain sports-related or work-related mTBI/concussion.
Although the large proportion of research studies on novel
diagnostic and therapeutic modalities address the clinical need for
advances in the management of mTBI/concussion, the paucity of
investigational initiatives on prevention of trauma persists as an
unmet need in the research community. When registering clinical
studies in ClinicalTrials.gov, investigators should be explicitly
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required to provide a definition of mTBI or concussion. Lastly,
the lack of consensus in the definitions of mTBI and concussion
is a methodological challenge that has existed for several decades.
The authors of this review strongly favor the use of the current
definition of concussion rather than mild TBI for all clinical trials
and other studies of this type of brain injury.
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COMMENT

n accepted definition of an ailment seems fundamental to its

diagnosis, treatment, and study. It is striking that this was not done
for ‘traumatic brain injury’ until 2010 and that it has yet to be achieved
for concussion. No wonder advancement in head injury is lagging so
far behind other areas of medicine. There are over 40 different defini-
tions of concussion, but an evidence-based definition has yet to be widely
accepted.” As concussion has moved from its historic place at the fringes
of medicine to a major public health concern, it seems high time to unite
everyone behind a single definition.

This study provides a couple of important and — I think — remarkable
findings. The first is confirmation that ongoing research does not seem
to be unifying behind a single nor a small number of concussion defini-
tions. This means that recent calls for a unified definition have been
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unsuccessful and that the literature will continue to be problematic for
years to come. Also important but less surprising is the paucity of research
aimed at prevention of concussion. I think we can agree that preventing
concussion would be preferred to treating it.

The authors suggest that clinicaltrials.gov should mandate the
provision of a definition of concussion in registered studies. I think
this would be valuable. Perhaps the best way to bring unity to
the concussion definition would be to have agreed upon defini-
tions of concussion and mild traumatic brain injury mandated by
funding agencies. This ‘mandatory use’ approach has seemed a very
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effective way of improving the uptake of head injury common data
elements.

Gregory W. J. Hawryluk
Winnipeg, Canada
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