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STUDY DESIGN: Article.
OBJECTIVE: ClinicalTrials.gov is an online trial registry that provides public access to information on past, present, and future
clinical trials. While increasing transparency in research, the quality of the information provided in trial registrations is highly
variable. The objective of this study is to assess key areas of information on ClinicalTrials.gov in interventional trials involving people
with spinal cord injuries.
SETTING: Interventional trials on ClinicalTrials.gov involving people with spinal cord injuries.
METHODS: A subset of data on interventional spinal cord injury trials was downloaded from ClinicalTrials.gov. Reviewers extracted
information pertaining to study type, injury etiology, spinal cord injury characteristics, timing, study status, and results.
RESULTS: Of the interventional trial registrations reviewed, 62.5%, 58.6%, and 24.3% reported injury level, severity, and etiology,
respectively. The timing of intervention relative to injury was reported in 72.8% of registrations. Most trials identified a valid study
status (89.2%), but only 23.5% of those completed studies had posted results.
CONCLUSIONS: Our review provides a snapshot of interventional clinical trials conducted in the field of spinal cord injury and
registered in ClinicalTrials.gov. Areas for improvement were identified with regards to reporting injury characteristics, as well as
posting results.
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INTRODUCTION
ClinicalTrials.gov is a web-based application that aims to provide
public access to valuable information regarding ongoing and
completed clinical trials. As a central source of public trial
documentation, it addresses a number of ethical and scientific
issues related to the transparency, conduct, and reporting of
clinical trials [1]. Beyond increasing transparency, ClinicalTrials.gov
has proven to be a valuable tool to monitor and evaluate temporal
trends in research practice [2, 3].
Emerging applications of ClinicalTrials.gov are focused on

facilitating participant recruitment by improving coordination
between trial stakeholders. In the case of spinal cord injury, this
has led to the development SCITrialsFinder.net—a patient-oriented
platform that curates clinical trial registrations from ClinicalTrials.
gov. The goal of SCITrialsFinder.net is to raise awareness of future
and recruiting clinical trials by presenting select information
posted on ClinicalTrials.gov into a consistent format and clear
language benefiting patients, their families, and their health care
providers. Indeed, the trial descriptions provided on ClinicalTrials.
gov have been previously criticized for low readability [4].
The curation and consistency of the information provided by

SCITrialsFinder.net is, however, dependent on the adequacy of the
information provided in the original registrations. This is a

challenge due to the current lack of standards for registering
spinal cord injury trials. At present, in cases with unclear
registrations, SCITrialsFinder.net curators have the option to
contact trial investigators to clarify key recruitment issues—a
process that is not always successful, nor sustainable in the long
term [5]. As a first step toward improving the effectiveness of
these tools, existing strengths and weaknesses in spinal cord
injury trial registrations need to be understood. To this end, we
performed a systematic review of key areas in registrations of trials
involving individuals with spinal cord injuries in ClinicalTrials.gov.
Our aim was to evaluate general trial characteristics, as well as
variables uniquely relevant to spinal cord injury (e.g., level and
severity of injury) within trials registered at ClinicalTrials.gov.

METHODS
A dataset of clinical trials within a spinal cord injury population was identified
using the initial search of “spinal cord injury” in the Condition or Disease
search field. This search identified relevant synonyms, and additional
searches were performed for “Spinal cord diseases”, “spinal cord compres-
sion” and “spinal cord syndrome”. Results from all searches were downloaded
from ClinicalTrials.gov on February 28th, 2020 and merged. Inclusion criteria
were interventional studies administered within a traumatic spinal cord injury
population, without any restriction on dates of trial or trial registration. Each
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study was manually evaluated for information pertaining to injury etiology.
Studies that included any “non-traumatic” injuries as part of their population
were excluded (e.g., vascular, orthopedic, and/or progressive injury
etiologies). Remaining studies were then determined to be observational
and interventional based on the definitions provided by ClinicalTrials.gov,
and observational studies were subsequently excluded from further analyses.
Studies were screened by reviewers NB, RM, and RB, with information
extracted from the following key areas:

1. Study type: studies registered in ClinicalTrials.gov self-identify as
observational or interventional. ClinicalTrials.gov describes interven-
tional studies or clinical trials as “participants assigned to interven-
tion(s) based on protocol”, whereas observational studies involve
“participants not assigned to intervention(s) based on protocol;
typically in context of routine care”. For our study, we reviewed each
trial individually to verify the accuracy of these registration details,
and all studies determined to be observational were excluded from
further analyses.

2. Injury etiology: injury etiologies within included trials were
classified as “traumatic” and “unknown”. Traumatic studies explicitly
used the words “trauma” or “traumatic” or described the etiology
within their registration, whereas “unknown” provided no descrip-
tion.

3. Specific spinal cord injury characteristics: spinal cord injuries are
characterized by their neurological level and severity. Both have a
major impact on neurological and health outcomes, and are
important in determining suitability for a clinical trial. Registrations
were reviewed for any details on spinal cord injury level and
severity, including but not limited to those defined by the
International Standards for Neurological Classification of Spinal
Cord Injury (ISNCSCI). Our focus for neurological level was on
common descriptors, such as “tetraplegia”, “paraplegia”, “thoracic”,
and “cervical”, among others. Injury severity was based on a review
of the registration for terms “complete” and “incomplete”, as well as
specific measures such as grades from the American Spinal Injury
Association Impairment Scale (AIS).

4. Timing of injury: timing of the injury/intervention was examined to
capture how long since the diagnosis of spinal cord injury an
intervention aimed to be administered. This is important to consider
because some interventions aim to be administered within a specific
time window after injury. Specifically, preclinical work has indicated
that there may be a “window of opportunity” early after injury for
neuroprotective and neuroregenerative interventions [6–8]. Gener-
ally speaking, spinal cord injury is broadly classified by “acute”,
“subacute”, and “chronic” phases of injury. For our purposes,
acceptable descriptions of timing included a general description
of the duration of spinal cord injuries, or any specified time points.

5. Study status: study status was manually recorded from the “Status”
section. Available statuses were as follows: “Active, not recruiting”,
“Completed”, “Enrolling by invitation”, “No longer available”, “Not
yet recruiting”, “Recruiting”, “Suspended”, “Terminated”, “Unknown”,
“Unknown status”, and “Withdrawn”. According to ClinicalTrials.gov,
trials that were “Recruiting”, “Not yet recruiting”, or “Active, not
recruiting” and had not confirmed their status in 2 years are
redefined as “Unknown”.

6. Study results posted on ClinicalTrials.gov: ClinicalTrials.gov also
allows investigators to upload study results. For a subset of studies,
posting of results is required within 12 months of the completion
date [9, 10]. We reviewed the provision of results for all spinal cord
injury trials listed with a “Completed” status.

RESULTS
A dataset of 2319 spinal cord injury clinical trial registrations was
downloaded from ClinicalTrials.gov. All trials that included
defined non-traumatic spinal cord injury study populations were
excluded (n= 1450). An additional study was excluded (n= 1),
based on its lack of application within a spinal cord injury
population. The remaining trials were classified by reviewers as
observational or interventional. The initial postings of the final
744 interventional trials on ClinicalTrials.gov were between the
dates October 19, 1999 and February 26, 2020 (Fig. 1). Fifteen

trials were posted prior to 2004, 122 between 2005 and 2009,
235 between 2010 and 2014, and 372 between 2015 and the
date of extraction.

1. Observational vs. interventional: of the eligible 868
traumatic or unknown trials, 735 were initially registered
as interventional, with the remaining 133 as observational.
Further investigation led to recategorizing 9 (1.2%) of the
original interventional trials as observational, and 18 (13.5%)
of the original observational trials as interventional. In total,
744 interventional studies were included in our subsequent
analyses (Table 1).

2. Injury etiology: only 24% of the included trials (n= 181)
specified traumatic injuries. The remainder were unknown
(n= 563).

3. Specific spinal cord injury characteristics: trials defining
the level of a spinal cord injury included the following terms:
“cervical”, “thoracic”, “lumbar”, “paraplegic”, “tetraplegic” or
“quadriplegic”, and “suprasacral”, as well as “all levels” or
specific levels (e.g., C6-T12). Descriptions accepted for injury
severity included those that defined a degree of neurolo-
gical impairment, through completeness or other common
metrics (e.g., AIS, ISNCSCI, etc.). A total of 63% and 59% of
trials reported on level and severity of injury, respectively.

4. Timing of injury: of the included trials, 72.8% included a
description of injury timing, using descriptors that varied
from specific timeframes (e.g., 2 weeks after injury), to
broader terms such as acute or chronic injuries. The majority
of trials including a description of timing provided a specific
timeframe, with 9.8% relying only on broader terms. Within
the trials that defined their broad terms, the definitions
varied widely. “Acute” injury definitions ranged from less
than 6 h after injury to 6 months, and “chronic” from at least
6 months to 5 years after injury.

5. Study status: of the included trials, 89.2% provided informa-
tion in the section regarding their study status. The majority of
trials registered on ClinicalTrials.gov were “Completed”
(51.8%), with a variety of terms for the 36.4% currently
ongoing (i.e., “Active, not recruiting”, “Available”, “Enrolling by
invitation”, “Recruiting”, “Not yet recruiting”), and the 11.7%
that had formally stopped (i.e., “No longer available”,
“Suspended”, “Terminated”, “Withdrawn”). Statuses that were
neither ongoing nor ceased were those with an “Unknown” or
“Unknown status”, and comprised 11.7% of the trials.

6. Study results posted on ClinicalTrials.gov: of “Completed”
trials (n= 344), only 23.5% had results posted on ClinicalTrials.
gov. Among trials that were ceased (n= 78), 20.5% had study
results posted.

In summary, of the 744 included studies, a total of 83 (11.2%)
correctly identified their study type, provided a valid study status,
and provided sufficient detail about the included injury character-
istics (etiology, level, severity, and timing). The proportion of
studies exhibiting this level of completeness did not improve over
time (20.0%, 7.3%, 11.5%, and 11.8% from <2004, 2005–2009,
2010–2014, and 2015 to date, respectfully). Within the 83 detailed
studies, 36 (4.8%) were “Completed”, of which 5 (13.9%) reported
results.

DISCUSSION
ClinicalTrials.gov was developed as a platform to increase
transparency in human research. The information prepared and
reported on ClinicalTrials.gov is commonly used in meta-research,
for example, to evaluate trends in clinical trial design [2, 3, 11]. The
obvious advantage of this approach lies in including trials that are
unpublished, providing a picture that is more up to date (e.g.,
recent trials that are not yet published) and less prone to various
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sources of bias (e.g., unpublished negative results). ClinicalTrials.
gov has further evolved as a tool to increase collaborations among
researchers, [12, 13] with potential to recruit patients into clinical
trials. Regardless of how ClinicalTrials.gov is utilized by research-
ers, clinicians, or the general public, its value is predicated on the
accuracy and quality of the information included in a trial’s
registration. In this regard, our review of spinal cord injury trials
revealed a number of ways to improve the provision of
information broadly, as well in trials specific to spinal cord injury.
The first opportunity for improvement that our study reveals is the

classification of interventional versus observational trials. Previous
meta-studies utilizing ClinicalTrials.gov often focus on interventional
trials [14–17]. To our knowledge, few have explored the validity of the
self-reported observational versus interventional status. In our sample,
most self-assigned interventional trials were correct in their classifica-
tion (1.2% incorrect), whereas those identifying as observational were
more prone to error (13.5%). Further examination of the 18
misclassified observational trials suggests the issue lies in the
assignment of participants to different study arms. Although not
always randomized or assigned to contrasting protocols (e.g., able
bodied and injured participants completing the same intervention),
these trials clearly applied an intervention (e.g., training, medications,
stimulation). At the initial registration of a clinical trial, the classification
of trials as observational or interventional should focus not on the
arms or randomization of a study, but rather in the application of an
intervention outside of “routine standard of care” to improve
accuracy.

PRISMA 2009 Flow Diagram
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Fig. 1 PRISMA flow diagram. The PRISMA flow diagram illustrates the number of initial studies identified from ClinicalTrials.gov, as well as the
number of all excluded and included studies.

Table 1. Trial characteristics.

Item Number of trials
reporting (%)

Study type:
interventional

744 (100.0)

Correctly identified 732 (98.4)

Injury etiology

Specified traumatic 181 (24.3)

Injury characteristics

Level of injury 465 (62.5)

Severity of injury 436 (58.6)

Timing of injury

Specified 542 (72.8)

Study phase

For pharmaceutical/
biological trials (n= 221)

204 (91.1)

Valid
study status

664 (89.2)

Completed 344 (51.8)

Ongoing 242 (36.4)

Ceased 78 (11.7)

Results

Completed trials (n= 344) 81 (23.5)

Ceased trials (n= 78) 16 (20.5)
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Another area for improvement is the lack of results posted on
ClinicalTrials.gov. Recent estimates indicate that less than 40% of
trials required to report results have adequately done so after
completion or termination [18]. In the case of spinal cord injury,
results have been posted for less than 25% of completed trials. A
lower estimate is not entirely surprising given that we included all
trials, many of which do not have an obligation to post results
(e.g., non-FDA regulated). Nevertheless, posting results on
ClinicalTrials.gov increases transparency, and should arguably be
done regardless of requirements under an ethical obligation to
the research, clinical, and participant communities. Previous
studies also suggest that posted results on ClinicalTrials.gov are
more complete and unbiased (e.g., adverse events) than
corresponding publications [19–21]. Therefore, we recommend
authors link all publications pertinent to the relevant registration
for further transparency.
For spinal cord injury, three condition-specific details are

frequently important to determine participant eligibility in a trial
[22]. The first relates to the etiology of a spinal cord injury. The
term “spinal cord injury” can reflect a number of different
pathologies, including that arising due to non-traumatic pathol-
ogy (e.g., multiple sclerosis). For our purposes, we aimed to focus
on “traumatic” injury that occurs from sudden mechanical
perturbation, often in response to a major motor vehicle accident
or fall. After ruling out trials that were specifically recruiting non-
traumatic populations, less than a quarter explicitly stated injury
type in their registration. As traumatic and non-traumatic spinal
cord injuries vary greatly in their demographics, pathophysiolo-
gies, neurological outcomes, and eligibility for trials [23], more
accurate registrations regarding etiologies are essential.
Lesion level and severity are major contributors to the

heterogeneity of spinal cord injury, with variable damage in the
cervical, thoracic, lumbar, or sacral spinal cord yielding markedly
different neurological and functional deficits, as well as secondary
complications. While trials may aim to include all levels and
severities of injury, there is often a targeted subset of participants
with specific deficits needed for an intervention. For example, a
trial of upper limb rehabilitation will intuitively only recruit
individuals with deficits in the upper extremity, ruling out injuries
in the thoracic and lumbar cords. Inclusion for other trials may be
less intuitive, such as first-in-person cell-based interventions that
aim to restore neurological function, which are often launched in
individuals with more severe (e.g., more impaired neurological
function) thoracic injuries. Based on our review, only 62.5% and
58.6% of interventional spinal cord injury trials in ClinicalTrials. gov
reported the level and severity of injury, respectively, intended for
recruitment.
Finally, there is the issue of reporting the timing of an

intervention relative to the date of injury. The success of
interventions to enhance neurological and functional outcomes
after spinal cord injury depend, in part, on when they are initiated.
The most obvious example is neuroprotective interventions. Based
on preclinical studies, these need to be initiated in the very early
stages of injury (e.g., minutes to hours) [6–8]. Alternative
approaches targeting other biological mechanisms (e.g., neural
plasticity) may have a longer window of opportunity. Timing
information was absent in 27.2% of registrations. Another notable
concern was the lack of consistency between registrations with
regards to the terms “acute”, “subacute”, and “chronic”. Consensus
is urgently needed here to facilitate standardization in registration.
The recent launch of SCITrialsFinder.net aims to increase

enrollment in clinical trials by directly providing online common
language clinical trial information to potential participants any-
where in the world. The effectiveness of this tool critically
depends, however, on the provision of sufficient detail in the
registration to guide recruitment. Within the current framework of

SCITrialsFinder.net, users can activate an automatic email to be
sent to a contact person outlining their interest to participate in a
trial. While impossible to guarantee eligibility, insufficient or
inaccurate details in trial registrations could, inadvertently,
discourage applicants from reaching out to investigators (based
on repeated rejections of eligibility), and researchers from
responding to SCITrialsFinder.net generated inquiries. To optimize
these tools for future applications, more detailed and accurate
clinical trial registration is of paramount importance.
Our review provides a snapshot of interventional clinical trials

conducted within spinal cord injury and registered in ClinicalTrials.
gov. While trials investigating a drug, biologic, or device in the
United States must legally be registered, others do not, creating
an incomplete perspective of ongoing and completed trials
[15, 24]. Previous studies have suggested that focusing solely on
ClinicalTrials.gov provides an incomplete picture of global clinical
trials and should be supported with other sources, including
additional trial registries [14, 25]. It is possible that our search
terms may also have overlooked relevant trials within ClinicaTrials.
gov, and were limited to traumatic spinal cord injury populations.
However, this review has provided valuable insight into the
potential areas of improvement within a large sample of
registered interventional studies in spinal cord injury populations.
ClinicalTrials.gov was originally developed to increase transpar-

ency in human-based research. It has since become a valuable
source of data to evaluate research practice, with the potential to
enable awareness and collaboration across clinical trials [12, 13].
To continue to meet these evolving needs, the accuracy and
depth of information provided in registrations are critically
important. Our study has revealed missing information related
to injury characteristics (i.e., level, severity, and timing), as well as a
lack of reporting results for completed spinal cord injury clinical
trials, which should be addressed in future registrations.

DATA AVAILABILITY
Data can be readily accessed and downloaded from ClinicalTrials.gov using the
search and inclusion-exclusion criteria described in the “Methods”.
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