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Recently, there has been an emphasis on collecting large datasets in the
field of sports medicine. While there have been great advances in areas of
sport performance and sport epidemiology, there have been fewer efforts
dedicated to understanding the effectiveness and impact of athletic healthcare,
including injury prevention programs and rehabilitation interventions provided
at the point-of-care. In 2009, the Athletic Training Practice-Based Research
Network (AT-PBRN) was launched to address this need, with the mission
of improving the quality of care provided by athletic trainers. Unlike other
research efforts in sports and medicine, such as sport epidemiology, there
are fewer methodological best practices specifically related to clinical data
in athletic healthcare. As a result, the AT-PBRN has encountered several
methodological challenges during its tenure and has established guidelines
based on various sources within the fields of sports and medicine to address
these challenges. Therefore, the purpose of this perspective is to identify
the challenges and describe strategies to address these challenges related
to characterizing athletic healthcare using a large database. Specifically,
challenges related to data entry (data quality and reliability) and data extraction
and processing (data variability and missing data) will be discussed. Sharing
challenges and perspectives on solutions for collecting and reporting on
athletic healthcare data may facilitate a greater consistency in the approach
used to collect, analyze, and report on clinical data in athletic healthcare, with
the goal of improving patient outcomes and the quality of care provided by
athletic trainers.
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Introduction

Recently, there has been an emphasis in athletic healthcare
on collecting large datasets to generate evidence, support clinical
decisions, and enhance patient outcomes (Sauers et al., 2012;
Dompier et al., 2015). Although large datasets have supported
efforts in sport performance (Seshadri et al., 2019a,b) and sport
epidemiology (Kerr et al., 2018; Bohr et al.,, 2021), there have
been fewer efforts aimed at understanding the overall impact
of athletic health care, including the effectiveness of injury
prevention programs and rehabilitation techniques provided by
healthcare providers. Point-of-care data collected via electronic
records provide valuable insights into these important lines of
inquiry by characterizing the care provided to patients and
generating point-of-care evidence (Casey et al., 2016; Cowee and
Simon, 2019; Lam et al., 2020; Marshall and Lam, 2020).

Due to the limited efforts related to the use of electronic
records data in the athletic healthcare, there are relatively
few methodological best practices established specifically for
the field (Kerr et al., 2018; Bohr et al., 2021). Furthermore,
as investigations using clinical data evolve and become more
intricate, new methodological challenges arise that need to
be appropriately addressed. Luckily, while these challenges
are new in athletic healthcare, other healthcare disciplines
have encountered similar problems and can offer appropriate
strategies by which to address these issues (Benchimol et al.,
2015; Casey et al., 2016; Cowie et al., 2017). The purpose of
this perspective is to identify the challenges related to the use
of electronic records data in athletic healthcare, offer strategies
by which to address these challenges, and discuss paths forward
in this relatively new area of research in athletic healthcare.
Our perspectives are based on our experiences managing
the Athletic Training Practice-Based Research Network (AT-
PBRN), a network of researchers and clinicians connected via
a web-based electronic medical record (EMR), and comments
we have received from other scientists during the peer-review
process of our publications.

Electronic records data: The
clinician as a data collector

The use of electronic records such as electronic medical
records (EMRs) and electronic health records (EHRs) has been
well-documented in the global healthcare system (Casey et al.,
2016; Cowie et al., 2017; Rudin et al., 2020). Efforts to design
common electronic health record systems that cross healthcare
organizations and practices have been promoted in part because
these point-of-care data can answer important clinical questions
and advance the science related to patient care (Casey et al,
2016; Cowie et al., 2017). Central to leveraging clinical data
for research purposes is positioning the clinician as a primary
contributor to the scientific process. Not only can clinicians
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collect point-of-care data via electronic records but they can
provide valuable and important insights into current practices
and challenges occurring at the point-of-care that can help guide
targeted research efforts (Sauers et al., 2012).

The healthcare professional that is optimally situated to
fulfill this position within the realm of athletic healthcare
is the athletic trainer (AT). Similar to athletic therapists
and physiotherapists, ATs specialize in physical medicine and
rehabilitation sciences and are frequently the first healthcare
professional to manage injuries or illnesses arising from
physical activity including sprains, fractures, concussions and
life threatening conditions such as exertional heat illness, spinal
cord injury, and cardiac arrest (National Athletic Trainers
Association). In the United States, ATs practice under the
direction of a physician and typically provide on-site care
in various patient care settings such as intermediate schools,
secondary schools, colleges, clinics, professional sports, military,
and industrial facilities (National Athletic Trainers’ Association).
Due to their unique on-site availability, ATs are easily accessible
to their patients and can manage their patients throughout the
duration of medical care, from the pre-injury stage through
rehabilitation to the return to participation. In fact, most
ATs have the latitude to treat their patients on a daily
basis from time of injury to discharge. Due to these unique
aspects of athletic training clinical practice, ATs are in an
excellent position to collect clinical data that would elucidate
various aspects of athletic healthcare including injury prevention
and rehabilitation.

To gather point-of-care data from ATS, researchers from
A.T. Still University launched the AT-PBRN in 2009 (Valovich
McLeod et al., 2012), the first and only Agency for Healthcare
Research and Quality (AHRQ) recognized practice-based
research network in athletic training. In 1999, the AHRQ
was charged by the United States Congress with the support
and oversight of these networks to aid in the evolution of
point-of-care clinical research. As part of that oversight, the
AHRQ established specific infrastructure criteria for PBRNs
to be recognized and to receive federal grant funding (Green
et al, 2005). The mission of the AT-PBRN is to improve
the patient outcomes and enhance the quality of care for
patients under the care of ATs (Valovich McLeod et al,
2012). To achieve its mission, the AT-PBRN developed a
Health Insurance Portability and Accountability Act (HIPAA)
compliant electronic medical record (CORE-AT EMR) that
connects clinicians and researchers (Valovich McLeod et al,,
2012). Currently, the AT-PBRN consists of over 90 ATs
providing care in a variety of settings (e.g., secondary schools,
colleges, professional sports, industrial, military) across 35 states
in the United States.

As a clinical tool, the EMR provides an efficient way for
ATs to document their routine patient care through a variety
of forms (Figure 1) and patient-reported outcome measures.
As with any EMR, the data entered into the system can be
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Injury
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weight eMechanism of eCurrent eSeverity of injury eSport
eSport and position injury participation eWeight bearing *Body part
*Mechanism of *Weight bearing status status «Side of body
injury status eCurrent Numeric ePalpation findings eProcedure
eTime of injury Palpation findings Pain Rating Effusion summary
«Body part oEffusion *Global Rating of eEdema
«Side of body eEdema Change eEchymosis
elnitial Numeric eEchymosis *Free notes eActive range of
Pain Rating eActive range of *Exercises motion findings
*Pain description motion findings *Procedure ePassive range of
«Previous history ePassive range of summary motion findings
ePreliminary motion findings *Recommended eFree notes
diagnosis eStrength testing treatment plan «Strength testing

eSeverity of Injury
eCurrent

oFlexility testing
eSpecial tests

*Global Rating of
Function

*Global Rating of

oFlexility testing
eSpecial tests

articipation i .
status p -Neurc?loglcal tests Disability eNeurological tests
at eFunctional tests eFunctional tests

*Initial plan of eRecommended oStatus of

action treatment plan treatment goals
*Procedure *Plan of action
summary eProcedure
eTreatment goals summary
ePatient
satisfaction
FIGURE 1

Primary forms within the electronic medical record with associated variables.

viewed and accessed by the AT who recorded those data for their
patients. However, the data are also de-identified and aggregated
into a large, centralized database for research purposes (Valovich
McLeod et al, 2012). Since its inception, the AT-PBRN has
demonstrated the ability to reliably collect clinical data at a rapid
pace, generate large and diverse datasets, and produce data that
are generalizable to routine patient care (Valovich McLeod et al.,
2012, 2019; Lam et al., 2015; Lam et al., 2016b, 2021, 2022;
Marshall et al., 2019). To date, the AT-PBRN has recorded over
40,000 injuries, 325,000 treatments, and 11,000 patient-reported
outcome measures.

Using this large dataset, the AT-PBRN research team has
been able to describe various aspects of athletic training clinical
practice. Specifically, early efforts from the AT-PBRN have
described patient (e.g., sport, diagnosis), treatment (e.g., type,
amount, and duration of treatment), and value (e.g., cost,
quality) characteristics of athletic training clinical practice
(Valovich McLeod et al., 2012, 2019; Lam et al., 2015; Lam
et al, 2016b, 2021, 2022; Marshall et al., 2019). Specifically,
these investigations have provided evidence to support that
over 60% of daily patient encounters are preventative in nature
(Lam et al., 2016a), over 85% of patients report a meaningful
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change in patient outcomes within 2 weeks of an ankle sprain
injury (Lam et al, 2022), and the average estimated cost
of care for patients following ankle (Marshall et al., 2019)
and knee (Lam et al., 2021) injuries. Although these results
can be viewed as modest, these findings have historically
eluded athletic healthcare professionals and are essential for
identifying effective injury prevention and treatment strategies.
For instance, clinicians can evaluate whether the preventative
services they are providing are reducing the incidence of injury,
observe trends in specific outcomes, and identify the costs
associated with athletic training services in concert with patient
outcomes to support meaningful and cost-effective treatment.
While the AT-PBRN has collected relevant data and
disseminated meaningful information, it has also encountered
methodological challenges during its existence. Thus, the AT-
PBRN has refined its approach to data collection and reporting
over its tenure, frequently relying on methodological practices
from related fields (Benchimol et al., 2015; Kerr et al., 2018).
Since much of our refinement process has been guided by
other scientists during the peer-review process of our previously
published manuscripts (Valovich McLeod et al., 2012, 2019; Lam
et al., 2015; Lam et al., 2016b, 2021, 2022; Marshall et al., 2019),
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we felt it important to share our experiences with the athletic
healthcare community in effort to further support scientific
progress within the area of electronic records data use in
athletic healthcare.

Use of EMR data: Lessons learned
and paths forward

Although EMRs can support prospective (e.g., randomized
controlled trial) and retrospective (e.g., observational designs)
investigations (Cowie et al., 2017; Marshall and Lam, 2020),
we will primarily focus our discussion on the observational
design since most of our efforts to date have used this approach
(Valovich McLeod et al., 2012, 2019; Lam et al., 2015; Lam et al.,
2016b, 2021, 2022; Marshall et al., 2019). In brief, observational
data are usually recorded during routine, real-life encounters
(Concato et al., 2010). Importantly, in contrast to experimental
designs, variables from observational investigations are collected
prospectively, rarely manipulated or controlled, and analyzed
retrospectively (Concato et al., 2010). For example, findings
from a recent observational study on the clinical presentation
of patients with ankle injuries (Marshall et al., 2019), data
were reported as they were recorded by the AT. Due to these
characteristics, observational studies are thought to offer data
that are more representative of the target population and more
generalizable to the larger patient population as compared
to experimental designs (Concato et al., 2010). In contrast,
an experimental study modifies routine clinical practice in
some way by incorporating an intervention to be evaluated.
More formally, while experimental designs generally offer
higher levels of internal validity but lower external validity,
observational designs typically offer greater external validity
but lower internal validity (Lam et al., 2020). Because of this,
safeguards should be in place to optimize data collection and
entry in observational designs.

Data entry: Data quality and reliability

Challenges

A challenge in many observational designs is ensuring data
quality and reliability. To optimize consistency across multiple
clinicians and multiple sites, it is vital to have a comprehensive
training program in place for all clinicians. The training program
should include components such as the overall purpose and
objectives of the data collection effort, the proper use of the
EMR, and operational definition of targeted variables. The goal
of these measures is to ensure that data are collected in a reliable
and consistent manner and optimizes data quality. Within the
AT-PBRN, we require clinicians to complete an on-boarding
process that includes a 2-h training program addressing all of
the major components listed above, prior to use of the EMR
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(Valovich McLeod et al., 2012). Although we had the necessary
training procedures in place, we encountered other challenges
that impacted data entry.

An early goal of the AT-PBRN was to collect as many clinical
variables as possible. Our rationale was that more variables
would produce the greatest ability to answer various clinical
questions and increase the utility of the AT-PBRN. Thus, most
variables within the EMR required an entry before an EMR form
(Figure 1) could be submitted into the system. The volume of
variables produced practical challenges. For example, if an AT
was completing an injury evaluation form but forgot to ask
the patient about a required field (e.g., known allergies) the
AT could not submit the form to the EMR. In addition, in its
initial version, the EMR focused primarily on time-loss injuries
or injuries that required a comprehensive injury evaluation.
However, if a patient visited the clinic for prevention purposes
(e.g., an injury prevention program, maintenance program),
there was not a dedicated form by which to capture those
encounters. These two situations resulted in decreased usability
of the EMR for the clinician and missed opportunities to collect
relevant clinical data.

Lessons learned and paths forward

Over time, we recognized the focus on gathering as many
variables as possible it can be at the expense of securing
consistent users of the EMR. Our group also understood the
importance of soliciting feedback from clinicians to improve
the EMR user interface. Our on-going philosophy is that the
more user friendly the EMR is, the more comprehensive and
consistent data collection will be which speaks to the quality and
reliability of the data. While these measures are well-known and
are part of best practices related to observational studies, current
literature focuses less on the importance of soliciting clinician
feedback throughout the data collection process.

By soliciting clinician feedback, we have made important
changes to the existing fields and content of forms in the
EMR, which have facilitated better usability and data entry.
For instance, fewer fields are now required within the EMR.
The AT-PBRN research team reviewed all forms within the
EMR to identify essential vs. non-essential variables and used
feedback from clinicians to support these decisions. This is an
on-going process as the identification of required fields within
the EMR is guided by both clinician feedback and on-going
research efforts. For example, a current prospective research
study on the effectiveness of ankle treatments requires clinicians
to enter more variables related to the specific aspects of care (e.g.,
must identify specific manual therapy techniques used) than are
required when documenting care for other injuries.

One of the most significant changes within the EMR based
on clinician feedback was the development of a daily encounters
form (Figure 1), which allowed for the entry of non-time loss or
non-injury patient encounters (Lam et al., 2016b). Interestingly,
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the addition of the daily encounters form resulted in the
collection and publication of the largest dataset to date from the
AT-PBRN and offered findings to better capture the important
role ATs play in providing preventative services to their patients
(Lam et al, 2016b). Giving clinicians the opportunity to
document these patient encounters provide a more complete
perspective on athletic training clinical practice. Importantly,
these efforts highlight the important role clinicians can play in
guiding research efforts and how point-of-care insights from
clinicians can help generate valuable point-of-care evidence.

Data extraction and processing: Data
variability and missing data

Challenges

As with many observational designs, data variability and
missing data are common challenges. These challenges are
further compounded within the context of athletic training
practice. Unlike other, more traditional healthcare delivery
models, the practice of athletic training can be highly variable.
For example, in traditional delivery models of physical medicine,
patients may follow structured appointment schedules for their
condition as approved by their health insurer (e.g., a number of
visits spread over weeks). In contrast, since ATs typically work
on-site with their patients and do not function under an insurer
model, patients may seek treatment as needed which often
translate to multiple visits a week for prevention, treatment, or
maintenance services. This could mean that one patient seeks
and receives treatment every day while another patient seeks
and receives an initial evaluation and then does not return for
additional care. Further, there could be any number of different
combinations of treatment frequency and duration for similar
patient cases. The variability in delivery of care makes it difficult
to aggregate data at similar time points across like-patients. For
example, understanding patient outcomes related to the care
over time is desired to demonstrate the impact that AT services
have on patients from injury to return to sport. However,
consistency in time points for outcomes administration is so
varied that aggregating in a meaningful manner is a challenge.

Lessons learned and paths forward

Missing data and data variability were problematic for
various retrospective studies characterizing athletic training
practice. For example, we recently aimed to estimate costs
associated with the management of ankle (Marshall et al., 2019)
and knee (Lam et al, 2021) injuries. When extracting data,
we found a fair number of patient cases that were entered
into the EMR but not formally discharged from care. These
missing time points were likely due to patients who were lost
to follow-up, a trend we found in a previous descriptive study
(Valovich McLeod et al., 2019). However, in economic analyses,
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itis important to provide as close an estimate of costs as possible.
As a result, we considered what a typical complete patient case
should consist of and used those criteria to identify inclusion
criteria for the study. A complete patient case was defined as one
that had documented (1) first encounter or injury demographics
form, (2) injury evaluation form, (3) daily treatment forms with
at least one encounter per week for the duration of care, and (4) a
discharge form (Figure 1) (Marshall et al., 2019; Lam et al., 2021).
By establishing criteria to fairly represent a typical complete
patient case, findings from these investigations likely provide
closer estimates of direct costs associated with the management
of ankle and knee injuries by ATs (Marshall et al., 2019; Lam
etal., 2021).

Relatedly, to provide the reader with a better understanding
of the data, we have used the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines to
enhance the transparency of our data reporting (Benchimol et
al., 2015). For example, for the included patient cases, we have
used a flow diagram to identify the number of patient cases
at each stage of data processing and the number and reasons
for exclusion of certain cases (Figure 2). This type of figure
provides a clear and concise summary of how patient cases
were identified and included for the study. Further, the step-by-
step representation of the inclusion process provides the reader
with a better understanding of the data entered into the EMR
and the specific criterion by which cases were excluded from
the final analysis (Benchimol et al., 2015). Together, this set of
information provides better data transparency and more insight
for readers to make an informed interpretation of the results.

In addition to missing time points, we also encountered data
variability issues with the estimated cost study for knee injuries
(Lam et al., 2021). While the criteria for complete patient cases
helped to reduce data variability in the dataset, there were still
outliers present in the dataset (Lam et al., 2021). For example,
there were several patient cases that were treated for over 200
days while the median duration was reported to be closer to
25 days. Following previously described procedures (Mishra et
al., 2019), we used the interquartile range for major variables
(e.g., duration of care, number of visits) and identified cases that
were 1.5 times the interquartile range as outliers. Outliers were
excluded from the final analysis in an effort to provide a better
estimate of typical clinical practice. Although in a more perfect
situation the data would not be so varied, this is the nature
of observational data. In publishing recent manuscripts, peer
reviewers have been receptive to these approaches and consider
them to be appropriate under the circumstances.

Discussion and future directions

Refinement of methodological procedures is an inherent
part of the scientific process. Other well-established groups
such as the National Athletic Treatment, Injury and Outcomes
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1000 patients with a reported sport-related injury*

200 patient cases with no injury
evaluation form recorded

800 patient cases with injury evaluation form recorded

300 patient cases with injury evaluation
form but no discharge form recorded

500 patient cases with injury evaluation and discharge forms recorded

250 patient cases with injury evaluation and discharge
—— forms but no daily treatment form submitted at least
once a week for duration of care

250 complete patient casest

25 patient cases identified as outliers and
removed from analysis*

225 patient cases included

FIGURE 2

that exceeded 1.5 times the interquartile range.

A flow diagram for selection of study cohort using mock data. *Identified by a submitted injury demographics form to the electronic medical
record. fComplete patient cases were operationalized as cases that had (1) an injury demographics form, (2) an injury evaluation, (3) daily
treatment forms with at least one encounter per week for the duration of care, and (4) a discharge form. *Outliners were defined as patient cases

Network (Dompier et al, 2015; Morris et al, 2020) and
National Collegiate Athletic Association Injury Surveillance
Program (Kerr et al, 2018) have reported similar needs
to refine its processes surrounding data quality control
and data management. These refinements have ranged from
straightforward changes (e.g., the addition of new sports) to
more complicated processes (e.g., dedicated quality control
measures) (Kerr et al,, 2018; Morris et al., 2020). As the
AT-PBRN continues to grow and evolve, efforts to regularly
improve the documentation (Bacon et al., 2017, 2018; Lam
etal., 2020) and research processes remain a central focus of the
research team.

While observational studies have provided clinicians and
researchers with valuable and tangible information related to
athletic health care, future efforts should look toward conducting
experimental studies at the point-of-care (Lam et al., 2020). The
point-of-care clinical trial is an approach that allows for clinical
research to be feasibly conducted during routine clinical practice
(Lam et al., 2020). As such, this design preserves the internal
validity of traditional randomized controlled trials, minimizes
bias found in observational designs, while taking advantage of
the external validity and generalizability of a study conducted at
the point-of-care.

Regardless of the specific research design, the value,
relevance, and meaningfulness of clinical data will depend on
the overall quality of data entered into the EMR. To advance
the use of point-of-care data in athletic healthcare, a collective
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effort is needed in which established groups share ideas and best
practices via methodological papers (Kerr et al., 2018; Morris
et al., 2020) or perspectives such as this one. Through this type
of crowdsourcing of information and lessons learned, progress
can be made at a more rapid pace and better support the use of
clinical data for patient care purposes.
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