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Objective: To describe the methods of the National
Collegiate Athletic Association (NCAA) Injury Surveillance
Program (ISP) and High School Reporting Information Online
(HS RIO) system as a complement to the sport-specific
manuscripts that will follow.

Background: The NCAA-ISP and HS RIO collect injury and
exposure data from samples of collegiate and high school sports
programs, respectively. The NCAA-ISP, which the NCAA has
maintained since 1982, was relaunched as a Web-based
platform at the beginning of the 2004–2005 academic year. In
2005, the HS RIO was introduced to capture data on high school
athletes and modeled after the NCAA-ISP. Relevant data are
shared with the NCAA and high school sport and policy
committees to develop evidence-based rules and programs that
help protect the health and safety of student-athletes.

Description: The NCAA-ISP and HS RIO monitor partici-
pation in school-sanctioned competitions and practices that
occur from the first preseason practice to the final postseason
contest for more than 25 sports. For this series of publications in
the Journal of Athletic Training, injury information on 13 sports at
the collegiate level during the 2004–2005 through 2013–2014
academic years and the high school level during the 2005–2006
through 2013–2014 academic years was evaluated.

Conclusions: Athletic trainers have been a vital source of
data collection over the past decade to help produce the largest
datasets of collegiate and high school sports injuries. Such data
have helped various sport and policy committees advance
protocols that aim to increase sports safety. This series of
publications will aid by continuing to provide data to stakehold-
ers in the sports community.

R
esearchers1,2 have documented the health benefits
of increased physical activity, including weight
management; reduced risks of cardiovascular

disease, type 2 diabetes, and cancer; and improved mental
health. However, participation in athletics also places
individuals at risk for sport-related injuries.3–5 As a result,
it is imperative to identify the sport-related risk factors that
can be modified in order to increase the well-being and
safety of athletes.

The term epidemiology originates from 3 Latin roots—(1)
epi (Latin for ‘‘on,’’ ‘‘upon,’’ and ‘‘against’’), (2) demos
(‘‘people’’), and (3) logos (‘‘study of’’)—and roughly
translates to ‘‘the study of what is against people.’’ Today,
epidemiology is defined as the ‘‘study of the distribution and
determinants of health-related states or events in specified
populations, and the application of this study to the control
of health problems.’’6(p61) Sports injury epidemiology in
particular aims to examine the incidences and risk factors

of and the preventive measures for injury occurring during
sport-related activities.

Sports injury epidemiology findings are integral to injury-
prevention efforts, as described by multiple theoretical
frameworks. For example, the van Mechelen et al7

‘‘sequence of prevention’’ framework proposes that injury-
prevention research is a cyclical process that includes
examining the incidence, exploring causes, creating
preventive measures, and assessing the effectiveness of
these measures on incidence through longitudinal exami-
nation. Accurate sports injury epidemiologic data play a
central role in this model. The Translating Research into
Injury Prevention Practice (TRIPP) framework8 extends the
van Mechelen et al model7 to include translation to practice
but retains epidemiology and surveillance as an essential
first step that describes the at-risk population and its injury
incidence and burden.

Injury surveillance has been of the utmost importance for
numerous sports organizations, including those at the high
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school9–11 and collegiate12–14 levels, where student-athlete
populations are large. High school sports participation has
grown annually over the past 25 years, with an estimated
7.8 million participants during the 2013–2014 academic
year.15 A proportion of these students continue their sport
participation when they enter college; a small subset may
begin their athletic careers in college. Similar to what was
seen at the high school level, the National Collegiate
Athletic Association (NCAA)16 reported steadily increasing
participation numbers, with more than 460 000 student-
athletes estimated to have participated in the 2012–2013
academic year. With such large populations of student-
athletes, data can be generated to develop injury-prevention
efforts.

The NCAA Injury Surveillance System (NCAA-ISS)
was created in 1982 as a pen-and-paper surveillance
program with the aim of collecting injury and exposure
data from a sample of NCAA institutions.14 These data
facilitate evidence-based decision making by the NCAA
and its health, rules, and policy committees as they assess
and resolve health and safety concerns. Originally, the
NCAA-ISS collected data from a small number of sports;
by 1988, the NCAA-ISS had expanded to 16 sports. Data
from the 1988–1989 through 2003–2004 academic years,
before the advent of Web-based data collection, were
published in a special issue of the Journal of Athletic
Training (2007:42[2]). These data were collected using a
pen-and-paper system, in which athletic trainers (ATs)
completed hard-copy injury and exposure forms that were
faxed or mailed to the NCAA, whose staff then hand
entered or scanned the data.

However, the pen-and-paper–based system had limita-
tions that burdened those ATs collecting and reporting
injury and exposure data. First, ATs had to enter data twice:
once for their own records and again for surveillance
purposes. Second, having to mail or fax injury and exposure
data required time and resources and presented multiple
opportunities for data-entry errors. During the 2002–2003
and 2003–2004 academic years, the NCAA transitioned to a
Web-based platform to track injury and exposure data.
Formal data collection on the Web-based platform began at
the start of the 2004–2005 academic year.13 In 2009, the
NCAA partnered with the Datalys Center for Sports Injury
Research and Prevention, Inc (Datalys Center, Indianapolis,
IN), an independent nonprofit research organization, to (1)
provide researchers with access to the data beginning in the
2004–2005 academic year and (2) lead data collection
starting in the 2009–2010 academic year. This shift to
management by the Datalys Center coincided with the
NCAA-ISS program’s being renamed the Injury Surveil-
lance Program (ISP). From here on, the NCAA-ISS and
NCAA-ISP will be denoted as the NCAA-ISP. The 2013–
2014 academic year marked the 10th year of Web-based
injury surveillance of collegiate sports by the NCAA-ISP.

In 2005, a Web-based sports injury-surveillance system,
High School Reporting Information Online (HS RIO), was
launched to capture data on athletes from a national random
sample of US high schools (Figure).9 Data collection began
in the 2005–2006 academic year. In the following years, a
convenience sample was added so that additional schools
and sports could be included in data collection. The
University of Colorado-Denver is the current home of HS
RIO.

The aim of Web-based surveillance platforms is to ensure
more thorough collection and thus more valid estimates of
injury incidence in sports-related settings. Further, as
denoted in the van Mechelen et al7 framework, injury
prevention benefits from ongoing monitoring of injury
incidence, and updated descriptive epidemiology is needed.
Finally, with the advent of Web-based high school sports
injury surveillance, it is important to document methods
and injury incidence at both the high school and collegiate
levels and, where applicable, compare findings between
them. The high school level has a greater number of
student-athletes than the collegiate level, and if differences
in injury incidences exist, level-specific prevention recom-
mendations may be warranted.15,16 In this article, we
summarize the methods of the NCAA-ISP and HS RIO over
the first decade of Web-based sports injury surveillance.
Included data began with the 2004–2005 academic year,
when the Web-based platform for the NCAA-ISP was first
implemented; continue with the 2005–2006 academic year,
when HS RIO was introduced; and conclude with the 2013–
2014 academic year. We then describe how data from these
2 surveillance systems were analyzed for the subsequent
sport-specific publications presented in this series of
publications. Previous articles have also described the
methods of the NCAA-ISP13 and HS RIO9,11 in depth.

SAMPLING AND DATA COLLECTION

The 2004–2005 through 2013–2014 NCAA-ISP data and
2005–2006 through 2013–2014 HS RIO data were collected
on injuries and exposures that occurred in school-
sanctioned practices and competitions from the first day
of the preseason through the final postseason competition.
These injury and exposure variables yielded injury
proportions and rates.

Previous authors have described the sampling and data
collection of the NCAA-ISP13 and HS RIO9,11 in depth.
Both surveillance systems rely on ATs who work in the
collegiate and high school settings, respectively, and
volunteer to participate in data collection. These ATs
provide information regarding injury events and the number
of athletes participating in each school-sanctioned practice
or competition. The samples reflected in these systems are
limited to those schools in which ATs are available and
willing to report data. We briefly summarize the data
collection for both the NCAA-ISP and HS RIO in the
following paragraphs.

The sports included in this special series were high
school boys’ and collegiate men’s baseball, basketball,
football, ice hockey, lacrosse, soccer, and wrestling and
high school girls’ and collegiate women’s basketball, field
hockey, lacrosse, soccer, softball, and volleyball (Figure).
These sports were included because both the NCAA-ISP
and HS RIO collected injury and exposure data for these
sports; older data from these sports at the collegiate level
were also included in the previously published special issue
of the Journal of Athletic Training (2007:42[2]). Although
HS RIO did not collect data on high school girls’ ice
hockey, we included data on collegiate women’s ice hockey
from the NCAA-ISP. Also, HS RIO data collection of girls’
gymnastics stopped after the 2011–2012 academic year;
however, collegiate women’s gymnastics data are avail-
able.17
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Participation for each sport at each level of play is noted
in each sport-specific article. We acknowledge that both the
NCAA-ISP and HS RIO have collected data on additional
sports that were not included in this special series (eg, track
and field).

The NCAA-ISP

The NCAA-ISP depends on a convenience sample of
teams with ATs voluntarily reporting injury and exposure
data.13 Participation in the NCAA-ISP, while voluntary, is
available to all NCAA institutions.

During the 2004–2005 through 2008–2009 academic
years, ATs used a Web-based platform launched by the
NCAA to track injury and exposure data.13 The Web-based
platform provided several benefits over the previous paper-
based data collection. Web-based reporting offered secure
and streamlined delivery of data from the ATs to the
NCAA. In an effort to incentivize participation, the
developers of the Web-based surveillance system integrated
some of the functional components of an electronic medical
record (EMR), such as athlete demographic information
and preseason injury information. Although this Web-based
surveillance system lacked all the functional capabilities of
an EMR, ATs could consider using it as a feasible
alternative, thereby eliminating the need to double-enter
data (ie, once for their own records and again for
surveillance purposes). When data were supplied for
external use, any information that could potentially identify
athletes or programs was removed.

When the Datalys Center introduced new components
to the Web-based surveillance system to improve process
flow in 2009, a common data element (CDE) standard was
implemented.13 The CDE standard allowed data to be
gathered from different EMR and injury-documentation

applications, including the Athletic Trainer System
(Keffer Development, Grove City, PA), Injury Surveil-
lance Tool (Datalys Center), and Sports Injury Monitor-
ing System (FlanTech, Iowa City, IA). As opposed to
asking ATs to report injuries solely for the purpose of
participation in an injury-surveillance program, the CDE
export standard allowed ATs to document injuries as they
normally would as part of their daily clinical practice.
Also, the different options of EMR and injury-documen-
tation applications allowed ATs the flexibility to choose
the system that was the most compatible with their
individual school’s needs. After they were entered into
the system, the de-identified and Health Insurance
Portability and Accountability Act (HIPAA)–compliant
data were exported to an aggregate database, where they
passed through a verification process. During this process,
data quality-control staff reviewed the data, flagged
invalid entries, and worked with participating ATs to
resolve any concerns. When the Datalys Center began to
oversee data-collection efforts, a verification engine
process was introduced, in which an automated system
reviewed data for valid values, flagged those data that
were invalid, and notified data quality-control staff and
participating ATs, who would work together to resolve
any problems.13

In general, for each injury event, the AT completed a
detailed report on the injury or condition (eg, site,
diagnosis) and the circumstances (eg, activity, mechanism,
event type [ie, competition or practice]). In addition, ATs
provided the number of student-athletes participating in
each practice and competition. The ATs were able to view
and update previously submitted information as needed
during the course of a season. Data included in the special-
series manuscripts were collected during the 2004–2005
through 2013–2014 academic years.

Figure. History of the National Collegiate Athletic Association (NCAA) Injury Surveillance Program (ISP) and the High School Reporting
Information Online (HS RIO), 2004�2005 through 2013�2014.
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National Estimates

All NCAA-ISP datasets include weights that could be
applied to data to generate national estimates that adjust for
potential underreporting of injuries. Poststratification sam-
ple weights, based on sport and division, allowed the
NCAA-ISP data to provide national estimates of injury
events occurring in collegiate sports from the data supplied
by the sampled teams. In addition, because of year-to-year
variations in the reporting sample, poststratification sample
weights were modified with each academic year. Post-
stratification sample weights were calculated using the
formula:

Weightijk ¼
Number of ISP Schoolsijk

Number of Sponsoring Schoolsijk

 !�1

where weightijk is the weight for the ith sport of the jth
division in the kth year.

In the NCAA-ISP, it is possible that injuries may be
underreported by ATs due to competing demands on their
time and the dynamic nature of the athletic training
facility. The authors18 of a validation study examined data
collected from the first iteration of the Web-based
NCAA-ISP. The NCAA-ISP data were matched and
compared with data abstracted from other types of
clinical records. A sample of 15 universities that provided
data on men’s and women’s soccer to the NCAA-ISP for
at least 2 years during 2005–2007 was used. The
researchers estimated that the NCAA-ISP captured
88.3% (95% confidence interval [CI] ¼ 85.8%, 90.6%)
of all time-loss medical-care injury events. This high
level of agreement between the NCAA-ISP and clinical
medical records suggested that the NCAA-ISP provided
valid injury estimates. Based on these findings, weights
were further adjusted to correct for underreporting, by
scaling weighted counts up by a factor of (0.883�1).
Although Kucera et al18 studied only the NCAA-ISP data
for soccer, the weighting was applied to all NCAA-ISP
data under the assumption that underreporting does not
vary by sport, year, school, or division.

The HS RIO

The HS RIO was initially modeled after the NCAA-ISP
to ensure that epidemiologic comparisons could be made
regarding sport-related injuries across the high school and
collegiate athlete age continuum. The HS RIO consists of a
sample of high schools with 1 or more National Athletic
Trainers’ Association–affiliated ATs with valid e-mail
addresses. The ATs at participating high schools reported
injury incidence and athlete-exposure (AE) information
weekly throughout the academic year using a secure Web
site. For each injury, the AT completed a detailed report on
the injured athlete (age, height, weight, etc), the injury (site,
diagnosis, severity, etc), and the injury event (activity,
mechanism, etc). Throughout each academic year, partic-
ipating ATs were able to view and update previously
submitted reports as needed with new information (eg, time
loss).

Two data-collection panels were assembled. The first
data-collection panel was a random sample of 100 schools
recruited annually since the 2005–2006 academic year that
reported data for the 9 original sports of interest (boys’

baseball, basketball, football, soccer, and wrestling and
girls’ basketball, soccer, softball, and volleyball). High
schools were recruited into 8 strata based on the school’s
enrollment (�1000 or .1000) and US Census geographic
region.19 If a school dropped out of the system, a
replacement from the same stratum was selected.

The second panel was an additional convenience
sample of schools recruited annually since the 2008–
2009 academic year that reported data for additional
sports of interest (eg, boys’ ice hockey and lacrosse and
girls’ field hockey and lacrosse) as well as any of the
original 9 sports of interest. It was impossible to
approximate a random sample for the additional sports
in the second panel due to strong regional variations in
sport sponsorship (eg, ice hockey). As a result, exposure
and injury data for the schools in the second panel
represent a convenience sample of US high schools. This
convenience sample of high schools is separate from that
of the first panel (ie, those enrolled in the original random
sample). However, it is also possible for ATs at schools
from the first panel to report for sports in addition to the
original 9 sports of interest.

Data collection for the 13 sports featured in the sport-
specific manuscripts included in this special series began
during different academic years in HS RIO. Data
collected from the randomized sample (the first panel)
starting in 2005–2006 will be presented for the original 9
sports of interest, and data collected from both the first
and second panels (ie, the original and convenience
sample schools) starting in 2007–2008 will be presented
for the other 4 sports included in this series of
publications (boys’ ice hockey, girls’ field hockey, and
boys’ and girls’ lacrosse).

National Estimates

In HS RIO, national injury estimates are calculated from
only the first sample, the randomly selected sample of 100
high schools reporting data on the original 9 sports of
interest. This is due to concerns regarding the validity of
national estimates based on data from the convenience
sample of schools reporting on sports with strong regional
variation. Thus, in this series of publications, national
estimates are available for boys’ baseball, basketball,
football, soccer, and wrestling and girls’ basketball, soccer,
softball, and volleyball but are not available for boys’ ice
hockey, girls’ field hockey, and boys’ and girls’ lacrosse.
For those sports with available national estimates, a
weighting algorithm based on the inverse probability of
participant schools’ selection into the study (based on
geographic location and high school size) was applied to
individual case counts to calculate the national injury
estimates.

In HS RIO, it is possible that injuries may be
underreported by ATs due to competing demands on their
time and the dynamic nature of the athletic training facility
environment. Annual HS RIO summary reports available on
the Internet provide information on reporter demographics
and compliance. Additionally, several annual summary
reports (2007–2008, 2008–2009, 2009–2010, 2010–2011,
and 2012–2013) provide the results of internal validity
checks that matched and compared HS RIO data with data
abstracted from other types of clinical records maintained by
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participating ATs in the high school setting. These validity
checks have consistently demonstrated sensitivity, specific-
ity, and positive and negative predictive values above 95%
(see annual summary reports available at http://www.
ucdenver.edu/academics/colleges/PublicHealth/research/
ResearchProjects/piper/projects/RIO/Pages/Study-Reports.
aspx).

DEFINITIONS

In 2004–2005 through 2013–2014 for NCAA-ISP and
2005–2006 through 2013–2014 for HS RIO, data were
collected on injuries and exposures that occurred in school-
sanctioned practices and competitions from the first day of
preseason through the final postseason competition. These
injury and exposure variables yielded injury proportions
and rates. Definitions for relevant variables in these
surveillance systems are presented in the following
paragraphs and summarized in Table 1.

Injury

A reportable injury in both the NCAA-ISP and HS RIO
was defined as an injury that (1) occurred as a result of
participation in an organized practice or competition, (2)
required medical attention by a certified AT or physician,
and (3) resulted in restriction of the student-athlete’s
participation for 1 or more days beyond the day of injury.
Since 2007–2008, HS RIO has also captured all concus-
sions, fractures, and dental injuries, regardless of time loss.
In the NCAA-ISP, multiple injuries occurring from 1 injury
event could be included, whereas in HS RIO, only the
principal injury was captured (as determined by the AT).
For both surveillance systems, if an off day followed the
injury event, the AT was asked to assess whether the
injured athlete would have been able to participate.

Beginning in 2009–2010, the NCAA-ISP also began to
monitor all non–time-loss injuries. A non–time-loss injury
was defined as any injury that was evaluated or treated (or
both) by an AT or physician but did not result in restriction

Table 1. Summary of Variables Included in Special Series of Sports Injury Epidemiology Manuscripts and Differences Between Data

Collection for the National Collegiate Athletic Association Injury Surveillance Program (NCAA-ISP) and High School Reporting Information

Online (HS RIO)

Variable Definition Comparison Between NCAA-ISP and HS RIO

Injury Injury that (1) occurred as a result of participation in an

organized practice or competition; (2) required medical

attention by a certified athletic trainer or physician; and

(3) resulted in restriction of the student-athlete’s

participation for 1 or more days beyond the day of

injury

Similar definitions. For the 2009–2010 through 2013–

2014 academic years only, the NCAA-ISP included

injuries with time loss under 1 day as well. The HS

RIO captured injuries with time loss under 1 day only if

diagnosed as concussions, fractures, or dental injuries.

All other injuries captured under HS RIO met the time-

loss component of the injury definition.

Academic year The time period beginning on July 1 and ending on June

30

Same definition

Athlete-exposure One student-athlete participating in 1 school-sanctioned

practice or competition

Same definition

Time in season (1) Preseason: all formal team practices and exhibition

games conducted before the first regular-season

contest; (2) regular season: all practices and

competitions from the first regular-season competition

through the last regular-season competition; (3)

postseason: all practices and competitions after the

last regular-season competition through the last

postseason competition

Same definition. The HS RIO did not capture athlete-

exposures by time in season (and cannot calculate

injury rates specific to time in season).

Time loss The number of days between the original injury and

return to participation at a level that would allow

participation in competition. Athletic trainers select from

a choice of time ranges, plus categories noting

season-ending injuries due to athlete withdrawal or

medical disqualification.

Same definition. The NCAA-ISP also collected a discrete

time-loss variable based on date of return to

participation minus date of injury.

Event type The specific event (ie, practice, competition) in which the

injury occurred

Same definition. No injuries or exposures occurring

outside of defined seasons or activities within seasons

not designated as formal team practices or

competitions were captured in either system.

Body part injured The region of the body in which the student-athlete

sustained his or her injury

Same definition but with slight variations in response

options

Diagnosis The diagnosis provided to the injured student-athlete

based on the medical expertise and education of the

athletic trainer

Same definition but with slight variations in response

options

Injury mechanism The manner in which the student-athlete sustained his or

her injury

Same definition but with slight variations in response

options

Injury activity The activity in which the student-athlete was engaged

when the injury occurred

Same definition but with slight variations in response

options

Position The position at which the student-athlete was playing

when the injury occurred

Same definition
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from participation beyond the day of injury. However,
because HS RIO captures only time-loss injuries (to reduce
the burden on high school ATs), for this series of
publications, only time-loss injuries (with the exception
of concussions, fractures, and dental injuries, as noted
earlier) were included.

Academic Year

For both surveillance systems, the academic year was
defined as beginning on July 1 and ending on June 30. As a
result, an academic year of data collection spanned 2
calendar years. Exceptions were made at the high school
level for those postseason competitions occurring after June
30 (eg, baseball championship playoffs).

Athlete-Exposure

For both surveillance systems, a reportable AE was
defined as 1 student-athlete participating in 1 school-
sanctioned practice or competition in which he or she was
exposed to the possibility of athletic injury, regardless of
the time associated with that participation. Preseason
scrimmages were considered practice exposures, not
competition exposures.

The use of AEs to measure at-risk exposure time has
been discussed in the literature.20 This method does not
take into consideration the total exposure time in practices
or in games but is used to minimize the burden on the ATs
collecting the data while completing their normal clinical
activities. Additional settings and scenarios outside of
practices and competitions are not examined, including
individual training or weightlifting sessions that occur
outside of formal practice sessions and any other non–
sport-related activities. Previous researchers21,22 have
expressed concern regarding the use of AEs in competi-
tions because of potential underestimates of injury rates.
This may be of more concern in sports such as football in
which athletes play solely offense or defense, substitutions
occur at high rates, and squad sizes are large. Thus,
caution is necessary when interpreting injury incidence
data.

Time in Season

For the NCAA-ISP, sport participation was subdivided
into 3 categories as defined by the NCAA: (1) preseason:
all formal team practices and exhibition games conducted
before the first regular-season competition; (2) regular
season: all practices and competitions from the first
regular-season competition through the last regular-season
competition; and (3) postseason: all practices and
competitions after the last regular-season competition
through the last postseason competition. All injuries and
exposures that did not occur during the preseason, regular
season, or postseason (eg, summer conditioning, individ-
ual workouts and training) were excluded. The HS RIO
also used a similar definition for capturing injury data by
time in season. However, unlike the NCAA-ISP, HS RIO
did not capture AEs by season. As a result, whereas we
could calculate injury rates specific to each time in season
for the NCAA-ISP, it was not possible to do the same for
HS RIO.

Time Loss

For both surveillance systems, time loss was defined as
the number of days between the original injury and return
to sport at a level that would allow participation in
competition. The ATs were instructed that this partici-
pation need not be unrestricted. Both the NCAA-ISP and
HS RIO provided categorical responses choices (eg,
Prevented participation for 1–6 days) for ATs. In
addition to this variable, ATs contributing to the
NCAA-ISP could also provide data on dates of injury
and return to participation; this difference in dates
yielded a discrete time-loss variable, which was used to
help ensure the validity of ATs’ responses and identify
the appropriate time-loss category when a categorical
response was not selected.

It is important to note that some of the category choices
related to season- or career-ending injuries. When injuries
occurred near the end of the academic year (ie, last week
of the season), time loss was still captured in the same
fashion as injuries that occurred earlier. For example, a
minor ankle sprain would not be coded as ‘‘Out for
remainder of season’’ simply because the season ended
before the athlete could be cleared to return. Such options
for season- or career-ending injuries were used for only
those injuries that prematurely ended a student-athlete’s
season or career.

Event Type

Event type was defined as the specific event (ie, practice,
competition) in which the injury occurred. As previously
noted, all injuries and exposures that did not occur during
practices and competitions during the preseason, regular
season, or postseason (eg, summer conditioning, individual
workouts and training) were excluded.

Body Part Injured

Body part injured was defined as the region of the body
in which the student-athlete sustained his or her injury. For
both surveillance systems, ATs selected from a preset list of
options. Slight differences existed between the options
available for the 2 surveillance systems (eg, the NCAA-ISP
included lumbar spine/lower back and thoracic spine/upper
back, whereas HS RIO had categories such as lower back/
T-spine/pelvis—all were included in a trunk injured body-
part category for this series).

Diagnosis

When ATs examined an injured student-athlete, they
provided a diagnosis based on their medical expertise. For
both surveillance systems, ATs selected from a preset list of
options. Slight differences existed between the options
available for the 2 systems. Definitions were not provided
for each specific diagnosis as we relied on the medical
expertise and education of the participating ATs. However,
for possible concussions during the 2009–2010 through
2013–2014 academic years, ATs in the NCAA-ISP were
encouraged to follow the definition provided by the most
recent and available iteration of the ‘‘Consensus Statement
on Concussion in Sport.’’23,24
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Injury Mechanism

Injury mechanism was defined as the manner in which the
student-athlete sustained his or her injury (eg, player
contact, surface contact, equipment contact, no contact,
overuse, other/unknown). For both surveillance systems,
ATs selected from a preset list of options. Slight differences
existed between the options available for the 2 surveillance
systems.

Injury Activity

Injury activity was defined as the activity in which the
student-athlete was engaged when the injury occurred. For
both surveillance systems, ATs selected from a preset list of
options specific to each sport, although in many cases, the
same activities were listed across multiple sports. Slight
differences existed between the options available for the 2
surveillance systems.

Position

Position was defined as the position the student-athlete
was playing when the injury occurred. For both surveillance
systems, ATs selected from a preset list of options specific
to each sport.

STATISTICAL ANALYSIS

Because the data collected from both iterations of the
Web-based NCAA-ISP and HS RIO are similar, we opted
to recode data when necessary to increase the comparability
between collegiate and high school sports data. Because
methodologic variations may lead to small differences in
injury reporting between these surveillance systems,
caution must be taken when interpreting these results.

To ensure consistency between the 2 surveillance
systems, as well as across sport-specific articles, we
recategorized variables. Body parts were categorized as
head/face, neck, shoulder/clavicle, arm/elbow, hand/wrist,
trunk (including chest, abdomen, upper back, and lower
back), hip/thigh/upper leg, knee, lower leg (including the
Achilles), ankle, foot, or other. Diagnoses were categorized
as concussion, contusion, dislocation (including separa-
tion), fracture/avulsion, laceration, ligament sprain, mus-
cle/tendon strain, or other. Time loss was categorized as (1)
1 day to ,1 week, (2) 1 to 3 weeks, or (3) .3 weeks (ie,
severe). Severe injuries also included injuries resulting in
medical disqualification, the athlete choosing not to
continue, the athlete being released from the team, and in
rare cases, death; thus, this category included those injuries
that caused a premature end to an athlete’s season or career.
As previously noted, this measure was still susceptible to
variability, particularly for injuries that occurred near the
end of the year, when time loss had to be projected. When
calculating the proportion of injuries that were severe, we
included only those injuries with time-loss data provided.

Data were analyzed using SAS-Enterprise Guide soft-
ware (version 5.4; SAS Institute Inc, Cary, NC). Statistical
analyses included calculation of injury rate ratios (IRRs)
and linear regression (to analyze linear trends across time of
injury rates).

The overall injury rate was calculated as the ratio of
injuries per 1000 total AEs. Injury rates were also
calculated as the ratio of practice injuries per 1000 practice

exposures and the ratio of competition injuries per 1000
competition exposures. The following is an example of an
IRR comparing competition and practice injury rates:

IRR ¼

P
Competition InjuriesP

Competition Athlete-Exposures

� �
P

Practice InjuriesP
Practice Athlete-Exposures

� �

All IRRs with 95% CIs not containing 1.0 were
considered statistically significant. For IRRs comparing
data between the NCAA-ISP and HS RIO for the sports in
which HS RIO had data available only for 2008–2009
through 2013–2014, we considered the NCAA-ISP data
from only that time period as well.

Because of the 2 separate data-collection methods for the
NCAA-ISP during the 2004–2005 through 2008–2009 and
2009–2010 through 2013–2014 academic years, linear
trends were conducted separately for each time period.
Linear trends estimated average annual changes (ie, mean
differences). All mean differences with 95% CIs not
containing 0.0 were considered statistically significant.

PRESENTATION OF DATA

The methods described in this article are applicable to
each of the publications in this series that describe the
epidemiology of specific high school and collegiate sports.
Throughout this series of publications, all data are
presented in aggregate format. Each publication begins
with a review of the sport participation in high school and
college and then describes the epidemiology of injury at
both levels. The following standard tables and figures
appear in each of the sport-specific manuscripts.

Table 1: Injury counts, national estimates (if available),
AEs, and rates reported by exposure type (ie, practice,
competition) and school size for high schools (ie, ,1000
students, �1000 students) or division for college.

Table 2: Injury counts, national estimates, AEs, and rates
reported by exposure type and season (ie, preseason,
regular season, postseason). Because HS RIO did not
report AEs by season, season-specific injury rates were not
computed for high school.

Table 3: Injury counts, national estimates, and rates by
time loss and exposure type.

Table 4: Injury counts, national estimates, rates, and
proportions of severe injuries by body part injured and
exposure type.

Table 5: Injury counts, national estimates, and rates by
diagnosis and exposure type.

Table 6: Injury counts, national estimates, and rates by
mechanism of injury and exposure type.

Table 7: Injury counts, national estimates, and rates by
activity during injury and exposure type.

Table 8: Most common injuries (ie, cross-tabulations of
body part injured and diagnosis), proportion of injuries
within position, and most frequent mechanism of injury for
that injury by position.

Figure: Injury rates by year and exposure type.
Select sport-specific articles may also include additional

tables and figures if applicable. These tables and figures
highlight sport-specific injuries or mechanisms of interest.
For example, men’s wrestling includes an additional table

Journal of Athletic Training 735

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access



summarizing reported skin conditions and infections. In
addition, because of coding differences between HS RIO
and the NCAA-ISP for football, the mechanism of injury
and injury activity were merged into 1 variable. The final
section of each sport-specific manuscript contains expert
commentary regarding interpretation of the presented data
and their applications to safety and injury prevention in the
specific sport.

CONCLUSIONS

The NCAA-ISP and HS RIO have provided and will
continue to provide data to help develop evidence-based
recommendations for policy makers and clinicians and to
further injury-prevention research. The surveillance and
research successes of the NCAA-ISP and HS RIO rely
heavily on the efforts of hundreds of certified ATs who
report injury and exposure data. The series of publications
will describe the general epidemiology of 13 popular sports
at the high school and collegiate levels.

It is important to consider that although HS RIO and the
NCAA-ISP are similar injury-surveillance systems, varia-
tions exist between them. For instance, whereas the first
data-collection panel of HS RIO used a random sample, the
NCAA-ISP used a convenience sample. Furthermore,
differences may exist between the high school and
collegiate levels in regard to the length of the season in
total, as well as the preseason, regular season, and
postseason. At the same time, despite the similarities, we
carefully examined the data to determine how to recode
when necessary to increase the comparability between HS
RIO and both iterations of the NCAA-ISP.

Nonetheless, the data presented in this series of
publications represent an opportunity to examine popula-
tions at risk for sport-related injuries. Given that many data
points from these 2 national surveillance systems are not
examined in our series, we encourage continued exploration
of sports injury-surveillance data. Data from HS RIO and
the NCAA-ISP are available to external researchers
interested in more in-depth analyses of injuries sustained
by student-athletes. Such studies have previously resulted
in publications that examine injuries by sport,25–31 body

part,28,32,33 diagnosis,25–27,29,34–37 and mechanism of inju-
ry.29,38 Additional information for accessing data from both
HS RIO and the NCAA-ISP can be found in Table 2.

ACKNOWLEDGMENTS

The NCAA-ISP data were provided by the Datalys Center for
Sports Injury Research and Prevention, Inc. The Injury Surveil-
lance Program was funded by the NCAA. Funding for HS RIO
was provided in part by the Centers for Disease Control and
Prevention grants R49/CE000674-01 and R49/CE001172-01 and
the National Center for Research Resources award KL2
RR025754. The authors also acknowledge the research funding
contributions of the National Federation of State High School
Associations (Indianapolis, IN), National Operating Committee
on Standards for Athletic Equipment (Overland Park, KS),
DonJoy Orthotics (Vista, CA), and EyeBlack (Potomac, MD).
The content of this report is solely the responsibility of the
authors and does not necessarily represent the official views of the
funding organizations. We thank the many ATs who have
volunteered their time and efforts to submit data to HS RIO and
the NCAA-ISP. Their efforts are greatly appreciated and have had
a tremendously positive effect on the safety of high school and
collegiate student-athletes.

REFERENCES

1. Centers for Disease Control and Prevention. Guidelines for school

and community programs to promote lifelong physical activity

among young people. MMWR Recomm Rep. 1997;46(RR-6):1–36.

2. The benefits of physical activity. Centers for Disease Control and

Prevention Web site. http://www.cdc.gov/physicalactivity/everyone/

health/. Accessed April 14, 2017.

3. Conn J, Annest JL, Gilchrist J. Sports and recreation related injury

episodes in the US population, 1997–99. Inj Prev. 2003;9(2):117–

123.

4. Centers for Disease Control and Prevention. Nonfatal sports- and

recreation-related injuries treated in emergency departments—United

States, July 2000–June 2001. MMWR Morb Mortal Wkly Rep. 2002;

51(33):736–740.

5. Howard AF, Costich JF, Mattacola CG, Slavova S, Bush HM,

Scutchfield FD. A statewide assessment of youth sports- and

recreation-related injuries using emergency department administra-

tive records. J Adolesc Health. 2014;55(5):627–632.

Table 2. Information for External Researchers on Accessing the National Collegiate Athletic Association Injury Surveillance Program

(NCAA-ISP) and High School Reporting Information Online (HS RIO) Data

Surveillance System

NCAA-ISP HS RIO

Are data available to

external researchers? Yes Yes

Years available 2004–2005 through 2013–2014 2005–2006 through 2016–2017

Application process Go to http://www.datalyscenter.org/requesting-

data/ and complete a DISC NCAA-Researcher

Application. Datalys Center staff, an

independent review committee of sports injury

researchers, and the NCAA will review the

application.

Contact HS RIO staff and complete a data-usage

agreement form. The HS RIO staff will review

the application.

Application fee? Nonrefundable application fee of $75 if requesting

data from the 2009–2010 through 2013–2014

academic years. Fee is waived for students

using data for their thesis or dissertation or if

primary investigator is from an institution

currently providing data to the NCAA-ISP.

No

Contact information (317) 275-3664 or info@datalyscenter.org (303) 724-7881 or highschoolrio@ucdenver.edu

736 Volume 53 � Number 8 � August 2018

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access



6. Last JM. Dictionary of Epidemiology. 4th ed. New York, NY: Oxford

University Press; 2001.

7. Van Mechelen W, Hlobil H, Kemper HC. Incidence, severity,

aetiology and prevention of sports injuries: a review of concepts.

Sports Med. 1992;14(2):82–99.

8. Finch C. A new framework for research leading to sports injury

prevention. J Sci Med Sports. 2006;9(1):3–9.

9. Centers for Disease Control and Prevention. Sports-related injuries

among high school athletes—United States, 2005–06 school year.

MMWR Morb Mortal Wkly Rep. 2006;55(38):1037–1040.

10. Dompier TP, Marshall SW, Kerr ZY, Hayden R. The National

Athletic Treatment, Injury and Outcomes Network (NATION):

methods of the surveillance program, 2011–2012 through 2013–

2014. J Athl Train. 2015;50(8):862–869.

11. Rechel JA, Yard EE, Comstock RD. An epidemiologic comparison

of high school sports injuries sustained in practice and competition. J

Athl Train. 2008;43(2):197–204.

12. Kerr ZY, Marshall SW, Dompier TP, Corlette J, Klossner DA,

Gilchrist J. College sports-related injuries—United States, 2009–10

through 2013–14 academic years. MMWR Morb Mortal Wkly Rep.

2015;64(48):1330–1336.

13. Kerr ZY, Dompier TP, Snook EM, et al. National Collegiate Athletic

Association Injury Surveillance System: review of methods for

2004–2005 through 2013–2014 data collection. J Athl Train. 2014;

49(4):552–560.

14. Dick R, Agel J, Marshall SW. National Collegiate Athletic

Association Injury Surveillance System commentaries: introduction

and methods. J Athl Train. 2007;42(2):173–182.

15. High school participation increases for 25th consecutive year.

National Federation of State High School Associations Web site.

http://www.nfhs.org/articles/high-school-participation-increases-for-

25th-consecutive-year/. Accessed April 14, 2017.

16. Student-athlete participation: 1981-82 – 2012-13. National Collegiate

Athletic Association Web site. http://www.ncaapublications.com/

productdownloads/PR2014.pdf. Accessed April 14, 2017.

17. Kerr ZY, Hayden R, Barr M, Klossner DA, Dompier TP.

Epidemiology of National Collegiate Athletic Association women’s

gymnastics injuries, 2009–2010 through 2013–2014. J Athl Train.

2015;50(8):870–878.

18. Kucera KL, Marshall SW, Bell DR, DiStefano MJ, Goerger CP,

Oyama S. Validity of soccer injury data from the National Collegiate

Athletic Association’s Injury Surveillance System. J Athl Train.

2011;46(5):489–499.

19. Census regions of the United States. US Census Bureau Web site.

http://www.census.gov/const/regionmap.pdf. Accessed April 14,

2017.

20. Kerr ZY, Zuckerman SL, Register-Mihalik JK, et al. Estimating

concussion incidence using sports injury surveillance systems:

complexities and potential pitfalls. Neurol Clin. 2017;35(3):409–434.

21. Stovitz SD, Shrier I. Injury rates in team sport events: tackling

challenges in assessing exposure time. Br J Sports Med. 2012;46(14):

960–963.

22. Fuller CW, Ekstrand J, Junge A, et al. Consensus statement on injury

definitions and data collection procedures in studies of football

(soccer) injuries. Scand J Med Sci Sports. 2006;16(2):83–92.

23. McCrory P, Meeuwisse W, Johnston K, et al. Consensus statement on

concussion in sport: the 3rd International Conference on Concussion

in Sport held in Zurich, November 2008. J Athl Train. 2009;44(4):

434–448.

24. McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement on

concussion in sport: the 4th International Conference on Concussion

in Sport, Zurich, November 2012. J Athl Train. 2013;48(4):554–575.

25. Hunt KJ, George E, Harris AH, Dragoo JL. Epidemiology of

syndesmosis injuries in intercollegiate football: incidence and risk

factors from National Collegiate Athletic Association Injury

Surveillance System data from 2004–2005 to 2008–2009. Clin J

Sport Med. 2013;23(4):278–282.

26. Cross KM, Gurka KK, Saliba S, Conaway M, Hertel J. Comparison

of hamstring strain injury rates between male and female intercol-

legiate soccer athletes. Am J Sports Med. 2013;41(4):742–748.

27. Dragoo JL, Braun HJ, Durham JL, Chen MR, Harris AH. Incidence

and risk factors for injuries to the anterior cruciate ligament in

National Collegiate Athletic Association football: data from the

2004–2005 through 2008–2009 National Collegiate Athletic Associ-

ation Injury Surveillance System. Am J Sports Med. 2012;40(5):990–

995.

28. Dragoo JL, Braun HJ, Bartlinski SE, Harris AH. Acromioclavicular

joint injuries in National Collegiate Athletic Association football:

data from the 2004–2005 through 2008–2009 National Collegiate

Athletic Association Injury Surveillance System. Am J Sports Med.

2012;40(9):2066–2071.

29. Dragoo JL, Braun HJ, Harris AH. The effect of playing surface on the

incidence of ACL injuries in National Collegiate Athletic Associa-

tion American football. Knee. 2012;20(3):191–195.

30. Borowski LA, Yard EE, Fields SK, Comstock RD. The epidemiology

of US high school basketball injuries, 2005–2007. Am J Sports Med.

2008;36(12):2328–2335.

31. Yard EE, Schroeder MJ, Fields SK, Collins CL, Comstock RD. The

epidemiology of United States high school soccer injuries, 2005–

2007. Am J Sports Med. 2008;36(10):1930–1937.

32. Robinson TW, Corlette J, Collins CL, Comstock RD. Shoulder

injuries among US high school athletes, 2005/2006–2011/2012.

Pediatrics. 2014;133(2):272–279.

33. Swenson DM, Collins CL, Best TM, Flanigan DC, Fields SK,

Comstock RD. Epidemiology of knee injuries among US high school

athletes, 2005/06–2010/11. Med Sci Sports Exerc. 2013;45(3):462–

469.

34. Marar M, McIlvain NM, Fields SK, Comstock RD. Epidemiology of

concussions among United States high school athletes in 20 sports.

Am J Sports Med. 2012;40(4):747–755.

35. Kerr ZY, Collins CL, Pommering TL, Fields SK, Comstock RD.

Dislocation/separation injuries among US high school athletes in 9

selected sports: 2005–2009. Clin J Sport Med. 2011;21(2):101–108.

36. Wasserman EB, Kerr ZY, Zuckerman SL, Covassin T. Epidemiology

of sports-related concussions in National Collegiate Athletic

Association athletes from 2009–2010 to 2013–2014: symptom

prevalence, symptom resolution time, and return-to-play time. Am

J Sports Med. 2016;44(1):226–233.

37. Zuckerman SL, Kerr ZY, Yengo-Kahn A, Wasserman E, Covassin T,

Solomon GS. Epidemiology of sports-related concussion in NCAA

athletes from 2009–2010 to 2013–2014: incidence, recurrence, and

mechanisms. Am J Sports Med. 2015;43(11):2654–2662.

38. Kerr ZY, Collins CL, Fields SK, Comstock RD. Epidemiology of

player-player contact injuries among US high school athletes, 2005–

2009. Clin Pediatr (Phila). 2011;50(7):594–603.

Address correspondence to Zachary Y. Kerr, PhD, MPH, Department of Exercise and Sport Science, University of North Carolina at
Chapel Hill, 313 Woollen Gym CB#8700, Chapel Hill, NC 27599-8700. Address e-mail to zkerr@email.unc.edu.

Journal of Athletic Training 737

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access


