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Context: Overuse injuries are reported to account for nearly
50% of sports injuries and, due to their progressive nature and
the uncertainty regarding date of onset, are difficult to define and
categorize. Comparing the capture rates of overuse injuries
between injury-surveillance systems and medical records can
clarify completeness and determinants of how overuse injuries
are represented in injury-surveillance data.

Objective: To estimate the capture rate of time-loss medical-
attention overuse injuries in men’s and women’s soccer in the
National Collegiate Athletic Association Injury Surveillance Sys-
tem (NCAA ISS) compared with medical records maintained by
certified athletic trainers and assess the differences in complete-
ness of capture and factors contributing to those differences.

Design: Capture-recapture study.
Setting: Fifteen NCAA institutions provided NCAA ISS and

medical record data from men’s and women’s soccer programs
from 2005–2006 through 2007–2008.

Patients or Other Participants: National Collegiate Athletic
Association men’s and women’s soccer players.

Main Outcome Measure(s): Time-loss medical-attention
overuse injuries were defined as injuries with an overuse

mechanism of injury in the NCAA ISS or medical records.
Capture rates were calculated as the proportion of total overuse
injuries classified as having overuse mechanisms in the NCAA
ISS and the NCAA ISS and medical records combined.

Results: The NCAA ISS captured 63.7% of the total
estimated overuse mechanisms of injury in men’s and women’s
soccer players. The estimated proportion of overuse injury
mechanisms captured by both the NCAA ISS and medical
records was 37.1%. The NCAA ISS captured more overuse
injury mechanisms in men’s soccer than in women’s soccer
(79.2% versus 45.0%, v2 ¼ 9.60; P ¼ .002) athletes.

Conclusions: From 2005–2006 through 2007–2008, the
NCAA ISS captured only two thirds of time-loss medical-
attention overuse mechanisms of injury in men’s and women’s
soccer players. Future researchers should consider supple-
menting injury-surveillance data with a clinical record review to
capture the burden of these injuries.

Key Words: quantitative methods, injury epidemiology,
overuse injuries

Key Points

� The National Collegiate Athletic Association’s Injury Surveillance System captured overuse mechanisms of injury
that resulted in time loss and medical attention slightly better than medical records (63.7% versus 58.4%), although
neither system captured the full burden of these injuries.

� Future investigators should supplement injury- surveillance data with a clinical record review, either for all probable
overuse injuries or for a subset of these injuries.

� A process should be developed for the formulation, clinical education, and implementation of standardized
definitions of overuse injury within injury surveillance.

Collegiate Sports Injury Surveillance

A
ccess to ongoing, accurate injury-surveillance data
is critical to establish the burden of sports-related
injuries and to determine whether prevention

efforts are successful in decreasing this burden.1,2 Recog-
nizing the importance of timely injury-surveillance data,
the National Collegiate Athletic Association (NCAA)
implemented its Injury Surveillance System (ISS) in 1982
with the goal of determining the incidence of sports-related
injuries and informing health and safety efforts in collegiate
athletes.3,4 Certified athletic trainers (ATs) are trained

medical professionals who assess and treat patients with
sport-related injuries.5 Since the inception of the NCAA
ISS, ATs have voluntarily participated by collecting data
regarding sport-related injuries and athletic participation for
athletes at their institutions. The reported injury informa-
tion can include but is not limited to the injury type, body
part affected, mechanism of injury, injury outcome, and
days lost from sport.4

The NCAA ISS was paper based until 2004, when it
changed to an online platform. All schools that participated
in the NCAA ISS from 2004 through 2008 used the same
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online platform to enter injury, athlete, and event
information into the ISS. From 1982 through 2008, the
NCAA ISS captured injuries that occurred as a direct result
of sport participation, received medical attention, and
resulted in a loss of participation in sport for at least 1
day after the reporting of the injury (hereafter considered a
time-loss medical-attention injury).3 The platform under-
went additional updates and expansion in 2009 to revise
and update the online tool and integrate data extraction and
translation from external commercial electronic medical
record systems. The system was also revised to include the
ability to collect data on all injuries, regardless of time loss
from sport.4 Thus, the requirement that injuries be time loss
was essentially removed in 2009.

The authors of a 2011 validation study4 compared the
NCAA ISS data with medical records of 30 men’s and
women’s NCAA Division I, II, and III soccer teams from
2005–2006 through 2007–2008 academic years and deter-
mined that the NCAA ISS captured 88.3% of all time-loss
medical-attention injuries. Although the overall 88%
capture rate is encouraging, that study largely focused on
acute injuries. Whether the capture rates for overuse and
acute injuries are similar is unknown.

Surveillance of Overuse Injuries

When overuse is a contributing factor, injuries can be
particularly difficult to classify in injury-surveillance
systems.6 Overuse injuries are traditionally described as
injuries that result from repetitive stresses, progress over
time, and do not have a distinct onset incident.7,8 Due to
their gradual onset and repetitive nature, overuse injuries
can be challenging to identify, and consensus is currently
lacking as to how to define and report overuse injuries in
injury-surveillance systems.9–12 Previous authors13–15 re-
ported that approximately half of sports injuries were the
result of overuse. In a separate study,16 collegiate ATs who
participated in injury surveillance indicated that they
reported only 60% of the overuse injuries they treated,
even though such injuries accounted for nearly 50% of the
total injuries treated. Thus, a portion of the overuse injuries
that affect athletes and medical staff are likely not
represented in injury-surveillance data.

The purpose of our investigation was to estimate the
capture rate of the NCAA ISS for time-loss medical-
attention overuse injuries among men’s and women’s
soccer teams. We also described the similarities and
differences between how the NCAA ISS and medical
records captured time-loss medical-attention overuse inju-
ries and detail factors associated with disagreement
between these sources regarding overuse as the mechanism
of injury.

Data from the 2011 NCAA ISS validation study by
Kucera et al17 were used to conduct these analyses. These
data remain relevant as they represent time-loss medical-
attention overuse injuries, which continue to be evaluated,
treated, and recorded in current ISSs. Descriptive epidemi-
ologic investigations of men’s and women’s soccer injuries
using NCAA ISS data were published in 2007.18,19 National
Collegiate Athletic Association ISS data from 2004 through
2009 were also used in 2 investigations20,21 of hamstrings
injuries in soccer players. Additionally, these data have
been cited in at least 35 publications that addressed a range

of collegiate athletes’ injuries.22 Given that other surveil-
lance systems use the time-loss medical-attention injury
definitions, it is important to study the representation of
overuse injuries among limited time-loss medical-attention
injuries in surveillance systems, and the 2011 validation
study is the best source for data quantifying the complete-
ness of time-loss medical-attention surveillance systems in
capturing overuse injuries.

METHODS

Parent Study

As indicated, the data used in this study came from a
2011 validation study17 that compared data from 664 injury
events of the NCAA men’s and women’s soccer teams’
medical records during the 2005–2006 through 2007–2008
seasons with those from the NCAA ISS injury records for
that timeframe. Fifteen schools were included in the study,
and the recruitment methods were previously published. Up
to 3 years of injury records for each team were obtained.
All NCAA ISS data for all consenting soccer athletes
during the timeframe of the initial study were available for
the parent study. Parallel medical records maintained by the
university ATs, including hardcopy injury assessments,
rehabilitation and progress notes, coaches reports, clinical
notes from other clinicians (eg, physicians, physical
therapists), and records from electronic databases other
than the NCAA ISS, were considered the medical records
source. The data were abstracted by 5 researchers, all with
experience as collegiate ATs. Medical records were
abstracted only for athletes who consented to participate.
Efforts were made to reconcile misspellings of names and
other discrepancies in the medical records. At the time of
data collection, the NCAA ISS used the time-loss medical-
attention definition. Extensive efforts were made to adhere
to this definition regarding injuries in the medical records.
See Kucera et al17 for further details regarding the selection
and recruitment of schools and participants, data-collector
training, and the data-abstraction process.

Overuse Injury Study

The current investigation was a secondary analysis of
deidentified data from the parent study to examine the
capture of time-loss medical-attention overuse injuries
within injury surveillance and medical records. We used
abstracted data from both the NCAA ISS and medical
records regarding mechanism of injury, sex, division,
presence of an undergraduate athletic training program,
presence of a non-NCAA ISS electronic database, event
details (injury date, activity, event type, event season), and
injury details (diagnosis, body part, side of body, incident or
recurrent, chronic), as well as notes from the abstractor’s
datasheet regarding the abstraction process, missing data,
and quality of data. The current investigation was considered
exempt from review by the University of North Carolina at
Chapel Hill Institutional Review Board.

In the absence of a criterion standard, capture-recapture
analyses have been successfully used to estimate the
incidence of specific outcomes in populations from various
reporting sources.23 The purpose of capture-recapture
analyses has been to estimate both the total occurrence of
an outcome or condition and the capture rates of individual
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sources. We focused on describing the capture rates of the
NCAA ISS, medical records, and both sources for injuries
with an overuse mechanism. To be included in these
analyses, an injury event required that overuse be assigned
as the mechanism of injury in 1 or both sources. The
assignment of an overuse/gradual-onset mechanism of
injury was determined by the ATs for the NCAA ISS. In the
medical records, the mechanism of injury for individual
events was classified as overuse by the data abstractor
reviewing the medical records. The capture-recapture
analysis was used to describe the variability between the
NCAA ISS and medical records for capturing overuse
injury mechanisms individually rather than to predict the
total number of overuse injury mechanisms in this
population. The capture rates of overuse injury mechanisms
in the NCAA ISS, medical records, and both sources
combined were estimated, as were the estimated number of
overuse injury mechanisms not captured by either source.
Estimates of overuse mechanisms of injury were also
calculated within strata of covariates including sex (male or
female), NCAA division (I, II, or III), presence of an
undergraduate athletic training program (yes or no), and use
of a non-NCAA ISS electronic medical record (yes or no).

Data Analysis

Hook and Regal23 presented the formula for estimating
the potential overlap of coverage from the 2 sources using a
2 3 2 table where a, b, c, and x are defined as follows: a¼
overuse mechanisms of injury identified in both the NCAA
ISS and medical records, b¼ overuse mechanisms of injury
identified in the NCAA ISS but not the medical records, c¼
overuse mechanisms of injury identified in the medical
records but not the NCAA ISS, and x¼ overuse mechanisms
of injury not identified in either source (or x¼ bc/a). With
this estimation of x, the total number of overuse
mechanisms of injury can be estimated as N ¼ a þ b þ c
þ x. From the estimation of the total N (total overuse
mechanisms of injury), the capture rates for the NCAA ISS,
medical records, and combined NCAA ISS and medical
records can be estimated. For example, the capture rate for
the NCAA ISS can be calculated by (a þ b)/N.17,23

Kappa analyses were calculated to compare the level of
agreement among covariates; however, these calculations
were limited to records that appeared in both sources.
Kappa analyses were conducted to obtain an estimate of
agreement that also considers agreement according to
chance. Strength of agreement was adapted from Landis
and Koch,24 where j , 0 ¼ poor agreement, 0%–20% ¼
slight agreement, 21%–40%¼ fair agreement, 41%–60%¼
moderate agreement, 61%–80% ¼ substantial agreement,
and 81%–100% ¼ almost perfect agreement. Effective
agreement25 was also estimated as the percentage agree-
ment for the following covariates: activity at time of injury,
event type, incident or recurrent, body part injured, side
injured, injury type, outcome, and injury severity. Effective
agreement was calculated as the percentage of NCAA ISS
and medical records that agreed on the value for that
covariate.

The distribution of the characteristics of the injury events
was calculated (n and %) for strata in which the mechanism
was overuse in both systems and in which the mechanism
was overuse in 1 system. We calculated the distributions for

the NCAA ISS and medical records separately within each
group. The primary author (K.R.) reviewed all data-
abstractor notes and recorded inconsistencies between the
NCAA ISS and medical records (eg, differences in time-
loss estimates between the sources), missing data in either
system, missing data in the abstractor records, and any
notations the abstractor recorded. The analysis of data-
abstractor notes was used to help us understand the
difference between systems and to add context to the
results.

RESULTS

Capture of Time-Loss Overuse Injuries

From the parent study, 64 records described the
mechanism of injury as overuse in 1 or both sources, ie,
the NCAA ISS, the medical records, or both (Figure). Of
these 64 records, 48 events had an overuse injury
mechanism in the NCAA ISS, and 44 had an overuse
injury mechanism in the medical records. Overlapping
events that were captured as overuse in both sources
totalled 28. Using capture-recapture analyses, an estimated
11.4 events were missed (or not captured as overuse) by
either source. Therefore, the number of time-loss overuse
mechanisms of injury in this sample of n ¼ 664 total
injuries was estimated to be 75.4, or 11% of all time-loss
medical-attention injuries (Table 1).

Overall, the capture rates for time-loss medical-attention
injuries with an overuse mechanism were 63.7% for the
NCAA ISS and 58.4% for the medical records.

Capture rates varied by institutional and descriptive
characteristics. The most notable variation was the lower
capture rate of overuse mechanism of injury for women’s
soccer compared with men’s soccer (v2: 9.60, P¼ .002 for
ISS capture, and v2: 6.45, P ¼ .011 for capture by NCAA
ISS and medical records). Additionally, capture of overuse
mechanisms of injury tended to be better in schools with an
undergraduate athletic training program, specifically in the
capture rate of medical records, although the difference was
not statistically significant (v2: 3.19, P ¼ .074).

Agreement

Ten events with an overuse mechanism were reported to
the NCAA ISS but were not found in the medical records.
These 10 events were not included in either the j or
effective agreement calculations and resulted in an altered
sample size for the total number of records that appeared in
both sources (n ¼ 54).

Injury details (incident or recurrent, body part, side of
body) had the highest j agreement (78.7%–88.8%),
whereas the event (activity ¼ 53.9% and event type ¼
73.6%) and return-to-play (outcome¼60.7% and severity¼
76.8%) details had the lowest j agreement (Table 2).

Effective agreement was higher overall compared with j
agreement, except for injury severity (Table 2). Injury
details also had the highest effective agreement, although
event type (an event category) and injury outcome (a
return-to-play category) had higher effective agreement
than injury type (an injury-detail category).

Disagreements between the NCAA ISS and medical
records were often in either close proximity (eg, discrep-
ancies between the sources regarding body part were
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Figure. Distribution of injuries with a mechanism of overuse in �1 source(s) (N ¼ 664).

Table 1. Capture-Recapture Analysis for Injuries With an Overuse Mechanism in 1 or Both Sources

Injuries With an Overuse

Mechanism of Injury Estimated Injuries Capture, % (95% Confidence Interval)

NCAA

ISS

Only

Medical

Records

Only

Both NCAA ISS

and Medical

Records

Missed by

NCAA ISS and

Medical Records Total (x)a

NCAA

ISS

Onlya

Medical

Records

Only

Both NCAA ISS

and Medical

Records

Total 20 16 28 11.4 75.4 63.7 (52.8, 74.5) 58.4 (47.2, 69.5) 37.1 (26.2, 48.0)

Sex

Men’s soccer 11 5 19 2.9 37.9 79.2 (66.2, 92.1) 63.3 (48.0, 78.7) 50.1 (34.2, 66.1)

Women’s soccer 9 11 9 11.0 40.0 45.0 (29.6, 60.4) 50.0 (34.5, 65.5) 22.5 (9.6, 35.4)

Division

I 11 6 12 5.5 34.5 66.7 (50.9, 82.4) 52.2 (35.5, 68.8) 34.8 (18.9, 50.7)

II 2 1 4 0.5 7.5 80.0 (51.4, 100.0) 66.7 (32.9, 100.0) 53.3 (17.6, 89.0)

III 7 9 12 5.3 33.3 57.1 (40.2, 73.9) 63.1 (46.7, 79.5) 36.0 (19.7, 52.3)

Undergraduate athletic training program?

Yes 5 6 13 2.7 26.7 67.4 (49.6, 85.2) 71.2 (54.0, 88.3) 48.7 (29.7, 67.7)

No 15 10 15 10.0 50.0 60.0 (46.4, 73.6) 50.0 (36.1, 63.9) 30.0 (17.3, 42.7)

Non-NCAA ISS electronic database?

Yes 8 7 13 4.3 32.3 65.0 (48.6, 81.5) 61.9 (45.2, 78.7) 40.2 (23.3, 57.2)

No 13 8 15 6.9 42.9 65.3 (51.0, 79.5) 54.6 (38.7, 68.5) 35.0 (20.7, 49.2)

Abbreviations: ISS, Injury Surveillance System; NCAA, National Collegiate Athletic Association.
a The x represents the estimated number of overuse diagnoses not captured by the NCAA ISS or medical records. This is calculated with

the formula x¼bc/a. The capture rate for for medical records can be calculated with the formula (aþc)/N; for the NCAA ISS, (aþb)/N; and
for both systems, a/N.
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anatomically close, such as hip versus thigh) or temporality
(eg, close to half of all discrepancies between the sources
regarding number of days lost from sport participation were
less than 3 days apart; Table 3).

Characteristics of Time-Loss Overuse Mechanism of
Injury Events

Nearly all overuse mechanisms of injury affected the
lower extremity. Among time-loss medical-attention over-
use injuries in which overuse was the mechanism in both
systems, most injuries were reported to occur in the lower
leg (NCAA ISS ¼ 35.7%, medical records ¼ 32.1%; the
body part injured disagreed for 1 of the 28 events). Among
the records in which overuse was the mechanism in only 1
source, the majority of the injuries were to the hip/thigh
(NCAA ISS¼ 26.9%, medical records¼ 34.6%). Overall, a
larger percentage of data were missing for the injury
characteristics in the medical records than in the NCAA
ISS. For most variables, the medical records had 2 to 5
times the number of not specified or don’t know responses
per injury than did the NCAA ISS.

DISCUSSION

Capture-Recapture Analysis

The NCAA ISS captured 64% of time-loss medical-
attention overuse mechanisms of injury in this population,
which is considerably less than the 88% capture rate of the
NCAA ISS for total time-loss medical-attention injuries in
the parent study.17 The capture rate for overuse mechanisms
of injury was even lower if the data source used was only the
medical records (58.4%) rather than the NCAA ISS (63.7%).
The higher capture rate in the NCAA ISS as compared with

the medical records may be related to the format of the
electronic medical records. In the NCAA ISS, the AT
chooses a mechanism of injury from a list of provided
options (contact with player/competitor, contact with playing
surface, contact with playing apparatus, contact with out of
bounds objects, acute noncontact, overuse/gradual onset,
illness, infection, other, and don’t know). Although other
offers a write-in option, most ATs reported mechanisms in 1
of the identified categories.3,4 The comparison medical
records included data from a variety of sources and did not
require the AT to commit to a specific mechanism of injury.
Although the NCAA ISS had a better capture rate, it is clear
that time-loss medical-attention overuse mechanisms of
injury were not well captured by either system.

Additionally, it should be noted that, despite the NCAA
ISS and medical records capturing approximately similar
percentages of overuse injury mechanisms, they captured
different individual events. Only 37.1% of included injuries
were captured as overuse mechanisms of injury in both the
NCAA ISS and medical records. The variability in these
results regarding the reporting and classification of overuse
mechanisms of injury in both sources is likely related to
several factors, including the lack of consistency regarding
the definition of overuse in surveillance systems specifi-
cally and the literature in general, differences in purpose
and function between surveillance systems and medical
records, and the nature and onset of the overuse injuries
themselves.11,17,26

The causes of these injuries, which result from repetitive
stress and progress over time, likely contributed to the
variability in the records as well.7,8 Because an athlete can
seek medical attention at any point in the injury process,
variable symptoms may be present during the initial
evaluation and classification of the injury. This may result

Table 2. Kappa and Effective Agreement Between National

Collegiate Athletic Association Injury Surveillance System and

Medical Records for Event, Injury, and Return-to-Play Details

Category

Total Records, % (95% Confidence Interval)

Kappa Agreement

(n ¼ 54)a

Effective Agreement

(n ¼ 54)a,b

Event details

Activity 53.9 (38.6, 69.1) 68.5 (56.1, 80.9)

Event type 73.6 (56.4, 90.9) 87.0 (78.1, 96.0)

Injury details

Incident or recurrent 83.9 (69.1, 98.8) 92.6 (85.6, 99.6)

Body part 88.8 (79.5, 98.1) 90.7 (83.0, 98.5)

Side of body 80.5 (67.1, 94.0) 87.0 (78.1, 96.0)

Injury type 78.7 (67.0, 90.3) 81.5 (71.1, 91.8)

Return-to-play details

Outcome 60.7 (36.3, 85.2) 87.0 (78.1, 96.0)

Injury severityc 76.8 (56.7, 96.9) 57.4 (44.2, 70.6)

a This analysis did not include 10 records that appeared in the
National Collegiate Athletic Association Injury Surveillance System
but not in the medical records. Therefore, the number of records
with an overuse mechanism in only 1 source was 26 (from 36), and
the total number of records for this analysis was 54 (from 64).

b The number of categories per variable was 2: agreement versus
no agreement.

c Injury severity was derived from the number of days lost from sport
participation: 0, 1–7, 8–14, 15–30, or �31.

Table 3. Characteristics of Disagreements Between the National

Collegiate Athletic Association Injury Surveillance System and

Medical Records for Injuries Classified as Overuse in Either Data

Source (n ¼ 52a)

Variable Characteristics

Body part Disagreements among sources regarding the body part

primarily concerned body parts in close proximity (eg,

foot versus lower leg) or involved missing information.

Injury type Five of 10 disagreements regarding injury type included

an injury type of sprains in 1 of the records. The

remainder involved close types or diagnoses, such as

stress reaction versus stress fracture.

The way in which the information for this section was

presented had greater variability. Complete information

was included but placed in different sections.

Outcome Six of 52 records were close to agreement, with

discrepancies occurring from missing rather than

different information for all components of the outcome

(return status, days lost from sport participation, date

of return to participation).

Eighteen of 52 records had days lost from sport

participation and date of return to participation differing

by less than 3 d.

Six of 52 records had days lost from sport participation

and date of return that differed by .2 wk.

Twenty-two of 52 records had almost no information in 1

or the other data source.

a Data were obtained from a manual review of data-abstraction
records. Two abstraction forms were missing.
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in an overuse injury being misidentified or misclassified
due to the complexity and timing of the assessment. For
example, if a patient with an overuse injury presents only
after it has progressed into a severe or inflamed injury, it
may be assessed incorrectly, documented as an acute injury,
or both.27

The differences in purpose and function of injury-
surveillance systems and medical records also likely
contributed to the differences in capture rates for overuse
mechanisms of injury. Medical records document relevant
information about the individual injury and treatment
provided for the athlete.28 In addition, medical records
provide continuity of care and a thorough history of the
injury, treatment, and rehabilitation. Such records are also
used for billing and other administrative purposes.
Surveillance systems collect data on a population level
and (for systems such as the NCAA ISS) ideally include
information on individuals with and without the outcomes
of interest.2 The scope of the data collected by the
surveillance system is defined according to the outcomes
of interest and purpose of the injury surveillance.1,29 The
different purposes of these systems may contribute to the
different capture rates of overuse mechanisms of injury.

Also, although ATs who participated in the NCAA ISS
were trained on how to use the online system and enter data
into the system, the diagnosis and assessment of injury,
including mechanism of injury, were ultimately left to the
AT to determine.30 Providing operational definitions for the
outcomes (eg, overuse injuries) and variables of interest
(eg, mechanism of injury) for use by surveillance data
collectors would likely improve the reporting consistency
for overuse mechanisms of injury and overuse injuries as a
whole in the future.

Effect of Sex

The different capture rates between men’s and women’s
soccer may be related to the fewer time-loss medical-
attention overuse mechanisms of injury reported among
female soccer athletes (29 among women versus 35 among
men). These results are inconsistent with the litera-
ture,16,31,32 in which overuse injuries have been reported
at higher rates among female athletes compared with males
in previous studies of collegiate athletes. The higher
capture rate in men’s soccer may be due to sex differences
in reporting injuries to ATs. Female athletes may report
injuries more quickly after onset than male athletes, which
can result in misclassification of injury mechanisms due to
the timing of when care is sought.33 If a female athlete
reports an injury before it results in significant limitation
from sport, she may receive treatment before the injury
meets the time-loss requirement for entry into the NCAA
ISS, which may depress the capture rate of overuse
injuries.34 Continued research into sex differences in the
reporting of both overuse injuries and injuries overall may
help distinguish differences in the processes for capturing
overuse injuries and allow for targeted modifications to
existing systems to better capture these injuries across all
athletes.

Agreement

The agreement (j) between the NCAA ISS and medical
records was highest for the injury details (eg, incident or

recurrent, body part injured, side injured) and was
consistent with results from the previous validation study.17

Injury details, such as incident or recurrent, body part
injured, side injured, are usually documented in the medical
record and easily discerned by the AT. Conversely, event
and return-to-play variables tended to have lower agree-
ment, and coding of these variables may require greater
judgment from ATs to classify. Injury severity was derived
from the number of days lost from sport participation and
had the lowest agreement as assessed by j. This
disagreement may be due to the increased opportunity for
disagreement between the NCAA ISS and medical records,
as severity depended on accurately recording the date of
full return to participation.

Training data collectors generally involves specific
education on the data-collection and -entry process, rather
than on clinical skills or clinical judgment.30 Therefore, the
individual AT’s assessment habits and skills may influence
the data that are entered into the system. Also, any change
in the athlete’s presentation between the times of the
NCAA ISS and medical record documentation will be
reflected in the lack of agreement between the 2 systems.

Injury Characteristics

The majority of overuse injury mechanisms in this
dataset were to the lower extremities, a finding that is
consistent with the literature16,18,19 on both overuse injuries
as a whole and soccer injuries specifically. Disagreements
between the NCAA ISS and medical records classifications
for body part were anatomically adjacent, in that 1 system
would document an ankle sprain, and the other would
document a lower leg injury. Disagreement could be due to
a transcription error while reporting the injury to the NCAA
ISS or medical records or a change in the injury assessment
or diagnosis between the time of NCAA ISS and medical
record reporting. Another possibility is that only 1 record
was updated as an injury progressed. We did not assess the
documentation timelines or changes to documentation in
this investigation, but that information would be a worthy
inclusion for any future validation study of overuse injuries
in surveillance systems.

The variable of injury outcome demonstrated inconsis-
tencies between the NCAA ISS and medical records in
statistical agreement (Table 2). Disagreements may be due
to the nature of overuse injuries: athletes commonly limit
participation rather than missing time from play altogeth-
er.16,35 The progression of overuse injuries can lead to
variations in return-to-play dates and discrepancies between
surveillance and medical records (eg, coaches reports,
progress notes, daily treatment logs, SOAP [subjective,
objective, assessment, plan] notes), underscoring the
importance of clear definitions and protocols for the ISS
to improve consistency within injury-surveillance data.

Recommendations for Surveillance of Overuse
Injuries

The substantial clinical variability we observed clearly
speaks to the need for better training and standardization
regarding what constitutes an overuse injury. Such training
would be valuable for students in academic athletic training
programs as well as for participants in surveillance systems.
Thus, a process should be developed for the formulation
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and implementation of standardized definitions for the more
frequent overuse injuries reported to surveillance systems.
Standardized definitions ideally should be integrated into
clinical education and function diagnostically for ATs; they
can also serve as useful guidelines for injury-surveillance
purposes. The formulation and implementation of a
standardized definition for overuse injuries have the
potential to improve both clinical care for these injuries
and their representation in injury data and the literature.
Although several methods for injury classification have
been proposed, none are currently accepted as a criterion
standard.29,34,36,37 Such a standard would be immensely
beneficial in the case of difficult-to-classify injuries, such as
overuse.

We also recommend that future researchers of overuse
injuries use multiple data sources. Notably, a large number
of data were missing regarding the characteristics of the
injury in the medical records (8.6% for mechanism) as
compared with the NCAA ISS. On the other hand, the
course of treatment and management of the injury may be
critical to identify overuse injury, and this information is
typically available only from clinical records. Data
abstractors often noted the presence of extensive informa-
tion in clinical records regarding 1 variable (eg, time lost
from sport derived from the date of full return to
participation), which may be important to identifying the
specific causation behind a single overuse injury, but the
variable that contained those details and the specific
information provided in individual records varied. This
agrees with our findings that neither source was complete
individually for time-loss overuse mechanisms of injury,
suggesting that both sources should be used for complete
capture of overuse events in epidemiologic investigations.
This may not be practical for daily injury-surveillance
purposes, yet it may be critical to specific investigations
into overuse mechanisms of injury. Further, a chart review
may offer more contextual information that could also
complement the epidemiologic findings. Finally, new
methods of data collection, including athlete self-reported
injury data, are under development and in use in
prospective studies. Such advancements would allow
athletes’ data on the symptoms and consequences to be
obtained and incorporated into future multivariate stud-
ies.9,38

Limitations

This investigation used data from a prior study4 that was
designed to assess all injuries, not overuse injuries or
overuse mechanisms of injury specifically. Therefore, the
original population was limited to 664 injuries, and our
resultant sample size with the overuse mechanisms of
injury was small. Additionally, the injury inclusion criteria
were limited to a time-loss medical-attention injury
definition and to soccer athletes. As a result, almost all
injuries were to the lower extremity (which accounted for
80% of the total overuse mechanisms of injury in soccer
players).21 The restriction to time-loss medical-attention
injuries was necessary considering that the data originated
from the NCAA ISS, which used this injury definition until
2009.

The study results might have differed if non–time-loss
injuries or overhead athletes (such as swimmers or baseball

or softball athletes) had been included. The current findings
were also limited by the available validation data, which
have been collected only for the NCAA ISS. Although this
system has evolved since these data were collected, the
current NCAA Injury Surveillance Program was based on
the NCAA ISS platform and continues to collect data on
time-loss injuries. Replicating this study with all medical-
attention injuries and in a wider variety of sports would
provide additional insights into the capture of overuse
mechanisms of injury by injury surveillance.

CONCLUSIONS

Based on our results, the NCAA ISS captured two-thirds
of overuse mechanisms of injury resulting in medical
attention and time loss. The overlap between the NCAA
ISS and the medical records for overuse mechanisms of
injury was surprisingly small (37.1%). As neither source
can be considered the criterion standard for the capture of
overuse injury mechanisms in injury surveillance and due
to the complexity of identifying and reporting overuse
injuries within surveillance systems, we recommend that
the authors of future studies of overuse injury supplement
injury-surveillance data with a clinical record review, either
for all probable overuse injuries or for a subset of these
injuries.
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