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Context: The advent of Web-based sports injury surveillance via programs such as the High School Reporting
Information Online (HS RIO) system and the National Collegiate
Athletic Association Injury Surveillance Program (NCAA-ISP)
has aided the acquisition of girls’ and women’s lacrosse injury
data.
Objective: To describe the epidemiology of injuries sustained in high school girls’ lacrosse in the 2008–2009 through
2013–2014 academic years and collegiate women’s lacrosse in
the 2004–2005 through 2013–2014-academic years using Webbased sports injury surveillance.
Design: Descriptive epidemiology study.
Setting: Online injury surveillance from high school girls’
(annual average ¼ 55) and collegiate women’s (annual average
¼ 19) lacrosse teams.
Patients or Other Participants: Female lacrosse players
who participated in practices or competitions during the 2008–
2009 through 2013–2014 academic years for high school or
the 2004–2005 through 2013–2014 academic years for
college.
Main Outcome Measure(s): Athletic trainers collected timeloss injury (24 hours) and exposure data. We calculated injury
rates per 1000 athlete-exposures (AEs), injury rate ratios (IRRs)
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with 95% confidence intervals (CIs), and injury proportions by
body site and diagnosis.
Results: High school RIO documented 700 time-loss
injuries during 481 687 AEs; the NCAA-ISP documented 1027
time-loss injuries during 287 856 AEs. The total injury rate during
2008–2009 through 2013–2014 was higher in college than in
high school (2.55 versus 1.45/1000 AEs; IRR ¼ 1.75; 95% CI ¼
1.54, 1.99). Most injuries occurred during competitions in high
school (51.1%) and practices in college (63.8%). Rates were
higher during competitions compared with practices in high
school (IRR ¼ 2.32; 95% CI ¼ 2.00, 2.69) and college (IRR ¼
2.38; 95% CI ¼ 2.09, 2.70). Concussion was the most common
diagnosis among all high school and most collegiate player
positions, and the main mechanism of contact was with a
playing apparatus (eg, stick, ball). Ligament sprains were also
common (HS RIO practices ¼ 22.2%, competitions ¼ 30.3%;
NCAA-ISP practices ¼ 25.5%, competitions ¼ 30.9%).
Conclusions: Rates of injury were higher in college
versus high school female lacrosse players and in competitions versus practices. Injury-prevention strategies are essential to decrease the incidence and severity of concussions and
ligament sprains.
Key Words: injury surveillance, females, concussion
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The First Decade of Web-Based Sports Injury
Surveillance: Descriptive Epidemiology of Injuries in
US High School Girls’ Lacrosse (2008–2009 Through
2013–2014) and National Collegiate Athletic
Association Women’s Lacrosse (2004–2005 Through
2013–2014)

Key Points




The rate of injury in collegiate women’s lacrosse exceeded that of high school girls’ lacrosse.
Competition injury rates were higher than practice injury rates.
Concussion was a common injury during competitions, representing 35.0% and 21.2% of all injuries at the high
school and collegiate levels, respectively.

G

METHODS
Data Sources and Study Period

We used data collected by HS RIO and the NCAA-ISP,
sports injury-surveillance programs for the high school
and collegiate levels, respectively. Use of HS RIO data
was approved by the Nationwide Children’s Hospital
Subjects Review Board (Columbus, OH). Use of the
NCAA-ISP data was approved by the Research Review
Board at the NCAA.
An average of 55 high schools sponsoring girls’ lacrosse
participated in HS RIO during the 2008–2009 through
2013–2014 academic years (2008–2009 was the ﬁrst year
HS RIO collected data for the sport). An average of 19
NCAA member institutions (Division I ¼ 9, Division II ¼ 1,

Division III ¼ 9) that sponsored women’s lacrosse
participated in the NCAA-ISP during the 2004–2005
through 2013–2014 academic years. The methods of HS
RIO and the NCAA-ISP are summarized in the following
paragraphs. In-depth information on the methods and
analyses for this special series of articles on Web-based
sports injury surveillance can be found in the previously
published methodologic article.7 In addition, previous
publications have described in depth the sampling and data
collection of HS RIO5,8 and the NCAA-ISP.4
High School RIO

High School 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 from
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, participating ATs were
able to view and update previously submitted reports as
needed with new information (eg, time loss).
High School RIO has 2 data-collection panels: a random
sample of 100 schools recruited annually since 2005–2006
that report data for the 9 original sports of interest (boys’
baseball, basketball, football, soccer, and wrestling, and
girls’ basketball, soccer, softball, and volleyball) and an
additional convenience sample of schools recruited
annually since 2008–2009 that report data for the
additional sports of interest (eg, boys’ ice hockey and
lacrosse, girls’ ﬁeld hockey and lacrosse). For the ﬁrst
panel, high schools were recruited into 8 strata based on
school population (enrollment 1000 or .1000) and US
Census geographic region.9 If a school dropped out of the
system, a replacement from the same stratum was
selected. For the second panel, it was impossible to
approximate a nationally representative random sample
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. Athletic trainers at some
schools from the ﬁrst panel, those enrolled in the original
random sample, choose to report for more than the
original 9 sports of interest, and ATs at some of the
schools from the second panel report for some of the
original 9 sports as well as the additional sports of interest.
Those schools’ data provided the original and convenience
samples from girls’ lacrosse.
National Estimates. National injury estimate weights
were not created for girls’ lacrosse, and thus, national
estimates could not be computed.
Journal of Athletic Training
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irls’ and women’s lacrosse in high school and
college has increased in popularity over the past
decade. Participation at the collegiate level increased from 264 teams and 5746 players in 2004–2005 to
443 teams and 10 330 players in 2013–2014, corresponding
to a 67.8% increase in the number of teams and a 79.8%
increase in the number of players.1 Similarly, at the high
school level, girls’ lacrosse participation increased from
108 079 players in 2004–2005 to 188 689 players in 2013–
2014, a 74.6% increase.2,3 As participation continues to
increase, it is important to research injury rates and patterns
in both age groups so as to drive effective and targeted
injury-prevention efforts.
The National Collegiate Athletic Association (NCAA)
has used injury surveillance since the 1980s to acquire
collegiate sports injury data to assist in the development of
evidence-based injury-prevention strategies. Although this
NCAA-based surveillance system has had several names,
we herein denote it as the NCAA Injury Surveillance
Program (ISP). Since the 2004–2005 academic year, the
NCAA has used a Web-based platform to collect collegiate
sports injury and exposure data via athletic trainers (ATs).4
A year later, High School Reporting Information Online
(HS RIO), a similar Web-based high school sports injurysurveillance system, was launched.5
As denoted in the van Mechelen et al6 framework, injury
prevention beneﬁts from ongoing monitoring of injury
incidence, and updated descriptive epidemiology is needed.
Furthermore, over the past decade, rule changes have been
enforced to help reduce the incidence of injury. Lastly,
prior researchers have mainly focused on injuries occurring
within age groups, and few comparisons exist for the injury
epidemiology of lacrosse injuries across the age spectrum.
The purpose of this article is to summarize the descriptive
epidemiology of injuries sustained in high school girls’ and
collegiate women’s lacrosse during the ﬁrst decade of Webbased sports injury surveillance (2004–2005 through 2013–
2014 academic years).

National Collegiate Athletic Association Injury
Surveillance Program

Definitions

Injury. A reportable injury in both HS RIO and the
NCAA-ISP 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 the 2007–2008 academic year, HS
RIO has also captured all concussions, 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.
Beginning in the 2009–2010 academic year, the NCAA-ISP
also began to monitor all non–time-loss injuries. A non–
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Statistical Analysis

Data were analyzed using Enterprise Guide software
(version 5.4; SAS Institute Inc, Cary, NC). Because the data
collected from HS RIO and the NCAA-ISP are similar, we
opted to recode data when necessary to increase the
comparability between high school and collegiate studentathletes. We also opted to ensure that categorizations were
consistent among all sport-speciﬁc articles within this
special series. Because methodologic variations may lead to
small differences in injury reporting between these
surveillance systems, the results must be interpreted with
caution.
We examined injury counts, national estimates (for
college only), and distributions by event type (practices
and competitions), time in season (preseason, regular
season, postseason), time loss (1–6 days, 7–21 days, more
than 21 days, including injuries resulting in a premature end
to the season), body part injured, diagnosis, mechanism of
injury, activity during injury, and position.
We also calculated injury rates per 1000 AEs and injury
rate ratios (IRRs). The IRRs focused on comparisons by
level of play (high school and college), event type (practice
and competition), size of high school (1000 and .1000
students), division in college (Divisions I, II, and III), and
time in season (preseason, regular season, and postseason).
For the IRR comparing high school and college, because
HS RIO only had data available for 2008–2009 through
2013–2014, we considered only the NCAA-ISP data from
that time period as well. All IRRs with 95% conﬁdence
intervals (CIs) not containing 1.0 were considered statistically signiﬁcant.
Lastly, we used linear regression to analyze linear trends
of injury rates across time and compute average annual
changes (ie, mean differences). Because of the 2 datacollection methods for the NCAA-ISP during the 2004–2005
through 2008–2009 and 2009–2010 through 2013–2014
academic years, linear trends were analyzed separately for
each time period. All mean differences with 95% CIs not
containing 0.0 were considered statistically signiﬁcant.
RESULTS
Total Injury Frequency and Injury Rates

During the 2008–2009 through 2013–2014 academic
years, ATs reported a total of 700 time-loss injuries among
high school girls’ lacrosse players (Table 1). During the
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The NCAA-ISP depends on a convenience sample of
teams with ATs voluntarily reporting injury and exposure
data.4 Participation in the NCAA-ISP, although voluntary,
is available to all NCAA institutions. For each injury event,
the AT completes a detailed event report on the injury or
condition (eg, site, diagnosis) and the circumstances (eg,
activity, mechanism, event type [ie, competition or
practice]). The ATs are able to view and update previously
submitted information as needed during the course of a
season. In addition, ATs also provide the number of
student-athletes participating in each practice and competition. Data collection for the 2004–2005 through 2013–
2014 academic years is described in the next paragraph.
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.4 This platform
integrated some of the functional components of an
electronic medical record, such as athlete demographic
information and preseason injury information. During the
2009–2010 through 2013–2014 academic years, the Datalys
Center for Sports Injury Research and Prevention, Inc
(Datalys Center, Indianapolis, IN), introduced a common
data element (CDE) standard to improve process ﬂow. The
CDE standard allowed data to be gathered from different
electronic medical record and injury-documentation applications, including the Athletic Trainer System (Keffer
Development, Grove City, PA), Injury Surveillance Tool
(Datalys Center), and Sports Injury Monitoring System
(FlanTech, Iowa City, IA). The CDE export standard
allowed ATs to document injuries as they normally would
during their daily clinical practice, as opposed to asking
them to report injuries solely for the purpose of participation in an injury-surveillance program. Data were deidentiﬁed and sent to the Datalys Center, where they were
examined by data quality-control staff and a veriﬁcation
engine.
National Estimates. To calculate national estimates of
the number of injuries and AEs, poststratiﬁcation sample
weights, based on sport, division, and academic year, were
applied to each reported injury and AE. Weights for all data
were further adjusted to correct for underreporting,
according to the ﬁndings of Kucera et al,10 who estimated
that the NCAA-ISP captured 88.3% of all time-loss
medical-care injury events. Weighted counts were scaled
up by a factor of (0.8831).

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 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) were included.
Athlete-Exposure. For both surveillance systems, a
reportable AE was deﬁned as 1 student-athlete participating
in 1 school-sanctioned practice or competition during
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.

Table 1. Injury Rates by School Size or Division and Type of Athlete-Exposure in High School Girls’ and Collegiate Women’s Lacrossea
Surveillance System and
School Size or Division

Exposure Type

Injuries in
Sample, No. (%)

Athlete-Exposures

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

HS RIO (2008–2009 through 2013–2014)
1000 students

.1000 students

Total

Practices
Competitions
Total
Practices
Competitions
Total
Practices
Competitions
Total

139
153
292
203
205
408
342
358
700

(47.6)
(52.4)
(100.0)
(49.8)
(50.2)
(100.0)
(48.9)
(51.1)
(100.0)

135 130
58 259
193 389
196 765
91 533
288 298
331 895
149 792
481 687

1.03
2.63
1.51
1.03
2.24
1.42
1.03
2.39
1.45

(0.86,
(2.21,
(1.34,
(0.89,
(1.93,
(1.28,
(0.92,
(2.14,
(1.35,

1.20)
3.04)
1.68)
1.17)
2.55)
1.55)
1.14)
2.64)
1.56)

368
190
558
23
14
37
264
168
432
655
372
1027

(65.9)
(34.1)
(100.0)
(62.2)
(37.8)
(100.0)
(61.1)
(38.9)
(100.0)
(63.8)
(36.2)
(100.0)

150 007
31 908
181 915
9033
2180
11 213
73 310
21 419
94 728
232 350
55 507
287 856

2.45
5.95
3.07
2.55
6.42
3.30
3.60
7.84
4.56
2.82
6.70
3.57

(2.20,
(5.11,
(2.81,
(1.51,
(3.06,
(2.24,
(3.17,
(6.66,
(4.13,
(2.60,
(6.02,
(3.35,

2.70)
6.80)
3.32)
3.59)
9.79)
4.36)
4.04)
9.03)
4.99)
3.03)
7.38)
3.79)

NCAA-ISP (2004–2005 through 2013–2014)
Division I

Division II

Total

Abbreviations: HS RIO, High School Reporting Information Online; NCAA-ISP, National Collegiate Athletic Association Injury Surveillance
Program.
a
High school data originated from HS RIO surveillance data, 2008–2009 through 2013–2014; collegiate data originated from NCAA-ISP
surveillance data, 2004–2005 through 2013–2014. Injuries included in the analysis were those that (1) occurred during a sanctioned
practice or competition; (2) were evaluated or treated (or both) by an athletic trainer, physician, or other health care professional; and (3)
restricted the student-athlete from participation for at least 24 hours past the day of injury. All concussions, fractures, and dental injuries
were included in the analysis, regardless of time loss. Data may include multiple injuries that occurred at 1 injury event. The athleteexposures may not sum to totals due to rounding error.

2004–2005 through 2013–2014 academic years, ATs
reported a total of 1027 time-loss injuries in collegiate
women’s lacrosse. The total injury rate for high school
girls’ lacrosse was 1.45/1000 AEs (95% CI ¼ 1.35, 1.56),
and the total injury rate for collegiate women’s lacrosse was
3.57/1000 AEs (95% CI ¼ 3.35, 3.79). The total injury rate
during 2008–2009 through 2013–2014 was higher in
college than in high school (2.55 versus 1.45/1000 AEs;
IRR ¼ 1.75; 95% CI ¼ 1.54, 1.99).
School Size and Division

Among high school athletes, the total injury rates for
schools with 1000 students and schools with .1000
students did not differ (IRR ¼ 1.07; 95% CI ¼ 0.92, 1.24;
Table 1). At the collegiate level, Division III had a higher
total injury rate than Division I (IRR ¼ 1.49; 95% CI ¼
1.31, 1.69). However, injury rates did not differ between
Divisions I and II (IRR ¼ 0.93; 95% CI ¼ 0.67, 1.30) or
Divisions II and III (IRR ¼ 0.72; 95% CI ¼ 0.52, 1.01).
Event Type

The majority of injuries occurred during competitions in
high school (51.1%) and practices in college (63.8%; Table
1). The competition injury rate was higher than the practice
injury rate in both high school (IRR ¼ 2.32; 95% CI ¼ 2.00,
2.69) and in college (IRR ¼ 2.38; 95% CI ¼ 2.09, 2.70).
At the high school level, evidence for a decrease in injury
rates was found for practices (annual average change of

0.07/1000 AEs; 95% CI ¼ 0.14, 0.01) but not for
competitions (annual average change of 0.14/1000 AEs;
95% CI ¼0.31, 0.04; Figure). A decrease in practice injury
rates was also noted for college in 2004–2005 through 2008–
2009 (annual average change of 0.50/1000 AEs; 95% CI ¼
0.77, 0.22) but not for 2009–2010 through 2013–2014
(annual average change of 0.23/1000 AEs; 95% CI ¼
0.52, 0.05). No linear trends were found for collegiate
competition injury rates in 2004–2005 through 2008–2009
(annual average change of 0.43/1000 AEs; 95% CI ¼
1.47, 0.60) or 2009–2010 through 2013–2014 (annual
average change of 0.26/1000 AEs; 95% CI ¼ 1.10, 0.58).
Time in Season

For both high school and collegiate athletes, most injuries
occurred during the regular season (high school ¼ 76.6%,
college ¼ 60.8%; Table 2). At the collegiate level, injury
rates in the preseason and the regular season did not differ
(IRR ¼ 1.07; 95% CI ¼ 0.94, 1.22). However, the injury rate
was higher in the preseason than in the postseason (IRR ¼
2.37; 95% CI ¼ 1.67, 3.37) and in the regular season than in
the postseason (IRR ¼ 2.22; 95% CI ¼ 1.57, 3.13). Injury
rates by time in season could not be calculated for high
schools as AEs were not stratiﬁed by the time in the season.
Time Loss From Participation

At the high school level, the largest proportion of injuries
resulted in time loss of less than 1 week from practices
Journal of Athletic Training
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Division III

Practices
Competitions
Total
Practices
Competitions
Total
Practices
Competitions
Total
Practices
Competitions
Total

(44.6%) and 1 to 3 weeks from competitions (36.7%; Table
3). At the collegiate level, the majority of injuries resulted
in time loss of less than 1 week (practices ¼ 50.3%,
competitions ¼ 53.2%).

Mechanisms of Injury and Activities

High School. The mechanism of injury cited most often
during practices and competitions was no contact (practices
¼ 31.1%, competitions ¼ 25.6%; Table 6). Other common
mechanisms of injury were overuse/chronic (28.7%) during
Body Parts Injured and Diagnoses
practices and contact with the stick (25.0%) and contact
with another person (23.3%) during competitions. The most
High School. Commonly injured body parts in practices
frequent activity during injury in practices and competitions
and competitions were the head/face (practices ¼ 17.9%, was general play (practices ¼ 38.5%, competitions ¼
competitions ¼ 38.8%) and ankle (practices ¼ 21.4%, 37.2%; Table 7). Other activities during which injury
competitions ¼ 16.9%; Table 4). Other body parts injured occurred were conditioning (28.4%) in practices and
most often were the hip/thigh/upper leg (17.9%) in defending (16.3%) and ball handling (15.1%) in competipractices and the knee (17.7%) in competitions. The most tions.
frequent injury diagnoses from practices and competitions
College. The most common mechanism of injury during
were muscle/tendon strains (practices ¼ 24.9%, competi- practices and competitions was no contact (practices ¼
tions ¼ 11.5%), ligament sprains (practices ¼ 22.2%, 48.4%, competitions ¼ 36.9%; Table 6). Other typical
competitions ¼ 30.3%), and concussions (practices ¼ mechanisms of injury were overuse/chronic (17.4%) during
practices and contact with another person (28.7%) and
15.2%, competitions ¼ 35.0%; Table 5).
College. The most commonly injured body parts during contact with the stick (15.7%) in competitions. The most
practices and competitions were the hip/thigh/upper leg frequent activities during injury in practices and competi(practices ¼ 19.9%, competitions ¼ 15.1%), knee (practices tions were general play (practices ¼ 42.7%, competitions ¼
¼ 18.9%, competitions ¼ 21.8%), ankle (practices ¼ 17.1%, 30.7%) and defending (practices ¼ 16.2%, competitions ¼
competitions ¼ 16.1%), and head/face (practices ¼ 13.4%, 27.9%; Table 7). Other activities being performed when
competitions ¼ 25.3%; Table 4). The most frequent injury injury occurred were conditioning (15.0%) during practices
diagnoses from practices and competitions were ligament and ball handling (16.1%) during competitions.
sprains (practices ¼ 25.5%, competitions ¼ 30.9%), muscle/
tendon strains (practices ¼ 19.7%, competitions ¼ 16.1%), Position-Specific Injuries During Competitions
and concussions (practices ¼ 10.2%, competitions ¼ 21.2%;
During competitions at the high school and collegiate
Table 5).
levels, the most common injury among all positions was
46
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Figure. Injury rates by year and type of athlete-exposure (AE) in high school girls’ and collegiate women’s lacrosse. Note: Annual average
changes for linear trend test for injury rates are as follows: High School Reporting Information Online (RIO; practices ¼ 0.07/1000 AEs,
95% conﬁdence interval [CI] ¼0.14, 0.01; competitions ¼0.14/1000 AEs, 95% CI ¼0.31, 0.04); National Collegiate Athletic Association
Injury Surveillance Program (NCAA-ISP) 2004–2005 through 2008–2009 (practices ¼0.50/1000 AEs, 95% CI ¼0.77, 0.22; competitions ¼
0.43/1000 AEs, 95% CI ¼ 1.47, 0.60); NCAA-ISP 2009–2010 through 2013–2014 academic years (practices ¼ 0.23/1000 AEs, 95% CI ¼
0.52, 0.05; competitions ¼ 0.26/1000 AEs, 95% CI ¼ 1.10, 0.58). A negative rate indicates a decrease in the annual average change
between time spans, and a positive rate indicates an increase in the annual average change. The 95% CIs including 0.00 are not signiﬁcant.

Table 2. Injury Rates by Time in Season and Type of Athlete-Exposure in High School Girls’ and Collegiate Women’s Lacrossea
Surveillance System and
Time in Season

Event Type

Injuries in
Sample, No. (%)

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

Athlete-Exposures

HS RIO (2008–2009 through 2013–2014)
Preseason

Regular season

Postseason

Practices
Competitions
Total
Practices
Competitions
Total
Practices
Competitions
Total

123
19
142
211
322
533
7
14
21

(86.6)
(13.4)
(100.0)
(39.6)
(60.4)
(100.0)
(33.3)
(66.7)
(100.0)

364
5
369
270
354
624
21
13
34

(98.6)
(1.4)
(100.0)
(43.3)
(56.7)
(100.0)
(61.8)
(38.2)
(100.0)

NCAA-ISP (2004–2005 through 2013–2014)
Preseason

Regular season

94 325
761
95 086
121 597
50 381
171 978
16 428
4365
20 793

3.86
6.57
3.88
2.22
7.03
3.63
1.28
2.98
1.64

(3.46,
(0.81,
(3.48,
(1.96,
(6.29,
(3.34,
(0.73,
(1.36,
(1.09,

4.26)
12.33)
4.28)
2.49)
7.76)
3.91)
1.83)
4.60)
2.18)

Abbreviations: HS RIO, High School Reporting Information Online; NCAA-ISP, National Collegiate Athletic Association Injury Surveillance
Program.
a
Excluded 4 injuries reported in HS RIO due to missing data for time in season. Injury rates by time in season could not be calculated for
high school as athlete-exposures were not stratified by time in season. The athlete-exposures may not sum to totals due to rounding error.
High school data originated from HS RIO surveillance data, 2008–2009 through 2013–2014; collegiate data originated from NCAA-ISP
surveillance data, 2004–2005 through 2013–2014. Injuries included in the analysis were those that (1) occurred during a sanctioned
practice or competition; (2) were evaluated or treated (or both) by an athletic trainer, physician, or other health care professional; and (3)
restricted the student-athlete from participation for at least 24 hours past the day of injury. All concussions, fractures, and dental injuries
were included in the analysis, regardless of time loss. Data may include multiple injuries that occurred at 1 injury event.

concussion (Table 8). Knee sprains and ankle sprains were
also frequent injuries. However, the injury mechanisms
cited most often (contact with the stick, the ball, and
another player) varied by level and position.

DISCUSSION

Lacrosse is one of the fastest growing sports at both the
high school and collegiate levels.1,3 As opposed to boys’
and men’s lacrosse players, who are required to wear

Table 3. Number of Injuries and Injury Rates by Time Loss and Type of Athlete-Exposure in High School Girls’ and Collegiate Women’s
Lacrossea
Practices
Surveillance System and
Time-Loss Category

Injuries in
Sample, No. (%)

Competitions

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

Injuries in
Sample, No. (%)

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

0.44 (0.37, 0.51)
0.34 (0.27, 0.40)
0.20 (0.16, 0.25)

111 (32.8)
124 (36.7)
103 (30.5)

0.74 (0.60, 0.88)
0.83 (0.68, 0.97)
0.69 (0.55, 0.82)

1.36 (1.21, 1.51)
0.80 (0.69, 0.92)
0.54 (0.45, 0.64)

194 (53.2)
89 (24.4)
82 (22.5)

3.50 (3.00, 3.99)
1.60 (1.27, 1.94)
1.48 (1.16, 1.80)

HS RIO (2008–2009 through 2013–2014)
1 d to ,1 wk
1 to 3 wk
.3 wkb

145 (44.6)
112 (34.5)
68 (20.9)

NCAA-ISP (2004–2005 through 2013–2014)
1 d to ,1 wk
316 (50.3)
1 to 3 wk
186 (29.6)
126 (20.1)
.3 wkb

Abbreviations: HS RIO, High School Reporting Information Online; NCAA-ISP, National Collegiate Athletic Association Injury Surveillance
Program.
a
Excluded 37 injuries reported in HS RIO and 34 injuries reported in the NCAA-ISP due to missing data for time loss. Percentages may not
add up to 100.0 due to rounding error. High school data originated from HS RIO surveillance data, 2008–2009 through 2013–2014;
collegiate data originated from NCAA-ISP surveillance data, 2004–2005 through 2013–2014. Injuries included in the analysis were those
that (1) occurred during a sanctioned practice or competition; (2) were evaluated or treated (or both) by an athletic trainer, physician, or
other health care professional; and (3) restricted the student-athlete from participation for at least 24 hours past the day of injury. All
concussions, fractures, and dental injuries were included in the analysis, regardless of time loss. Data may include multiple injuries that
occurred at 1 injury event.
b
Included injuries that resulted in time loss .3 weeks, medical disqualification, the athlete choosing not to continue, the athlete being
released from the team, or the season ending before the athlete returned to activity.
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Postseason

Practices
Competitions
Total
Practices
Competitions
Total
Practices
Competitions
Total

Table 4. Number of Injuries and Injury Rates by Body Part Injured and Type of Athlete-Exposure in High School Girls’ and Collegiate
Women’s Lacrossea
Practices
Surveillance System and
Body Part Injured

Injuries in
Sample, No. (%)

Competitions

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

Injuries in
Sample, No. (%)

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

HS RIO (2008–2009 through 2013–2014)
Head/face
Neck
Shoulder/clavicle
Arm/elbow
Hand/wrist
Trunk
Hip/thigh/upper leg
Knee
Lower leg
Ankle
Foot
Other

61
3
2
3
10
13
61
36
48
73
26
5

(17.9)
(0.9)
(0.6)
(0.9)
(2.9)
(3.8)
(17.9)
(10.6)
(14.1)
(21.4)
(7.6)
(1.5)

(0.14,
(0.00,
(0.00,
(0.00,
(0.01,
(0.02,
(0.14,
(0.07,
(0.10,
(0.17,
(0.05,
(0.00,

0.23)
0.02)
0.01)
0.02)
0.05)
0.06)
0.23)
0.14)
0.19)
0.27)
0.11)
0.03)

138
3
7
6
29
4
25
63
14
60
5
2

(38.8)
(0.8)
(2.0)
(1.7)
(8.2)
(1.1)
(7.0)
(17.7)
(3.9)
(16.9)
(1.4)
(0.6)

0.92
0.02
0.05
0.04
0.19
0.03
0.17
0.42
0.09
0.40
0.03
0.01

(0.77,
(0.00,
(0.01,
(0.01,
(0.12,
(0.00,
(0.10,
(0.32,
(0.04,
(0.30,
(0.00,
(0.00,

1.07)
0.04)
0.08)
0.07)
0.26)
0.05)
0.23)
0.52)
0.14)
0.50)
0.06)
0.03)

0.38
0.01
0.06
0.04
0.06
0.16
0.56
0.53
0.27
0.48
0.21
0.05

(0.30,
(0.00,
(0.03,
(0.01,
(0.03,
(0.11,
(0.46,
(0.44,
(0.20,
(0.39,
(0.15,
(0.02,

0.46)
0.02)
0.10)
0.06)
0.10)
0.22)
0.66)
0.63)
0.33)
0.57)
0.27)
0.08)

94
2
9
5
15
19
56
81
16
60
14
1

(25.3)
(0.5)
(2.4)
(1.3)
(4.0)
(5.1)
(15.1)
(21.8)
(4.3)
(16.1)
(3.8)
(0.3)

1.69
0.04
0.16
0.09
0.27
0.34
1.01
1.46
0.29
1.08
0.25
0.02

(1.35,
(0.00,
(0.06,
(0.01,
(0.13,
(0.19,
(0.74,
(1.14,
(0.15,
(0.81,
(0.12,
(0.00,

2.04)
0.09)
0.27)
0.17)
0.41)
0.50)
1.27)
1.78)
0.43)
1.35)
0.38)
0.05)

NCAA-ISP (2004–2005 through 2013–2014)
Head/face
Neck
Shoulder/clavicle
Arm/elbow
Hand/wrist
Trunk
Hip/thigh/upper leg
Knee
Lower leg
Ankle
Foot
Other

88
2
15
9
15
38
130
124
62
112
48
12

(13.4)
(0.3)
(2.3)
(1.4)
(2.3)
(5.8)
(19.9)
(18.9)
(9.5)
(17.1)
(7.3)
(1.8)

Abbreviations: HS RIO, High School Reporting Information Online; NCAA-ISP, National Collegiate Athletic Association Injury Surveillance
Program.
a
Excluded 3 injuries reported in HS RIO due to missing data for body part. Percentages may not add up to 100.0 due to rounding error. High
school data originated from HS RIO surveillance data, 2008–2009 through 2013–2014; collegiate data originated from NCAA-ISP
surveillance data, 2004–2005 through 2013–2014. Injuries included in the analysis were those that (1) occurred during a sanctioned
practice or competition; (2) were evaluated or treated (or both) by an athletic trainer, physician, or other health care professional; and (3)
restricted the student-athlete from participation for at least 24 hours past the day of injury. All concussions, fractures, and dental injuries
were included in the analysis, regardless of time loss. Data may include multiple injuries that occurred at 1 injury event.

extensive protective gear, female lacrosse players are
only required to wear a mouth guard and protective
eyewear. Full body contact is not allowed, and stick
checking is allowed only if it is directed away from the
opponent.11 Players must be both skilled technically (eg,
passing, quick changes in direction of play, competition
for the ball without body checking) and physically ﬁt to
excel at the game. The combination of these skills and the
use of equipment (lacrosse stick and hard ball) produce
unique injury patterns compared with many other high
school and collegiate sports.12–14 Given the increased
popularity of the sport at both levels of play and the
potential for apparatus-related injury, it is essential to
focus on injury prevention for these athletes. To our
knowledge, this was the ﬁrst study to directly compare
rates and patterns of injury among girls’ high school and
women’s collegiate lacrosse players using comparable
surveillance systems.
Comparison With Previous Research and Trends
Over Time

In previous studies15,16 at the high school level, girls’
lacrosse had the third highest injury rates among girls’
48
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sports behind soccer and basketball. We found an overall
injury rate of 1.45/1000 AEs, which was lower than in
work11 conducted from 1999 through 2001 (2.54/1000 AEs)
but similar to more recent research16 that showed an injury
rate of 1.57/1000 AEs. At the collegiate level, injury rates
during practices and competitions were slightly lower than
earlier rates17 (2.82 versus 3.30/1000 AEs in practice, 6.70
versus 7.15/1000 AEs in competitions). The differences in
injury rates over time may be explained by the many rule
changes pertaining to player safety implemented during the
past decade.18 For example, rule changes introduced
penalties for stick-to-head contact.19 Also, the mandatory
use of protective eyewear was associated with a dramatic
reduction in eye injuries and a decrease in head/face
injuries in high school lacrosse.20 At the same time,
governing bodies such as US Lacrosse emphasized safety
education for coaches and ofﬁcials with the goal of
minimizing injury incidence and severity.21 Because we
were unable to assess the speciﬁc effects of such policies
and programming in conjunction with the study data, future
research is warranted.
In contrast, few linear trends were present in high school
and collegiate injury rates during our study period. Our
ﬁndings highlight that, despite evidence of longitiduinal
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0.18
0.01
,0.01
0.01
0.03
0.04
0.18
0.11
0.14
0.22
0.08
0.02

Table 5. Number of Injuries and Injury Rates by Diagnosis and Type of Athlete-Exposure in High School Girls’ and Collegiate Women’s
Lacrossea
Practices
Surveillance System
and Diagnosis

Injuries in
Sample, No. (%)

Competitions

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

Injuries in
Sample, No. (%)

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

HS RIO (2008–2009 through 2013–2014)
Concussion
Contusion
Dislocationb
Fracture/avulsion
Laceration
Ligament sprain
Muscle/tendon strain
Other

52
15
3
16
1
76
85
94

(15.2)
(4.4)
(0.9)
(4.7)
(0.3)
(22.2)
(24.9)
(27.5)

0.16
0.05
0.01
0.05
,0.01
0.23
0.26
0.28

(0.11,
(0.02,
(0.00,
(0.02,
(0.00,
(0.18,
(0.20,
(0.23,

0.20)
0.07)
0.02)
0.07)
0.01)
0.28)
0.31)
0.34)

125 (35.0)
30 (8.4)
4 (1.1)
20 (5.6)
7 (2.0)
108 (30.3)
41 (11.5)
22 (6.2)

0.83
0.20
0.03
0.13
0.05
0.72
0.27
0.15

(0.69,
(0.13,
(0.00,
(0.08,
(0.01,
(0.59,
(0.19,
(0.09,

0.98)
0.27)
0.05)
0.19)
0.08)
0.86)
0.36)
0.21)

0.29
0.20
0.01
0.07
0.02
0.72
0.56
0.96

(0.22,
(0.14,
(0.00,
(0.04,
(0.00,
(0.61,
(0.46,
(0.84,

0.36)
0.26)
0.02)
0.10)
0.03)
0.83)
0.65)
1.09)

79 (21.2)
42 (11.3)
0
15 (4.0)
6 (1.6)
115 (30.9)
60 (16.1)
55 (14.8)

1.42 (1.11, 1.74)
0.76 (0.53, 0.99)
0.00
0.27 (0.13, 0.41)
0.11 (0.02, 0.19)
2.07 (1.69, 2.45)
1.08 (0.81, 1.35)
0.99 (0.73, 1.25)

NCAA-ISP (2004–2005 through 2013–2014)
67
46
2
16
4
167
129
224

(10.2)
(7.0)
(0.3)
(2.4)
(0.6)
(25.5)
(19.7)
(34.2)

Abbreviations: HS RIO, High School Reporting Information Online; NCAA-ISP, National Collegiate Athletic Association Injury Surveillance
Program.
a
Excluded 1 injury reported in HS RIO due to missing data for diagnosis. Percentages may not add up to 100.0 due to rounding error. High
school data originated from HS RIO surveillance data, 2008–2009 through 2013–2014; collegiate data originated from NCAA-ISP
surveillance data, 2004–2005 through 2013–2014. Injuries included in the analysis were those that (1) occurred during a sanctioned
practice or competition; (2) were evaluated or treated (or both) by an athletic trainer, physician, or other health care professional; and (3)
restricted the student-athlete from participation for at least 24 hours past the day of injury. All concussions, fractures, and dental injuries
were included in the analysis, regardless of time loss. Data may include multiple injuries that occurred at 1 injury event.
b
Included separations.

decreases compared with previous investigations, continued
development and reﬁnement of injury-prevention interventions may be needed to further decrease injury incidence.
Injury Rates in College Versus High School

Injury rates were higher in collegiate lacrosse compared
with high school during the 2008–2009 through 2013–2014
academic years (IRR ¼ 1.75; Table 1). This is consistent
with prior investigations22,23 in other sports that suggested
the intensity and skill level were greater for sports played at
the collegiate level. Also, collegiate athletes may spend
more time practicing during the week, allowing more time
to sustain injuries. Additionally, competitions at the
collegiate level are divided into 30-minute halves compared
with 25-minute halves at the high school level. Because
AEs are deﬁned equivalently at both levels, the higher rates
in college could reﬂect increased playing time. Furthermore, the NCAA recommends that an AT be present at all
collegiate practices and competitions, whereas not every
AT at the high school level can cover every practice. Thus,
some injuries at the high school level may go unreported.
Event Type

Injury rates were higher during competitions than during
practices at both levels; this ﬁnding is well-described in the
literature across many sports.24–27 In high school, most
injuries occurred during competitions (51.1%), whereas in
college, most injuries occurred during practices (63.8%).
Differences may exist in the composition of drills as well as

in the tempo and intensity of practice sessions. Because the
surveillance systems did not collect data on such aspects of
practice sessions, future researchers may focus on identifying speciﬁc aspects of practice that are associated with an
increased injury incidence.
School Size and Division

Whereas injury rates did not vary by school size for high
school girls’ lacrosse, Division III had the highest injury
rate in collegiate women’s lacrosse players. Factors related
to school size and division have seldom been examined in
lacrosse injury-surveillance data but may be warranted. Past
results22,28–30 among other sports were mixed, and conﬂicting hypotheses suggested that highly skilled players may
play with increased intensity and thus be more at risk for
injury and that less skilled players may have a lower ﬁtness
level and thus be more at risk for injury. Previous authors31
have hypothesized a preselection effect in which higherlevel teams may not include athletes whose previous
injuries inhibited their ability to play at those levels. Our
ﬁndings may indicate a higher injury incidence among
lower-division lacrosse athletes at the collegiate level;
however, additional research is needed to validate our
results and explore factors associated with such differences.
Concussions

For both high school and collegiate lacrosse athletes,
concussion was the most common speciﬁc diagnosis for
every ﬁeld position. Prior studies32–35 have also shown that
Journal of Athletic Training
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Concussion
Contusion
Dislocationb
Fracture/avulsion
Laceration
Ligament sprain
Muscle/tendon strain
Other

Table 6. Number of Injuries and Injury Rates by Mechanism of Injury and Type of Athlete-Exposure in High School Girls’ and Collegiate
Women’s Lacrossea
Practices
Surveillance System and
Mechanism Of Injury

Competitions

Injuries in
Injury Rate/1000 Athlete-Exposures
Injuries in
Injury Rate/1000 Athlete-Exposures
Sample, No. (%)
(95% Confidence Interval)
Sample, No. (%)
(95% Confidence Interval)

HS RIO (2008–2009 through 2013–2014)
Contact with another person
Contact with playing surface
Contact with ball
Contact with goal
Contact with stick
Contact with other playing equipment
Contact with out of bounds object
No contact
Overuse/chronic
Illness/infection

18 (5.4)
44 (13.3)
47 (14.2)
1 (0.3)
14 (4.2)
1 (0.3)
0
103 (31.1)
95 (28.7)
8 (2.4)

0.05
0.13
0.14
,0.01
0.04
,0.01

(0.03,
(0.09,
(0.10,
(0.00,
(0.02,
(0.00,
0.00
0.31 (0.25,
0.29 (0.23,
0.02 (0.01,

0.08)
0.17)
0.18)
0.01)
0.06)
0.01)
0.37)
0.34)
0.04)

80 (23.3)
46 (13.4)
29 (8.4)
0
86 (25.0)
2 (0.6)
0
88 (25.6)
13 (3.8)
0

0.53 (0.42, 0.65)
0.31 (0.22, 0.40)
0.19 (0.12, 0.26)
0.00
0.57 (0.45, 0.70)
0.01 (0.00, 0.03)
0.00
0.59 (0.46, 0.71)
0.09 (0.04, 0.13)
0.00

0.29 (0.22, 0.36)
0.15 (0.10, 0.21)
0.29 (0.22, 0.36)
0.00
0.13 (0.08, 0.18)
0.01 (0.00, 0.02)
0.00
1.34 (1.19, 1.49)
0.48 (0.39, 0.57)
0.08 (0.04, 0.11)

106 (28.7)
23 (6.2)
24 (6.5)
0
58 (15.7)
0
1 (0.3)
136 (36.9)
19 (5.2)
2 (0.5)

1.91 (1.55, 2.27)
0.41 (0.25, 0.58)
0.43 (0.26, 0.61)
0.00
1.04 (0.78, 1.31)
0.00
0.02 (0.00, 0.05)
2.45 (2.04, 2.86)
0.34 (0.19, 0.50)
0.04 (0.00, 0.09)

NCAA-ISP (2004–2005 through 2013–2014)
68 (10.5)
36 (5.6)
67 (10.4)
0
30 (4.7)
2 (0.3)
0
312 (48.4)
112 (17.4)
18 (2.8)

Abbreviations: HS RIO, High School Reporting Information Online; NCAA-ISP, National Collegiate Athletic Association Injury Surveillance
Program.
a
Mechanism of injury excluded 25 injuries reported in HS RIO and 13 injuries reported in the NCAA-ISP due to missing data or the athletic
trainer reporting Other or Unknown. Percentages may not add up to 100.0 due to rounding error. High school data originated from HS RIO
surveillance data, 2008–2009 through 2013–2014; collegiate data originated from NCAA-ISP surveillance data, 2004–2005 through 2013–
2014. Injuries included in the analysis were those that (1) occurred during a sanctioned practice or competition; (2) were evaluated or
treated (or both) by an athletic trainer, physician, or other health care professional; and (3) restricted the student-athlete from participation
for at least 24 hours past the day of injury. All concussions, fractures, and dental injuries were included in the analysis, regardless of time
loss. Data may include multiple injuries that occurred at 1 injury event.

concussions were a concern in girls’ and women’s lacrosse.
In college, women’s lacrosse had the seventh highest
concussion rate of 25 men’s and women’s sports at 0.52/
1000 AEs, whereas in high school, girls’ lacrosse had the
fourth highest rate of 20 boys’ and girls’ sports at 0.35/1000
AEs.14,34 A continued focus on efforts to decrease the
incidence of concussion, increasing athletes’ self-reporting
of symptoms, and improving access to resources to assist in
management and recovery is needed. As of 2014, all 50
states and the District of Columbia had enacted concussionrelated legislation for high school sports; however, the
content within each state varies.36 In April 2010, the NCAA
Executive Committee adopted a new concussion policy37
mandating that each member institution’s concussionmanagement plan include the following: (a) annual
concussion education for athletes, (b) immediate removal
from play if a concussion is suspected, (c) elimination of
same-day return to play of a concussed athlete, and (d) a
process for clearance by a medical professional for return to
play.37,38
In our study, for most positions at both levels of play, the
most frequent mechanism of concussion was contact with
the stick, followed by contact with the ball. This is in line
with a previous study35 showing that girls’ and women’s
lacrosse injuries were driven by contact with playing
apparatuses, most likely because player-to-player contact is
50
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limited in the sport. In particular, 1 group39 used video
footage of high school girls’ lacrosse players and found that
most of the 14 examined head injuries (11 concussions)
were from contact with the stick (n ¼ 8). Reducing player
contact with equipment, particularly with the stick, may
help to reduce the incidence of concussions. Recently,
concussion-prevention efforts have focused on coaching
techniques, ofﬁciating, education, rule changes, and
protective equipment to address all potential mechanisms
of injury.19
A controversial topic in girls’ and women’s lacrosse is
the introduction of protective headgear. Extensive protective equipment, including helmets, is used in boys’ and
men’s lacrosse because these sports are full contact,
whereas girls’ and women’s lacrosse is not, and consequently, they do not have such extensive equipment
requirements. Although headgear is currently optional for
female lacrosse players, the ‘‘ASTM [American Society for
Testing and Materials] International F3137-15: Standard
Speciﬁcation for Headgear Used in Women’s Lacrosse
(Excluding Goalkeepers)’’ aims to standardize soft headgear currently allowed in women’s lacrosse and to help
reduce stick contact to the head.40,41 Headgear worn after
January 1, 2017, must meet the ASTM standard. It is
possible that the use of headgear may reduce the number of
head injuries due to contact with equipment.
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Contact with another person
Contact with playing surface
Contact with ball
Contact with goal
Contact with stick
Contact with other playing equipment
Contact with out-of-bounds object
No contact
Overuse/chronic
Illness/infection

Table 7. Number of Injuries and Injury Rates by Activity During Injury and Type of Athlete-Exposure in High School Girls’ and Collegiate
Women’s Lacrossea
Practices
Surveillance System and
Activity During Injury

Injuries in
Sample, No. (%)

Competitions

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)

Injuries in
Sample, No. (%)

Injury Rate/1000 Athlete-Exposures
(95% Confidence Interval)
0.33 (0.24, 0.43)
0.02 (0.00, 0.04)
0.00
0.36 (0.26, 0.46)
0.02 (0.00, 0.04)
0.82 (0.68, 0.97)
0.09 (0.04, 0.14)
0.23 (0.16, 0.31)
0.11 (0.05, 0.16)
0.15 (0.09, 0.22)
0.07 (0.03, 0.11)
1.01
0.13
0.02
1.75
0.09
1.93
0.18
0.72
0.05
0.04
0.36

HS RIO (2008–2009 through 2013–2014)
Ball handling
Blocking
Conditioning
Defending
Faceoff
General play
Goaltending
Loose ball
Passing
Receiving pass
Shooting

12 (4.1)
4 (1.4)
84 (28.4)
24 (8.1)
0
114 (38.5)
11 (3.7)
11 (3.7)
10 (3.4)
21 (7.1)
5 (1.7)

0.04
0.01
0.25
0.07

0.41)
0.05)
0.05)
0.05)
0.09)
0.03)

50 (15.1)
3 (0.9)
0
54 (16.3)
3 (0.9)
123 (37.2)
14 (4.2)
35 (10.6)
16 (4.8)
23 (7.0)
10 (3.0)

0.19
0.03
0.39
0.42
0.02
1.10
0.10
0.09
0.07
0.03
0.14

(0.13,
(0.01,
(0.31,
(0.33,
(0.00,
(0.97,
(0.06,
(0.05,
(0.04,
(0.01,
(0.09,

0.25)
0.05)
0.47)
0.50)
0.04)
1.24)
0.14)
0.12)
0.10)
0.06)
0.19)

56 (16.1)
7 (2.0)
1 (0.3)
97 (27.9)
5 (1.4)
107 (30.7)
10 (2.9)
40 (11.5)
3 (0.9)
2 (0.6)
20 (5.7)

NCAA-ISP (2004–2005 through 2013–2014)
Ball handling
Blocking
Conditioning
Defending
Faceoff
General play
Goaltending
Loose ball
Passing
Receiving pass
Shooting

44 (7.4)
7 (1.2)
90 (15.0)
97 (16.2)
5 (0.8)
256 (42.7)
23 (3.8)
20 (3.3)
16 (2.7)
8 (1.3)
33 (5.5)

(0.74,
(0.03,
(0.00,
(1.40,
(0.01,
(1.56,
(0.07,
(0.50,
(0.00,
(0.00,
(0.20,

1.27)
0.22)
0.05)
2.10)
0.17)
2.29)
0.29)
0.94)
0.12)
0.09)
0.52)

Abbreviations: HS RIO, High School Reporting Information Online; NCAA-ISP, National Collegiate Athletic Association Injury Surveillance
Program.
a
Activity excluded 73 injuries reported in HS RIO and 80 injuries reported in the NCAA-ISP due to missing data or the athletic trainer
reporting Other or Unknown. Percentages may not add up to 100.0 due to rounding error. High school data originated from HS RIO
surveillance data, 2008–2009 through 2013–2014; collegiate data originated from NCAA-ISP surveillance data, 2004–2005 through 2013–
2014. Injuries included in the analysis were those that (1) occurred during a sanctioned practice or competition; (2) were evaluated or
treated (or both) by an athletic trainer, physician, or other health care professional; and (3) restricted the student-athlete from participation
for at least 24 hours past the day of injury. All concussions, fractures, and dental injuries were included in the analysis, regardless of time
loss. Data may include multiple injuries that occurred at 1 injury event.

However, one of the main arguments against headgear in
girls’ and women’s lacrosse is that such use will result in
more aggressive play due to the so-called ‘‘gladiator
effect,’’ or risk-compensation theory.42,43 In other sports,
little evidence42 has shown that introducing a piece of
protective equipment objectively increased either the
aggressiveness of the sport or the number of injuries
sustained. In some cases, athletes self-reported more risktaking behaviors when they wore helmets, but few studies
had measurable objective outcomes, and those that did
demonstrated no measurable increases in injury rates.44–46
Furthermore, the percentage of injuries in collegiate
women’s lacrosse due to contact with another player may
have increased over time,17 suggesting that the game is
already becoming more physical and that (1) rules
regarding player contact should be strictly enforced and
(2) further consideration of protective headgear is warranted. If athletes abide by the rules when they compete and the
rules are enforced, aggressiveness should not increase when
headgear is worn, and the headgear could offer substantial
protection against concussions due to contact with the ball
or the stick. Our results indicate the need for an evidencebased discussion on the beneﬁts and drawbacks of
introducing headgear at each level of play.

Other Lacrosse-Related Injuries

Although concussions receive considerable attention, we
found that sprains and strains to various parts of the body,
particularly the knee and ankle, occurred frequently.
Sprains can result in signiﬁcant time loss for athletes;
41.8% of high school and 35.7% of collegiate athletes who
sustained ligament sprains during competitions took longer
than 3 weeks to return to play. Lacrosse requires quick
changes of direction and constant acceleration and
deceleration, which may explain why most ligament sprains
in lacrosse result from contact with the playing surface or
noncontact (ie, rotation around a planted foot).47,48 Risk
factors for sustaining ligament sprains include sex and prior
injury. Previous authors47,49 showed that females sustained
sprains more frequently than males and that more than 10%
of knee and ankle sprains were recurrent. Strategies for
reducing the incidence and severity of sprains should
include both primary and secondary prevention (ie,
consideration of prophylactic bracing, conditioning, and
drills50–52). As US Lacrosse evaluates the effectiveness of
its LaxPrep program (a warm-up and exercise program that
aims to decrease the risk of lower extremity injury),53
attention to the unique physical demands of lacrosse and
speciﬁcally targeting females is warranted.
Journal of Athletic Training

51

Downloaded from http://meridian.allenpress.com/doi/pdf/10.4085/1062-6050-201-17 by guest on 30 September 2020

0.06)
0.02)
0.31)
0.10)

0.34
0.03
0.03
0.03
0.06
0.02

(0.02,
(0.00,
(0.20,
(0.04,
0.00
(0.28,
(0.01,
(0.01,
(0.01,
(0.04,
(0.00,

Table 8. Most Common Injuries Associated With Position in
Competitions in High School Girls’ and Collegiate Women’s Lacrossea
Surveillance
System
and Position

Most Common
Injuries

Injuries
Within
Position, %

Most Frequent
Mechanism of Injury
for This Injury
Within Position

HS RIO (2008–2009 through 2013–2014)
Attacker

Defense
Goalkeeper
Midfielder

Concussion
Ankle sprain
Knee sprain
Concussion
Ankle sprain
Concussion
Concussion
Ankle sprain
Knee sprain

26.7
20.0
14.3
42.3
9.9
50.0
38.0
16.1
12.4

Contact with
No contact
No contact
Contact with
No contact
Contact with
Contact with
No contact
No contact

stick

stick
ball
stick

NCAA-ISP (2004–2005 through 2013–2014)
Attacker

Goalkeeper
Midfielder

21.1
19.3
11.0
20.0
15.0

Knee sprain
Concussion
Knee sprain
Concussion

13.0
31.3
12.5
21.5

Hip/thigh/upper
leg strain
Ankle sprain

16.5
12.4

Contact with
No contact
No contact
Contact with
Contact with
person
No contact
Contact with
No contact
Contact with
person
No contact

stick

stick
another

ball
another

Contact with another
person

Abbreviations: HS RIO, High School Reporting Information Online;
NCAA-ISP, Ntional Collegiate Athletic Association Injury Surveillance Program.
a
Excluded 27 competition injuries reported in HS RIO and 26
competition injuries reported in the NCAA-ISP due to position not
being indicated. The table reads as follows: for the attacker
position in high school, concussions comprised 26.7% of all
competition injuries to that position. The most common mechanism of injury for this specific injury for this specific position was
contact with the stick. High school data originated from HS RIO
surveillance data, 2008–2009 through 2013–2014; collegiate data
originated from NCAA-ISP surveillance data, 2004–2005 through
2013–2014. Injuries included in the analysis were those that (1)
occurred during a sanctioned practice or competition; (2) were
evaluated or treated (or both) by an athletic trainer, physician, or
other health care professional; and (3) restricted the studentathlete from participation for at least 24 hours past the day of
injury. All concussions, fractures, and dental injuries were included
in the analysis, regardless of time loss. Data may include multiple
injuries that occurred at 1 injury event.

Common Injury Mechanisms

Although a small proportion of injuries in practices were
due to contact with another player, 23.3% (high school) and
28.7% (college) of competition injuries were due to athleteto-athlete contact (Table 6). Given that only incidental
contact is allowed in girls’ and women’s lacrosse, it is
concerning that many injuries were the result of such
contact. This represents an opportunity for injury prevention by enforcing the rules of the game. Investigators17
found that 18.6% of injuries to collegiate women’s lacrosse
players that occurred during lacrosse competitions were due
to player-to-player contact, which may indicate an increase
52
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LIMITATIONS

Our ﬁndings may not be generalizable to other playing
levels, such as youth, middle school, and professional
programs, nor to collegiate programs at non-NCAA
institutions, nor to high schools without National Athletic
Trainers’ Association–afﬁliated ATs. Furthermore, we were
unable to account for factors potentially associated with
injury occurrence, such as AT coverage, implemented
injury-prevention programs, and athlete-speciﬁc characteristics (eg, previous injury, functional capabilities). Also,
although HS RIO and the NCAA-ISP are similar injurysurveillance systems, it is important to consider the
variations between the systems. In addition, differences
may exist between high school and college in regard to the
length of the season in total, as well as the preseason,
regular season, and postseason; the potentially longer
collegiate season may increase the injury risk. We
calculated injury rates using AEs, which may not be as
precise an at-risk exposure measure as minutes, hours, or
total number of game plays across a season. However,
collecting such exposure data is more laborious than
collecting AE data and may be too burdensome for ATs
participating in HS RIO and the NCAA-ISP. We also
caution against comparisons of injury distributions between
the high school and collegiate levels as high school data
were not available for the 2004–2005 through 2007–2008
academic years.
Although our study is one of few to examine injury
incidences across multiple levels of play (eg, high school
versus college and competitions versus practices), we were
unable to examine differences between starters and
nonstarters for competitions; analyses that group both types
of players may confound and thus weaken the possible
exposure-outcome association for some known injury risk
factors. Differences may also exist among the freshmen,
junior varsity, and varsity teams due to differences in
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Defense

Concussion
Ankle sprain
Knee sprain
Concussion
Ankle sprain

in the physicality of the game over the past decade.
However, the percentage of injuries due to contact with
another player during practices has remained similar (8.0%
in 1989–2004 compared with 10.5% in 2004–2013).17
Coaches and ofﬁcials should be aware of the amount and
type of player contact in the competition setting and (1)
regulate contact appropriately, (2) consider additional
protective equipment, or (3) introduce rule changes to
impose harsher punishments for intentional contact.
We also noted that most injuries (.50% during practices)
at the high school and collegiate levels were noncontact or
overuse/chronic. In the adolescent population, overuse
injuries can have long-term physical consequences and
negatively affect growth and development.54,55 Similar to
our results, a previous report56 showed that rates of overuse
injuries were higher in college, possibly due to increased
training or the fact that collegiate athletes have participated
in their sport for longer than high school athletes. Most
overuse injuries occur (or present) during practices, so ATs
can play a pivotal role in recognizing and managing the
injuries.56 Close supervision of athletic activity, early
detection, and encouragement from coaches and ATs for
athletes to report these injuries could aid in reducing their
incidence and severity and potentially avoid the associated
long-term sequalae.55,57

maturation status. Playing positions may vary in physical
demands and in the resulting injury risk. Athlete-exposures
were not collected by position, preventing the calculation of
position-speciﬁc injury rates.
CONCLUSIONS
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