
Lacrosse is a fast-paced team sport in which players use
sticks to pass, catch, and run with a ball to score goals. The
men’s and women’s games are among the fastest growing

sports in the United States. A US Lacrosse 2003 participa-
tion survey estimate cited approximately 115 000 players
at the youth level, 119 000 at the high school level, and
24 000 at the college level.16 National Collegiate Athletic
Association (NCAA) data show that the number of NCAA
teams sponsoring men’s lacrosse increased 24%, from 170
to 211, between 1993-1994 and 2003-2004. The increase is
even more noteworthy in the women’s game, in which the
number of teams almost doubled, from 133 to 258, over the
same 11-year time period.13

The men’s game is a high-speed, high-collision sport with
mandatory helmets, face masks, mouth guards, gloves, and
upper body padding required for all field players (Figure 1).
The stick, or crosse, is made of wood or synthetic material
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and has a shaped netted pocket at the end. The crosse
dimensions vary by position, with attackmen and midfield-
ers using shorter sticks than those used by defensive play-
ers. The solid rubber ball may travel at speeds up to 90 mph
in the men’s game.19

The women’s game is also high speed but permits only
incidental player-to-player contact. Helmets, face masks,
and gloves have never been mandatory and are rarely used
in the women’s game (Figure 2). Until recently, mandatory
protective equipment for field players included only mouth
guards. However, US Lacrosse recommended protective
eyewear in the women’s game for 2004 and made it manda-
tory for women at all levels of play in 2005.17 The women’s
crosse is made of the same materials used for the men’s
stick and must be an overall length of 35.5 to 43.25 in. The
goalie’s crosse may be 48 in long. The ball is like that used
in the men’s game and may travel at speeds up to 60 mph
in high school and adult play.17

Until recently, there were little prospectively gathered
injury surveillance data for scholastic-age lacrosse. The few
epidemiologic studies in the literature were limited by low
response rates, nonstandardized injury definitions, and
insufficient exposure assessments.3,6,18,20 A 3-year prospec-
tive epidemiologic study of high school girls’ and boys’
lacrosse injuries8 concluded that the majority of lacrosse
injuries in this age group involved strains, sprains, contu-
sions, and abrasions. These investigators found that head,

face, and eye (HFE) injuries were gender dependent. For
boys, the primary head/face injury was concussion, which
most frequently resulted from body-to-body contact. For
girls, the primary head/face injury was contusion, which
most commonly resulted from incidental stick or ball
impact.

Injury data from collegiate play indicate that men’s
lacrosse generally has a 30% to 40% higher game injury
rate and similar practice injury rates as compared with 
the women’s collegiate game,12 although HFE injuries
constitute a substantially larger percentage of injuries in
women’s games than in men’s games. Most of the women’s
HFE injuries are minor in terms of days lost from play, but
there is a real potential for significant damage to the unpro-
tected face with a hard ball being thrown at eye level at
speeds up to 60 mph. Incidents of sight-impairing injuries
and orbital fractures have been noted.6,9,14,20 These initial
findings, combined with concern by the sport’s national gov-
erning bodies (US Lacrosse, NCAA), have led to the current
study of lacrosse injuries specific to HFE.

The goals of this study were to document primary mech-
anisms of HFE injury, to demonstrate differences in injury

Figure 1. Male lacrosse players in protective gear. Courtesy
of US Lacrosse; reprinted with permission from Hinton et al.8

Figure 2. Female lacrosse players. The data collection period
of the study (2000-2003) predates the mandate for protective
eyewear in the women’s game. Courtesy of US Lacrosse;
reprinted with permission from Hinton et al.8
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risk between the men’s and women’s game, and to identify
differences in injury risk between high school and colle-
giate levels of participation.

MATERIALS AND METHODS

Data were prospectively gathered for HFE injuries during
4 seasons (2000-2003) of high school and college lacrosse.
The data collection period precedes the mandate for pro-
tective eyewear in the women’s game.

Data Collection

Data were prospectively gathered for each of the 23 high
schools in the Fairfax County (Virginia) Public School
System. Each high school participates in both girls’ and
boys’ lacrosse, has 2 certified athletic trainers, and is part
of a computerized injury surveillance system. As an official
part of their job duties, the certified athletic trainers
entered injury and illness data on a daily basis. A system-
wide program supervisor monitored the program to
enhance compliance and data quality. A certified athletic
trainer was available daily and was on the field for all
games.

Baseline demographic data were gathered on all high
school players before the start of each season. These data
enabled us to calculate athletic exposures (AEs) and injury
rates per 1000 AEs. Injury data were collected for high school
play using an instrument that allowed the collection of data
on both major and less severe injuries, including those that
did not result in lost playing time, using the Injury Tracking
Treatment System (ITTS). The ITTS is based on Sports
Injury Management Systems software (Med Sports Systems,
Dimondale, Mich). It was supplemented with data provided
by a lacrosse-specific injury information form developed by a
committee of sports medicine specialists, injury epidemiolo-
gists, lacrosse coaches, and administrators working with US
Lacrosse and its Sports Science and Safety Committee.8 This
form focused on lacrosse-specific injury mechanisms, such as
stick-to-body or ball-to-body injuries, and on team and player
activities at the time of injury. The injury information form
was completed at the time of injury and entered concurrently
with standard Sports Injury Management Systems injury
data by a certified athletic trainer.

Head, face, and eye injury was defined specifically in the
study. Head injury was considered to be injury to areas
above the neck other than eye or facial injury. Face injury
was defined as injury to the face, nose, chin, jaw, mouth,
teeth, and tongue. Eye injury was defined as injury involv-
ing the eye orbit, eyebrow, eyelid, and all other structures of
the eye proper.6

A reportable high school injury was defined as one that
required medical attention by the school athletic trainer
and that resulted in the modification of participation for 1
or more days. This definition of reportable injury differed
slightly from the NCAA definition in that it considered
restricted play on the day of injury as lost playing time,
whereas the NCAA counted lost playing time from the day
after injury. An AE was defined as 1 athlete participating
in 1 practice or game in which the high school or college
participant was exposed to the possibility of injury, as
defined by the NCAA.11,12 During the 4-year period, the
total number of high school lacrosse AEs was 209 375 for
girls and 297 625 for boys (Table 1).

At the college level, data were collected through the
NCAA Injury Surveillance System (ISS). The ISS annually 
collected data from a voluntary representative sample of
schools sponsoring lacrosse via athletic trainers. The target
sample was 10% of the schools from each of the 3 divisions
that sponsored lacrosse. Data were prospectively collected
from an annual mean of 34 men’s lacrosse programs
(range, 26-41 programs; 17% of sponsoring schools) and an
annual mean of 64 women’s lacrosse programs (range,
49-83 programs; 27% of sponsoring schools) during the
2000 to 2003 seasons.

According to the ISS guidelines, a reportable injury is one
that occurred as a result of participation in an organized
intercollegiate practice or contest, required medical atten-
tion by a team certified athletic trainer or physician, and
resulted in restriction of the student-athlete’s participation
or performance for 1 or more days beyond the day of injury,
or was a dental injury occurring in an organized practice or
game, regardless of time loss.11,12 An injury form submitted
to the NCAA for each reportable injury includes informa-
tion on basic injury mechanism, time and place of injury,
body part injured, type of injury, and details specific to the
sport. If more than 1 body part is injured in the same inci-
dent, a separate form is completed for each injury. As in
high school play, a reportable exposure in college play is

TABLE 1
Study Participation for Fairfax County, Virginia, High School and National Collegiate

Athletic Association Collegiate Lacrosse Play, 2000 to 2003 Seasons

High School Collegiate

Variable Boys Girls Men Women

No. of games 2112 2112 1831 3556
No. of practices 9408 9408 7999 13 943
Game athletic exposures 54 565 38 385 41 503 58 631
Practice athletic exposures 243 060 170 990 260 156 289 283
Total athletic exposures 297 625 209 375 301 659 347 914
Total athletes 5072 3566 Not available Not available
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1 athlete participating in 1 practice or game in which he or
she was exposed to the possibility of athletic injury regard-
less of the time associated with that participation.
Information was collected weekly from each participating
school, including the number of practices and games.

Athletic trainers at selected schools were provided with
data collection directions and a packet of injury and expo-
sure forms. Forms returned to the NCAA were entered into
a database via hand entry. There were no identifiers on the
forms other than school and sport. Each school’s data were
reviewed to be sure they met defined minimum exposure
levels. Participation incentives included a small honorar-
ium and end-of-season reports for the individual school
and aggregate divisional and national reports. During the
4-year period, the total number of AEs was 347 914 for col-
lege women and 301 659 for college men (Table 1).

Statistical Analysis

Injuries were analyzed in terms of (1) session type (prac-
tice or game), (2) nature of injury, (3) anatomical area
injured, (4) mechanism of injury, (5) player activity at time
of injury, and (6) most common scenarios for concussions,
eye injuries, and face injuries. Results were reported in
terms of the proportion of injuries for boys versus girls and
men versus women and incidence density (number of
injuries per 1000 AEs). Incidence rate ratios (IRRs) and
95% confidence intervals (CIs) were calculated using Stata
6.0 software (Stata Corp, College Station, Tex) to examine
differences by gender, with girls and women as the refer-
ence groups. Differences in the proportions of injuries were
analyzed with a χ2 test, and a P value of .05 was used to
denote statistical significance.

RESULTS

Game injury rates for high school boys and girls were 1.1
and 1.3 per 1000 AEs, respectively. Practice injury rates
were 0.14 and 0.26 per 1000 AEs for high school boys and
girls, respectively. Over the 4-year sample period, the 23
Fairfax County high schools reported 114 HFE injuries for
high school girls and 114 for boys. This total results in a
mean of 1.2 HFE injuries per team per year. High school
girls experienced a significantly higher rate (0.54/1000 AE)
of HFE injuries (IRR, 1.42; 95% CI, 1.09-1.86) than did
boys (0.38/1000 AE) (Table 2).

For collegiate players, the game HFE injury rates were
1.81 per 1000 AEs for men and 1.98 per 1000 AEs for
women, and the practice injury rates for men and women
were 0.22 and 0.53 per 1000 AEs, respectively. Over the 
4-year sample period, the 256 women’s lacrosse schools
reported 268 HFE injuries (1.0 per team per year), and the
136 men’s programs reported 132 (1.0 per team per year).
Collegiate women (0.77/1000 AE) sustained a higher rate
of HFE injury (IRR, 1.76; 95% CI, 1.42-2.19) than did men
(0.44/1000 AE) (Table 2).

Boys, girls, and collegiate men sustained a majority of HFE
injury during games, whereas collegiate women sustained a
majority of such injuries during practice (Table 2). The over-
all elevated rates among women and girls are largely attrib-
uted to injury incidence during practices rather than games.

The most common type of HFE injuries were concussions,
contusions, and fractures (Table 3). High school boys sus-
tained 83 concussions (73% of all HFE injuries), whereas girls
sustained 45 concussions (40%). Concussions constituted a
higher percentage of HFE injuries at the college level, repre-
senting 112 of 132 HFE injuries (85%) for men and 111 of 268
HFE injuries (41%) for women. The HFE contusions were
dramatically lower for high school boys  (n = 14, 12%) and col-
lege men (n = 4, 3%) than for their female counterparts (n =
38, 33%; n = 64, 24%, respectively). For high school play, girls
were more than 5 times as likely to experience an HFE frac-
ture and nearly 4 times as likely to experience an HFE con-
tusion as were their male counterparts (Table 3). Incident
rate ratios for female collegiate players were even higher for
contusions (13.9) and fractures (12.1).

The preponderance of HFE injuries in high school boys
(84%) and college men (89%) were to the head. In contrast,
high school girls and college women experienced significantly
higher proportions of HFE injuries to the nose (15% and
24%, respectively) and eyes (19% and 15%, respectively) than
did their male counterparts (Table 4).

Further investigation of concussion mechanisms during
games and practices combined revealed that the male HFE
injuries resulted most often from direct contact with
another player, whereas female concussions were owing to
incidental contact with the stick, ground, or ball. Of 83 total
concussions, high school boys sustained 33 (34%; 0.11/1000
AE) from body-to-body contact with another player. An addi-
tional 16 cases were coded as “direct impact,” many of which
may actually be body-to-body contact. Of 45 total concus-
sions, girls sustained 22 (49%) from stick contact (0.11/1000
AE). College men sustained 83% of their concussions (n = 93,
0.31/1000 AE) from contact with another player, whereas
7 were owing to contact with a stick (0.02/1000 AE), and
6 resulted from contact with the ball (0.02/1000 AE). For col-
lege women, 39% (n = 43) of reported concussions were
related to stick contact (0.12/1000 AE), 37% (n = 41) owing to
contact with the ball (0.12/1000 AE), and 14% (n = 16) owing
to contact with another player (0.05/1000 AE) (see Appendix
1, available in the online version of this article at http:// 
ajsm.sagepub.com/cgi/content/full/X/X/X/ DC1/).

High school boys sustained a total of 9 facial injuries exclu-
sive of the eye (contusions and lacerations) associated with
ball-to-body or stick-to-body contact. High school girls sus-
tained 14 facial contusions from stick contact, 11 HFE con-
tusions from ball-to-body contact, and 7 fractures to these
areas from ball-to-body contact. College men had 4 HFE
lacerations and 3 HFE fractures as a result of body-to-body
contact and 2 lacerations from stick-to-body contact.
College women sustained 32 facial fractures from ball con-
tact, 18 fractures from stick contact, and 10 lacerations
from stick contact (see Appendix 2 online).

The pattern of gender-based injury mechanisms continued
for the most common eye injury scenarios. Men and boys
sustained only 1 and 2 eye injuries, respectively. College
women sustained 24 contusions from contact with the ball,
4 lacerations from stick contact, and 4 contusions from
stick contact (see Appendix 3 online). High school girls sus-
tained 6 contusions from ball-to-body contact, 5 contusions
from stick-to-body contact, and 3 orbital fractures from
ball contact.
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In high school play, the distributions of HFE injuries by
player activity were distinctly different by gender (Figure 3).
Although ball possession was the most common player
activity for both girls’ and boys’ injuries, 87% (n = 20) of
HFE injuries to girls resulted from stick-to-body contact,
whereas 61% (n = 11) of HFE injuries to boys resulted from
body-to-body contact. For girls, the second most common
activity associated with HFE injury was catching a ball or
pass (n = 18). Offball activity was also prevalent, with 17
girls and 12 boys sustaining HFE injuries.

Mechanisms of concussion in high school play were dra-
matically different for game and practice settings (Figure 4).
Virtually all concussions associated with stick contact for
the girls occurred during games, whereas boys’ concussions
associated with both stick and player contact were ele-
vated during games.

For concussions occurring at the college level, women 
(n = 33) were much more likely to be injured in passing
activities than were men (n = 7). In contrast, men (n = 49)
were more often injured pursuing a loose ball than were
women (n = 16) (Figure 5).

DISCUSSION

Although women’s lacrosse involves less physical contact
than does the men’s game, our findings illustrate that
females experience higher rates of HFE injuries than do
their male counterparts at both the high school and colle-
giate levels. In the current study, concussion was the most
common injury sustained by male and female players in
both high school and collegiate settings. For boys and men,
the mechanism of concussions was most often player-to-
player contact. In contrast, concussions in women prima-
rily resulted from stick or ball contact. Although the injury
rates for HFE injuries were similar for boys and men,
college women had higher rates than did the girls. This
result may be associated with the relative difference in
aggressive play between the women’s collegiate and high
school levels.

One of the primary differences in protective equipment
between men’s and women’s lacrosse is the use of a helmet
and face mask, which is required of all players in the men’s
game and only the goalie in the women’s game. The injury
patterns largely reflect the protection offered by this
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equipment in that high school boys and college men sus-
tained few facial and eye injuries, whereas a significant
proportion of girls’ and women’s injuries involved the face
and eyes.

Our findings show a high incidence of concussion in the
men’s game, which may seem surprising given the use of a
helmet. However, the use of padded headgear does not nec-
essarily reduce the risk of concussion, as found by
Marshall et al10 when investigating protective equipment
used in rugby union play. Helmets are designed to reduce
contusion, lacerations, fracture, cerebral hematomas, and
facial injuries that result primarily from inadvertent con-
tact with the ball or stick.2 Based on the data reported in
this study, helmets perform this role very well. No sport
helmet standard claims to reduce the risk of concussion
because of the lack of scientific data on the cause of con-
cussion.2 However, recent technological advances in helmet
impact measurement have been implemented to better
understand the biomechanics associated with concussion
incidence.4

Skills improvement and rule enforcement could have an
effect on injury rates. For example, high school girls were
injured most commonly in the current study during ball
possession from stick-to-body contact (20 injuries) and dur-
ing catching the ball or passing (11 injuries). Focused
training and education in stick handling may help in pre-
venting some of these injuries.

Our findings regarding injury frequency and patterns of
HFE injury offer support of US Lacrosse’s mandate of 
protective eyewear for females at all levels of play.
Protective eyewear, along with enforcement of existing
rules and education/training to improve stick handling,
may help prevent some of these HFE injuries. Further
study of the data subsequent to the introduction of protec-
tive eyewear will provide evidence of the effectiveness of
this change.

There is some concern that players who perceive them-
selves to be safer through the use of protective equipment
will play more aggressively and/or recklessly to assume the
previous (preintervention) level of risk,21 although the legit-
imacy of such a phenomenon has not been clearly estab-
lished.1,5,15 Studies of the implementation of ice hockey
helmets do not support concerns about occurrence of more
aggressive or reckless play with the introduction of protec-
tive equipment.7 A prospective study currently underway 
at our institutions should provide further insight into 
the issue of risk compensation associated with protective 
eyewear.

The primary limitations of the current study relate to
possible reporting errors. Injury diagnoses and mecha-
nisms were reported for both high school and college sur-
veillance systems by athletic trainers who treated but may
not have actually witnessed the actual injury. Therefore,
the accuracy of the reported mechanism of injury may be
questioned. Further study is needed to investigate the
accuracy of injury mechanism reporting.

Another limitation involves the use of 2 different sur-
veillance systems used to capture injury data in the high

school and collegiate settings. The Fairfax County ITTS
covers all athletes at all schools, whereas the NCAA ISS
uses a sampling methodology to represent the collegiate
injury experience. In addition, the NCAA ISS did not cap-
ture those cases in which an HFE injury occurred and
limited participation for the remainder of that day’s game
or practice but did not affect play on the following day.
This may have resulted in an undercount of collegiate
injuries as compared with high school injuries, so that the
true difference between collegiate and high school injury
incidence may be even greater than what was reported
here.

CONCLUSION

Lacrosse played at high school and collegiate levels is a rel-
atively safe sport, although HFE injuries occur primarily
in the form of concussions, contusions, and fractures. Such
injuries have potentially catastrophic consequences and
are of serious concern to players, parents, coaches, and offi-
cials. Although high school injury rates are lower than
those of college, the distributions in terms of the nature of
injuries, body parts affected, and mechanisms of injury are
similar. The women’s game, although not allowing physical
contact, has higher rates of HFE injuries, most likely
because of the lack of any required head/face protection
other than a mouth guard. The use of mandatory protec-
tive eyewear in the women’s game, enforcement of current
rules of play, and improvement of players’ skills may effec-
tively reduce these injuries.

ACKNOWLEDGMENT

The authors thank Julie Agel, MA, University of Minnesota,
for her contribution to this study. Nonrestrictive financial
support was provided by the Union Memorial Hospital
Orthopaedic Research Committee and US Lacrosse.

REFERENCES

1. Adams J, Hillman M. The risk compensation theory and bicycle 
helmets. Inj Prev. 2001;7:89-90.

2. Crisco T. FAQs: about helmets and head and neck injuries. Available
at: http://www.uslacrosse.org/safety/lmarticle_headinjuries.phtml.
Accessed February 16, 2006.

3. Diamond PT, Gale SD. Head injuries in men’s and women’s lacrosse:
a 10 year analysis of the NEISS database. National Electronic Injury
Surveillance System. Brain Inj. 2001;15:537-544.

4. Duma SM, Manoogian SJ, Bussone WR, et al. Analysis of real-time
head accelerations in collegiate football players. Clin J Sport Med.
2005;15:3-8.

5. Evans L. Risk homeostasis theory and traffic accident data. Risk Anal.
1986;6:81-94.

6. Goldenberg MS, Hossler PH. Head and facial injuries in interscholas-
tic women’s lacrosse. J Athl Train. 1995;30:37-41.

7. Hagel B, Meeuwisse W. Risk compensation: a “side effect” of sport
injury prevention? Clin J Sport Med. 2004;14:193-196.

8. Hinton RY, Lincoln AE, Almquist JL, Douoguih WA, Sharma KM.
Epidemiology of lacrosse injuries in high school–aged girls and boys:
a 3-year prospective study. Am J Sports Med. 2005;33:1305-1314.



Vol. X, No. X, 2007 Head, Face, and Eye Injuries in Lacrosse 9

9. Lapidus CS, Nelson LB, Jeffers JB, Kay M, Schwarz DF. Eye injuries
in lacrosse: women need their vision less than men? J Trauma.
1992;32:555-556.

10. Marshall SW, Loomis DP, Waller AE, et al. Evaluation of protective
equipment for prevention of injuries in rugby union. Int J Epidemiol.
2005;34:113-118.

11. National Collegiate Athletic Association. Injury Surveillance System:
2001-02 Men’s Lacrosse. Indianapolis, Ind: National Collegiate Athletic
Association; 2002.

12. National Collegiate Athletic Association. Injury Surveillance System:
2001-02 Women’s Lacrosse. Indianapolis, Ind: National Collegiate
Athletic Association; 2002.

13. National Collegiate Athletic Association. 1981-82—2003-04 NCAA
Sports Sponsorship and Participation Report. Indianapolis, Ind:
National Collegiate Athletic Association; 2004.

14. National Collegiate Athletic Association. Position regarding eye pro-
tection in women’s lacrosse. Available at: http://www1.ncaa.org/
membership/ed_outreach/health-safety/healthcare/sport-
specific/wlax_eye_protection.html. Accessed February 22, 2006.

15. Thompson DC, Thompson RS, Rivara FP. Risk compensation theory
should be subject to systematic reviews of the scientific evidence. Inj
Prev. 2001;7:86-88.

16. US Lacrosse. 2003 US Lacrosse participation survey. Available at:
http://www.uslacrosse.org/pdf/ParticipationSurvey_03.pdf.
Accessed February 16, 2006.

17. US Lacrosse. Women’s lacrosse eyewear update. Available at:
http://www.uslacrosse.org/news/2004/eyewearupdate.phtml.
Accessed February 16, 2006.

18. Vennum T Jr. The Creator’s Game: A Brief History of Native American
Lacrosse. Baltimore, Md: US Lacrosse; 1994.

19. Vinger PF. The eye and sports medicine. In: Tasman W, Jaeger EA,
eds. Duane’s Clinical Ophthalmology. Philadelphia, Pa: JB Lippincott;
1994:1-104.

20. Webster DA, Bayliss GV, Spadaro JA. Head and face injuries in
scholastic women’s lacrosse with and without eyewear. Med Sci
Sports Exerc. 1999;31:938-941.

21. Wilde GJ. Notes on the interpretation of traffic accident data and of
risk homeostasis theory: a reply to L. Evans. Risk Anal. 1986;6:95-107.


