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Background: Girls’ high school lacrosse players have higher rates of head and facial injuries than boys. Research indicates that
these injuries are caused by stick, player, and ball contacts. Yet, no studies have characterized head impacts in girls’ high school
lacrosse.

Purpose: To characterize girls’ high school lacrosse game-related impacts by frequency, magnitude, mechanism, player position,
and game situation.

Study Design: Descriptive epidemiology study.

Methods: Thirty-five female participants (mean age, 16.2 6 1.2 years; mean height, 1.66 6 0.05 m; mean weight, 61.2 6 6.4 kg)
volunteered during 28 games in the 2014 and 2015 lacrosse seasons. Participants wore impact sensors affixed to the right mas-
toid process before each game. All game-related impacts recorded by the sensors were verified using game video. Data were
summarized for all verified impacts in terms of frequency, peak linear acceleration (PLA), and peak rotational acceleration
(PRA). Descriptive statistics and impact rates were calculated.

Results: Fifty-eight verified game-related impacts �20g were recorded (median PLA, 33.8g; median PRA, 6151.1 rad/s2) during
467 player-games. The impact rate for all game-related verified impacts was 0.12 per athlete-exposure (AE) (95% CI, 0.09-0.16),
equivalent to 2.1 impacts per team game, indicating that each athlete suffered fewer than 2 head impacts per season �20g. Of
these impacts, 28 (48.3%) were confirmed to directly strike the head, corresponding with an impact rate of 0.05 per AE (95% CI,
0.00-0.10). Overall, midfielders (n = 28, 48.3%) sustained the most impacts, followed by defenders (n = 12, 20.7%), attackers (n =
11, 19.0%), and goalies (n = 7, 12.1%). Goalies demonstrated the highest median PLA and PRA (38.8g and 8535.0 rad/s2, respec-
tively). The most common impact mechanisms were contact with a stick (n = 25, 43.1%) and a player (n = 17, 29.3%), followed by
the ball (n = 7, 12.1%) and the ground (n = 7, 12.1%). One hundred percent of ball impacts occurred to goalies. Most impacts
occurred to field players within the attack area of the field (n = 32, 55.2%) or the midfield (n = 18, 31.0%). Most (95%) impacts
did not result in a penalty.

Conclusion: The incidence of verified head impacts in girls’ high school lacrosse was quite low. Ball to head impacts were asso-
ciated with the highest impact magnitudes. While stick and body contacts are illegal in girls’ high school lacrosse, rarely did such
impacts to the head result in a penalty. The verification of impact mechanisms using video review is critical to collect impact sen-
sor data.
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Girls’ lacrosse is the fastest growing sport among National
Federation of State High School Associations member
schools, with nearly 270,000 girls participating in high
schools nationwide in 2013 to 2014.29 The 12 team players,
including the goalkeeper, participate using a crosse
(lacrosse stick) to advance a ball toward an opponent’s
goal. Despite having shared origins with boys’ lacrosse,
girls’ lacrosse is a distinct sport with rules designed to limit

physical contact between players and, unlike the boys’
game, does not permit intentional stick or bodily contact.
Although girls’ lacrosse requires a mouth guard and pro-
tective eyewear, rules do not mandate helmets or other
protective equipment. The incidence of concussions in girls’
lacrosse has been reported to be the second highest among
all girls’ high school sports, with the majority of concus-
sions being sustained during games as opposed to practi-
ces.23,39 Research suggests that about 35% of game-
related injuries in girls’ lacrosse occur to the head, with
most resulting from illegal contact with a stick or another
player.7,38,39 The sport’s rising popularity, combined with
anecdotal reports of increasingly aggressive game play,5,9
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has contributed to growing concerns about not only concus-
sions but also repetitive head impacts.6,7,17,21,39

While the potential adverse effects of repetitive concus-
sions have been suggested, much remains to be understood
about the consequences of chronic exposure to nonconcus-
sive repetitive head impacts.3 Crisco and colleagues11

defined ‘‘head impact exposure’’ as a broad term that incor-
porates athlete-exposure (AE) and impact frequency, mag-
nitude, and location along with cumulative measures of
head impacts. Numerous studies have attempted to quan-
tify head impact exposure using helmet-based accelerome-
ters in male collision sports such as football2,12 and ice
hockey.4,26,33 To date, fewer studies have used these meth-
ods to examine head impact exposure in female sports such
as soccer18,24,32,37 or lacrosse.34 Recently, Reynolds et al34

used wireless accelerometer technology to examine the fre-
quency and magnitude of head impacts among elite female
collegiate lacrosse players. However, no study has com-
bined wearable accelerometer technology with video analy-
sis to provide detailed information regarding player
position, mechanism, or game play characteristics associ-
ated with head impacts in girls’ lacrosse. Combining wear-
able accelerometer technology with video analysis may also
help reduce the overestimation of head impact events mea-
sured by wearable sensors alone.9,32

To date, little is known regarding head impacts in girls’
lacrosse or the characteristics of game play in which
impacts occur. Therefore, the aim of this study was to
quantify exposure and describe impacts based on player
position, mechanism, and game play characteristics in
girls’ high school lacrosse players by combining wearable
accelerometer technology with video analysis for verifica-
tion purposes.

METHODS

Design and Participants

Data were prospectively gathered from 2 girls’ high school
varsity lacrosse teams (N = 35; mean age, 16.2 6 1.2 years;
mean height, 1.66 6 0.05 m; mean weight, 61.2 6 6.4 kg)
that participated in this study during the 2014 and 2015
spring seasons. Participants were between 14 and 19 years
old and an active member of a high school girls’ lacrosse
team. All player positions were included (goalie: n = 3;
defender: n = 9; midfielder: n = 13; attacker: n = 10). A typ-
ical girls’ lacrosse team formation involves 4 attackers, 4
defenders, 3 midfielders, and 1 goalie playing at one
time. The research protocol was approved by the George
Mason University Institutional Review Board before

initiation of this study. Written informed parental consent
and participant assent were obtained for all players.

Impact Event Monitoring

Game-related impacts were prospectively monitored using
wearable sensors (xPatch; X2 Biosystems) that were time
synchronized with game video. Before each game, a trained
member of the research team affixed the wearable sensor
associated with a distinctive player identification number to
each player’s head, behind the right ear on the skin covering
the mastoid process, using an adhesive cloth tape. Partici-
pants wore the wearable sensor throughout the entirety of
each game. The wearable sensor is composed of a triaxial
accelerometer and a triaxial gyroscope, enabling the collec-
tion of linear acceleration and angular velocity. If a sensor
exceeded a predetermined 10g linear acceleration threshold,
100 ms of data (10 ms before and 90 ms after the head accel-
eration event) were saved to onboard memory. The measure-
ment error of the xPatch wearable device is reported as high
as 50% for peak resultant linear and angular acceleration.24

Recent studies have examined the accuracy of the xPatch
wearable device compared with video-recorded impacts, dem-
onstrating high false-positive rates and the need to cross-ver-
ify head impact events using video.9,32

Consistent with prior lacrosse research,7,9 video of all var-
sity girls’ lacrosse games was digitally recorded by a trained
member of the research team using a high-definition cam-
corder (XA10 HD; Canon USA). Before each game, a sensor
assigned as a ‘‘dummy sensor’’ was time synchronized with
all active wearable sensors and the camcorder using a laptop
computer. At the start of each game, coinciding with the
game official’s audible whistle and the start of the game
clock, the videographer displayed a visual marker showing
the date and start time of each game. Simultaneously, the
dummy sensor was struck in full view of the camera. These
procedures synchronized game, camcorder, and sensor times.
At the conclusion of each game, all time synchronization pro-
cedures were repeated, and all sensors were immediately
removed from the players and turned off.

Data Processing

After each game, all wearable sensor data were uploaded to
a secure server using Concussion and Head Injury Manage-
ment Software (X2 Biosystems). Raw sensor data were then
transformed to the head’s center of gravity by using a rigid-
body transformation for peak linear acceleration (PLA) and
a 5-point stencil for peak rotational acceleration (PRA). All
wearable sensor data were then exported to Excel (Microsoft
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Corp). Similar to McCuen and colleagues,24 we limited our
analyses to impacts �20g to remove low acceleration events
(10g-19g) commonly associated with physical activities of
game play (eg, jumps, hard stops, cuts) and unlikely to
result in deleterious neurophysiological changes.

Impact Event Analysis

All game-related impacts �20g recorded by the wearable
sensors were reviewed and verified using video. A review
of each impact consisted of approximately 60 seconds of
game play immediately before and after the time stamp
associated with the event recorded by the sensor. An
impact was considered verified if it met criteria previously
described by Cortes and colleagues.9 Each verified impact
was then coded for characteristics of game play (eg, game
segment, field location, penalty called), player activity
(eg, shooting, ball handling), and impact incident (eg,
impact mechanism, location on body, preparedness for
impact) using video analysis methodology previously used
for high school girls’ lacrosse.7

Statistical Analysis

Data were summarized by player and game play character-
istics for all verified impacts. Descriptive statistics (fre-
quency, median, and interquartile range) for PLA and
PRA were calculated to characterize all verified game
impacts �20g.20 Additionally, impact rates per player
game with corresponding 95% CIs were calculated. The
impact rate was calculated as the number of verified
impacts divided by the number of AEs. The formula for cal-
culating the impact rate is as follows:

Impact Rate5

P
verified impacts � 20g

P
AEs

:

All analyses were calculated using SPSS V22.0 (IBM Corp).

RESULTS

Impact Frequency and Magnitude

During the 2014 and 2015 seasons, 35 female participants
were instrumented with wearable sensors, and video was
captured during 28 games. Across the 2 seasons, there
were a total of 467 wearable sensor–instrumented player
games with a mean of 17 players wearing a sensor per
game. A total of 58 impacts �20g recorded by the wearable
sensors were verified using video analysis. Overall, the
median PLA and PRA of the verified impacts were 33.8g
and 6151.1 rad/s2, respectively, and the impact rate was
0.12 per AE per team game (95% CI, 0.09-0.16) (Table 1).
These data corresponded with a mean exposure of 1.7
impacts �20g for each player per season. Overall, this sug-
gests that a mean of 2.1 verified impacts per team �20g
occurred during each game. No game-related concussions

were reported during this 2-year study. See the Appendix
for the distribution of all impacts (available in the online
version of this article).

Impacts by Player Position

Midfielders sustained the most impacts (n = 28, 48.3%), fol-
lowed by defenders (n = 12, 20.7%), attackers (n = 11,
19.0%), and goalies (n = 7, 12.1%) (see the Appendix).
Although goalies experienced the fewest number of impacts
during the season, they experienced the highest rate
(0.23/AE) of impacts per player-game. Goalies also demon-
strated the highest median PLA and PRA (38.8g and
8535.0 rad/s2, respectively). Among field players, midfield-
ers had the highest rate of impacts (0.15/AE) and attackers
the lowest (0.08/AE). When examining the magnitude of
impacts among field players, attackers demonstrated the
highest median PLA and PRA (37.8g and 8351.3 rad/s2,
respectively). Complete descriptive information for impacts
by player position can be seen in Table 1.

Impact Mechanism and Location

The most common impact mechanisms were contact with
a stick (n = 25, 43.1%) and a player (n = 17, 29.3%), fol-
lowed by the ball (n = 7, 12.1%) and the ground (n = 7,
12.1%). The definitive impact mechanism was unable to
be determined in 2 cases (3.4%). Each of these 2 cases
occurred during a loose ball situation in which the wear-
able sensor measured an impact and the player was seen
holding her head immediately after. Because the ball was
on the ground in clear view during each loose ball situa-
tion, we reason that these impacts likely resulted from
either a stick or player contact. However, because of the
number of athletes attempting to pick up the loose ball,
the camera view was obstructed, and we could not defini-
tively determine the mechanism. Although with the fewest
number of impacts, ball contact demonstrated the highest
median PLA and PRA (38.8g and 8534.9 rad/s2, respec-
tively). All ball impacts were sustained by goalies. When
examining the magnitude of impacts among all other known
impact sources, ground contact demonstrated the second
highest PLA and PRA (37.5g and 6676.2 rad/s2, respec-
tively). See Table 1 for additional information regarding
impact mechanisms.

Impact Location

Using video analysis of the 58 verified impacts enabled the
determination of the body location where the initial force
was imparted. While most impacts resulted from a direct
contact to the head (n = 28, 48.3%), more than one-third
(n = 22, 37.9%) struck another area of the body (torso:
17.2%; shoulder: 20.7%). The median PLA and PRA for
all verified direct impacts to the head (n = 28) were 38.7g
and 6783.7 rad/s2, respectively, as compared with those
measured at other body locations (28.0g and 5611.5 rad/s2,
respectively). Restricting our analyses of verified head
impacts to only field players demonstrated that the majority
of head impacts among field players (n = 21) resulted from
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stick contacts (n = 11, 52.4%), followed by player contacts (n
= 5, 23.8%). Most of these impacts occurred to the side (n =
9, 42.9%), followed by the front (n = 4, 19.0%) of the head.
Collectively, our findings suggest that a mean of 1.1 verified
head impacts per team �20g occurred during each game.
Table 2 provides additional information regarding impact
locations.

Team Game Play

An evaluation of the time of game revealed that impacts
were nearly evenly divided between the first (n = 32,
55.2%) and second (n = 26, 44.8%) halves of game play.
Similarly, impacts were nearly evenly distributed between
when teams were engaged in offensive (n = 24, 41.4%) and
defensive (n = 25, 43.1%) game situations. All remaining
impacts (n = 9, 15.5%) occurred during face-off/draw
game situations. Within both offensive and defensive
game situations, field players sustained similar propor-
tions of impacts by mechanism. Most resulted from stick
contacts (offense: n = 12, 50.0% vs defense: n = 13,
52.0%), followed by player contacts (offense: n = 8, 33.3%
vs defense: n = 9, 36.0%) and then ground contacts (offense:
n = 4, 16.7% vs defense: n = 3, 12.0%). An inspection of the
location on the playing field where impacts occurred
revealed that most impacts occurred to field players within

the attack area of the field (n = 32, 55.2%) or the midfield
(n = 18, 31.0%).

Individual Game Play

An analysis of individual field player activity revealed that
most often players did not have possession of the ball (with-
out possession: n = 37, 72.5% vs with possession: n = 14,
27.5%) at the moment of impact. The majority of impacts
without possession were sustained by midfielders (n = 19,
37.3%), and mechanisms were evenly divided between stick
(n = 13, 35.1%) and player (n = 12, 32.4%) contacts. In com-
parison, midfielders (n = 9, 64.3%), followed by attackers
(n = 5, 35.7%), accounted for most impacts among players
with possession of the ball. The mechanism of impact for
players with possession of the ball most commonly resulted
from stick (n = 12, 85.7%) contacts. The median PLA and
PRA for head impacts sustained by players with possession
of the ball were higher than those without possession of the
ball (37.5g and 6164.5 rad/s2, respectively, vs 29.4g and
6137.7 rad/s2, respectively). Overall, the most common field
player activities at the time of impact were defending (n =
14, 19.6%), chasing a loose ball (n = 10, 19.6%), or ball han-
dling (n = 9, 17.6%). Table 3 shows the distribution of
impacts by position and player activity. Finally, of the 44
stick and player impacts (�20g) verified using video analy-
sis, only 2 penalties were awarded.

TABLE 1
Girls’ High School Lacrosse Game Impacts by Position and Mechanisma

n AE IR/AE (95% CI) PLA, Median (IQR), g PRA, Median (IQR), rad/s2

Position
Attacker 11 131 0.08 (0.03-0.13) 37.8 (23.7-50.1) 8351.3 (4645-10,423.7)
Midfielder 28 176 0.15 (0.10-0.22) 32.0 (23.5-41.1) 6025.5 (4224.7-7176.3)
Defender 12 129 0.09 (0.04-0.14) 26.8 (22.8-52.2) 4411.6 (3966.5-10,093.5)
Goalie 7 31 0.23 (0.06-0.40) 38.8 (36.2-57.09) 8535.0 (4522.4-10,347.9)

Mechanism
Ball 7 436 0.02 (0.00-0.03) 38.8 (36.2-57.1) 8534.9 (4522.4-10,347.9)
Stick 25 436 0.06 (0.03-0.08) 31.4 (23.0-41.9) 5601.8 (4127.7-7772.7)
Player 17 436 0.04 (0.02-0.06) 28.3 (23.4-38.2) 6633.6 (4153.4-8682.3)
Ground 7 436 0.01 (0.00-0.03) 37.5 (23.8-53.1) 6676.2 (4683.7-9451.9)

Total 58 467 0.12 (0.09-0.16) 33.8 (23.6-44.6) 6151.1 (4186.6-8708.6)

aTwo impacts were not included because of an unknown mechanism. AE, athlete-exposure; IQR, interquartile range; IR, impact rate; PLA,
peak linear acceleration; PRA, peak rotational acceleration.

TABLE 2
Girls’ High School Lacrosse Head Impacts by Locationa

Location n AE IR/AE (95% CI) PLA, Median (IQR), g PRA, Median (IQR), rad/s2

Back 3 436 0.01 (0.00-0.01) 51.1 (28.5-95.5) 6790.4 (4839.0-9194.1)
Front 10 436 0.03 (0.00-0.04) 40.3 (34.9-53.7) 8504.2 (4943.3-10,091.4)
Side 10 436 0.03 (0.00-0.04) 32.3 (23.7-58.6) 5565.3 (3889.4-8754.2)
Top 1 436 0.00 (0.00-0.01) 27.1 6464.7
Total 28 467 0.05 (0.00-0.10) 38.7 (26.4-56.3) 6783.7 (4562.8-9969.7)

aFour impacts were not included because of an unknown location. AE, athlete-exposure; IQR, interquartile range; IR, impact rate; PLA,
peak linear acceleration; PRA, peak rotational acceleration.
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DISCUSSION

This study is the first to characterize verified head impacts
sustained in girls’ varsity high school lacrosse games. Our
primary finding suggests that the incidence of verified
head impacts occurring during girls’ varsity high school
lacrosse game play was quite low, with approximately 2
impacts �20g occurring during each team game. Our find-
ings also suggest that each athlete likely suffered fewer
than 2 head impacts per season �20g. Consistent with
prior epidemiological and video analysis research, most
impacts occurred to field players and resulted from stick
contact, followed by player contact.7,23,39 The PLA magni-
tudes observed in this study were considerably greater
than those reported in women’s collegiate lacrosse.32 Yet,
no concussions were reported during this 2-year study.
Nonetheless, despite all stick and player contacts being
illegal in high school girls’ lacrosse, we found that the
majority (95%) of these impacts did not result in a penalty.
Collectively, our data suggest that high school girls’
lacrosse players suffered considerably fewer head impacts,
but possibly of a higher magnitude, than those reported
among women’s collegiate lacrosse players.34

Impact Frequency, Location, and Magnitude

Our findings suggest that impacts �20g in high school
girls’ lacrosse are relatively infrequent. Considerably fewer
impacts (2.1 impacts �20g per team game) occurred during
a girls’ varsity high school lacrosse game than among

women’s collegiate lacrosse34 (9.2 impacts per team
game). However, the number of impacts in girls’ high
school lacrosse is similar to that reported in girls’ high
school soccer24 (2.8 impacts per team game). When describ-
ing the number of verified impacts in this study as a rate,
the incidence of impacts was negligible (0.12/AE). It is
interesting to note that not all impacts measured by the
wearable sensors directly struck the head. In fact, video
analysis revealed that only about one-half of verified
impacts directly struck a player’s head, with the remaining
impacts striking the shoulder or torso. Collectively, our
findings suggest that the impact rate for verified head
impacts per AE was 0.05 (95% CI, 0.00-0.10). This suggests
that a mean of 1.1 verified head impacts per team �20g
occurred during each game.

The findings demonstrated the median PLA (33.8g) and
PRA (6151.1 rad/s2) of verified impacts to be considerably
greater than recently reported in women’s collegiate
lacrosse34 (14.7g and 2327.6 rad/s2, respectively) but less
than reported among girls’ high school soccer players
(37.6g and 6792.6 rad/s2, respectively).24 No concussions
were reported during this 2-year study, which seems sensi-
ble, as our PLA findings (98.7g; 95% CI, 82.4-115.0) were
considerably less than ranges associated with diagnosed
concussions reported in a recent systematic review and
meta-analysis by Brennan et al5 examining concussions
in male athletes. This same study reported PRA results
(5776.7rad/s2; 95% CI, 4583.5-6969.7) associated with con-
cussions to be slightly less than measured in our study.5

O’Connor and colleagues30 suggested that caution be exer-
cised when making comparisons between biomechanical

TABLE 3
Verified Impacts for Team and Individual Game Playa

Field Player Position, n (%)

Game Play Attacker Midfielder Defender Total

Game segment
First half 7 (13.7) 15 (29.4) 6 (11.8) 28 (54.9)
Second half 4 (7.8) 13 (25.5) 6 (11.8) 23 (45.1)

Field location
Attack area 6 (11.8) 16 (31.4) 10 (19.6) 32 (62.7)

Behind goal 1 (2.0) 0 (0.0) 0 (0.0) 1 (2.0)
Inside 12-m arc 2 (3.9) 4 (7.8) 5 (9.8) 11 (21.6)
Inside 8-m arc 0 (0.0) 2 (3.9) 2 (3.9) 4 (7.8)
Other 3 (5.9) 10 (19.6) 3 (5.9) 16 (31.4)

Midfield area 5 (9.8) 11 (21.6) 2 (3.9) 18 (35.3)
Out of bounds 0 (0.0) 1 (2.0) 0 (0.0) 1 (2.0)

Player activity
Without possession 6 (11.8) 19 (37.3) 12 (23.5) 37 (72.5)

Passing/receiving 1 (2.0) 5 (9.8) 2 (3.9) 8 (15.7)
Defending 1 (2.0) 5 (9.8) 8 (15.7) 14 (27.4)
Loose ball 4 (7.8) 4 (7.8) 2 (3.9) 10 (19.6)
Draw 0 (0.0) 5 (9.8) 0 (0.0) 5 (9.8)

With possession 5 (9.8) 9 (17.6) 0 (0.0) 14 (27.5)
Shooting 1 (2.0) 4 (7.8) 0 (0.0) 5 (9.8)
Ball handling 4 (7.8) 5 (9.8) 0 (0.0) 9 (17.6)

aAll percentages were calculated from 51 total impacts sustained by field players. All goalie impacts (n = 7) occurred on defense and were
within the crease area of the goal.
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studies examining head impacts, as research is biased
toward male patients and thus has limited generalizability
to female patients. Collectively, our findings suggest that
high school girls’ lacrosse players suffered somewhat fewer
head impacts, but of similar magnitudes, than reported
during game play among other female sports.

Impact by Player Position

Differences in the nature and frequency of impacts by player
position have been well documented in male sports such as
American football, ice hockey, and lacrosse.11,12,25,27,33 Previ-
ous research examining women’s collegiate lacrosse did not
report impact frequency by player position.34 Recently, Press
and Rowson32 studied women’s collegiate soccer players and
reported that head impact frequency varied by position. Spe-
cifically, they found that midfielders sustained the greatest
and goalkeepers the fewest number of impacts. Our findings
were similar, as midfielders sustained the most (48.3%) and
goalies the fewest (12.1%) impacts. However, when account-
ing for AEs, we found goalies to have the highest impact rate
of all positions. Among field players, we found midfielders to
have the highest rate of impacts, followed by defenders and
finally attackers. These findings support prior research indi-
cating that positions requiring athletes to compete in all
offense, defense, and transition aspects of the game (eg, mid-
field) have greater opportunities for sustaining an impact.

Impact Mechanism

Consistent with prior research,7,23,39 we found that the
most common mechanism of impacts in girls’ high school
lacrosse game play was caused by a stick, followed by
player contacts. Although previous studies have reported
ball contact as a common mechanism of concussions in
women’s lacrosse,7,14,15,19,22,23,31,39 no ball impacts were
sustained by field players in this study, suggesting that
these may be relatively infrequent events. Interestingly,
ball contacts generated the highest PLA magnitudes in
this study and were sustained by goalies, the only girls’
lacrosse players required to wear a men’s lacrosse helmet.
All but one of these impacts occurred to the helmet’s face
mask. Considered collectively, the PLA magnitudes for
all verified stick, player, and ground impacts occurring to
field players measured during actual game play in this
study were lower than previously reported biomechanical
reconstructions in the laboratory.8,10,28,35 This finding is
supported by previous research reporting that head inju-
ries caused by stick and player contacts in girls’ high school
lacrosse most commonly resulted from incidental rather
than intentional contact.7 We hypothesize that this dis-
crepancy is likely attributable to differences between labo-
ratory reconstructions and live game play.

Impacts and Game Play

An analysis of game situations demonstrated that a similar
number of impacts occurred during offensive and defensive

game situations. Additionally, we found that most impacts
occurred within the offensive or defensive thirds of the
field, which suggests that players may have greater expo-
sure to impacts during settled offensive and defensive
game play as compared with unsettled game play or during
transitions. An evaluation of individual field player activ-
ity preceding an impact revealed that in the majority
(72.5%) of cases, either midfield or defense players did
not have possession of the ball. Most frequently, these
players were struck by a stick or another player while
defending or chasing a loose ball. In cases where the player
possessed the ball, the majority of impacts occurred to mid-
field or attack players struck by a stick while ball handling.

Our findings regarding stick and bodily impacts are note-
worthy because, according to the sport’s governing body (US
Lacrosse), irrespective of intentionality, all stick and body
contacts are illegal in girls’ high school lacrosse.38 Despite
this fact, the overwhelming majority (95%) of impacts to
the head did not result in a penalty. This finding is consistent
with previous research that reported that in the majority of
girls’ lacrosse injuries, no penalty is called.7 The findings
also support and extend those that questioned collegiate
players’ capacity to self-monitor the location of their stick rel-
ative to other players.15 Likewise, our finding of a large pro-
portion of midfielders struck by a stick or another player
while defending or chasing a loose ball supports previous
research reporting that players may be positioning them-
selves in hazardous situations to deny an opponent the
opportunity to possess, pass, or shoot the ball.7 Collectively,
our findings reinforce the fact that despite perceived intent
or game play situations, infractions such as dangerous check-
ing, checking to the head, slashing, obstruction of the free
space to goal or ‘‘shooting space,’’ illegal shots, and dangerous
follow-through should be vigilantly enforced by coaches and
officials. Data from this and prior studies suggest that efforts
to investigate knowledge and enforcement of rules and other
interventions are warranted. Recently, protective headgear
designed specifically for girls’ and women’s lacrosse was
introduced as optional equipment. Advocates suggest that
headgear use may decrease the severity of impacts to the
head,1,13 whereas opponents argue that headgear use may
result in player risk compensation,16 causing more aggres-
sive game play behaviors and an increased risk of injuries.13

Future research should evaluate the consequences of the
introduction of headgear on both injuries and game play.
As no participants in this study wore headgear, our findings
may serve as a baseline for future research evaluating the
effectiveness of headgear and any potential changes in
game play in girls’ high school lacrosse.

Limitations

This study comprises a relatively small convenience sam-
ple and does not necessarily represent head impacts for
all high school girls’ varsity lacrosse players in the United
States. Caution should be exercised when generalizing
findings for PLA and PRA to all girls’ high school lacrosse
game play. As with all wearable devices, the sensor used in
this study may be susceptible to measurement errors. Prior
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studies have examined the measurement error associated
with the wearable sensor used in this study in both labora-
tory and field settings.9,24,32,34,36 Collectively, these and
other studies suggest that users should not rely solely on
data from wearable sensors to accurately assess the direc-
tion, location, and magnitude of impacts sustained by
players. Despite these limitations, wearable sensors, if
integrated with other sources of data (eg, video), can pro-
duce valuable data that are otherwise unavailable and
can be used to study head impacts in the sport of lacrosse.

CONCLUSION

Our findings suggest that the incidence of verified impacts
occurring during girls’ varsity high school lacrosse game
play was quite low, with approximately 2 impacts �20g
occurring during each team game. However, despite all
stick and player contacts being illegal in high school girls’
lacrosse, few penalties were called, suggesting that better
enforcement of existing rules prohibiting stick and player
contacts may be effective.
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