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Background: Limited data exist on injuries in men’s lacrosse at the international level. As lacrosse’s popularity grows rapidly
across the globe, health care providers must understand how to treat lacrosse athletes.

Purpose: To analyze injury data from the 2018 Men’s World Lacrosse Championship.

Study Design: Descriptive epidemiology study.

Methods: This study prospectively observed injuries that occurred during the 2018 Men’s World Lacrosse Championship. The
medical staff of each team completed injury report forms, and data were categorized into body part injury, type, mechanism, time,
and location of injury.

Results: Over 11 days, 1019 athletes competed in 170 games, resulting in a total of 7147 athlete-exposures (AEs). A total of
140 injuries were recorded during the tournament for an injury rate of 19.6 per 1000 AEs (95% CI, 16.4-22.7). Overall, there were more
contact injuries (n ¼ 99; 70.7%) than noncontact injuries (n ¼ 41; 29.3%) (P < .0001). Contact injuries most commonly affected the
upper extremity, while noncontact injuries most commonly affected the lower extremity. Contusions were the most commonly
reported injury type in the tournament (n ¼ 41; 29.3%), followed by ligament sprains (n ¼ 32; 22.9%) and muscle strains (n ¼ 21;
15.0%). Although there was no difference between the first and second half of gameplay, the injury rate increased in the latter portion
of each half (the first and third quarters vs the second and fourth quarters) (P< .0001). A total of 4 injuries required trips to the hospital.

Conclusion: Lacrosse has a unique injury profile, as it includes both overhead and collision activity as well as multidirectional,
cutting movements. Understanding common injury patterns may help with treatment and prevention. Fatigue may play a role in
injury rate, and future research of within-game and within-tournament fatigue should explore this relationship.
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Men’s lacrosse is one of the most rapidly growing sports in
popularity and access at all age levels, including on the
international stage. Since 2001, lacrosse participation has
increased 227% within the United States.19 The expansion
of youth programs allows more players to start the game at
a younger age, while collegiate and international teams are
growing the sport throughout the country and around the
world. In the summer of 2018, the Federation of Interna-
tional Lacrosse (FIL), now World Lacrosse, held the Men’s
World Lacrosse Championship in Israel in the most widely
viewable lacrosse event to date.1 A total of 46 countries
competed in these games, compared with just 5 teams in
1990 and 29 teams in 2010.1,21 Additionally, in 2018, the
FIL received a provisional recognition status from the
International Olympic Committee (IOC).16 The current
IOC recognition does not guarantee lacrosse a place at the
Olympic Games but is a major step toward achieving this
goal. This significant milestone will help to create

opportunities in lacrosse around the world. Given the rapid
rise in the worldwide participation, and with many nations
developing teams, an increased understanding of the inju-
ries that occur in this fast-paced, collision sport is impera-
tive for treating lacrosse athletes.

It is necessary to understand the injury profile to provide
better safety for the lacrosse athlete and anticipate medical
needs. Currently, there are limited data on the type and
mechanism of injury in men’s lacrosse.3 Further, injury
reporting has been focused primarily on the youth,13,15 high
school,11,23 and collegiate levels.4,6,8-10,12,14,17,20 Only 1
other study analyzed men’s lacrosse injuries at the profes-
sional level.21 Men’s lacrosse uniquely exposes athletes to
injuries associated with overhead sports, collision sports,
and sports utilizing handheld equipment (sticks).9 Observ-
ing and analyzing common injuries in men’s lacrosse at the
elite level will help to guide officiating and safety as well as
proper medical staffing and emergency protocols at major
international events.

The aim of this study is to provide an updated analysis of
injury surveillance data from the 2018 Men’s Lacrosse
World Championship to reflect the growth and evolution
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of the sport at the international level. The men’s world
championship has a unique format, requiring the teams
to play multiple games over an 11-day period, with a small
roster size of 23 players. The data presented here will
highlight potential injury patterns at this level and play
schedules in order to better inform injury prevention
measures, including performance training, equipment
modification, rule changes, and event planning.

METHODS

Data Collection

Injuries sustained during the gameplay of the 2018 Men’s
World Lacrosse Championship were prospectively recorded
using a standardized lacrosse injury reporting form
(Appendix Figure A1). A reportable injury was defined as
one that resulted in the removal of the player from the
game and required medical attention by a team athletic
trainer or physician. After a reportable injury, the player
may have returned to gameplay immediately or could have
had restricted participation pending further evaluation.
Injuries that occurred during training sessions or warm-
ups were not consistently recorded and therefore excluded
from the data set.

The medical staff for each of the 46 teams submitted a
standardized lacrosse injury reporting form at the end of
each game. The data collected included information about
the player as well as the type and mechanism of injury, the
field location, and the game segment in which the injury
occurred. The injury forms were returned to the research
team for data analysis. Within the data provided by the
injury form, there was no category regarding injury sever-
ity. However, in this paper, we have commented on the
specific injuries that required hospital evaluation.

Statistical Methods

Injury rate was calculated by dividing the total number of
reported injuries by the total number of athlete-exposures
(AEs) over the course of the tournament. An AE was
defined as any single player participating in any single
game. The number of games played for each roster member
was recorded on the tournament’s official website rosters.
The injury rate was standardized to the number of injuries
per 1000 AEs in order to effectively compare the injury rate

with other studies. The 95% CIs were calculated for the
injury rates based on the assumptions of a normal approx-
imation to a Poisson distribution.

Further analysis described the type and mechanism of
injury and the body region injured. Continuous variables
are reported as means and standard deviations, while dis-
crete variables are reported as frequencies and percentages
in the descriptive analysis. Comparison among groups of
discrete variables were evaluated using the Fisher exact
test. Statistical significance was defined as P � .05. All
analyses were completed using Microsoft Excel and Stata,
Version 14.2 (StataCorp).

RESULTS

A total of 1019 athletes competed in 170 games over 11 days,
resulting in a total of 7147 AEs. Each team played between 6
and 8 games, depending on their advancement in the tour-
nament. Players who did not participate in the gameplay or
suffered any tournament-ending injuries were excluded.
Medical staff recorded data for a total of 140 injures during
the tournament for an injury rate of 19.6 per 1000 AEs (95%
CI, 16.4-22.7). Of all reported injuries, only 10 were associ-
ated with a penalty. No correlation was observed between a
team’s experience in international play and rate of injury nor
between final standing and rate of injury.

Mechanism of Injury

Overall, there were significantly more contact injuries (n ¼
99; 70.7%) than noncontact injuries (n ¼ 41; 29.3%) (P <
.0001). Contact injuries were further differentiated as a
result of impact with a player (n ¼ 39; 39.3%), stick (n ¼
23; 23.2%), ground (n¼ 17; 17.1%), the ball (n¼ 9; 9.1%), or
the goal/equipment (n ¼ 3; 3.0%).

As shown in Table 1, the majority of injuries occurred
while running forward (n ¼ 67) or changing direction (cut-
ting/dodging) (n ¼ 26). Noncontact injuries were signifi-
cantly associated with cutting/dodging (P ¼ .002).

Type of Injury

Contusions were the most commonly reported injury type
in the tournament (n ¼ 41; 29.3%), followed by ligament
sprains (n ¼ 32; 22.9%) and muscle strains (n ¼ 21; 15%).
As shown in Table 2, contusions were almost always the
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result of contact injury (P < .001). Most of contusions were
caused by impact with a stick (n ¼ 17; 43.6%), followed by
impact with a player (n ¼ 11; 28.2%) and impact with the
ball (n ¼ 9; 23.1%). Strains were more commonly the result
of noncontact injury (P ¼ .018).

Body Part Injured

The most commonly injured region of the body was the
lower limb, accounting for almost half of the total injuries
(n ¼ 66; 47.1%). Notably, the head and neck region sus-
tained a total of 21 injures (15.0%). The knee sustained the

most injuries of any specific joint (n ¼ 22; 15.7% of total),
followed by the ankle (n ¼ 16; 11.4% of total), the shoulder,
and the upper leg (n ¼ 13; 9.3% each of total). Contact and
noncontact injuries are broken down by body part in
Table 3. Number of injuries by body region are shown in
Figure 1.

The shoulder was the most common site of contact injury,
which usually occurs from contact with another player (n ¼
8) or contact with the ground (n ¼ 4). The lower limb was
the only region of the body that had a greater percentage of
noncontact (n ¼ 35; 85.4%) than contact injuries (n ¼ 29;
29.3 %). In contrast, contact injuries were more evenly dis-
tributed across body regions (Figure 2).

Time and Place of Injury

The highest number of injuries occurred in the fourth quar-
ter (n ¼ 48; 34.3%) (Table 4). The rate of injury approxi-
mately doubled in the second segment of each game half (18
in the first quarter vs 42 in the second quarter; 27 in the
third quarter vs 48 in the fourth quarter). Although there
was no difference between the first and second half of game-
play, injury rate increased in the latter portion of each half
(P < .0001). Specifically, there was a statistically signifi-
cant difference in the injury rate of the first and third quar-
ters as compared withith the second and fourth quarters.

TABLE 1
Mechanism of Injurya

Sport-Specific
Movement

Noncontact Injury
(n ¼ 41)

Contact Injury
(n ¼ 99)

P
Value

Stationary 3 (7.3) 10 (10.1) .76
Running forward 15 (36.6) 52 (52.5) .097
Backpedaling 2 (4.9) 5 (5.1) >.99
Cutting/dodging 16 (39) 10 (10.1) .002
Jumping 0 (0) 3 (3) .56
Shooting 1 (2.4) 0 (0) .29
Defending 0 (0) 1 (1) >.99
Riding 0 (0) 1 (1) >.99
Body check 0 (0) 1 (1) >.99
Throwing check 0 (0) 1 (1) >.99
Face-off 0 (0) 1 (1) >.99
Goalie 0 (0) 1 (1) .52
Ground ball 1 (2.4) 1 (1) .50
Other 3 (7.3) 1 (1) .075
Unspecified 0 (0) 11 (11.1)

aData are reported as n (%). Bolded text indicates a statistically
significant difference (P < .05; Fisher exact test).

TABLE 2
Type of Injurya

Injury Type
Noncontact Injury

(n ¼ 41)
Contact Injury

(n ¼ 99)
P

Value

Contusion 2 (4.9) 39 (39.4) <.001
Strain 11 (26.8) 10 (10.1) .018
Sprain 13 (31.7) 19 (19.2) .12
Muscle

stiffness/spasm
0 (0) 1 (1) >.99

Concussion 0 (0) 3 (3) .56
Head and neck 0 (0) 2 (2) >.99
Laceration 1 (2.4) 2 (2) >.99
Joint dysfunction 1 (2.4) 2 (2) >.99
Fracture 0 (0) 5 (5.1) .32
Dislocation 0 (0) 1 (1) >.99
Abrasion 0 (0) 2 (2) >.99
Illness 2 (4.9) 2 (2) .58
Other 9 (21.6) 6 (6) .013
Unspecified 2 (4.9) 5 (5.1)

aData are reported as n (%). Bolded text indicates a statistically
significant difference (P < .05; Fisher exact test).

TABLE 3
Contact and Noncontact Injuries by Body Region

Body Part and Region
Noncontact Injury Contact Injury P

Value(n ¼ 41) (n ¼ 99)

Lower limb 35 (85.4) 31 (31.3) .45
Hip/groin/pelvis 2 (5.7) 1 (3.2) .21
Upper leg 7 (20) 6 (19.4) .055
Knee 13 (37.1) 9 (29) .002
Lower leg 6 (17.1) 3 (9.7) .019
Ankle 7 (20) 9 (29) .24
Foot 0 (0) 3 (9.7) .56

Upper limb 1 (2.4) 29 (29.3) .23
Shoulder 0 (0) 13 (44.8) .011
Upper arm 1 (100) 1 (3.4) .5
Elbow 0 (0) 1 (3.4) >.99
Forearm 0 (0) 2 (6.9) >.99
Wrist 0 (0) 7 (24.1) .11
Hand 0 (0) 3 (10.3) .56
Thumb/fingers 0 (0) 2 (6.9) >.99

Head and neck 1 (2.4) 20 (20.2) .67
Head 1 (100) 5 (25) .67
Face 0 (0) 4 (20) .32
Mouth/teeth 0 (0) 4 (20) .32
Neck 0 (0) 7 (35) .11

Trunk and back 1 (2.4) 15 (15.1) .13
Back/spine 0 (0) 5 (33.3) .32
Chest/ribs 0 (0) 9 (60) .058
Abdominal 1 (100) 1 (6.7) .5

Unspecified 3 (7.3) 4 (4)

aData are reported as n (%). Bolded text indicates a statistically
significant difference (P < .05; Fisher exact test).

The Orthopaedic Journal of Sports Medicine Injuries in 2018 Men’s World Championship Lacrosse 3



Injuries were spread across the field, with 41 (29.3%)
reported in the defensive third, 36 (25.7%) in the attacking
third, and 34 (24.3%) in the midfield. Injuries rates among
attackers (n ¼ 42; 30%), midfielders (n ¼ 44; 31.4%), and
defenders (n ¼ 46; 32.9%) were similar and all were greater
than that of goalies (n ¼ 7; 5.0%).

Hospitalizations

A number of serious injuries took place during the tourna-
ment, including 3 concussions, 1 shoulder subluxation,
2 shoulder dislocations, and 1 clavicle fracture. In total,
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Figure 1. Number of injuries by body region.

Figure 2. Percentage of (A) noncontact and (B) contact injuries by body region.

TABLE 4
Injuries by Game Segment

Injuries, n (%)

Game segment
First quarter 18 (12.9)
Second quarter 42 (30)
Third quarter 27 (19.3)
Fourth quarter 48 (34.3)

Postgame 1 (0.7)
Scrimmage 1 (0.7)
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5 players required trips to the hospital: 2 shoulder disloca-
tions, 1 thumb sprain requiring a radiograph, 1 clavicle
fracture that required surgery, and 1 player who had heat
stroke. While there were no follow-up data on the first 3
players, the clavicle fracture was operated on in Israel, and
the player with heat stroke was taken to the emergency
department, given intravenous fluids, and kept overnight.

DISCUSSION

The total injury rate at this international lacrosse tourna-
ment (19.6/1000 AEs) was higher than in previously
reported injury rates at the high school (2.12/1000 AEs) and
collegiate levels (4.83/1000 AEs).17 The men’s World
Lacrosse injury rate is also higher than that of a combined
15 collegiate sport rate of 13.8 injuries/1000 AEs.12 The
only other previous injury data of international lacrosse
reported an injury rate of 39.5 injuries per 1000 hours of
play.21 However, we did not have the available data to cal-
culate hours of play and could not make a direct comparison
with this injury rate. That said, both the 2018 and the 2010
world championship reported contusions, sprains, and
strains as the most common types of injury.21

It is not clear why international play would have an
increased injury rate; however, a large number of games
condensed over a short time in tournament play likely con-
tributes to the increased injury rate. Additionally, it is
important to note that the 2018 tournament took place in
Netanya, Israel, in the middle of July where the tempera-
ture hovered around 86�F to 90�F. Previous World Lacrosse
championship tournaments took place in the United King-
dom (2010) and United States (Denver, Colorado) (2014), in
more moderate climates. The medical staff at the 2018 tour-
nament regularly referred to heat and their concern for
dehydration, fatigue, and even heat stroke, as evidenced
by the hospitalization of 1 player. The heat may play a
significant role in international lacrosse both because of the
added padding and helmets worn by the players and
because of the relatively small rosters. At 23 players per
team, international teams are much smaller than the
National Collegiate Athletic Association standards.

Contact injuries were more common than noncontact
injuries during the world championship. While most con-
tact injuries occurred in the upper extremity, specifically
the shoulder, most noncontact injuries occurred in the
lower extremity. Contact injuries to the shoulder resulted
in contusions, joint dislocations, and fractures, while non-
contact injuries to the knee and the ankle were most often
ligament strains or sprains. Unsurprisingly, in this multi-
directional, lateral pivoting sport, noncontact injuries were
associated with a cutting/dodging movement (Table 1). As
lacrosse is both a fast-paced running and a collision sport,
we must be aware of the different risks to injury at the
upper and lower extremity in lacrosse athletes. It is impor-
tant to understand these specific injury patterns in the con-
text of event preparedness to ensure that proper medical
personnel (trained in joint reduction, etc) and equipment
(immobilizers, etc) are available on-site.

Each game consisted of four 20-minute running quarters.
Only 2 to 3 minutes separated quarters 1 and 2 and quar-
ters 3 and 4, which was just enough for the teams to switch
sides, with a 10-minute break at halftime. We found a sta-
tistically significant increase in injury rate from the earlier
segment of a game half (the first and third quarters) to the
latter segment of a game half (the second and fourth quar-
ters), with injuries nearly doubling in the latter segment of
each. In the first and third quarters, players are coming off
of an extended break such that the injury increase may be
the result of increasing fatigue as the game progresses. It is
widely accepted that fatigue has an effect on kinematics in
endurance athletes, including parameters such as move-
ment pattern, loading, and landing. Previous literature
investigating competition segment has shown that there
may be an association between fatigue and increased rate
of injury. A study by Anderson et al2 on anterior cruciate
ligament (ACL) injuries in lacrosse, basketball, and soccer
found that injury incidence was greater before halftime in
the early part of a regular season but was greater after
halftime later in the season. Conversely, Doyle et al7 found
no difference between the first half and second half ACL,
groin, and hamstring injuries. These studies distinguished
only between first half and second half injuries, highlight-
ing the need for more precise reporting of timing of injury in
gameplay, as we have done here. Consistent with our find-
ings, de Noronha et al,5 in a systematic review of soccer
players, concluded that ankle injuries were more likely to
occur in the second half or in the latter minutes of the first
half.5 The high intensity and long duration of lacrosse and
similar sports such as basketball, soccer, and rugby may
exacerbate fatigue-related changes in kinematics and put
an athlete at increased risk of injury. At this point, this
explanation may be speculative; thus, further investigation
is required, including more precise reporting of timing of
injury and perhaps minutes played by the athlete to more
accurately determine fatigue.

Regarding contact injuries in a collision sport like
lacrosse, as athletes become increasingly fatigued, they
may be less disciplined with their hits to other players,
causing more serious harm, or they may be less stable in
their positioning and therefore less likely to protect them-
selves from opponents. Any combination of these elements
may make the second and fourth quarters more dangerous
for athletes. If this is the case, officials may be inclined to
make stricter calls during latter game segments to ensure
the safety of the athletes. These patterns may guide half-
time protocols, substitution patterns, or sideline recovery
during competition.

In addition to within-game fatigue, long-term exertion
may play a role. Tournament play is unique, with athletes
playing many games in a very short amount of time. Solis-
Mencia et al18 studied rugby international championships
and found that injury rate was higher when players had
fewer days of rest between matches. While we did not track
injuries by day of tournament, future research should
observe injury rates over the course of tournament play to
explore the impact of long-term fatigue. Given the large
number of noncontact injuries, it is recommended that
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injury prevention strategies be implemented for all teams,
specifically targeting the lower extremity.

It is important to highlight the serious injuries that took
place in the tournament and required further care at the
hospital. The injury profile of this tournament indicates
that the medical staff on-site should receive training in
joint reduction and concussion diagnosis. World Lacrosse
has developed its own concussion evaluation protocol,
including the use of Sport Concussion Assessment Tool 5,
and is working to expand the awareness of the serious con-
sequences of concussion.22

Limitations

Although the 2018 Men’s World Lacrosse Championship was
an international level of play, a diverse group of athletes
ranging from amateurs to professionals participated. This
discrepancy in skill and conditioning among world teams
may pose a risk to the athletes on less experienced teams.
However, there was no significant correlation between the
teams’ experience and injury rate observed in this study.

The major limitations to the current data set are attrib-
utable to recall bias and reporting bias. Injury forms were
completed by the medical staff of each team at the comple-
tion of each game, and it is possible that, for example, an
injury from earlier in the game was inaccurately documen-
ted or specific parameters were omitted. Additionally, due
to the busy nature of a tournament environment, it is pos-
sible that certain injuries went unreported altogether. Lack
of follow-up data, specific diagnoses, or other specifically
desired parameters led to exclusion in the premade injury
reporting form.

Due to the severe heat, games played at certain times of
the day may have had altered time schedules. For example,
extended or additional water breaks may have been added
depending on the Wet Bulb Globe Temperature. This vari-
ability was not documented in our injury reporting, and
thus, we could not determine how it might have affected
the timing of injuries.

At future tournaments, it may be helpful to have a desig-
nated researcher or staff member who can document details
of each injury in real time and provide follow-ups for those
athletes who did not immediately return to play after being
injured. A more detailed history of the injury may include
specific timing within the game, the minutes played by that
particular player, the day of the tournament, and more.
While this study was able to compare injury rate with a
number of studies at the youth and collegiate levels, report-
ing overall injury rates in terms of 1000 player-hours would
allow for comparison with other studies of international
sports. Further, it would be beneficial to compare injury
rates with women’s lacrosse, in which helmets are not man-
datory and contact is much more restricted, but there are
currently insufficient data from the women’s game.

CONCLUSION

Lacrosse has a unique injury profile, as it includes both
overhead and collision activity as well as multidirectional,

cutting movements. Understanding common injury pat-
terns may help with treatment and prevention. Fatigue
may play a role in injury rate, and future research of within
game and within tournament fatigue should explore this
relationship.
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18. Solis-Mencia C, Ramos-Álvarez JJ, Murias-Lozano R, Aramberri M,
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APPENDIX

Figure A1. FIL Injury Report Form. FIL, Federation of International Lacrosse.
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