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Background: Lacrosse and ice hockey are quickly growing in popularity, while football remains the most popular sport among high
school student-athletes. Injuries remain a concern, given the physical nature of these contact sports.

Purpose: To describe the rates and patterns of injuries sustained as a result of intentional player contact in United States high
school boys’ football, ice hockey, and lacrosse.

Study Design: Descriptive epidemiology study.

Methods: We conducted a secondary analysis of High School RIO (Reporting Information Online) data, including exposure and
injury data collected from a large sample of high schools in the United States from 2005-2006 through 2015-2016. Data were
analyzed to calculate rates, assess patterns, and evaluate potential risk factors for player-to-player contact injuries.

Results: A total of 34,532 injuries in boys’ football, ice hockey, and lacrosse occurred during 9,078,902 athlete-exposures (AEs),
for a rate of 3.80 injuries per 1000 AEs in the 3 contact sports of interest. The risk of injuries was found to be greater in competition
compared with practice for all 3 sports, with the largest difference in ice hockey (rate ratio, 8.28) and the smallest difference in
lacrosse (rate ratio, 3.72). In all 3 contact sports, the most commonly injured body site in competition and practice caused by both
tackling/checking and being tackled/checked was the head/face. However, a significantly greater proportion of concussions
sustained in football were the result of tackling compared with being tackled (28.2% vs 24.1%, respectively). In addition, a sig-
nificantly greater proportion of concussions were sustained in competition compared with practice for all 3 sports.

Conclusion: This study is the first to collectively compare injury rates and injury patterns sustained from intentional player-to-
player contact in boys’ high school football, ice hockey, and lacrosse. Notably, there was a relatively high risk of injuries and
concussions during football practices.
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Although the rate of growth of high school athletic
participation has slowed, the total number of high school
student-athletes continues to rise. According to the National
Federation of State High School Associations’ annual report,
the number of participants in high school athletics reached
an all-time high of 7.9 million in the 2015-2016 academic
year.12 Despite widely publicized concerns regarding

concussions among football players, the number of boys par-
ticipating in 11-player football in 2015-2016 was nearly iden-
tical to 2014-2015, at 1,083,308.12 Of all sports, football is the
most popular high school boys’ program in the United States
(US).12 In addition, the popularity of boys’ lacrosse and ice
hockey continues to be evident, with 109,522 and 35,155
participants, respectively, in 2015-2016.12 As the popularity
of sports, and thus the number of student-athletes, continues
to rise, so will the incidence of injuries. Adolescents are pos-
sibly at a greater risk for serious injuries compared with chil-
dren because of the significant increases in size, strength,
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velocity, and impact force.5,6,8,10 In addition, when the rules
associated with a sport allow and encourage significant con-
tact, which is the case with football, ice hockey, and lacrosse,
the risk for player-to-player contact injuries increases.10

Player-to-player contact represents 46.4% of all high school
sports injuries and thus is the most common mechanism of
injury among high school athletes.8 In 2011, football was
reported to have the highest player-to-player contact injury
rate, with tackling/being tackled accounting for 61.9% of foot-
ball injuries.8 Body checking was the reported mechanism of
injury in 46.0% of injuries that occurred during high school ice
hockey participation as well as being the most common mech-
anism of injury in high school lacrosse (40.9%).11,16 Injuries
continue to be a significant concern, given the popularity and
intrinsically physical nature of these sports.

Research comparing player-to-player contact injuries
among high school sports with varying levels of contact con-
tinues to be limited, hindering the development of sport-
specific prevention strategies. Although several studies have
described contact-related injuries in high school sports, most
studies have focused on an individual sport.3,11,16 A previ-
ously published multisport analysis of player-to-player con-
tact injuries utilizing the High School Reporting Information
Online (RIO) database included football during the 2005-
2009 academic years but not ice hockey or lacrosse.8 The
addition of ice hockey and lacrosse to the High School RIO
database in 2008-2009 has now created a unique opportunity
to fully evaluate the characteristics and impact of player-to-
player contact injuries among high school athletes who par-
ticipate in these 3 popular full-contact sports.

The purpose of this study was to describe the rates and
patterns of injuries sustained as a result of intentional
player contact in US high school boys’ football, ice hockey,
and lacrosse. The specific aims were to (1) calculate overall
injury rates caused by intentional player contact by sport,
(2) compare injury patterns by the sport-specific type of
intentional player contact (ie, tackling vs being tackled in
football and checking vs being checked in ice hockey and
lacrosse), (3) describe injury patterns by the type of athletic
activity (ie, practice vs competition), and (4) describe con-
cussion injuries by the sport-specific type of intentional
player contact and type of athletic activity.

METHODS

Data Collection

Data were collected as part of the National High School
Sports-Related Injury Surveillance Study using the

Internet-based High School RIO database for the academic
years 2005-2006 through 2015-2016. High School RIO cap-
tures injury and athlete-exposure (AE) information from a
large national sample of US high schools. Reports are sub-
mitted online weekly by National Athletic Trainers’ Associa-
tion (NATA)–affiliated certified athletic trainers (ATs) with
valid email addresses willing to participate in the study. A
detailed description of the study has been provided previ-
ously.1,9,13 In brief, the study began during the 2005-2006
academic year, using a nationally representative sample of
100 US high schools, stratified by school population and geo-
graphic region into 8 strata. The original sample included 9
sports (including football). Beginning in 2008-2009, High
School RIO expanded the list of sports for which data were
collected to eventually add 13 sports, including boys’ ice
hockey and lacrosse. Some sports have such strong regional
popularity (ie, boys’ ice hockey) that not enough schools offer-
ing each sport volunteer to report to fill each of the 8 strata.
Therefore, schools not selected for the original sample offer-
ing any of the 22 sports (the original 9 or the added 13) were
enrolled in a convenience sample, with the goal of enrolling at
least 100 schools reporting for each sport. This sampling
methodology resulted in a large, nationally diverse conve-
nience sample of US high schools reporting data on injuries
sustained by boys’ football, ice hockey, and lacrosse players.

Definition of Exposure and Injury

In High School RIO, an AE is defined as 1 athlete participat-
ing in 1 school-sanctioned practice or competition in which
the athlete was exposed to the possibility of an athletic injury.
Reportable injuries are defined as ones that (1) occurred as a
result of participation in practice or competition, (2) required
medical attention from an AT or physician, and (3) either
restricted the athlete’s participation in the sport for at least
1 day beyond the date of injury or resulted in any fracture,
concussion, dental injury, or heat illness regardless of
whether it resulted in a restriction of the student-athlete’s
participation. For each reported injury, ATs complete a
detailed injury report including athlete demographics (ie,
age, height, weight), injury information (ie, site, diagnosis,
severity), and injury event information (ie, activity, mecha-
nism). Throughout the study period, submitted information
could be reviewed and updated by the ATs if necessary.

Statistical Analysis

Data analysis was conducted using SPSS software (v22.0;
IBM Corp). In addition to descriptive statistics (ie,
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frequencies and proportions), rates and rate comparisons
were calculated using unweighted case counts from this con-
venience sample of US schools reporting boys’ football, ice
hockey, and lacrosse injuries. Injury rates were calculated as
the ratio of case counts per 1000 AEs. Subgroup comparisons
were made using rate ratios (RRs) and injury proportion
ratios (IPRs). RRs and IPRs with 95% CIs not including
1.0 were considered statistically significant. An example of
the RR calculation comparing the rate of lacrosse injuries in
competition versus practice is as follows:

RR ¼

ðNo: of lacrosse injuries sustained in competition=
No: of lacrosse competition AEsÞ

ðNo: of lacrosse injuries sustained in practice=
No: of lacrosse practice AEsÞ:

An example of the IPR calculation comparing the propor-
tion of injuries from being tackled in football competition
versus practice is as follows:

IPR ¼

ðNo: of injuries from being tackled during
competition=No: of total injuries during competitionÞ

ðNo: of injuries from being tackled during
practice=No: of total injuries during practiceÞ:

RESULTS

A total of 34,532 injuries were sustained as a result of inten-
tional player contact in boys’ football, ice hockey, and
lacrosse during 9,078,902 AEs, for a rate of 3.80 injuries
per 1000 AEs. Of the 3 sports, football had the highest rates
of injury overall (4.11), in competition (12.76), and in prac-
tice (2.32). The rate of injuries was significantly higher in
competition compared to practice for all 3 sports, with the
largest difference in ice hockey (RR, 8.28; 95% CI, 7.74-
8.86) (Table 1). In football, 46.6% of all injuries were caused
by tackling or being tackled, while 41.1% of ice hockey and

15.3% of lacrosse injuries were caused by checking or being
checked. For all 3 sports, a significantly greater proportion
of injuries resulting from being tackled/checked or tackling/
checking occurred during competition compared to practice.
Ice hockey had the greatest difference in the proportion of
such injuries sustained during competition compared to
practice for both checking (IPR, 8.88; 95% CI, 4.58-17.19)
and being checked (IPR, 7.54; 95% CI, 5.64-10.07) (Table 2).
Football had the lowest difference in the proportion of inju-
ries sustained during competition compared to practice
caused by tackling (IPR, 1.48; 95% CI, 1.43-1.53) and being
tackled (IPR, 1.88; 95% CI, 1.81-1.94).

Patterns of Injury by Body Site

The most commonly injured body site due to tackling/check-
ing was the head/face for football (29.2%), ice hockey
(26.6%), and lacrosse (42.8%) (Table 3). The most commonly
injured body site due to being tackled/checked was also the
head/face for football (25.1%), ice hockey (37.1%), and
lacrosse (47.5%). There were some significant differences
in body sites injured by athletes tackling/checking com-
pared to those being tackled/checked. For example, the pro-
portion of head/face injuries was significantly higher for
athletes tackling compared to being tackled in football
(IPR, 1.17; 95% CI, 1.11-1.23), as was the proportion of
neck/cervical spine injuries (IPR, 2.03; 95% CI, 1.71-2.40)
and hand/wrist injuries (IPR, 2.15; 95% CI, 1.94-2.39). In
lacrosse, the proportion of knee injuries was significantly
higher for athletes being checked compared to athletes
checking (IPR, 3.45; 95% CI, 1.18-10.07).

Patterns of Injury by Diagnosis

Overall, the most common injury diagnosis due to tackling/
checking was a concussion for football (28.2%), ice hockey

TABLE 1
Incidence and Rate of Injuries Sustained as a Result of Intentional Player Contact by Sport and Type of Exposurea

Sport No. of Injuries No. of AEs Rate/1000 AEs Rate Ratiob 95% CIc

Football
Competition 16,788 1,315,032 12.76 5.51 5.43-5.95
Practice 14,749 6,363,427 2.32
Total 31,537 7,678,459 4.11

Ice hockey
Competition 845 157,882 5.35 8.28 7.74-8.86
Practice 200 309,396 0.65
Total 1045 467,278 2.24

Lacrosse
Competition 1211 285,299 4.25 3.72 3.52-3.94
Practice 739 647,866 1.14
Total 1950 933,165 2.09

Overall
Competition 18,844 1,758,213 10.72 5.00 4.93-5.07
Practice 15,688 7,320,689 2.14
Total 34,532 9,078,902 3.80

aAE, athlete-exposure.
bPractice is the referent group.
cSignificant at a ¼ .05.
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(20.5%), and lacrosse (39.1%) (Table 3). The most common
injury diagnosis due to being checked was also a concussion
in ice hockey (33.7%) and lacrosse (43.8%). However, in

football, the most common injury diagnosis due to being
tackled was a ligament sprain (27.3%), with concussion
being the second most common (24.1%). There were some

TABLE 2
Proportion of Injuries Sustained as a Result of Intentional Player Contact by Type of Contact, Type of Exposure, and Sporta

Sport
Total Intentional Player

Contact Injuries, %

Intentional Player Contact Injuriesb Overall Competition vs Practice

Competition, n (%) Practice, n (%) Total, n (%) Injury Proportion Ratioc 95% CId

Football
Tackling 46.8 4098 (59.6) 2776 (40.4) 6874 (100.0) 1.48 1.43-1.53
Tackled 53.2 5103 (65.2) 2720 (34.7) 7823 (100.0) 1.88 1.81-1.94
Total 100.0 9201 (62.6) 5496 (37.4) 14,697 (100.0) 1.67 1.63-1.72

Ice hockey
Checking 18.4 71 (89.9) 8 (10.1) 79 (100.0) 8.88 4.58-17.19
Checked 81.6 309 (88.3) 41 (11.7) 350 (100.0) 7.54 5.64-10.07
Total 100.0 380 (88.6) 49 (11.4) 429 (100.0) 7.76 5.95-10.12

Lacrosse
Checking 46.3 103 (74.6) 35 (25.4) 138 (100.0) 2.94 2.16-3.98
Checked 53.7 124 (77.5) 36 (22.5) 160 (100.0) 3.44 2.55-4.65
Total 100.0 227 (76.2) 71 (23.8) 298 (100.0) 3.20 2.59-3.96

aIntentional player contact is defined as tackling or being tackled in football and checking or being checked in lacrosse and ice hockey.
bPercentage of the total number of injuries for the specific sport (see Table 1). n does not equal n values from Table 1 because of the small

number of injury reports with specific questions left unanswered.
cInjury proportion ratio for competition versus practice. A value >1 indicates a greater proportion of injuries during competition.
dSignificant at a ¼ .05.

TABLE 3
Proportion of Injuries by Body Part, Diagnosis, Sport, and Type of Contacta

Football Ice Hockey Lacrosse

Tackling Tackled Checking Checked Checking Checked

Body part injured
Head/face b 2008 (29.2) 1962 (25.1) 21 (26.6) 130 (37.1) 59 (42.8) 76 (47.5)
Neck/cervical spine 356 (5.2) 200 (2.6) 2 (2.5) 5 (1.4) 3 (2.2) 3 (1.9)
Shoulder 1228 (17.9) 820 (10.5) 16 (20.3) 72 (20.6) 34 (24.6) 16 (10.0)
Clavicle/collarbone 89 (1.3) 282 (3.6) 9 (11.4) 24 (6.9) 14 (10.1) 11 (6.9)
Hand/wrist 948 (13.8) 501 (6.4) 8 (10.1) 26 (7.4) 10 (7.2) 4 (2.5)
Chest/thoracic spine/ribs 140 (2.0) 268 (3.4) 2 (2.5) 16 (4.6) 4 (2.9) 8 (5.0)
Knee 633 (9.2) 1158 (14.8) 8 (10.1) 16 (4.6) 4 (2.9) 16 (10.0)
Ankle 454 (6.6) 961 (12.3) 2 (2.5) 6 (1.7) 1 (0.7) 7 (4.4)
Other c 1013 (14.7) 1668 (21.3) 11 (13.9) 55 (15.7) 9 (6.5) 19 (11.9)
Total 6869 (100.0) 7820 (100.0) 79 (100.0) 350 (100.0) 138 (100.0) 160 (100.0)

Injury diagnosis
Concussion 1939 (28.2) 1885 (24.1) 16 (20.5) 118 (33.7) 54 (39.1) 70 (43.8)
Contusion 790 (11.5) 1370 (17.5) 12 (15.4) 60 (17.1) 16 (11.6) 24 (15.0)
Ligament sprain 1374 (20.0) 2132 (27.3) 15 (19.2) 48 (13.7) 16 (11.6) 25 (15.6)
Muscle strain 605 (8.8) 494 (6.3) 3 (3.8) 17 (4.9) 9 (6.5) 8 (5.0)
Fracture 773 (11.3) 943 (12.1) 13 (16.7) 46 (13.1) 17 (12.3) 15 (9.4)
Dislocation/separation 467 (6.8) 314 (4.0) 9 (11.5) 25 (7.1) 12 (8.7) 3 (1.9)
Other d 916 (13.3) 670 (8.6) 10 (12.8) 36 (10.3) 14 (10.1) 15 (9.4)
Total 6864 (100.0) 7808 (100.0) 78 (100.0) 350 (100.0) 138 (100.0) 160 (100.0)

aValues are presented as n (%). n does not equal n values from Tables 1 and 2 because of the small number of injury reports with specific
questions left unanswered. Intentional player contact is defined as tackling or being tackled in football and checking or being checked in
lacrosse or ice hockey.

bIncludes mouth, teeth, ears, eyes, and nose injuries.
cAll body sites that did not make up at least 5% of the total intentional player contact injuries for any individual sport (eg, abdomen, upper

arm, and hip).
dAll diagnoses that did not make up at least 5% of the total diagnoses for any individual sport (eg, abrasion, hernia, and internal injury).
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significant differences in the diagnoses of injuries by ath-
letes tackling/checking compared to those being tackled/
checked. In football, the proportion of ligament sprain inju-
ries was significantly higher from being tackled compared
to tackling (IPR, 1.36; 95% CI, 1.29-1.45), while the propor-
tion of dislocation/separation injuries was significantly
higher from tackling compared to being tackled (IPR,
1.69; 95% CI, 1.47-1.95). In lacrosse, the proportion of dis-
location/separation injuries was also higher from checking
compared to being checked (IPR, 4.64; 95% CI, 1.34-16.10).

Concussions

Although the difference was small, a significantly greater
proportion of concussions sustained in football were the
result of tackling (28.2%) compared to being tackled
(24.1%) (IPR, 1.17; 95% CI, 1.11-1.24) (Table 3). Conversely,
in ice hockey, a greater proportion of concussions were sus-
tained while being checked (33.7%) compared to checking
(20.5%) (IPR, 1.64; 95% CI, 1.04-2.61). For all 3 sports, there
was a significantly higher proportion of player-to-player
contact–related concussions sustained in competition com-
pared to practice; no concussions sustained in ice hockey
practice were caused by checking (Table 4). Ice hockey had
the greatest proportion of concussions due to being checked
during competition compared to practice (IPR, 6.38; 95% CI,
4.02-10.11). On the other hand, football had the lowest pro-
portion of concussions during competition versus practice
that were caused by tackling (IPR, 1.50; 95% CI, 1.40-1.60)
and being tackled (IPR, 1.72; 95% CI, 1.60-1.84). The major-
ity of concussions occurred during the regular season for
football (tackling: 74.9%; being tackled: 77.1%), ice hockey
(checking: 100.0%; being checked: 95.8%), and lacrosse
(checking: 90.7%; being checked: 90.0%). The proportion of
preseason concussions was higher in football (tackling:
21.7%; being tackled: 18.9%) compared to ice hockey (check-
ing: 0.0%; being checked: 3.4%) and lacrosse (checking: 9.3%;
being checked: 10.0%).

Patterns of Injury by Severity

The majority of injured football players returned to activity
less than 1 week after an injury due to being tackled
(37.9%) (Figure 1); however, the majority of football ath-
letes injured by tackling returned to activity within 1 to 3
weeks (37.3%). The majority of ice hockey athletes returned
to activity less than 1 week after an injury due to checking
(32.9%) or being checked (38.5%). In lacrosse, the majority
of players returned to activity in 1 to 3 weeks after an injury
sustained by checking (38.1%) or being checked (36.5%).
The proportion of injuries that resulted in medical disqual-
ification for the season was higher for athletes being tack-
led/checked compared to athletes tackling/checking in all 3
sports (football: 7.3%; ice hockey: 5.4%; lacrosse: 7.7%). In
football, medical disqualification for the season was signif-
icantly higher for athletes being tackled (7.3%) compared to
athletes tackling (6.4%) (IPR, 1.14; 95% CI, 1.01-1.29).

For all 3 sports, the percentage of injuries resulting in
surgery was small, both when caused by tackling/checking
(football: 6.8%; ice hockey: 3.9%; lacrosse: 6.0%) and being
tackled/checked (football: 6.3%; ice hockey: 5.5%; lacrosse:
3.8%). There were no significant differences in the need for
surgery between athletes tackling/checking versus being
tackled/checked.

DISCUSSION

This study is the first to collectively compare injury rates
and injury patterns sustained from intentional player-to-
player contact in boys’ high school football, ice hockey, and
lacrosse. Compared with previous epidemiological data, the
rate of football injuries from intentional player-to-player
contact has increased since 2009: overall (from 2.60/1000
AEs to 4.11), in competition (from 9.00/1000 AEs to 12.76),
and in practice (from 1.27/1000 AEs to 2.32).8 Regarding
the mechanism of injury, 46.6% of all football injuries
were caused by tackling or being tackled, which is slightly

TABLE 4
Proportion of Intentional Player Contact Concussion Injuries by Practice Versus Competitiona

Sport

Concussion Injuriesb Overall Competition vs Practice

Competition, n (%) Practice, n (%) Total, n (%) Injury Proportion Ratioc 95% CId

Football
Tackling 1162 (59.9) 777 (40.1) 1939 (100.0) 1.50 1.40-1.60
Tackled 1192 (63.2) 693 (36.8) 1885 (100.0) 1.72 1.60-1.84

Ice hockey
Checking 16 (100.0) 0 (0.0) 16 (100.0) — —
Checked 102 (86.4) 16 (13.6) 118 (100.0) 6.38 4.02-10.11

Lacrosse
Checking 43 (79.6) 11 (20.4) 54 (100.0) 3.91 2.27-6.74
Checked 55 (78.6) 15 (21.4) 70 (100.0) 3.67 2.30-5.84

aIntentional player contact is defined as tackling or being tackled in football and checking or being checked in lacrosse and ice hockey.
bn does not equal n values from Tables 1 to 3 because of the small number of injury reports with specific questions left unanswered.
cInjury proportion ratio for competition versus practice. A value >1 indicates a greater proportion of injuries during competition.
dSignificant at a ¼ .05.
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lower than previously reported (50.1%).14 In addition,
41.1% of all ice hockey injuries were caused by checking
or being checked, which is higher than reported in 2015
(23.4%).8,11

Consistent with the previous literature, all 3 sports had
overall higher injury rates due to intentional player-to-
player contact during competition compared to prac-
tice.3,13,15 This has previously been attributed to generally
more aggressive play and more body contact occurring in
competition.16 Although intuitive, this finding has not been
collectively reported in the literature previously with all 3
sports within a single study. An interesting finding in this
study is that the magnitude of this difference was signifi-
cantly smaller in football than in ice hockey or lacrosse.
Football had the smallest difference in the proportion of
player-to-player contact injuries sustained during competi-
tion compared to practice, and this was true for both the
collective injury rate as well as concussions. In contrast, ice
hockey had the largest difference in the proportion of
player-to-player contact injuries sustained during competi-
tion compared to practice, both collectively as well as for
concussions. The difference between the approaches that
these 2 sports take during noncompetition and the non–
regular season is reiterated by the fact that only 74.9% to
77.1% of total concussions sustained during football
occurred during the regular season. In contrast, 100.0% of
concussions while checking and 95.8% of concussions while

being checked were sustained during the regular season for
ice hockey. These collective findings regarding the timing of
player-to-player contact injuries imply that ice hockey
practices and preseason competitions are relatively safer
than football, and it indicates that translating the current
approach of ice hockey practices and preseason competi-
tions to football might be a worthwhile preventative
measure.

Despite the differences in injury patterns between the
sports studied, for all 3, the most commonly injured body
site in competition and practice caused by both tackling/
checking and being tackled/checked was the head/face. This
association between contact sports and head/face injuries
affirms the previous study by Kerr et al8 of player-to-player
contact injuries in football, as well as those by Matic et al11

of hockey and Xiang et al16 of lacrosse injuries. The head/
face is consistently the most commonly injured body site
from participation in these 3 contact sports. However, it
is interesting to note that in this study, the proportion of
head/face injuries, neck/cervical spine injuries, and even
concussions was significantly higher for football athletes
tackling compared to being tackled, although this may be
related to the number of defensive players attempting to
tackle a single ball carrier during each play. A difference
in checking versus being checked and its relationship to
head/face injuries and neck/cervical spine injuries did not
reach clinical significance in either lacrosse or ice hockey.

Although this study does not indicate a definitive reason
for this finding, it can be inferred that this difference is
likely because of the traditional recommended tackling
technique taught to high school athletes and the nature of
the sport. Typically, high school football players are taught
a tackling technique that includes making initial contact
with their head and their facemask impacting the opposing
player’s chest while sustaining a flexed position of the cer-
vical spine to avoid spear-tackling injuries. This approach
of leading with the player’s head is not recommended or
typical during checking an opposing player in ice hockey
or lacrosse. In addition, the opposing football player is typ-
ically trying to evade being tackled by spinning, cutting, or
pivoting, which likely explains the proportion of ligament
sprain injuries being significantly higher from being tack-
led in football. This integral nature of the sport of football
and technique taught to student-athletes is likely respon-
sible for not only the significantly higher risk of injuries to
the head/face and neck/cervical spine for the player who is
tackling but also the significant risk of ligament sprains
while being tackled.

The high rate of concussions for all 3 sports is consistent
with the recent literature.4,11,16 In this study, a concussion
was the most common injury diagnosis due to tackling/
checking in all 3 sports as well as being the most common
injury diagnosis due to being checked in ice hockey and
lacrosse. Concussions have previously been shown to com-
pose 15.9% of player-to-player contact injuries in high
school football.8 Our reported proportion of concussions
sustained in football as the result of tackling (28.2%) and
being tackled (24.1%) is higher than previously reported.
This difference may be because of published cognitive
effects of concussions in National Football League and
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collegiate athletes increasing the awareness and vigilance
of ATs and medical personnel caring for high school ath-
letes, but it is difficult to speculate further.2,7

While this analysis of the High School RIO database
offers a novel perspective on rates and patterns of injury
in boys’ football, ice hockey, and lacrosse as a result of
intentional player-to-player contact, addressing certain
limitations could improve future studies. First, only high
schools with NATA-affiliated ATs were eligible for inclu-
sion in High School RIO. Thus, the findings of this study
may not be generalizable to schools without ATs. Another
limitation of High School RIO is that except for concussions,
fractures, heat illnesses, and dental injuries, only time-loss
injuries are captured, which means that the number of
injuries reported in this study represents an underesti-
mate. However, limiting the surveillance study to time-
loss injuries provides information on clinically important
injuries while maintaining a feasible reporting time burden
on the high school ATs. Additionally, exposures were cap-
tured as numbers of AE instead of hours or minutes of AE,
thereby prohibiting us from providing a more exact time-
based injury rate. In this large national study, it is not
feasible for high school ATs to accurately capture minutes
of practice and competition exposures for all athletes in all
sports, as they are not present at all activities. We also
could not determine sport-specific activity injury rates (ie,
the surveillance system does not capture AEs in tackling vs
AEs in being tackled), again because of the extreme time
burden on reporting ATs. Increased resolution in the infor-
mation collected from ATs and a larger sample size of inju-
ries would strengthen future analyses of this type. Despite
these limitations, the large number of injuries captured by
this longstanding national high school sports injury sur-
veillance system provided the ability to evaluate the effect
of tackling/checking and being tackled/checked on injury
rates and patterns in boys’ high school football, ice hockey,
and lacrosse for the first time.

CONCLUSION

This study is the first to collectively compare injury rates
and injury patterns sustained from intentional player-to-
player contact in boys’ high school football, ice hockey, and
lacrosse. Understanding the rates and patterns of such
injuries is particularly important, given the growing
concerns regarding the safety of full-contact sports for
young athletes. Notably, there was a relatively high risk
of injuries and concussions during football practices
and preseason activities. Future studies are needed to
further investigate these patterns in high school contact
athletes, with particular emphasis placed on understand-
ing the lower risk of player-to-player contact injuries
and concussions during ice hockey practices/preseason
activities and then translating similar approaches to other
contact sports.

ACKNOWLEDGMENT

The authors thank the certified ATs who reported data to
High School RIO; without their dedication, this research
would not have been possible.

REFERENCES

1. Centers for Disease Control and Prevention. Sports-related injuries

among high school athletes: United States, 2005-06 school year.

MMWR Morb Mortal Wkly Rep. 2006;55(38):1037-1040.

2. Currie DW, Kraeutler MJ, Schrock JB, et al. Time trends in concussion

symptom presentation and assessment methods in high school ath-

letes [published online September 20, 2017]. Am J Sports Med. doi:

10.1177/0363546517725068.

3. Dick R, Romani WA, Agel J, Case JG, Marshall SW. Descriptive epi-

demiology of collegiate men’s lacrosse injuries: National Collegiate

Athletic Association Injury Surveillance System, 1988-1989 through

2003-2004. J Athl Train. 2007;42(2):255-261.

4. Dompier TP, Kerr ZY, Marshall SW, et al. Incidence of concussion

during practice and games in youth, high school, and collegiate Amer-

ican football players. JAMA Pediatr. 2015;169(7):659-665.

5. Emery CA, Meeuwisse WH, Hartmann SE. Evaluation of risk factors

for injury in adolescent soccer: implementation and validation of an

injury surveillance system. Am J Sports Med. 2005;33(12):1882-1891.

6. Froholdt A, Olsen OE, Bahr R. Low risk of injuries among children

playing organized soccer: a prospective cohort study. Am J Sports

Med. 2009;37(6):1155-1160.

7. Hart J, Jr, Kraut MA, Womack KB, et al. Neuroimaging of cognitive

dysfunction and depression in aging retired National Football League

players: a cross-sectional study. JAMA Neurol. 2013;70(3):326-335.

8. Kerr ZY, Collins CL, Fields SK, Comstock RD. Epidemiology of player:

player contact injuries among US high school athletes, 2005-2009.

Clin Pediatr (Phila). 2011;50(7):594-603.

9. Kraeutler MJ, Currie DW, Kerr ZY, Roos KG, McCarty EC, Comstock

RD. Epidemiology of shoulder dislocations in high school and colle-

giate athletics in the United States: 2004/2005 through 2013/2014

[published online May 1, 2017]. Sports Health. doi:10.1177/

1941738117709764.

10. Latinis B. Frequent sports injuries of children: etiology, treatment, and

prevention. Issues Compr Pediatr Nurs. 1983;6(3):167-178.

11. Matic GT, Sommerfeldt MF, Best TM, Collins CL, Comstock RD,

Flanigan DC. Ice hockey injuries among United States high school ath-

letes from 2008/2009-2012/2013. Phys Sportsmed. 2015;43(2):119-125.

12. National Federation of State High School Associations. High school

sports participation increases for 27th consecutive year. Published

September 12, 2016. Available at: https://www.nfhs.org/articles/

high-school-sports-participation-increases-for-27th-consecutive-

year/. Accessed June 5, 2017.

13. Rechel JA, Yard EE, Comstock RD. An epidemiologic comparison of

high school sports injuries sustained in practice and competition.

J Athl Train. 2008;43(2):197-204.

14. Shankar PR, Fields SK, Collins CL, Dick RW, Comstock RD. Epide-

miology of high school and collegiate football injuries in the United

States, 2005-2006. Am J Sports Med. 2007;35(8):1295-1303.

15. Tirabassi J, Brou L, Khodaee M, Lefort R, Fields SK, Comstock RD.

Epidemiology of high school sports-related injuries resulting in med-

ical disqualification: 2005-2006 through 2013-2014 academic years.

Am J Sports Med. 2016;44(11):2925-2932.

16. Xiang J, Collins CL, Liu D, McKenzie LB, Comstock RD. Lacrosse

injuries among high school boys and girls in the United States: aca-

demic years 2008-2009 through 2011-2012. Am J Sports Med. 2014;

42(9):2082-2088.

The Orthopaedic Journal of Sports Medicine Intentional Player Contact in High School Sports 7

https://www.nfhs.org/articles/high-school-sports-participation-increases-for-27th-consecutive-year/
https://www.nfhs.org/articles/high-school-sports-participation-increases-for-27th-consecutive-year/
https://www.nfhs.org/articles/high-school-sports-participation-increases-for-27th-consecutive-year/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


