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Study Objective: To examine the number and rates of head injuries
occurring in the community as a whole for the team sports of ice
hockey, soccer, and football by analyzing data from patients present-
ing to US emergency departments (EDs) from 1990 to 1999.

Design: Retrospective analysis.

Main Outcome Measures: Data compiled for the US Consumer
Product Safety Commission using the National Electronic Injury Sur-
veillance System were used to generate estimates for the total number
of head injuries, concussions, internal head injuries, and skull frac-
tures occurring on a national level from the years 1990 to 1999. These
data were combined with yearly participation figures to generate rates
of injuries presenting to the ED for each sport.

Results: There were an estimated 17,008 head injuries from ice
hockey, 86,697 from soccer, and 204,802 from football that presented
to US EDs from 1990 to 1999. The total number of concussions pre-
senting to EDs in the United States over the same period was esti-
mated to be 4820 from ice hockey, 21,715 from soccer, and 68,861
from football. While the rates of head injuries, concussions, and com-
bined concussions/internal head injuries/skull fractures presenting to
EDs per 10,000 players were not always statistically similar for all 3
sports in each year data were available, they were usually comparable.

Conclusion: While the total numbers of head injuries, concussions,
and combined concussions/skull fractures/internal head injuries pre-
senting to EDs in the United States are different for ice hockey, soc-
cer, and football for the years studied, the yearly rates for these inju-
ries are comparable among all 3 sports.
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Sports-related head injuries and concussions have been the
focus of much attention in recent years. Among different

sports played in the United States, football has historically
been considered a high-risk sport for concussion and is still
believed to be responsible for the majority of sports-related
concussions in the United States today.1–16 Similarly, ice
hockey has long been recognized as a high-risk sport for con-
cussion.17–29 Soccer has not always been perceived to be a
high-risk sport in this regard.1,3,30–32 In recent years, however,
research has revealed that soccer is also a high-risk sport for
concussion, with concussion rates similar to those for football
and ice hockey.10,32–43 In fact, the American Academy of Pe-
diatrics now defines soccer as a contact/collision sport, in the
same category as football and ice hockey.44

Studies examining head injuries and concussions among
different sports have traditionally focused on elite athletes in
our community, whether they are competing at the high school,
college, or professional level.2,3,6,9,10,17–21,25,29,33,34,39,40,42,45

Rates of concussions and head injuries derived from research
focusing on elite athletes may not be easily extrapolated to the
community as a whole. It is believed that many sports-related
head injuries occur while participating in sports played at a
nonelite or recreational level.46,47 Whether these injuries occur
in an organized league or during a pick-up game, most injured
recreational athletes likely do not have access to a team phy-
sician or trainer and must use the medical resources available
in the community.48 As such, many of these injured athletes
will present to local emergency departments (EDs) after a head
injury.49–53

In an attempt to get a better understanding of the total
number of sports-related head injuries and concussions occur-
ring in the community as a whole, the number of patients pre-
senting to US EDs for 3 different sports (ice hockey, soccer,
and football) from the years 1990 to 1999 was examined. Data
were obtained from the records of the Consumer Product
Safety Commission (CPSC) of visits to EDs in the United
States for head injuries related to participation in ice hockey,
soccer, or football.

In an effort to understand rates of injuries better, injury
data were combined, when possible, with the annual number of
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participants in each sport to calculate a rate of injury per
10,000 participants per year in the United States for each sport.
This information was used to assess whether rates of head-
injured and concussed athletes presenting to the EDs in the
United States were comparable for the sports of ice hockey,
soccer, and football.

MATERIALS AND METHODS
The CPSC collects data from selected hospital EDs from

across the entire United States in an effort to estimate the total
number of injuries occurring during specific activities and/or
injuries occurring with specific products. The CPSC uses the
National Electronic Injury Surveillance System (NEISS) as a
monitoring device.

National Electronic Injury Surveillance System figures
are based on a sample of participating US hospital EDs rather
than a census of all US hospital EDs. The sample hospitals are
chosen in an effort to make the group representative of all in-
stitutions with EDs located within the United States. After ob-
taining the annual data from participating hospitals, NEISS
then estimates the total visits to EDs in the entire United States
for each year for a particular injury. At selected hospitals, all
patients who are injured while participating in a specific activ-
ity or injured while using a particular product are selected for
data entry. All injuries are then classified by location, and fi-
nally by diagnosis. The body part affected may be classified as
the shoulder, upper trunk, elbow, lower arm, wrist, knee, lower
leg, ankle, head, face, lower trunk, upper arm, upper leg, hand,
foot, mouth, neck, finger, toe, ear, or not stated/unknown.
Once an area of injury has been selected, only 1 diagnosis that
best describes the type of injury is chosen. The diagnosis may
be amputation, concussion, contusion/abrasion, dislocation,
fracture, laceration, internal injury, strain/sprain, avulsion, not
stated/unknown, or other. While the term head injury can mean
different things to different readers, it most correctly refers to
a traumatic injury to the head that is usually evident on clinical
examination, characterized by ecchymoses, deformity, hema-
toma, lacerations, deformities, or cerebral spinal fluid leak-
age.54 In the NEISS data, however, head injury is used to de-
scribe a region or area of injury. As such, head injury in the
NEISS data comprises all injuries to the head area, including
concussions. Information about individual cases is descriptive,
and injury estimates are not meant to imply that injuries were
caused by a specific activity or product.

Data were obtained from NEISS via the CPSC for all
head injuries presenting to US hospital EDs from 1990 to 1999
for ice hockey, soccer, and football. The data for head injuries,
as well as specific diagnoses including concussions, skull frac-
tures, and internal head injuries, were examined for each sport
for the years 1990 to 1999. In 1990, NEISS was updated to take
into account changes in the sampling frame from 1975 to 1985.
As such, data from previous years cannot be directly compared
with estimates after the 1990 update.

Information regarding the number of participants in the
United States per year for ice hockey, soccer, and football was
obtained from Sports Business Research Network (SBRnet).
SBRnet is a fee-based Web site that gathers information about
sports equipment sales, participation, broadcasting, sponsor-
ship, and marketing.55 Estimates for the number of participants
on a national level per year in the United States are available
for a variety of different activities, including sports such as ice
hockey, soccer, and football. These estimates are based upon
data compiled primarily from different sports associations and
leagues, as well as data from different publications, govern-
ment agencies, marketing research information, and the Na-
tional Sporting Goods Association. More specific data collec-
tion details can be found at the Web site.

The CPSC produces generalized sampling error esti-
mates for NEISS data by applying a nonlinear regression
curve-fitting procedure to the data collected each year. The
generalized sampling errors are approximate values that are
derived from fitting a curve through points determined by es-
timates and calculated sampling errors for a defined set of
product groups. The estimated relative sampling errors for
NEISS injury data are a measure of the estimated sampling
error of the injury data expressed as a proportion of the injury
estimates. More information about NEISS sampling errors and
confidence intervals (CIs) can be obtained by contacting
NEISS (National Injury Information Clearinghouse, 4330 East
West Highway, Washington, DC 20207; e-mail: clearinghouse@
cpsc.gov).

Incidence rates were obtained by dividing the number of
athletes with the injury by the total number of athletes. All
rates are expressed as injuries per 10,000 athletes. CIs for all
incidence rates were obtained using the method for binomial
proportions. These incidence rates and their CIs for each sport
were plotted over time for total head injuries, concussions, and
combined concussions/skull fractures/internal injuries to the
head.

The Institutional Review Board of the host institution
excluded this study from undergoing application of approval
for human research.

RESULTS
The cumulative numbers of total head injuries, concus-

sions, and combined concussions/skull fractures/internal head
injuries from 1990 to 1999 for ice hockey, soccer, and football
are listed in Table 1. Participation rates in the United States
from 1993 to 1999 for the 3 different sports are listed in Table
2. Reliable participation data were available for ice hockey and
soccer from 1993 onward, while accurate data for all types of
football are available only from 1995 onward.

Rates for head injuries presenting to the EDs from 1993
to 1999 are listed in Table 3. When calculating rates for the
different sports, calculations were made using all participants
in a sport and not just frequent participants (Table 2). All rates
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for football injuries were calculated using players who had
played either tackle or touch football, i.e., the “football total”
data from Table 2. This was done as information about whether
injuries occurred in a game of tackle or touch football was not
always available.

Rates for concussions presenting to the EDs from 1993
to 1999 for ice hockey, soccer, and football are listed in
Table 4. Rates for the combination of concussions/skull
fractures/internal injuries to the head presenting to the EDs
from 1993 to 1999 for each sport are listed in Table 5. Concus-
sions, skull fractures, and internal injuries to the head were
combined, as these diagnoses are suggestive of significant
damage (skull fracture) or an injury to the brain (concussion or
internal injury to the head). Internal injury to the head would
most often imply some internal derangement such as a cerebral
bleed or contusion. Due to the limited selection of diagnoses,
internal head injury was the most appropriate diagnosis avail-
able for these types of injuries. While it is very probable that a
patient who had suffered a skull fracture may also have sus-

tained at least a concomitant concussion, only 1 diagnosis that
best described the injury to the affected area was chosen for
each area of injury.

DISCUSSION
When examining participation rates over several years,

participation in soccer trended upward from 1993 to 1999, ice
hockey stayed relatively constant over the same period, and
participation in football as a whole declined slightly from 1995
to 1999 (Table 2). Despite this, football had the highest number
of participants for each year from 1995 to 1999, soccer had the
second largest number of participants during the same period,
and ice hockey had the least number of participants each year
data were available. Likely at least in part because of its large
number of participants, football accounted for the largest total
number of head injuries, concussions, and combined
concussions/skull fractures/internal head injuries presenting to
the EDs from 1990 to 1999 (Table 1). These data do not con-
tradict the belief that despite equipment and rule changes over
the years, football is still responsible for the majority of sports-
related concussions in the United States today.1–4,5,56,57 In
keeping with the number of participants, soccer was associated
with the second largest number of head injuries, concussions,
and combined concussions/skull fractures/internal head inju-
ries presenting to EDs from 1990 to 1999, while ice hockey,
with the fewest number of participants, was associated with the
fewest number of all injuries from 1990 to 1999.

When one combines the total number of head injuries
presenting to EDs per year with the annual number of partici-
pants in each sport, a very rough estimate of injury rates for
each sport per year is possible. These rates give a better idea of
the chances of sustaining a head injury that requires medical
attention in an ED while participating in any of the three sports,
as opposed to merely examining the total number of head in-

TABLE 2. Participation Rates for Ice Hockey, Soccer, and Football in the United States from 1993 to 1999*†

1993 1994 1995 1996 1997 1998 1999

Ice hockey All participants 1.70 1.90 2.50 2.10 1.90 2.10 1.90
Frequent participants (30+ days/y) 0.40 0.50 0.80 0.70 0.50 0.90 0.70

Soccer All participants 10.30 12.50 12.00 13.90 13.70 13.20 13.20
Frequent participants (40+ days/y) 3.00 3.70 3.70 4.20 4.70 4.90 5.00

Football (tackle) All participants ‡ ‡ 8.30 9.00 8.20 7.40 8.70
Frequent participants (40+ days/y) ‡ ‡ 2.60 3.20 2.90 2.80 3.40

Football (touch) All participants ‡ ‡ 12.10 11.60 11.90 9.60 11.10
Frequent participants (40+ days/y) ‡ ‡ 1.70 1.70 1.90 1.30 2.00

Football total All participants ‡ ‡ 20.40 20.60 20.10 17.00 19.80
Frequent participants (40+ days/y) ‡ ‡ 4.30 4.90 4.80 4.10 5.40

*Data presented in millions of participants
†Source: SBRnet.55

‡Estimates not available for this year.

TABLE 1. Cumulative Injuries Presenting to the EDs in the
United States from 1990 to 1999 for Ice Hockey, Soccer,
and Football*

Cumulative Injuries
(1990–1999)

Ice
Hockey Soccer Football

Total head injuries 17,008 86,697 204,802
Total concussions 4820 21,714 68,860
Total concussions,

skull fractures, or
internal head injuries 9883 50,035 128,968

*Source: US CPSC and the NEISS.
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juries per year. The rates for head injuries presenting to the
EDs are similar for ice hockey, soccer, and football for the
years that data were available for each sport. While the calcu-
lated rates for football are slightly higher than for ice hockey
and soccer for each year they were available, the 95% CIs
overlap for all 3 sports, except between soccer and football for
the year 1998, when football was higher.

The rates of head injuries trended higher for all 3 sports
from 1997 to 1999. Reasons for this rise may include chance,
changes in the sports themselves, an increased awareness of
head injuries in the community, and a change in the locations
where medical care was sought by injured athletes. While it is
unlikely that all 3 games would have changed substantially
over a span of only a few years, it is possible that players had
become more aggressive and thus more likely to suffer from or
cause an injury. Perhaps even more probable is that, as our
society’s awareness of concussions and head injuries has in-

creased over the past decade, athletes and the people who care
for them have become more cautious about head injuries and
are more inclined to seek medical attention. Finally, the possi-
bility that patients who would have normally been seen by a
physician outside of an ED in years past were now presenting
to EDs cannot be excluded. This may have occurred by
choice—i.e., they wanted to be seen in the ED, or out of ne-
cessity if they did not have access to a family physician or other
health care professionals.

The most dramatic change in rates of head injuries oc-
curred in ice hockey. Ice hockey had its highest rate of head
injuries in 1993 and 1994. The rate declines suddenly for ice
hockey in 1995 and is almost half of what it was in 1994. In
contrast, the rate of soccer head injuries trended higher from
1994 to 1995. While the overlapping CIs from year to year
limit any definitive statements, reasons for the change occur-
ring in ice hockey may include chance, but may also include

TABLE 3. Rates of Head Injuries Presenting to EDs in the United States from 1993 to 1999 for Ice Hockey, Soccer, and
Football (Expressed as Injuries for Every 10,000 Participants)

Year

Hockey Soccer Football

Rate
95% CI

Lower Limit
95% CI

Upper Limit Rate
95% CI

Lower Limit
95% CI

Upper Limit Rate
95% CI

Lower Limit
95% CI

Upper Limit

1993 12.42 6.73 18.11 7.44 5.48 9.39 * * *
1994 13.66 7.78 19.54 6.62 4.93 8.32 * * *
1995 7.08 3.70 10.46 7.72 5.84 9.61 9.79 7.75 11.84
1996 8.68 4.56 12.79 6.87 5.22 8.53 10.20 8.10 12.31
1997 8.09 4.12 12.05 6.33 4.74 7.91 9.44 7.44 11.44
1998 10.48 5.74 15.23 7.86 6.02 9.70 13.54 10.82 16.27
1999 10.90 5.89 15.92 9.66 7.46 11.87 13.49 10.86 16.12

*Estimates not available for this year.

TABLE 4. Rates of Concussions Presenting to EDs in the United States from 1993 to 1999 for Ice Hockey, Soccer, and Football
(Expressed as Injuries for Every 10,000 Participants)

Year

Hockey Soccer Football

Rate
95% CI

Lower Limit
95% CI

Upper Limit Rate
95% CI

Lower Limit
95% CI

Upper Limit Rate
95% CI

Lower Limit
95% CI

Upper Limit

1993 3.28 1.61 4.94 2.01 1.08 2.93 * * *
1994 3.49 1.71 5.27 1.60 0.85 2.34 * * *
1995 2.15 1.06 3.25 1.57 0.83 2.31 3.13 2.26 4.01
1996 2.23 1.09 3.37 1.63 0.90 2.36 3.39 2.48 4.31
1997 2.04 1.00 3.08 1.38 0.73 2.03 3.28 2.38 4.19
1998 2.07 1.02 3.13 2.08 1.20 2.95 5.20 3.91 6.49
1999 4.90 2.40 7.40 3.10 2.03 4.17 4.97 3.79 6.15

*Estimates not available for this year.
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changes to the game itself. Although the decline in rates of
total head injuries for ice hockey from 1994 to 1995 is not
as obvious when examining rates for concussions and com-
bined concussions/skull fractures/internal head injuries, rule
changes had been introduced which may have affected the
game. For example, while helmets with facial protection had
been mandatory for minor league hockey since the mid-
1970s,58,59 in 1994, USA Hockey instituted a rule change that
made it illegal to complete a body check on an opponent who
no longer had control of the puck.60 It is also possible that
certain rules that had been instituted years earlier, such as no
pushing or checking from behind (1985) and the repositioning
of the goal line farther away from the end boards (1989),
played some role as well.

The rates for concussions and combined concus-
sions/skull fracture/internal head injuries per 10,000 partici-
pants presenting to EDs are comparable for ice hockey, soccer,
and football during the years that data were available for each
sport. Similar to rates of head injuries, the rate of concussions
and combined concussions/skull fractures/internal head inju-
ries trended higher for all 3 sports from the years 1997 to 1999.
As with the increase in rates of head injuries, possible expla-
nations may include chance, changes in the game, players be-
coming more aggressive, a higher percentage of injured ath-
letes presenting to EDs instead of other health care facilities,
and a greater awareness of concussions. This increased aware-
ness may have occurred in the injured athletes or their caregiv-
ers and in the medical community as well. The accepted medi-
cal definition of a concussion has broadened in recent years to
include many more signs and symptoms. While in years past, a
concussion was generally accepted to have occurred only if a
patient sustained a traumatically induced loss of consciousness
and/or posttraumatic amnesia,61 physicians now generally ac-
cept that a concussion is “any alteration in cerebral function
caused by a direct or indirect (rotation) force transmitted to the

head resulting in one or more of the following acute signs or
symptoms: a brief loss of consciousness, light-headedness,
vertigo, cognitive and memory dysfunction, tinnitus, blurred
vision, difficulty concentrating, amnesia, headache, nausea,
vomiting, photophobia or a balance disturbance. Delayed signs
and symptoms may also include sleep irregularities, fatigue,
personality changes, an inability to perform usual daily activi-
ties, depression or lethargy.”62 As such, a patient who may not
have been diagnosed with a concussion in years past may more
recently have been diagnosed as having sustained a concus-
sion.

The increasing size and strength of athletes at an elite
level is sometimes cited as a reason for rising injury rates.63

Any change in the size or strength of athletes involved in a
particular sport is unlikely to be dramatic over the span of a few
years and is therefore doubtfully a factor in this study that cov-
ers a period of only 10 years. Also, any changes that may occur
in elite athletes may not be easily extrapolated to the entire
community of combined elite and recreational athletes.

The total numbers and rates of head injuries, concus-
sions, and combined concussions/skull fractures/internal head
injuries presenting to the EDs in the United States are merely a
surrogate marker for the true level of these injuries occurring in
the community as a whole. It should be noted that while most
rates of concussions for elite athletes are often expressed as the
number of concussions per 1000 athletic exposures, we have
expressed our rates of injuries as the number of injuries per
10,000 participants.6 This makes it difficult to compare these
data with studies that prospectively calculated rates of injuries
among elite athletes. The calculation and tabulation of all head
injuries, concussions, and combined concussions/skull
fractures/internal head injuries presenting to the EDs in the
United States for any sport can only be expected to be a frac-
tion of all head injuries occurring. Often, injured athletes may
not recognize that an injury has occurred and thus may not seek

TABLE 5. Rates of Combined Concussions, Skull Fractures, and Internal Head Injuries Presenting to EDs in the United States
from 1993 to 1999 for Ice Hockey, Soccer, and Football (Expressed as Injuries for Every 10,000 Participants)

Year

Hockey Soccer Football

Rate
95% CI

Lower Limit
95% CI

Upper Limit Rate
95% CI

Lower Limit
95% CI

Upper Limit Rate
95% CI

Lower Limit
95% CI

Upper Limit

1993 7.50 3.71 11.29 4.25 2.85 5.65 * * *
1994 6.97 3.47 10.47 3.65 2.48 4.81 * * *
1995 4.95 2.44 7.47 4.52 3.22 5.83 5.91 4.55 7.27
1996 4.63 2.27 6.99 4.00 2.85 5.15 6.84 5.30 8.37
1997 5.63 2.76 8.51 3.54 2.47 4.61 6.46 4.99 7.93
1998 4.97 2.44 7.51 4.59 3.29 5.88 9.21 7.18 11.24
1999 8.73 4.51 12.95 6.52 4.88 8.16 9.70 7.65 11.75

*Estimates not available for this year.
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medical attention9,10,64,65 Recent research has suggested that
many sports-related concussions go unrecognized and undiag-
nosed.9,10 Some athletes may recognize that an injury has oc-
curred but may decide not to seek medical attention.45,66 Oth-
ers may seek medical care outside EDs. While not all head
injuries and concussions present to EDs, the head injuries and
concussions that do present to EDs are expected to be of a more
severe nature than those that do not present to the hospital.64

As the numbers discussed in this paper are merely sur-
rogate markers for the true level and rates of injuries occurring
annually for each sport, their accuracy and statistical signifi-
cance should not be overemphasized. For example, using these
numbers, the data presented in this paper reveal that for some
years, rates for football head injuries, concussions, and com-
bined concussions/skull fractures/internal head injuries are not
statistically higher than those of soccer, while in other years,
they are statistically higher. The results reported here should
be interpreted with the understanding that the actual figures are
not meant to illustrate a small statistically significant differ-
ence from year to year, or from sport to sport, but merely to
analyze general trends and illustrate that, although the rates are
not always statistically similar, they are usually comparable
among the 3 sports. To get a better idea of the risk of 1 sport
compared with another sport over a longer period of time, a
regression model incorporating as much data from as many
years possible would give a better representation than the re-
sults presented here. The data presented here do also illustrate
the general point that, although the total numbers of injuries
requiring a visit to the ED are very different for each sport, the
risk for each individual participating in each sport cannot be
predicted solely by the total number of injuries occurring in
each sport.

The data available from the CPSC and SBRnet are crude,
unadjusted figures for numbers of injured athletes presenting
to the EDs per year (numerators), and the number of athletes
participating in a particular sport frequently or infrequently per
year (denominators). The generalized sampling errors calcu-
lated by the CPSC for the NEISS data were therefore used,
although this limits the strength of the statistical conclusions.

The numerators may be biased in many ways. It is likely
that the number of injuries presenting to the EDs was not ho-
mogeneous across the entire United States. Ice rinks, for ex-
ample, are more commonly located in certain geographical ar-
eas of the country. This distribution affects the local participa-
tion and the number of sport-specific injuries presenting to
EDs for ice hockey, while soccer and football participation and
injuries presenting to EDs may be more evenly distributed
across the entire country.60,67,68 This geographic disparity may
compromise the validity of the hospital sampling method.
Other information that may influence the amount of sport-
specific injuries such as the skill level of local players, overall
physical conditioning of the players, previous injuries, etc.,
was also not available from the data, and adjustments could not

be made accordingly. It is also possible that there were differ-
ent thresholds for using the EDs among the different sports.
Perhaps local ice rinks and indoor soccer facilities were more
likely to activate local emergency medical services in the event
of injury because of a fear of liability on the facilities’ part.
This would almost always result in an ED visit, whereas the
parents or the injured athletes themselves who were injured
while playing football or soccer on a public field might have
been more likely to make the decision to seek medical care
themselves. These people might have chosen to seek medical
attention outside an ED, or they might have decided not to seek
medical care. While it would be expected that most profes-
sional and university level competitions for all 3 sports would
have a physician present, high school football in the United
States very often has a physician present at games. As such, it
is possible that athletes who sustained a head injury in these
games were diagnosed and attended to on site, therefore negat-
ing the need to seek medical attention in the local EDs.

The design of the NEISS data collection system may also
underestimate the total number of individual diagnoses includ-
ing concussions, skull fractures, and internal head injuries, as
only the 1 most accurate diagnosis may be selected for each
injured body part. For example, if an injured patient presented
with a large scalp laceration and a concussion, it is possible
that the laceration would be considered to be the most appro-
priate diagnosis, and as such, while a head injury with a lac-
eration would be recorded, the concussion would not be re-
corded in the NEISS database.

The denominators may be biased as well. As much of the
data is obtained from leagues and sports associations, these
data are likely more accurate when assessing the number of
frequent participants involved in a sport. Athletes who partici-
pate regularly and often in a sport are more likely to be in-
volved in an organized league and thus would be easier to
track. Athletes who play a sport infrequently may be less likely
to belong to an organized league and may be more difficult to
assess precisely. Some sports leagues and organizations may
be more accurate in assessing and recording participation rates
than others. As discussed with the numerators, there may be
variation with respect to participation rates for the 3 different
sports in different geographic areas of the country. This geo-
graphic disparity may affect sampling accuracy and calcula-
tions based on these values.

The estimates for rates of head injuries, concussions, and
combined concussions/skull fractures/internal head injuries
presenting to the EDs in the United States may underestimate
the overall risks for injury for elite athletes while overestimat-
ing the risks for recreational and infrequent participants. This
likely occurs because the NEISS data collection system col-
lects only reliable data on whether the injury occurred during
participation of a specific sport. Data on whether the injury
occurred during participation at an elite level, to a frequent or
infrequent participant, or during contact tackle or touch foot-
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ball, for example, were not always available. As such, the de-
nominator is likely biased toward including too many athletes.
An elite athlete who participates in a specific sport is more
likely to be injured than an infrequent recreational athlete.
Elite athletes are required to practice and play more frequently
than recreational or part-time athletes participating in the same
sport. Each game or practice can be considered to be an expo-
sure to injury (often referred to as athletic exposures) and, as
such, elite athletes have more athletic exposures and chance
for injuries. The recreational or part-time participant in a spe-
cific sport would have fewer athletic exposures with less op-
portunity for injury and, by presumption, less overall chance of
being injured while participating in a specific sport. In an effort
to gauge the risk of an injury for an individual athlete for each
practice or game, rates of concussions are sometimes ex-
pressed in the literature as the number of concussions per 1000
athletic exposures.6 An argument can be made that elite ath-
letes who play ice hockey, soccer, or football frequently would
likely play the game at a higher skill level with quicker speeds
and possibly a more aggressive style, which could predispose
to head injuries. Conversely, while recreational athletes who
participate infrequently may play the game at slower speeds,
these athletes are less skilled and thus more likely to injure
themselves or others. While the overall likelihood for injury
during participation in ice hockey, soccer, or football for an
infrequent player may be less as the player may be exposed to
the risk less frequently, these data cannot estimate the risk for
each athletic exposure for different types of participants.

In conclusion, while the total numbers of head inju-
ries, concussions, and combined concussions/skull frac-
tures/internal head injuries presenting to the EDs in the United
States are different for ice hockey, soccer, and football for the
years studied, the yearly rates for these injuries are comparable
among all 3 sports. This reaffirms the notion that the rates of
head injuries and concussions for these sports are comparable
not only in elite athletes but also in the athletic community as a
whole.

ACKNOWLEDGMENTS
The author would like to thank the CPSC and SBRnet for

their great help in providing data, as well as Mr. Fabrice Rouah
and Dr. Jose A. Correa, who were the statistical consultants for
the study. Tracy Troutman Delaney and Mary Mooney were
also very helpful in the preparation of the manuscript.

REFERENCES
1. Cantu RC. Athletic head injuries. Clin Sports Med. 1997;16:531–542.
2. Guskiewicz KM, Weaver NL, Padua DA, et al. Epidemiology of concus-

sion in collegiate and high school football players. Am J Sports Med.
2000;28:643–650.

3. Powell JW, Barber-Foss KD. Traumatic brain injury in high school ath-
letes. JAMA. 1999;282:958–963.

4. Torg JS. Epidemiology, pathomechanics, and prevention of athletic inju-
ries to the cervical spine. Med Sci Sports Exerc. 1985;17:295–303.

5. Torg JS, Vegso JJ, Sennett B, et al. The National Football Head and Neck
Injury Registry: 14-year report on cervical quadriplegia, 1971 through
1984. JAMA. 1985;254:3439–3443.

6. Buckley WE. Concussions in college football: a multivariate analysis. Am
J Sports Med. 1988;16:51–56.

7. Cantu RC. Cerebral concussion in sport: management and prevention.
Sports Med. 1992;14:64–74.

8. Cantu RC, Mueller FO. Catastrophic football injuries: 1977-1998. Neu-
rosurgery. 2000;47:673–675; discussion 675–677.

9. Delaney JS, Lacroix VJ, Leclerc S, et al. Concussions during the 1997
Canadian Football League season. Clin J Sport Med. 2000;10:9–14.

10. Delaney JS, Lacroix VJ, Gagne C, et al. Concussions among university
football and soccer players: a pilot study. Clin J Sport Med. 2001;11:234–
240.

11. Mueller FO, Cantu RC. Catastrophic injuries and fatalities in high school
and college sports, fall 1982-spring 1988. Med Sci Sports Exerc. 1990;22:
737–741.

12. Mueller FO, Cantu RC. The annual survey of catastrophic football inju-
ries: 1977-1988. Exerc Sport Sci Rev. 1991;19:261–312.

13. Cantu RC. When to return to contact sports after cerebral concussion.
Sports Med Dig. 1988;10:1–2.

14. Cantu RC. Head injuries in sport. Br J Sports Med. 1996;30:289–296.
15. Mueller FO. Fatalities from head and cervical spine injuries occurring in

tackle football: 50 years’ experience. Clin Sports Med. 1998;17:169–182.
16. Collins MW, Grindel SH, Lovell MR, et al. Relationship between con-

cussion and neuropsychological performance in college football players.
JAMA. 1999;282:964–970.

17. Benson BW, Mohtadi NG, Rose MS, et al. Head and neck injuries among
ice hockey players wearing full face shields vs half face shields. JAMA.
1999;282:2328–2332.

18. Benson BW, Rose MS, Meeuwisse WH. The impact of face shield use on
concussions in ice hockey: a multivariate analysis. Br J Sports Med. 2002;
36:27–32.

19. Biasca N, Simmen HP, Bartolozzi AR, et al. Review of typical ice hockey
injuries: survey of the North American NHL and Hockey Canada versus
European leagues. Unfallchirurg. 1995;98:283–288.

20. Gerberich SG, Finke R, Madden M, et al. An epidemiological study of
high school ice hockey injuries. Childs Nerv Syst. 1987;3:59–64.

21. Gillogly SD, Whaley W. Medical aspects of professional hockey in At-
lanta. J Med Assoc Ga. 2000;89:39–44.

22. Goodman D, Gaetz M, Meichenbaum D. Concussions in hockey: there is
cause for concern. Med Sci Sports Exerc. 2001;33:2004–2009.

23. Honey CR. Brain injury in ice hockey. Clin J Sport Med. 1998;8:43–46.
24. Jorgensen U, Schmidt-Olsen S. The epidemiology of ice hockey injuries.

Br J Sports Med. 1986;20:7–9.
25. Molsa J, Airaksinen O, Nasman O, et al. Ice hockey injuries in Finland: a

prospective epidemiologic study. Am J Sports Med. 1997;25:495–499.
26. Naunheim RS, Standeven J, Richter C, et al. Comparison of impact data in

hockey, football, and soccer. J Trauma. 2000;48:938–941.
27. Roberts WO, Brust JD, Leonard B, et al. Fair-play rules and injury reduc-

tion in ice hockey. Arch Pediatr Adolesc Med. 1996;150:140–145.
28. Roberts WO, Brust JD, Leonard B. Youth ice hockey tournament injuries:

rates and patterns compared to season play. Med Sci Sports Exerc. 1999;
31:46–51.

29. Tegner Y, Lorentzon R. Concussion among Swedish elite ice hockey
players. Br J Sports Med. 1996;30:251–255.

30. Cantu RC. Diagnosis and management of concussion. In: Sallis RE, Mas-
simino F, ed. American College of Sports Medicine’s Essentials of Sports
Medicine. St. Louis, MO: Mosby; 1997:345–347.

31. Lindsay KW, McLatchie G, Jennett B. Serious head injury in sport. BMJ.
1980;281:789–791.

32. Schmidt-Olsen S, Jorgensen U, Kaalund S, et al. Injuries among young
soccer players. Am J Sports Med. 1991;19:273–275.

33. Barnes BC, Cooper L, Kirkendall DT, et al. Concussion history in elite
male and female soccer players. Am J Sports Med. 1998;26:433–438.

34. Boden BP, Kirkendall DT, Garrett WE Jr. Concussion incidence in elite
college soccer players. Am J Sports Med. 1998;26:238–241.

35. Delaney JS, Drummond R. Has the time come for protective headgear for
soccer? Clin J Sport Med. 1999;9:121–123.

Delaney Clin J Sport Med • Volume 14, Number 2, March 2004

86 © 2004 Lippincott Williams & Wilkins



36. Kirkendall DT, Jordan SE, Garrett WE. Heading and head injuries in soc-
cer. Sports Med. 2001;31:369–386.

37. Matser JT, Kessels AG, Jordan BD, et al. Chronic traumatic brain injury in
professional soccer players. Neurology. 1998;51:791–796.

38. Matser EJ, Kessels AG, Lezak MD, et al. Neuropsychological impairment
in amateur soccer players. JAMA. 1999;282:971–973.

39. Sortland O, Tysvaer AT. Brain damage in former association football
players: an evaluation by cerebral computed tomography. Neuroradiol-
ogy. 1989;31:44–48.

40. Tysvaer A, Storli O. Association football injuries to the brain: a prelimi-
nary report. Br J Sports Med. 1981;15:163–166.

41. Tysvaer AT, Storli OV. Soccer injuries to the brain: a neurologic and
electroencephalographic study of active football players. Am J Sports
Med. 1989;17:573–578.

42. Tysvaer AT, Lochen EA. Soccer injuries to the brain: a neuropsychologic
study of former soccer players. Am J Sports Med. 1991;19:56–60.

43. Tysvaer AT. Head and neck injuries in soccer: impact of minor trauma.
Sports Med. 1992;14:200–213.

44. Pediatrics TAAo. A policy statement. Physician Sportsmed. 1988;16:
165–169.

45. Gerberich SG, Priest JD, Boen JR, et al. Concussion incidences and se-
verity in secondary school varsity football players. Am J Public Health.
1983;73:1370–1375.

46. Kelly KD, Lissel HL, Rowe BH, et al. Sport and recreation-related head
injuries treated in the emergency department. Clin J Sport Med. 2001;11:
77–81.

47. Thurman DJ, Branche CM, Sniezek JE. The epidemiology of sports-
related traumatic brain injuries in the United States: recent developments.
J Head Trauma Rehabil. 1998;13:1–8.

48. Aubry M, Cantu R, Dvorak J, et al. Summary and agreement statement of
the 1st international symposium on concussion in sport, Vienna 2001.
Clin J Sport Med. 2002;12:6–11.

49. Wrightson P, Gronwall D. Mild head injury in New Zealand: incidence of
injury and persisting symptoms. N Z Med J. 1998;111:99–101.

50. White RJ, Likavec MJ. The diagnosis and initial management of head
injury. N Engl J Med. 1992;327:1507–1511.

51. Waxweiler RJ, Thurman D, Sniezek J, et al. Monitoring the impact of

traumatic brain injury: a review and update. J Neurotrauma. 1995;12:
509–516.

52. Strang I, MacMillan R, Jennett B. Head injuries in accident and emer-
gency departments at Scottish hospitals. Injury. 1978;10:154–159.

53. Stiell IG, Lesiuk H, Wells GA, et al. The Canadian CT Head Rule Study
for patients with minor head injury: rationale, objectives, and methodol-
ogy for phase I (derivation). Ann Emerg Med. 2001;38:160–169.

54. Gottesfeld SH, Jagoda A. Mild head trauma: appropriate diagnosis and
management. Emerg Med Pract. 2000;2:1–24.

55. Sports Business Research Network Web site. Available at: http://www.
sbrnet.com/about_us.htm.

56. Wilberger JE Jr, Maroon JC. Head injuries in athletes. Clin Sports Med.
1989;8:1–9.

57. Warren WL Jr, Bailes JE. On the field evaluation of athletic neck injury.
Clin Sports Med. 1998;17:99–110.

58. Daly PJ, Sim FH, Simonet WT. Ice hockey injuries: a review. Sports Med.
1990;10:122–131.

59. Kraus JF, Anderson BD, Mueller CE. The effectiveness of a special ice
hockey helmet to reduce head injuries in college intramural hockey. Med
Sci Sports. 1970;2:162–164.

60. Tator CH, Carson JD, Edmonds VE. Spinal injuries in ice hockey. Clin
Sports Med. 1998;17:183–194.

61. Leclerc S, Lassonde M, Delaney JS, et al. Recommendations for grading
of concussion in athletes. Sports Med. 2001;31:629–636.

62. Wojtys EM, Hovda D, Landry G, et al. Current concepts: concussion in
sports. Am J Sports Med. 1999;27:676–687.

63. Montgomery DL. Physiology of ice hockey. Sports Med. 1988;5:99–126.
64. Grindel SH, Lovell MR, Collins MW. The assessment of sport-related

concussion: the evidence behind neuropsychological testing and manage-
ment. Clin J Sport Med. 2001;11:134–143.

65. Schneider RC. Head and Neck Injuries in Football. Baltimore, MD:
Williams and Wilkins; 1973.

66. Yarnell PR, Lynch S. The “ding”: amnestic states in football trauma. Neu-
rology. 1973;23:196–197.

67. Clarke KS. Epidemiology of athletic head injury. Clin Sports Med. 1998;
17:1–12.

68. Clarke KS. Epidemiology of athletic neck injury. Clin Sports Med. 1998;
17:83–97.

Clin J Sport Med • Volume 14, Number 2, March 2004 Head Injuries Presenting to Emergency Departments

© 2004 Lippincott Williams & Wilkins 87


