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Objective: To summarize 16 years of National Collegiate
Athletic Association (NCAA) injury surveillance data for 15
sports and to identify potential modifiable risk factors to target
for injury prevention initiatives.

Background: In 1982, the NCAA began collecting standard-
ized injury and exposure data for collegiate sports through its
Injury Surveillance System (ISS). This special issue reviews
182000 injuries and slightly more than 1 million exposure re-
cords captured over a 16-year time period (1988—-1989 through
2003-2004). Game and practice injuries that required medical
attention and resulted in at least 1 day of time loss were in-
cluded. An exposure was defined as 1 athlete participating in 1
practice or game and is expressed as an athlete-exposure (A-
E).

Main Results: Combining data for all sports, injury rates
were statistically significantly higher in games (13.8 injuries per
1000 A-Es) than in practices (4.0 injuries per 1000 A-Es), and
preseason practice injury rates (6.6 injuries per 1000 A-Es)
were significantly higher than both in-season (2.3 injuries per
1000 A-Es) and postseason (1.4 injuries per 1000 A-Es) prac-

tice rates. No significant change in game or practice injury rates
was noted over the 16 years. More than 50% of all injuries were
to the lower extremity. Ankle ligament sprains were the most
common injury over all sports, accounting for 15% of all re-
ported injuries. Rates of concussions and anterior cruciate lig-
ament injuries increased significantly (average annual increas-
es of 7.0% and 1.3%, respectively) over the sample period.
These trends may reflect improvements in identification of these
injuries, especially for concussion, over time. Football had the
highest injury rates for both practices (9.6 injuries per 1000 A-
Es) and games (35.9 injuries per 1000 A-Es), whereas men’s
baseball had the lowest rate in practice (1.9 injuries per 1000
A-Es) and women’s softball had the lowest rate in games (4.3
injuries per 1000 A-Es).

Recommendations: In general, participation in college ath-
letics is safe, but these data indicate modifiable factors that, if
addressed through injury prevention initiatives, may contribute
to lower injury rates in collegiate sports.

Key Words: athletic injuries

(NCAA) Injury Surveillance System (ISS) has collected

injury and exposure data from 16 sport activities: men’s
baseball, men’s basketball, women’s basketball, women’s field
hockey, men’s fall football, men’s spring football, men’s gym-
nastics, women’s gymnastics, men’s ice hockey, men’s la-
crosse, women’s lacrosse, men’s soccer, women’s soccer, wom-
en’s softball, women’s volleyball, and men’s wrestling. Data
collection for a 17th sport, women’s ice hockey, began in the
2000-2001 season. Men’s gymnastics is not included due to
small sample size, and fall and spring football are reported in
the same article. A total of 182 000 injuries and slightly more
than 1 million exposure records are contained in the sample
from 1988-1989 through 2003-2004 described in this special
issue. This article will summarize selected information from
the 15 individual sport activities to provide an overview of
general injury trends in college athletics. We also highlight
injury rates for 3 specific conditions across all sports: ankle
ligament sprains, anterior cruciate ligament (ACL) injuries,
and concussions.

A reportable injury in the ISS had to meet all of the follow-
ing criteria: (1) injury occurred as a result of participation in
an organized intercollegiate practice or contest; (2) injury re-
quired medical attention by a team certified athletic trainer or
physician; and (3) injury resulted in restriction of the student-
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athlete’s participation or performance for one or more days
beyond the day of injury. An exposure was defined as 1 athlete
participating in 1 practice or game (athlete-exposure, A-E),
and injury rates were expressed as the number of injuries per
1000 A-Es. More detail regarding the sports covered, sampling
methods, and case definitions can be found in the ‘Introduc-
tion and Methods™ article in this special issue.!

Over the 16-year sample period, injury trends may have
been influenced by a variety of factors, including increased
athletics participation, changes in NCAA rules and policies,
and the continued evolution of the practice of sports medicine.
Participation has increased among both sexes (80% increase
in females and 20% increase in males) in all NCAA champi-
onship sports. The NCAA policy changes have been sport spe-
cific (eg, mandating eye protection in women’s lacrosse,
changing the weight classes in wrestling), division specific (eg,
modifications to spring football practice in Divisions I and II),
and across all divisions (eg, expanding the number of games
in a season, increasing the length of practice seasons, and ex-
pansion of postseason tournament qualifying fields). Medical
coverage for college athletics has improved, particularly with
the creation of the 2000 National Athletic Trainers’ Associa-
tion (NATA) “Recommendations and guidelines for appropri-
ate medical coverage in intercollegiate athletics.”? The NATA
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Table 1. Game and Practice Injury Rates, 15 Sports, National Collegiate Athletic Association, 1988-1989 through 2003-2004
Total No. of Game Injury 95% Total No. of Practice Injury 95%
Game Athlete- Injuries, Rate per 1000  Confidence Practice Athlete- Injuries, Rate per 1000  Confidence
Exposures No. Athlete-Exposures  Interval Exposures No. Athlete-Exposures  Interval

Division |

Preseason 114528 803 7.01 6.53, 7.50 4903695 35710 7.28 7.21,7.36

In season 1963708 31883 16.24 16.06, 16.41 7305903 17502 2.40 2.36, 2.43

Postseason 89610 849 9.47 8.84, 10.11 390538 622 1.59 1.47,1.72

Total Division | 2167 846 33535 15.47 15.30, 15.63 12600 136 53834 4.27 4.24, 4.31
Division Il

Preseason 56 590 356 6.29 5.64, 6.94 2290173 14696 6.42 6.31, 6.52

In season 1017991 13855 13.61 13.38, 13.84 3138541 7013 2.23 2.18, 2.29

Postseason 45747 388 8.48 7.64, 9.33 146101 179 1.23 1.05, 1.40

Total Division Il 1120328 14599 13.03 12.82, 13.24 5574815 21888 3.93 3.87, 3.98
Division 11l

Preseason 115725 562 4.86 4.45,5.26 3502829 20545 5.87 5.79, 5.95

In season 1754358 22940 13.08 12.91, 13.25 5472374 12625 2.31 2.27,2.35

Postseason 85831 680 7.92 7.33, 8.52 252727 268 1.06 0.93, 1.19

Total Division llI 1955914 24182 12.36 12.21, 12,52 9227930 33438 3.62 3.58, 3.66
All Divisions

Preseason 286843 1721 6.00 5.72, 6.28 10696 697 70951 6.63 6.58, 6.68

In season 4736057 68678 14.50 14.39, 14.61 15916818 37140 2.33 2.31,2.36

Postseason 221188 1917 8.67 8.28, 9.05 789 366 1069 1.35 1.27,1.44
Total 5244088 72316 13.79 13.69, 13.89 27 402 881 109160 3.98 3.96, 4.04

*Wald x? statistics from negative binomial model: game injury rates differed among divisions (P < .01) and within season (P < .01). Practice
injury rates differed among divisions (P < .01) and within season (P < .01). Postseason sample sizes are much smaller (and have a higher
variability) than preseason and in season sample sizes because only a small percentage of schools participated in the postseason tournaments
in any sport and not all of those were a part of the Injury Surveillance System sample. Numbers do not always sum to totals because of missing

division or season information. Spring football data are not included here.

reports that the number of certified athletic trainers working
in the collegiate setting has increased 86% over the last 10
years (from 2654 in 1995 to 4947 in 2005; NATA, unpub-
lished data, 2007). Finally, the field of sports medicine has
advanced over this time, particularly with regard to evidence-
based interventions (eg, bracing, physical conditioning pro-
grams) and medical awareness and diagnosis (eg, heightened
awareness and ability to assess concussions).

In the following section, we first report selected results sum-
marized across years and, in most cases, across sports and
divisions. After each set of results, we provide commentary
that addresses potential related prevention initiatives.

DATA SUMMARY AND COMMENTARY

Overall Game and Practice Injury Rates

Table 1 shows overall game and practice injury rates by
division and season, combined across 15 sports. The seasonal
injury rates in both games and practices show similar patterns
across divisions. For games, preseason competition accounted
for the lowest injury rate in all divisions (6.0 injuries per 1000
A-Es, 95% confidence interval [CI] = 5.7, 6.3), whereas the
in season was associated with the highest game injury rates
(14.5 per 1000 A-Es, 95% CI = 14.4, 14.6). Rates in the
postseason were significantly higher than those in the presea-
son (8.7 versus 6.0 per 1000 A-Es) but significantly lower than
those in the regular season (14.5 per 1000 A-Es). Division I
had the highest rates and Division III the lowest, regardless of
season; however, not all differences were statistically signifi-
cant.

For practices (Table 1), preseason practices accounted for
the highest injury rate (6.6 per 1000 A-Es, 95% CI = 6.6,
6.7) across all divisions, whereas the postseason had the lowest
practice injury rates (rates ranged from 1.1 per 1000 A-Es in
Division III to 1.6 per 1000 A-Es in Division I). Within each
Division and overall, preseason practice injury rates were 2.5
to 3 times higher than in-season practice rates and 4.6 to 5.5
times higher than postseason practice rates. As was the case
with game rates, practice injury rates were highest in Division
I and lowest in Division III, regardless of season.

Across all divisions and seasons, the rate of game injuries
(13.8 per 1000 A-Es, 95% CI = 13.7, 13.9) was 3.5 times
higher than the rate of practice injuries (4.0 per 1000 A-Es,
95% CI = 3.9, 4.0). These rates equate to 1 injury every 2
games and 1 injury every 5 practices for a team of 50 partic-
ipants.

Significant variability exists across sports for the ““intensi-
ty”” of both game activities and, particularly, practice activities.
Quantifying this variable is an important research opportunity
that could aid future injury prevention research. In general, the
higher “intensity”” of game activity, in nonquantifiable terms,
is most likely an important contributor to the higher injury
rates in games compared with practices.

A variety of reasons may explain why injury rates are high-
er during the preseason than during other parts of the sport
season. Some athletes may come to the preseason poorly con-
ditioned, and, thus, the stress of the high-intensity, high-load
preseason training may result in an excess of injuries. Also,
any given preseason practice often lasts longer than an in-
season or postseason practice. Because an ISS exposure has
no time component, an individual is at a higher risk of injury
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Figure 1. Game and practice injury rates, 15 sports, National Collegiate Athletic Association, 1988—1989 through 2003-2004. Game time

trend P = .78. Average annual change = —0.3% (95% confidence
change = —0.2% (95% confidence interval = —1.4, 0.9).

in a longer practice because of the extended exposure to ath-
letic activity. Future authors who use a finer level of exposure
measurement, such as player-minutes, may be better able to
discriminate among these possible seasonal differences in in-
jury rates. However, it should be noted that this more detailed
exposure measurement (player-minutes) may be extremely dif-
ficult or impractical to obtain given the time and effort it
would take to gather these data. Preseason practice also often
includes multiple practices on the same day; this scenario may
limit recovery for subsequent activities and pose a higher in-
jury risk to players. Preseason practices also may have more
less-skilled or ““walk-on” persons trying out for the sport; such
individuals may be more susceptible to injury. Preseason is
also a time when all players may be competing for starting
positions, thus creating a highly competitive atmosphere,
which may increase injury rates. Many of the listed seasonal
factors may be modifiable, so the potential is great for devel-
oping injury prevention interventions to address the high rates
of preseason injuries. Preseason competition injury rates were
lower than in-season or postseason competition rates. This
finding is likely due to the fact that preseason competitions in
most sports may be more like scrimmages or practice games.
Coaches may be using players in different combinations than
during the regular season, and the intensity of play may be
somewhat mitigated compared with regular-season competi-
tions.

Injury prevention strategies, such as phased-in, multiple-day
practices; modifying practice times to accommodate environ-
mental conditions; mandating appropriate recovery time; and
preparticipation medical examinations, should be developed
and implemented to reduce preseason injury rates. In 2003,
the NCAA created legislation to address heat illness and gen-
eral injury in preseason football practices. This policy man-
dated a 5-day acclimatization period and other practice time
limitations during the preseason training session.? Initial feed-
back from both coaches and players was generally favorable,
although it is too early to quantify the effect on preseason heat
or general injury rates. The American College of Sports Med-
icine has followed up on this NCAA policy with a 2004 expert
panel roundtable, “Youth football: heat stress and injury
risk,”# expanding the conversation to youth sports and setting

interval = —2.5, 1.9). Practice time trend P = .70. Average annual

the stage for discussions across multiple sports. Minimizing
preseason injury rates in all sports through basic concepts of
recovery and hydration, as well as through more innovative
ideas, represents an important area in which certified athletic
trainers can make a difference.

Time Trends in Game and Practice Injury Rates

Figure 1 shows time trends in game and practice injury rates
from 1988-1989 to 2003-2004 for all the 15 sports combined.
Time trends show that game injury rates varied somewhat
from 1988-1989 through 1995-1996 and leveled out for the
remaining years, while practice injury rates demonstrated a
more stable course. No statistically significant increases or de-
creases in game (P = .78) or practice (P = .70) injury rates
occurred over the 16-year sample period.

Although not statistically significant, visual trends indicate
decreasing game injury rates over the 16 years, particularly in
the last 2 academic years. This finding may be related to the
modifications associated with NCAA policy and general sports
medicine practice discussed in the “Introduction and Meth-
ods” article.! In particular, many of the specific NCAA rules
modifications made over this time period were specifically fo-
cused on game situations (eg, clipping in football, hitting from
behind in ice hockey). If such policies achieved some level of
success in the applicable sport, the resulting injury trends may
eventually be reflected in these data. It also is possible that the
steady increase in the number of schools participating in the
ISS over the sample period has contributed to a stabilization
of game injury rates by effectively increasing the sample size
over time.

Injury Mechanism

Figure 2 shows practice and game injury mechanisms for
the 15 sports combined across years. For both practices and
games, player contact accounted for the majority of injuries
(58.0% in games, 41.6% in practices). In practices, noncontact
injury mechanisms account for 36.8% of all injuries, compared
with only 17.7% in games.

Player contact is a normal part of some sports, such as foot-
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Figure 2. Distribution (percentage) of injuries by injury mechanism
for practices and games, 15 sports, National Collegiate Athletic
Association, 1988—-1989 through 2003-2004.

ball, men’s ice hockey, men’s lacrosse, and wrestling. How-
ever, as noted earlier, although the percentages of player con-
tact injuries may be somewhat similar between practices and
games, the overall practice injury rate in these contact sports
may be significantly lower because of the judicious use of
player contact in practice. Sport rules and policies that promote
safer forms of player contact can be instituted and enforced.
For example, the no-spearing and no-clipping rules were in-
stituted in an effort to reduce contact-related injury rates (spe-
cifically head and neck injuries and knee injuries) in football.
The no-spearing rule was thought to be such an important part
of the game that the 2006 NCAA Football Division I Manual®
listed it in the opening ‘‘Points of Emphasis™ section, as well
as under the code of ethics for coaches. Protective equipment,
such as face guards in men’s ice hockey and protective devices
for injured body parts, also can be effective in minimizing
player and apparatus contact injuries. Athletic trainers continue
to play a leading role in creating innovative protection for
susceptible body parts that allow players to participate with a
reduced risk of injury from a direct blow.

Sports that limit or restrict player contact, such as soccer,
basketball, and women’s ice hockey, still have a majority of

their game injuries associated with player contact. A review
of playing rules in these sports to determine the effectiveness
of the noncontact emphasis seems warranted.

The high percentage of practice noncontact injuries primar-
ily reflects muscle strains and joint sprains that, for the most
part, cannot be effectively addressed by formal NCAA legis-
lation. Most of these noncontact practice injuries would best
be addressed by identification and modification of risk factors.
Just by being present and observing practices, athletic trainers
may be able to identify and remedy potential injury-causing
situations (eg, wet floors, environmental conditions). Future
researchers should investigate the circumstances and charac-
teristics of these noncontact practice injuries in more detail to
identify possible injury prevention initiatives.

Distribution of Injuries by Body Part

Figure 3 shows the distribution of injuries by body part for
practice and games, for 15 sports, combined across years. The
distribution of injuries by body part was similar for both practices
and games. More than 50% of all reported injuries were to the
lower extremity in both practices and games, with knee and ankle
injuries accounting for most of the lower extremity injuries (data
not shown). Injuries to the upper extremity accounted for 18.3%
and 21.4% of game and practice injuries, respectively.

In terms of total burden in the athletic population, the pre-
ponderance of injuries to the lower extremity justifies partic-
ular emphasis in athletic training education and prevention ef-
forts in this area. Although studies targeted to minimize injury
to particular joints (ankles) or structures (ACLs) have merit,
more attention should be directed to injury prevention research
that is applicable to all types of lower extremity injuries. Iden-
tifying modifiable risk factors that are common to the majority
of lower extremity injuries and targeting injury prevention in-
terventions to the populations that have the greatest need (eg,
highest incidence or prevalence, those who are disproportion-
ately affected) should result in noticeable reductions in injury
rates and, possibly, reductions in related medical costs over
time. This approach also may be scientifically stronger, be-
cause it is extremely difficult and expensive (since very large
sample sizes and long follow-up times are needed) to conduct
randomized controlled trials of injury prevention interventions
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Figure 3. Distribution (percentages) of injuries by body part for games and practices for 15 sports, National Collegiate Athletic Asso-

ciation, 1988—-1989 through 2003-2004.
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for conditions that are relatively rare (eg, noncontact ACL in-
juries). For example, much of the research on neuromuscular
exercise training programs for ACL injury prevention may
have applicability to other conditions, such as ankle ligament
sprains,>® hamstring injuries,” and lower extremity injuries in
general.8-10 There is a critical need to train researchers in the
appropriate methods and to increase funding for injury pre-
vention research in the United States. The NCAA ISS is an
ongoing, flexible, and standardized injury surveillance tool
that can be a valuable resource for such studies.

Rates of Select Injuries (Ankle Ligament Sprains,
Anterior Cruciate Ligament Injuries, and
Concussions) by Sport

Table 2 shows the frequency, distribution, and rates of select
injuries (ankle ligament sprains, ACL injuries, and concus-
sions), broken out by the 16 sports, combined across years.
More than 27000 ankle ligament sprains were reported over
the 16 academic years, yielding an average of approximately
1700 per year. Assuming the sample represents approximately
15% of the total population of NCAA institutions, this equates
to an annual average of more than 11000 ankle sprains in
these 15 activities. These injuries accounted for approximately
one quarter of all injuries in men’s and women’s basketball
and women’s volleyball. However, spring football (1.34 per
1000 A-Es) and men’s basketball (1.30 per 1000 A-Es) had
the highest rates of ankle ligament sprains.

Approximately 5000 ACL injuries were reported over the 16
years, an average of 313 per year in this sample. Assuming the
sample represents approximately 15% of the total population, this
equates to an annual average of more than 2000 ACL injuries in
these 15 activities. Football had the highest number of reported
ACL knee injuries (2159 in fall and 379 in spring, 53% of all
recorded ACL injuries), but women’s gymnastics had the highest
rate (0.33 per 1000 A-Es), equal to the rate for spring football
(0.33 per 1000 A-Es). Three of the 4 sports with the highest rates
were women’s sports (gymnastics, basketball, and soccer), and,
along with spring football, all had significantly higher ACL in-
jury rates than any other sport.

More than 9000 concussions were reported over the 16
years, an average of 563 per year in this sample. Assuming
the sample represents approximately 15% of the total popu-
lation, this equates to an annual average of about 3753 con-
cussions in these 15 activities. Football had the highest number
of reported concussions (fall and spring combined, n = 5016,
55% of all concussions recorded), but women’s ice hockey had
the highest rate (0.91 injuries per 1000 A-Es, 95% CI = 0.71,
1.11; significantly higher than for all other sports). However,
we caution that the ISS has collected data from women’s ice
hockey for only 4 years, and therefore data must interpreted
with caution. Women’s soccer, traditionally a noncontact sport,
also had a relatively high rate of concussions (0.41 per 1000
A-Es, 95% CI = 0.38, 0.44).

Time Trends in Injury Rates for Select Injuries

Figure 4 shows time trends in injury rates for select conditions
(ankle ligament sprains, ACL knee injuries, and concussions),
combined across the 15 sports and combined across years. Time
trends in the rates of reported ankle ligament sprains across sports
appear relatively stable, with a nonsignificant decrease (—0.1%,
P = .68) noted over 16 years. Rates of ACL injuries and con-

cussions both demonstrated significant increases (ACL: 1.3% av-
erage annual increase, P = .02; concussion: 7.0% average annual
increase, P < .01) over time. The rates of concussions doubled
from 0.17 per 1000 A-Es in 1988-1989 to 0.34 per 1000 A-Es
in 2003-2004. The observed upward trend in the concussion rate
undoubtedly reflects improvements in the detection and manage-
ment of concussion over the 16-year study period (especially in
football) but may also represent some true increases in concus-
sion rates over time.

Ligamentous injuries to the ankle are the most common in-
jury occurring, regardless of sport or exposure type (game or
practice), a fact supported in the literature.!! In this sample,
ankle ligament injuries represented 14.8% of all reported in-
juries (range = 3% [women’s ice hockey] to 26% [men’s bas-
ketball]). Marchi et al'? reported in 1999 that 23% of ankle
sprains in their study of moderate to severe sports injuries
among children aged 6 to 15 years resulted in permanent se-
quelae over 12 years of follow-up. Although only 1 in 5 ISS
ankle ligament injuries resulted in 10+ days of time loss (a
marker of injury severity), if even a small proportion of these
injuries result in long-term morbidity or disability, then they
represent a large potential burden in the population.

Effective interventions exist that can reduce the incidence
of ankle injury without critically impairing performance.>-13.14
Prophylactic bracing or taping and neuromuscular/balance ex-
ercise programs can reduce the rate of lower extremity injuries
by as much as 50%.5 These interventions are particularly ef-
ficacious among athletes with a prior history of ankle injury.
Specifically looking at the sport of volleyball, ankle sprain
prevention programs have been proven efficacious and cost
effective.%13-10 Because the majority of lower extremity sports
injuries occur to the ankle, it is reasonable to think that these
interventions, if broadly implemented, could reduce the inci-
dence of ankle injury and/or reinjury. Despite this likelihood,
no existing “‘best practice’ or clinical practice guidelines di-
rect the broad uptake of these interventions in the sports med-
icine community.

Overall, ACL injuries, regardless of mechanism, only ac-
counted for approximately 3% of all injuries (range: 0.7%
[women’s ice hockey, men’s baseball] to 5% [women’s gym-
nastics, women’s basketball]), but 88% of these injuries re-
sulted in 10+ days of time loss. The rate of ACL injury in-
creased 1.3% per year on average over the sample period.
Evaluation of this injury trend over time also must include
consideration of the significant changes in conditioning, brac-
ing, and medical technology and diagnosis discussed earlier.
The intense interest focused on ACL injuries—in particular,
the noncontact ACL sex differences reported previously,!7-18
which continue to be substantiated in this sample period—may
have contributed to increased detection of these injuries. In
conjunction with the increased clinical awareness of these in-
juries is the increased use and sensitivity of adjunct diagnostic
tools such as arthrograms and magnetic resonance imaging.
Although serious (as measured by time loss, pain, disability,
and costs) in terms of both frequency and rates, ACL injuries
are not “‘epidemic.” In fact, using the standard of <.05 as
rare, the actual probability of ACL injury would be considered
a rare event. For example, in 2003 Uhorchak et al'® reported
the probability of noncontact ACL injury during club and var-
sity sports at the US Military Academy to be 1 in 25 782 hours
of exposure (probability, <.0001). The ACL injury rates in
these NCAA data range from 0.02 to 0.33 per 1000 A-Es,
depending upon the sport, which also indicates that ACL in-
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Table 2. Frequency, Distribution, and Rates of Select Injuries (Ankle Ligament Sprains, Anterior Cruciate Ligament Injuries, and
Concussions) for Games and Practices Combined for 15 Sports, 1988—-1989 to 2003-2004

Percentage of All Injury Rate per 1000 95% Confidence

Injuries Frequency Injuries Athlete-Exposures Interval
Ankle ligament sprains
Men’s baseball 663 7.9 0.23 0.21, 0.25
Men’s basketball 3205 26.6 1.30 1.26, 1.35
Women'’s basketball 2446 24.0 1.15 1.10, 1.20
Women'’s field hockey 327 10.0 0.46 0.41, 0.51
Men’s football 9929 13.6 0.83 0.81, 0.84
Women’s gymnastics 423 15.4 1.05 0.95, 1.15
Men’s ice hockey 296 4.5 0.23 0.20, 0.26
Women'’s ice hockey* 12 2.8 0.14 0.06, 0.22
Men’s lacrosse 698 14.4 0.66 0.61, 0.71
Women'’s lacrosse 602 17.7 0.70 0.65, 0.76
Men’s soccer 2231 17.2 1.24 1.19, 1.29
Women'’s soccer 1876 16.7 1.30 1.24, 1.36
Women'’s softball 526 9.9 0.32 0.29, 0.35
Women'’s volleyball 1649 23.8 1.01 0.96, 1.06
Men’s wrestling 715 7.4 0.56 0.52, 0.60
Men’s spring football 1519 13.9 1.34 1.27, 1.40
Total ankle ligament sprains 27117 14.9 0.83 0.82, 0.84
Anterior cruciate ligament injuries
Men’s baseball 56 0.7 0.02 0.01, 0.02
Men’s basketball 167 1.4 0.07 0.06, 0.08
Women'’s basketball 498 4.9 0.23 0.21, 0.25
Women'’s field hockey 53 1.6 0.07 0.05, 0.09
Men'’s football 2159 3.0 0.18 0.17, 0.19
Women’s gymnastics 134 4.9 0.33 0.28, 0.39
Men’s ice hockey 78 1.2 0.06 0.05, 0.07
Women'’s ice hockey* 3 0.7 0.03 0.00, 0.07
Men’s lacrosse 131 2.7 0.12 0.10, 0.15
Women'’s lacrosse 145 4.3 0.17 0.14, 0.20
Men’s soccer 168 1.3 0.09 0.08, 0.11
Women’s soccer 411 3.7 0.28 0.26, 0.31
Women'’s softball 129 2.4 0.08 0.06, 0.09
Women'’s volleyball 142 2.0 0.09 0.07, 0.10
Men’s wrestling 147 15 0.11 0.10, 0.13
Men’s spring football 379 3.5 0.33 0.30, 0.37
Total anterior cruciate ligament injuries 4800 2.6 0.15 0.14, 0.15
Concussions
Men’s baseball 210 25 0.07 0.06, 0.08
Men’s basketball 387 3.2 0.16 0.14, 0.17
Women'’s basketball 475 4.7 0.22 0.20, 0.24
Women'’s field hockey 129 3.9 0.18 0.15, 0.21
Men’s football 4404 6.0 0.37 0.36, 0.38
Women’s gymnastics 64 2.3 0.16 0.12, 0.20
Men'’s ice hockey 527 7.9 0.41 0.37, 0.44
Women'’s ice hockey* 79 18.3 0.91 0.71, 1.11
Men’s lacrosse 271 5.6 0.26 0.23, 0.29
Women'’s lacrosse 213 6.3 0.25 0.22, 0.28
Men’s soccer 500 3.9 0.28 0.25, 0.30
Women'’s soccer 593 5.3 0.41 0.38, 0.44
Women'’s softball 228 4.3 0.14 0.12, 0.16
Women'’s volleyball 141 2.0 0.09 0.07, 0.10
Men’s wrestling 317 3.3 0.25 0.22, 0.27
Men’s spring football 612 5.6 0.54 0.50, 0.58
Total concussions 9150 5.0 0.28 0.27, 0.28

*Data collection for women'’s ice hockey began in 2000—2001.

juries are relatively rare. Contrast this with the ankle ligament
sprain rates discussed above (range: 0.14 to 1.34 per 1000 A-
Es); all but 4 sports (men’s ice hockey, women’s ice hockey,
men’s baseball, and women’s softball) had ankle ligament
sprain rates that were higher than that associated with the

sports with the highest ACL injury rate (women’s gymnastics
and men’s spring football). One interpretation of these data,
as noted previously, is that injury prevention research should
focus more on lower extremity injuries in general and not just
on injuries to specific anatomical structures. This approach
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Figure 4. Injury rates for select conditions (concussions, ankle ligament sprains, and anterior cruciate ligament injuries) for games and
practices combined for 15 sports, National Collegiate Athletic Association, 1988—1989 through 2003—-2004. Ankle ligament sprains time
trend P = .68. Average annual change = —0.1% (95% confidence interval = —0.8, 0.5). Anterior cruciate ligament (ACL) injury time trend
P = .02. Average annual change = 1.3% (95% confidence interval = 0.2, 2.4). Concussion time trend P < .01. Average annual change
= 7.0% (95% confidence interval = 5.4, 8.7).
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Figure 5. Overall (A) game and (B) practice injury rates for 15 sports, National Collegiate Athletic Association, 1988-1989 to 2003-2004.
Although data for 15 total sports are presented, fall and spring football are reported separately for practices; because no “official games”
are played during spring football, only fall football is listed for games.
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would require, however, that we establish risk factors that are
common to all (or most) lower extremity injuries and develop
interventions to address these factors.

Concussions represented 5% (women’s volleyball) to 18%
(women’s ice hockey) of reported injuries, 14% of which re-
stricted participation for 10 days or more (range: 2%). The
rate of concussion increased significantly by 7% on average
over the 16 years covered in this report, despite sport-specific
efforts (eg, in ice hockey and men’s lacrosse) to address the
rising risk. This trend may reflect an actual increase in the
numbers of concussions per unit of exposure, but it is also
attributable, at least in part, to improvements in the identifi-
cation of concussion (better awareness and diagnosis) in recent
years. Even mild traumatic brain injuries may have long-term
effects; therefore, it is critically important to identify potential
prevention interventions for this injury. Promising areas of re-
search include baseline neuropsychological testing for identi-
fication and helmet and mouthguard design for prevention.
Collins et al?° recently reported that newer models of football
helmets (eg, the Riddell Revolution, Elyria, OH) may protect
players from concussion. More research is needed in these
areas, as well as in the area of injury biomechanics in ice
hockey and lacrosse, to maximize the potential beneficial ef-
fect of concussion identification and prevention in all sports.
Sex differences in the susceptibility to concussions in similar
sports (such as soccer and basketball in this issue) may be
another area for future research and prevention.

Game and Practice Injury Rates, by Sport

Figure 5 shows game and practice injury rates for 15 sports
(fall and spring football are listed separately for practices; only
fall football is listed for games) combined across years.

For games, football had the highest rate of injury in games
(35.9 per 1000 A-Es), followed by wrestling (26.4 per 1000
A-Es). Baseball had the lowest game injury rate (5.8 per 1000
A-Es) among men’s sports. Among women’s Sports, soccer
(16.4 per 1000 A-Es) had the highest game injury rate (fourth
highest overall) and women’s softball the lowest (4.3 per 1000
A-Es).

For practices, spring football had the highest rate of practice
injuries (9.6 per 1000 A-Es), followed by women’s gymnastics
(6.1 per 1000 A-Es), wrestling (5.7 per 1000 A-Es), and wom-
en’s soccer (5.2 per 1000 A-Es). The sports with the lowest
rates of practice injuries were men’s ice hockey (2.0 per 1000
A-Es), women'’s ice hockey (2.5 per 1000 A-Es), and men’s
baseball (1.9 per 1000 A-Es).

In sports traditionally associated with player contact, such
as football, men’s ice hockey, men’s lacrosse, and even wres-
tling, the dramatic difference in the practice injury rate versus
the game injury rate may be a reflection of curtailed contact
in practice activities. In particular, men’s ice hockey has the
same sharp skates, wooden sticks, and high-speed pucks flying
around during both practices and games; however, the player
contact is reduced, contributing to a practice injury rate (2.0
injuries per 1000 A-Es) more than 8 times lower than the game
injury rate (16.3 injuries per 1000 A-Es). The sports that are
not traditionally associated with significant player contact do
not have such dramatic differences between practice and game
injury rates (eg, women’s volleyball, baseball, and softball).
The limiting of player contact with teammates in practice may
be an important modifiable factor that, along with the concept
of effectively quantifying the intensity variables, as noted

above, warrants more research. Two typically noncontact
sports, women’s soccer and women’s gymnastics, had injury
rates in the range reported for contact sports such as wrestling
(practices) and men’s ice hockey (games). These data indicate
that identifying risk factors for injury and implementing injury
prevention interventions should be a high priority in these ac-
tivities.

The ISS data also provide a foundation for informed insti-
tutional decision making with regard to staffing activities. Al-
though individual school injury rates are the optimal resource,
these national data can allow a sports medicine professional
to make decisions regarding where to place limited staff during
simultaneous events based on the risk of injury, a basic foun-
dation of the NATA guidelines discussed previously.2 By vir-
tue of its limited and defined practice period, spring football
was the only “nontraditional season” activity monitored in
this sample. However, the finding of a spring practice injury
rate that is almost 3 times higher than the fall football practice
injury rate raises concern about why student-athletes appear to
be at significantly higher risk for injury in ‘“‘nontraditional”
activities compared with in-season activities. Future research
and prevention efforts should be directed to out-of-season ac-
tivities in all sports.

CONCLUSIONS

The lower extremity accounted for more than one half of
all reported injuries in this sample, justifying particular em-
phasis on this region in athletic training education, clinical
practice, and prevention efforts. Ankle ligament sprains seem
to be a common problem in all levels of college athletics, as
they make up 14.8% of all injuries reported in the ISS. Con-
cussions and ACL injuries were other high-profile injuries that
occurred with less frequency but often carry more significant
health consequences. The rates of these latter 2 injuries, par-
ticularly concussions, have significantly increased over the
sample period. This increase may represent a combination of
an actual increase in occurrences as well as a greater aware-
ness of the symptoms and consequences associated with the
injury (eg, detection bias). Prevention efforts may be more
effective in terms of both numbers affected and costs if they
are directed toward a larger number of general lower extremity
injuries and not to specific low-incidence injuries, such as non-
contact ACL injuries.

With the majority of game and practice injuries associated
with player contact, prevention initiatives should focus on in-
stituting and enforcing existing playing rules and policies de-
veloped for competitions. This is most likely the role of gov-
erning bodies such as the NCAA. Injury prevention issues
related to practices, on the other hand, may be better moni-
tored at the institutional level. The model recently adopted for
preseason football practices, which involves gradual integra-
tion of full-contact practices with appropriate recovery time
between sessions, is an example of a policy that may benefit
other sports.32! Out-of-season and ‘‘nontraditional” season
practice activities may be another area for intervention if the
pattern of high spring (out-of-season) football injury rates, rel-
ative to the rates of fall practice, is similar in other sports.

In conclusion, these data indicate that the risk and rate of
injury in intercollegiate athletics are relatively low (1 injury
every 2 games and 1 injury every 5 practices for a team of
50 participants) and that most reported injuries do not result
in substantial time loss (ie, they are minor-severity to moder-
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ate-severity injuries). Most importantly, these data highlight
potentially modifiable factors that, if addressed through injury
prevention initiatives, may be able to reduce injury rates in
collegiate sports even further. Using the 4-step injury preven-
tion model proposed by van Mechelen et al,?? in which we
(1) identify the problem, (2) establish etiology and mecha-
nisms, (3) develop, evaluate, and implement interventions, and
(4) reevaluate the effect via continued surveillance, the ISS is
perfectly positioned to assist with the first and last steps of
this process. The ISS can also be used to (1) guide informed
decision making regarding issues such as appropriate medical
care staffing and sport-specific safety, (2) identify naturally
occurring injury rate peaks and valleys, (3) identify new
emerging issues (eg, methicillin-resistant Staphylococcus au-
reus infections), and (4) evaluate “‘before” and ““after’ effec-
tiveness of safety policy implementation. Because few evi-
dence-based injury prevention programs currently exist
specific to collegiate sports, the most critical need is to estab-
lish causes and mechanisms for the most burdensome injuries
and to develop, evaluate, and implement injury prevention in-
terventions over the next decade.

DISCLAIMER

The findings and conclusions in this article are those of the
authors and do not necessarily represent the views of the Cen-
ters for Disease Control and Prevention or the National Col-
legiate Athletic Association.
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