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Objective: To review 16 years of National Collegiate Athletic
Association (NCAA) injury surveillance data for men’s baseball
and identify potential areas for injury prevention initiatives.

Background: Prevention and management of collegiate
baseball injuries may be facilitated through injury research
aimed at defining the nature of injuries inherent in the sport.
Through the NCAA Injury Surveillance System, 16 years of col-
legiate baseball data were collected for the academic years
1988–1989 through 2003–2004.

Main Results: College baseball has a relatively low rate of
injury compared with other NCAA sports, but 25% of injuries
are severe and result in 10� days of time loss from participa-
tion. The rate of injury was 3 times higher in a game situation
than in practice (5.78 versus 1.85 injuries per 1000 athlete-ex-
posures [A-Es], rate ratio � 3.1, 95% confidence interval � 3.0,

3.3, P � .01). Practice injury rates were almost twice as high
in the preseason as in the regular season (2.97 versus 1.58
per 1000 A-Es, rate ratio � 1.9, 95% confidence interval � 1.8,
2.0, P � .01). A total of 10% of all game injuries occurred from
impact with a batted ball, an injury rate of 0.56 injuries per 1000
game A-Es. Sliding was involved in 13% of game injuries.

Recommendations: Proper preseason conditioning is im-
portant to reduce injuries. Athletic trainers covering practices
and games should be prepared to deal with serious, life-threat-
ening injuries from batted balls and other injury mechanisms.
Further study of batted-ball injuries is warranted, and the use
of breakaway bases to prevent sliding injuries should be sup-
ported in college baseball.

Key Words: athletic injuries, injury prevention, batted-ball in-
juries, breakaway bases

The National Collegiate Athletic Association (NCAA)
conducted its first men’s baseball championship in
1947. In the 1988–1989 academic year, 668 schools

were sponsoring varsity men’s baseball teams, with approxi-
mately 19 670 participants.1 By 2003–2004, the number of
varsity teams had increased 39% to 867, involving 27 262 par-
ticipants. Participation growth during this time was apparent
in all 3 divisions but particularly in Divisions II and III.

SAMPLING AND METHODS

Over the 16-year period from 1988–1989 through 2003–
2004, an average of 12.1% of schools sponsoring varsity men’s
baseball programs participated in annual NCAA Injury Sur-
veillance System (ISS) data collection (Table 1). The sampling
process, data collection methods, injury and exposure defini-
tions, inclusion criteria, and data analysis methods are de-
scribed in detail in the ‘‘Introduction and Methods’’ article in
this special issue.2

RESULTS

Game and Practice Athlete-Exposures

The average annual numbers of games, practices, and ath-
letes participating for each NCAA division, condensed over
the study period, are shown in Table 2. Division I averaged 4
more games than Division II and 15 more games than Division
III each year, although each division held a similar number of
practices. The average number of game and practice partici-
pants was similar across divisions.

Injury Rate by Activity, Division, and Season

Game and practice injury rates over time, combined across
divisions, with 95% confidence intervals (CIs), are displayed
in Figure 1. Over the 16 years of the study, the rate of injury
was 3 times higher in a game situation than in a practice (5.78
versus 1.85 injuries per 1000 athlete-exposures (A-Es), rate
ratio � 3.1, 95% CI � 3.0, 3.3). Analysis of game and practice
rates over time indicated no change in either the game injury
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Table 1. School Participation Frequency (in Total Numbers) by Year and National Collegiate Athletic Association (NCAA) Division,
Men’s Baseball, 1988–1989 Through 2003–2004*

Academic
Year

Division I Schools

Participating Sponsoring

Division II Schools

Participating Sponsoring

Division III Schools

Participating Sponsoring

All Divisions

Participating Sponsoring Percentage

1988–1989 36 268 10 142 24 257 70 668 10.5
1989–1990 36 268 18 146 27 258 81 672 12.1
1990–1991 45 271 25 156 36 265 106 693 15.3
1991–1992 39 274 20 168 30 271 89 713 12.5
1992–1993 38 274 21 174 45 282 104 730 14.2
1993–1994 39 276 17 194 25 281 81 751 10.8
1994–1995 30 276 15 195 20 292 65 763 8.5
1995–1996 35 281 24 226 37 320 96 827 11.6
1996–1997 37 275 27 226 42 319 106 820 12.9
1997–1998 37 274 23 224 35 319 95 817 11.6
1998–1999 27 276 17 232 47 336 91 844 10.8
1999–2000 47 284 38 231 61 342 146 857 17.0
2000–2001 27 285 18 232 49 343 94 860 10.9
2001–2002 28 286 21 233 38 347 87 866 10.0
2002–2003 26 286 22 227 51 348 99 861 11.5
2003–2004 32 286 27 227 55 351 114 867 13.1

Average 35 278 21 202 39 308 95 788 12.1

*‘‘Participating’’ refers to schools that provided appropriate data to the NCAA Injury Surveillance System; ‘‘Sponsoring’’ refers to the total number
of schools offering the sport within the NCAA divisions.

Table 2. Average Annual Games, Practices, and Athletes
Participating by National Collegiate Athletic Association Division
per School, Men’s Baseball, 1988–1989 Through 2003–2004

Division Games
Athletes

per Game Practices
Athletes

per Practice

I 49 13 53 29
II 45 13 52 28
III 34 13 52 26

Figure 1. Injury rates and 95% confidence intervals per 1000 athlete-exposures by games, practices, and academic year, men’s baseball,
1988–1989 through 2003–2004 (n � 4453 game injuries and 3893 practice injuries). Game time trend, P � .54. Average annual change
� 0.4% (95% confidence interval � �0.8, 1.6). Practice time trend, P � .53. Average annual change � 0.4% (95% confidence interval �
�0.9, 1.8).

rate (average annual change � 0.4%; P � .54) or the practice
injury rate (average annual change � 0.4%; P � .53).

The total number of games and practices and associated
injury rates, condensed over years, by division and season
(preseason, in season, and postseason) are presented in Table

3. Over the 16-year period, 4453 injuries from more than
58 000 games and 3893 injuries from more than 75 000 prac-
tices were reported. Significant differences were noted across
divisions (P � .01), with injury rates in Division I being high-
er than those in Divisions II and III for games (I versus II:
6.64 versus 5.36 injuries per 1000 A-Es, rate ratio � 1.2, 95%
CI � 1.2, 1.3; I versus III: 6.64 versus 4.85 injuries per 1000
A-Es, rate ratio � 1.4, 95% CI � 1.3, 1.5) and practices (I
versus II: 2.34 versus 1.47 injuries per 1000 A-Es, rate ratio
� 1.6, 95% CI � 1.5, 1.7; I versus III: 2.34 versus 1.59 in-
juries per 1000 A-Es, rate ratio � 1.5, 95% CI � 1.4, 1.6).
Combining divisions, significant differences were seen within
season (P � .01). Practice injury rates were almost twice as
high in the preseason as in the regular season (2.97 versus
1.58 injuries per 1000 A-Es, rate ratio � 1.9, 95% CI � 1.8,



Journal of Athletic Training 185

Table 3. Games and Practices With Associated Injury Rates by National Collegiate Athletics Association Division and Season, Men’s
Baseball, 1988–1989 Through 2003–2004*

Total No. of
Games Reported

Game Injury Rate
per 1000

Athlete-Exposures

95%
Confidence

Interval
Total No. of

Practices Reported

Practice Injury
Rate per 1000

Athlete-Exposures

95%
Confidence

Interval

Division I

Preseason 701 3.81 2.56, 5.05 12 157 3.45 3.26, 3.64
In season 24 404 6.81 6.53, 7.10 14 580 1.45 1.34, 1.57
Postseason 1049 5.35 4.11, 6.58 721 0.48 0.17, 0.80

Total Division I 26 154 6.64 6.37, 6.91 27 458 2.34 2.23, 2.44

Division II

Preseason 421 2.00 0.82, 3.18 8010 2.21 2.02, 2.40
In season 12 015 5.60 5.23, 5.97 8621 0.78 0.67, 0.89
Postseason 476 3.97 2.38, 5.56 430 0.80 0.28, 1.32

Total Division II 12 912 5.36 5.02, 5.71 17 061 1.47 1.36, 1.57

Division III

Preseason 799 3.38 2.27, 4.48 15 922 2.15 2.01, 2.29
In season 17 191 5.10 4.80, 5.39 13 988 0.95 0.85, 1.05
Postseason 907 2.92 1.94, 3.90 813 0.83 0.43, 1.22

Total Division III 18 897 4.85 4.58, 5.13 30 723 1.59 1.50, 1.67

All Divisions

Preseason 1921 3.24 2.54, 3.93 36 089 2.97 2.83, 3.10
In season 53 610 6.00 5.82, 6.18 37 189 1.58 1.51, 1.66
Postseason 2432 4.17 3.46, 4.89 1964 0.70 0.47, 0.93

Total 58 505 5.78 5.61, 5.95 75 247 1.85 1.79, 1.90

*Wald �2 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.

Table 4. Percentage of Game and Practice Injuries by Major
Body Part, Men’s Baseball, 1988–1989 Through 2003–2004

Body Part Games Practices

Head/neck 9.0 6.6
Upper extremity 44.6 46.4
Trunk/back 8.3 11.5
Lower extremity 35.2 31.7
Other/system 2.9 3.8

2.0), and game injury rates were higher in the regular season
than in the postseason (6.00 versus 4.17 per 1000 A-Es, rate
ratio � 1.4, 95% CI � 1.2, 1.7).

Body Parts Injured Most Often and
Specific Injuries

The frequency of injury to 5 general body parts (head/neck,
upper extremity, trunk/back, lower extremity, and other/sys-
tem) for games and practices, with years and divisions com-
bined, is shown in Table 4. Approximately 45% of all game
and practice injuries were to the upper extremity. The second
most common body area injured in both activities was the
lower extremity, accounting for about one third of injuries.

The most common injured body part and injury type com-
binations for games and practices, with years and divisions
combined, are displayed in Table 5; all injuries that accounted
for at least 1% of reported injuries over the 16-year sampling
period were included. In games, the most frequent injuries
were upper leg muscle–tendon strain (11.0%), ankle ligament

sprain (7.4%), and shoulder muscle–tendon strain (6.5%). In
practice, the most frequent injuries were shoulder muscle–ten-
don strain (10.0%), ankle ligament sprain (8.5%), and upper
leg muscle–tendon strain (8.3%). A participant was twice as
likely to sustain a shoulder strain in a game as in a practice
(0.37 versus 0.18 injuries per 1000 A-Es, rate ratio � 2.1,
95% CI � 2.0, 2.2), almost 3 times as likely to sustain an
ankle-ligament sprain or acute elbow injury (for games: elbow
ligament sprain, muscle-tendon sprain, and contusion; for
practices: elbow tendinitis, ligament sprain, and muscle-tendon
strain) in a game as in a practice (ankle-ligament sprain: 0.43
versus 0.16 injuries per 1000 A-Es, rate ratio � 2.7, 95% CI
� 2.6, 2.8; acute elbow injury: 0.40 versus 0.14 injuries per
1000 A-Es, rate ratio � 2.9, 95% CI � 2.7, 3.0), and more
than 4 times as likely to sustain an upper-leg muscle-tendon
strain in a game as in a practice (0.63 versus 0.15, rate ratio
� 4.2, 95% CI � 4.0, 4.4).

Mechanism of Injury

The 3 primary injury mechanisms—player contact, other
contact (eg, walls, balls, ground), and no contact—in games
and practices with division and years combined are presented
in Figure 2. The majority (approximately 45%) of game in-
juries resulted from contact with something other than a com-
petitor, such as the ground, base, ball, bat, or wall, and another
42% of game injuries were from no-contact mechanisms, such
as throwing or pulling a muscle while running. Almost two
thirds of practice injuries were associated with no-contact
mechanisms.
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Table 5. Most Common Game and Practice Injuries, Men’s Baseball, 1988–1989 Through 2003–2004*

Body Part Injury Type Frequency
Percentage
of Injuries

Injury Rate
per 1000

Athlete-Exposures

95%
Confidence

Interval

Games

Upper leg Muscle-tendon strain 489 11.0 0.63 0.58, 0.69
Ankle Ligament sprain 331 7.4 0.43 0.38, 0.48
Shoulder Muscle-tendon strain 287 6.5 0.37 0.33, 0.42
Knee Internal derangement 165 3.7 0.21 0.18, 0.25
Head Concussion 148 3.3 0.19 0.16, 0.22
Elbow Ligament sprain 141 3.2 0.18 0.15, 0.21
Shoulder Tendinitis 122 2.7 0.16 0.13, 0.19
Pelvis, hip Muscle-tendon strain 116 2.6 0.15 0.12, 0.18
Lower leg Contusion 112 2.5 0.15 0.12, 0.17
Shoulder Dislocation 100 2.3 0.13 0.10, 0.16
Unspecified† Unspecified 99 2.2 0.13 0.10, 0.15
Elbow Muscle-tendon strain 93 2.1 0.12 0.10, 0.15
Lower back Muscle-tendon strain 80 1.8 0.10 0.08, 0.13
Elbow Contusion 78 1.8 0.10 0.08, 0.12
Hand Contusion 74 1.7 0.10 0.07, 0.12
Hand Fracture 70 1.6 0.09 0.07, 0.11
Finger(s) Fracture 70 1.6 0.09 0.07, 0.11
Wrist Ligament sprain 69 1.6 0.09 0.07, 0.11
Thumb Ligament sprain 62 1.4 0.08 0.06, 0.10
Shoulder Ligament sprain 61 1.4 0.08 0.06, 0.10
Upper leg Contusion 56 1.3 0.07 0.05, 0.09
Shoulder Contusion 51 1.2 0.07 0.05, 0.08
Nose Fracture 46 1.0 0.06 0.04, 0.08

Practices

Shoulder Muscle-tendon strain 381 10.0 0.18 0.16, 0.20
Ankle Ligament sprain 332 8.5 0.16 0.14, 0.17
Upper leg Muscle-tendon strain 322 8.3 0.15 0.14, 0.17
Shoulder Tendinitis 260 6.7 0.12 0.11, 0.14
Lower back Muscle-tendon strain 165 4.2 0.08 0.07, 0.09
Unspecified† Unspecified 134 3.4 0.06 0.05, 0.07
Knee Internal derangement 125 3.2 0.06 0.05, 0.07
Elbow Tendinitis 113 2.9 0.05 0.04, 0.06
Elbow Ligament sprain 105 2.7 0.05 0.04, 0.06
Pelvis, hip Muscle-tendon strain 97 2.5 0.05 0.04, 0.06
Elbow Muscle-tendon strain 86 2.2 0.04 0.03, 0.05
Head Concussion 62 1.6 0.03 0.02, 0.04
Shoulder Dislocation 59 1.5 0.03 0.02, 0.04
Lower leg Contusion 51 1.3 0.02 0.02, 0.03
Shoulder Inflammation 49 1.3 0.02 0.02, 0.03
Patella Patella or patella tendon injury 47 1.2 0.02 0.02, 0.03
Shoulder Ligament sprain 44 1.1 0.02 0.01, 0.03
Nose Fracture 43 1.1 0.02 0.01, 0.03
Thumb Ligament sprain 42 1.1 0.02 0.01, 0.03

*Only injuries that accounted for at least 1% of all injuries are included.
†‘‘Unspecified’’ indicates injuries that could not be grouped into existing categories but that were believed to constitute reportable injuries.

Severe Injuries: 10� Days of Activity Time Loss

The top injuries that resulted in at least 10 consecutive days
of restricted or total loss of participation and their primary
injury mechanisms combined across divisions and years are
shown in Table 6. For this analysis, time loss of 10� days
was considered a measure of severe injury. One quarter of both
game and practice injuries restricted participation for at least
10 days. In games, lower extremity (knee, upper leg, and an-
kle) sprains and strains accounted for 19.7% of these more-
severe injuries, whereas shoulder and elbow injuries accounted
for another 14.3%. In practices, shoulder injuries accounted
for the majority of severe time loss injuries.

Game Injuries

Game positions played at the time of injury are displayed
in Figure 3. The batter, baserunner, and pitcher accounted for
almost 60% of all game injuries. Game injury mechanisms
from 1992–1993 through 2003–2004 are presented in more
detail in Figure 4 (this analysis was limited to these years
because the baseball injury questions were revised in 1992–
1993). Throwing (pitching) accounted for 15% of all reported
game injuries, whereas other nonthrowing, noncontact injuries
accounted for 19%. A total of 8% were associated with contact
with the base (fixed or breakaway) and approximately 10% of
all game injuries involved being hit by a batted ball.
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Figure 2. Game and practice injury mechanisms, all injuries, men’s
baseball, 1988–1989 through 2003–2004 (n � 4453 game injuries
and 3983 practice injuries). ‘‘Other contact’’ refers to contact with
items such as walls, balls, or the ground. Injury mechanism was
unavailable for 2% of game injuries and 3% of practice injuries.

Table 6. Most Common Game and Practice Injuries Resulting in 10� Days of Activity Time Loss, Men’s Baseball, 1988–1989 Through
2003–2004

Body Part Injury Type Frequency
Percentage of
Severe Injuries

Most Common
Injury Mechanism

Games (25.2% of all injuries required 10� days of time loss)

Knee Internal derangement 85 7.6 Noncontact
Upper leg Muscle-tendon strain 87 7.7 Noncontact
Elbow Ligament sprain 91 8.1 Noncontact
Shoulder Muscle-tendon strain 70 6.2 Noncontact
Hand Fracture 62 5.5 Other contact*
Ankle Ligament sprain 49 4.4 Other contact†
Other 679 60.5
Total 1123

Practices (25.0% of all injuries required 10� days of time loss)

Shoulder Muscle-tendon strain 139 14.2 Noncontact
Shoulder Tendinitis 77 7.9 Noncontact
Knee Internal derangement 58 5.9 Noncontact
Ankle Ligament sprain 50 5.1 Other contact‡
Other 655 66.9
Total 979

*Indicates hit by a pitch.
†Indicates contact with the ground or contact with a base.
‡Indicates contact with the ground.

Batted-Ball Impact Injuries in Games

The frequency and rate of impact with batted-ball game in-
juries from 1992–1993 through 2003–2004 are shown in Table
7. Again, this analysis was limited to these years because spe-
cific injury questions regarding impact with a batted ball were
added to the system in 1992–1993. On average, 10% of all
game injuries were due to impact with a batted ball. The an-
nual injury rate from batted-ball impact was 0.56 and ranged
from 0.34 to 0.73 injuries per 1000 game A-Es over these 11
years.

Game injuries from impact with a batted ball by position,
body part injured, and severity from 1992–1993 are displayed
in Table 8. Approximately 14% (49/339) of batted-ball injuries
across all positions restricted participation for 10 or more days.

Third basemen (24.7%) and middle infielders (17.9%) had the
highest percentage of injuries at their positions resulting from
impact with a batted ball, whereas pitchers had the greatest
absolute number of injuries (n � 100). Pitchers received
13.9% (100/717) of their injuries from batted balls, with most
(in terms of number and severity [10� days’ time loss]) oc-
curring to the lower and upper extremities. Pitcher was the
position accounting for most (13/49, 26.5%) of the severe in-
juries from batted balls.

In 1999–2000, the NCAA implemented rule changes re-
garding bat design that were intended to limit the speed of
batted balls (see ‘‘Commentary’’ section for details of the rule
changes). We specifically examined the effects of this rule
change on the incidence of batted-ball injuries. Injury data
were evaluated from 1992–1993 through 1998–1999 and then
for 1999–2000 through 2003–2004. The overall injury rate
from batted balls has not changed significantly since the rule
change was implemented for the 1999–2000 season (1992–
1993 through 1998–1999: injury rate � 0.53 per 1000 A-Es;
1999–2000 through 2003–2004: injury rate � 0.60 per 1000
A-Es; rate difference � 0.07, 95% CI � �0.19, 0.05, P �
.24). Pitchers, the group the rule change was primarily aimed
at protecting, also did not see a significant change in the rate
of injuries since the rule change (1992–1993 through 1998–
1999: injury rate � 0.15 per 1000 A-Es; 1999–2000 through
2003–2004: injury rate � 0.18 per 1000 A-Es; rate difference
� �0.03; 95% CI � �0.91, 0.04, P � .44).

COMMENTARY

Injury Incidence

The 16-year injury rates reported for practices (1.85 injuries
per 1000 A-Es) and games (5.78 injuries per 1000 A-Es) are
very similar to those in previously published studies. Mc-
Farland and Wasik3 noted an overall practice and game injury
rate of 5.83 injuries per 1000 A-Es for collegiate baseball play-
ers in a single team over 3 seasons of play.
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An important finding of this study was the number of in-
juries resulting in a time loss of 10� days (25% of all practice
and game injuries, Table 6). This finding is supported by data
from McFarland and Wasik,3 who also found, using a more
conservative definition of serious injury (�21 days of time
loss), that 25% of injuries in their series were considered se-
vere. Interestingly, they reported that any injury keeping a
player out for more than 10 days also kept the player out for
more than 21 days.

No fatal injuries were recorded during this 16-year study.
However, only 12.1% of schools sponsoring collegiate base-
ball participated in data collection. As stated earlier in this
issue,2 rare but high-profile events, such as deaths or a well-
publicized injury to a star player, may not be included in the
database if the school associated with the event was not part
of the sample. McFarland and Wasik3 also reported no fatali-
ties in their 3-year, single-institution study of collegiate base-
ball injuries. However, Mueller and Cantu4 from the National
Center for Catastrophic Sport Injury Research (NCCSIR) re-
ported 3 fatalities in collegiate baseball players between the
fall of 1982 and spring of 2005. Boden et al,5 examining the
same data source between September 1981 and June 2002,
noted 4 fatalities in collegiate baseball players. Both studies
from the NCCSIR were specifically designed to seek and to
identify catastrophic injuries and, therefore, are likely to pro-
vide much more accurate representations of the actual number
of fatalities associated with collegiate baseball participation.

Boden et al5 examined 21 years’ (1981–2002) worth of non-
fatal catastrophic college baseball injury cases accumulated by
the NCCSIR and found only 8 cases of direct catastrophic
baseball injuries. The NCCSIR defines a catastrophic sports
injury as a ‘‘sport injury that resulted in a brain or spinal cord
injury or skull or spinal fracture,’’ a serious injury as a severe
injury that resulted in no permanent functional disability, a
direct injury as one that ‘‘resulted directly from participation
in the skills of the sport,’’ and an indirect injury as one
‘‘caused by systemic failure as a result of exertion while par-
ticipating in a sport activity or by a complication which was
secondary to a nonfatal injury.’’4 Boden et al5 calculated that
the total direct catastrophic injury rate was 1.7 per 100 000
collegiate baseball players and the total incidence of fatalities
was 0.86 per 100 000 collegiate baseball players. A subsequent
report by the NCCSIR identified only 3 catastrophic injuries
in collegiate baseball players between 1983 and 2005, dem-
onstrating a low risk of such events. (Injuries per 100 000 par-
ticipants: direct fatalities � 0.57, direct nonfatal injuries �
0.57, direct serious injuries � 0.95, indirect fatalities � 0.40,
indirect nonfatal injuries � 0.00, indirect serious injuries �
0.00.4)

Overall, baseball has a relatively low injury rate compared
with other sports. Over the 16-year sample period, baseball
demonstrated the lowest practice injury rate (1.8 injuries per
1000 A-Es)6 and the third lowest game injury rate (5.8 injuries
per 1000 A-Es)7 compared with the other 14 sports for which
injury data were collected. Based on previous NCAA reports,
the incidence of severe baseball injuries (10� days lost) com-
pared with other NCAA sports was also relatively low. In
2004–2005, baseball posted the third lowest practice severe
injury rate (1.3 injuries per 1000 A-Es)8 and the fourth lowest
game severe injury rate (2.8 injuries per 1000 A-Es).9 Despite
the comparatively low general and severe injury rates reported
compared with other sports, the 16-year finding that 25% of
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all baseball injuries were considered severe (10� days of time
loss) warrants consideration.

Body Region

The injury distribution according to body region reported in
the current study (Table 4) was what one would expect in
baseball. Previous authors3 who combined game and practice
injury frequencies by body part reported the greatest number
of injuries to the upper extremity (58%), followed by the lower
extremity (27%), trunk/back (15%), and head/neck (7%).

The data reported here show that 23.4% and 16.0% of all
injuries during practices and games, respectively, were to the
shoulder. Previously published college baseball data (com-
bined practices and games) showed that shoulder injuries ac-
counted for 24% of all injuries.3 During the current study’s
16-year reporting period, 1623 shoulder injuries were record-
ed, of which 972 (59.5%) were associated with throwing.
Pitching accounted for 709 (73.0%) of these injuries.

Elbow injuries accounted for 9.3% of game injuries and
10.8% of practice injuries. We report a total of 836 elbow
injuries, of which 593 (70.9%) were associated with throwing.
A very high percentage of elbow injuries associated with
throwing occurred during pitching (n � 465, 78.4%). In their
smaller sample of collegiate baseball players, McFarland and
Wasik3 found that 12% of the total injury complaints were
related to the elbow and were responsible for 4% of all lost
participation time.

The high percentage of injuries to pitchers also has been
reported in Major League Baseball. Conte et al10 studied dis-
ability days in Major League Baseball and found that injuries
to pitchers represented an average of 48.4% of those on the
disabled list and 56.9% of the total disabled-list days. How-
ever, shoulder injuries only accounted for an average of 27.8%
and elbow injuries accounted for an average of 22% of dis-
abled-list days for all disabled-list reports over a 5-year peri-
od.10 Collectively, these injury data from multiple studies in
collegiate and professional baseball players tend to substanti-
ate the clinical experience and observation that most shoulder
and elbow injuries are attributed to throwing and most of those
injuries are related to pitching.

Games Versus Practices

Injuries were 3 times more likely during games than during
practices. Although this analysis does not enable us to deter-
mine the exact reason for the difference, we speculate that the
overall increased incidence of injuries during games is due to
the effect of heightened intensity during competition. During
games, players are more likely to play harder and more com-
petitively in order to win. Clinical experience suggests that
this will lead to pitchers throwing harder or through pain and
players running into walls, diving for balls, colliding with oth-
er players, or performing more risky behaviors than during
practices. The effects of throwing harder and throwing through
pain may be supported by the fact that shoulder injuries were
twice as likely and elbow injuries 3 times as likely during
games than during practices. Support for increased intensity
during base running or when chasing fly balls is found in the
fourfold increase in the upper-leg muscle–tendon strain injury
rate in games versus practices.

Game injuries were greatest during the regular season com-
pared with the preseason and postseason. This difference is
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Table 7. Game Injuries From Impact With Batted Balls by Year, Men’s Baseball, 1992–1993 Through 2003–2004

Year
Total Game

Injuries

No. of Game
Injuries From
Batted Balls

Percentage of All
Game Injuries Due

to Batted Balls

Batted-Ball Game
Injury Rate per 1000
Athlete-Exposures

Batted-Ball Injuries
in Games With 10�
Days of Time Loss

No. of Game
Injuries to Pitchers
From Batted Balls

1992–1993 202 15 7.4 0.34 4 3
1993–1994 199 23 11.6 0.62 0 7
1994–1995 183 21 11.5 0.58 5 2
1995–1996 205 18 8.8 0.41 3 6
1996–1997 323 30 9.3 0.56 5 6
1997–1998 262 26 9.9 0.54 4 10
1998–1999 289 32 11.1 0.66 4 14
1999–2000* 451 49 10.9 0.68 7 14
2000–2001 333 29 8.7 0.61 2 8
2001–2002 314 36 11.5 0.73 7 12
2002–2003 287 31 10.8 0.57 4 9
2003–2004 380 29 7.6 0.44 4 9

Total 3428 339 49 100
Annual average 285 28 9.9 0.56 4 9

* For the 1999–2000 season, the National Collegiate Athletic Association Baseball Rules Committee implemented a rule change limiting the speed
of batted balls.12

attributed in part to the effect of competition mentioned above;
players are simply more likely to ‘‘go all out’’ during an in-
season game compared with the preseason. Preseason games
are essentially controlled scrimmages. Limits are placed on the
pitcher’s number of pitches, with an emphasis on building con-
ditioning for the season. Intensity during postseason play is
typically believed to be the greatest for athletes. However, ath-
letes participating in postseason play may be more highly
skilled and highly conditioned, resulting in a form of natural
selection and, thus, a lower injury rate.

An important finding well-supported by clinical experience
was that injuries during practices were greatest during the pre-
season. We attribute this finding primarily to the effects of
deconditioning and overload during the preseason. During the
preseason, players are often going from little or no practice to
long hours on the field. No time restrictions are placed on
practices until school starts. Furthermore, many players are
trying to make the team in the preseason, and despite decon-
ditioning, they may be playing with greater intensity in order
to secure a spot on the roster. Overuse conditions of the upper
extremity are observed frequently during the preseason, par-
ticularly in pitchers, as players try to build up endurance and
power. Over all seasons, shoulder and elbow injuries account-
ed for more than 30% of practice injuries, and the majority of
severe practice injuries were to the shoulders.

Once school starts, team practices, lifting sessions, and
games are limited to 20 hours per week. This restriction may
help to reduce the incidence of overuse injuries, because play-
ers spend fewer hours training. Another potential precursor to
increased injury rates during the preseason is the use of spiked
shoes, which players must reacclimate to and wear for long
periods of time. Lower extremity overuse injuries such as shin
splints and anterior knee pain are observed frequently during
the preseason.

Two thirds of preseason injuries were noncontact in mech-
anism, suggesting acute strains or overuse injuries. Proper con-
ditioning and activity progressions during the preseason are
critical to preventing injuries. In 2006–2007, the championship
season will be restricted to 132 consecutive days, altering the
start date of the preseason and thereby effectively limiting the
length of time during which games can be played.11 Histori-
cally, many teams have begun practicing in early January, but

now baseball practices during the championship season will
not be allowed before February 1.11 This change may have
the negative consequence of shortening the preseason for
many teams. Considering that the preseason practice injury
rate was nearly double that of regular-season practice, a rule
change condensing the preseason into a shorter period of time
could result in increased preseason and in-season injuries. In
addition, games will not be allowed before the last week of
February, but the total number of games played will not be
reduced.11 These limitations will result in an increased fre-
quency of games per week. Ultimately, this should result in
the same number of game A-Es over a shorter period of time,
which may affect recovery time and possibly the number of
innings pitched for pitchers. Considering that injuries were 3
times more likely during games than during practices, playing
the same number of games in a shorter period of time could
result in an increased game injury rate. The effects of this
change should be evaluated after an appropriate sample period.

Batted-Ball Impact Injuries

In 1998, the NCAA Baseball Rules Committee recom-
mended a rule change to require a maximum batted-ball exit
velocity of 93 miles per hour, plus 1 mile per hour deviation
for test variance, for all bats used in NCAA contests.12 In
addition, a recommendation was made ‘‘to decrease the max-
imum allowable diameter from 2-3/4 inches to 2-5/8 inches
and the length-to-weight unit differential from 5 to 3, without
the grip (a 34-inch-long bat can weigh no less than 31 ounces
without the grip).’’12 These recommendations were approved
by the NCAA Executive Committee and implemented for the
1999–2000 spring season.13

Our analysis indicates that the rule change implemented by
the NCAA during the 1999–2000 season in an effort to reduce
batted-ball speed has not altered the overall injury rate from
batted balls or the injury rate to pitchers from batted balls.
Overall, injuries from batted balls during games for all posi-
tions accounted for an average of approximately 10% of all
game injuries (Table 7). Over the period of data collected prior
to the rule change (1992–1993 to 1998–1999), pitchers injured
by batted balls accounted for 3% of all games injuries annu-
ally.12 These data are consistent with the current data presented
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Table 8. Game Injuries From Impact With Batted Balls by Player Position and Body Area, Men’s Baseball, 1992–1993 Through 2003–
2004

Position*
Total Game

Injuries

No. of Game
Injuries From
Batted Ball

Percentage of
Game Injuries

From Batted Ball Body Area

No. of Game
Injuries from
Batted Ball at

Each Body Area

Batted-Ball Game
Injuries Resulting in

10� Days of
Activity Time Loss

Batter 564 74 13.1 Head 7 0
Upper extremity 6 1
Trunk 2 0
Lower extremity 58 3
General 0 0
Unknown 1 0

Runner 790 3 0.4 Head 1 1
Upper extremity 0 0
Trunk 0 0
Lower extremity 2 0
General 0 0
Unknown 0 0

Pitcher 717 100 13.9 Head 10 2
Upper extremity 35 5
Trunk 11 1
Lower extremity 41 4
General 0 0
Unknown 3 1

Catcher 257 24 9.3 Head 2 0
Upper extremity 19 4
Trunk 1 0
Lower extremity 1 0
General 0 0
Unknown 1 0

First baseman 136 12 8.8 Head 5 1
Upper extremity 5 2
Trunk 0 0
Lower extremity 1 0
General 0 0
Unknown 1 0

Third baseman 146 36 24.7 Head 18 1
Upper extremity 15 7
Trunk 0 0
Lower extremity 3 0
General 0 0
Unknown 0 0

Middle infielder 313 56 17.9 Head 27 4
Upper extremity 23 4
Trunk 1 0
Lower extremity 4 1
General 0 0
Unknown 1 1

Outfielder, coach, other 497 34 6.8 Head 19 4
Upper extremity 10 2
Trunk 3 0
Lower extremity 0 0
General 0 0
Unknown 2 0

* In 8 injuries, player position was unknown.

here for the entire study period (1992–1993 through 2003–
2004) in which batted-ball injuries to pitchers still accounted
for only 3% of all game injuries (100/3428). Despite this rel-
atively low percentage of batted-ball injuries to overall injuries
in pitchers, our analysis (Table 8) indicates that pitcher was
the position that sustained the greatest absolute number of in-
juries from batted balls (100/339, 29.5%), although third base
and middle infielders had a higher percentage of severe batted-
ball injuries relative to all injuries at their position. For most
positions, including pitchers, the majority of batted-ball and

severe batted-ball injuries were to the lower and upper extrem-
ities and not to the head. Pitchers had the greatest number of
severe batted-ball injuries (13/49, 24.5%) of any position. In
a separate study,5 of a reported 41 catastrophic injuries in high
school and college baseball players over 21 years, 14 (34.2%)
were pitchers hit by a batted ball and 3 (7.3%) were non-
pitchers hit by a batted ball.

Impact injuries to baseball players, including pitchers, from
batted balls could have potentially fatal consequences, includ-
ing commotio cordis (arrhythmia or sudden death from blunt
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trauma to the chest in the absence of cardiovascular abnor-
mality).5,15,16 Sudden death from batted-ball impact has re-
ceived significant attention in youth baseball and recreational
softball and baseball.15–17 Of the 4 fatalities in collegiate base-
ball players reported by Boden et al,5 the mechanism and sub-
sequent injury were as follows: (1) collision of fielders, re-
sulting in a head injury (aneurysm); (2) fielder hit by a batted
ball, resulting in a head injury (coma); (3) collision of a base
runner and fielder, resulting in a cervical fracture (paralysis);
and (4) base runner hit by a thrown ball, resulting in commotio
cordis. Although small, the risk of catastrophic injuries from
batted balls and other injury mechanisms requires that an ap-
propriate emergency action plan, including rapid access to an
automated external defibrillator, be in place for all collegiate
baseball practices and games.18

Sliding Injuries

It is not possible to calculate injury rates from sliding from
these data because the total number of slides (exposures) was
not recorded. However, 345 and 247 injuries (13% of 4453
game injuries) resulted from head-first and feet-first slides, re-
spectively (data not shown). In a separate, prospective analy-
sis19 of 3 Division I baseball teams, the overall injury rate for
sliding was 6.01 per 1000 slides. The game injury rate was
greatest for feet-first slides (7.31 per 1000 slides), followed by
dive-backs (5.75 per 1000 dive-backs) and head-first slides
(3.53 per 1000 slides).

Data from the present study show that contact with station-
ary bases resulted in 439 injuries, compared with contact with
breakaway bases, which resulted in only 40 injuries. These
data should be interpreted with caution because we do not
know how many game and practice fields were equipped with
breakaway bases. Therefore, we are unable to comment on
how much the use of breakaway bases affected injury inci-
dence. However, previous literature supports the use of break-
away, or impact, bases for reducing the number of sliding-
related injuries in baseball and softball.20–24 In a prospective
study, Janda et al24 reported on sliding injuries over 2 seasons
using stationary and breakaway bases in 19 collegiate and pro-
fessional baseball teams. Breakaway bases (468 games played)
were used at each participating team’s home fields, and sta-
tionary bases (498 games played) were used at all away
games. When breakaway bases were used, only 0.41 sliding
injuries occurred per 100 games, compared with an injury rate
of 2.01 sliding injuries per 100 games at sites with stationary
bases. This resulted in an 80% (P � .05) reduction in sliding-
related injuries from the use of breakaway bases.

Collegiate baseball rules have been developed to reduce the
number of injuries related to sliding. In collegiate baseball, the
base runner must slide directly into the base and may not at-
tempt to contact the middle infielders, slide outside the base
path, or even slide through the base.25 Any attempt to do so,
as long as the infielder is not in front of the base, results in
an automatic double play.25 In addition to these sliding safety
rules, the use of breakaway or impact bases should be pro-
moted in collegiate baseball.

Future Research

A significant area for future researchers in collegiate base-
ball is in shoulder and elbow injury prevention. Anecdotal
reports suggest that screening for glenohumeral internal rota-

tion deficits or scapular malposition or motion abnormalities
in throwers may prevent subsequent shoulder and elbow in-
jury.26,27 However, prospective studies have not yet been con-
ducted to confirm the importance of these conditions in the
eventual development of shoulder and elbow injuries. Ulti-
mately, the ability to assess preseason participation readiness
may help to prevent the significant number of injuries that
occur as the result of poor conditioning and overuse.

In addition to research aimed at injury prevention, investi-
gation of the long-term health consequences of collegiate base-
ball participation is needed. Data from professional baseball
players suggest that although these former athletes have an
increased lifespan,28,29 they also suffer from a greater inci-
dence of arthritis and restricted movement associated with in-
juries sustained during baseball participation.30 The long-term
effects of collegiate baseball injuries on health-related quality
of life warrant further study. Finally, further research into the
rule changes aimed at reducing batted-ball speed to reduce
batted-ball injuries and base-related injuries is needed.

Summary

In conclusion, although collegiate baseball players have a
relatively low rate of injury compared with other NCAA
sports, approximately 25% of all injuries that occur are severe
in terms of time loss. Injuries are much more likely to occur
during games; the greatest number of game injuries occur in
season, whereas the greatest number of practice injuries occur
during the preseason. Proper preseason conditioning to prevent
injuries is important to reduce these injuries, particularly
throwing injuries in pitchers. Athletic trainers covering prac-
tices and games also should be prepared to deal with serious
and life-threatening injuries from batted balls and other injury
mechanisms. The use of breakaway bases to prevent sliding
injuries should be supported in collegiate baseball. Future re-
search into injury screening and prevention, as well as the
long-term health consequences of injuries, should be encour-
aged.

DISCLAIMER

The conclusions in the Commentary section of this article
are those of the Commentary authors and do not necessarily
represent the views of the National Collegiate Athletic Asso-
ciation.
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