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Abstract

Purpose of Review This review examines recent literature on injury epidemiology and prevention in the sport of baseball from
youth to professional levels.

Recent Findings Overuse is the predominant mechanism of injury in youth baseball players. Newer stretching and exercise protocols
may help prevent these injuries. At the professional level, however, overuse has not been proven to correlate with increased injury
incidence, but pitch counts are still monitored. There continues to be a rise in operations performed for baseball-related injuries,
including ulnar collateral ligament (UCL) reconstruction, particularly in younger athletes. As the level of play increases, there is
significant loss of participation due to injuries, such as the UCL in the upper extremity and the hamstrings in the lower extremity.
Summary Baseball is a widely popular sport, which has led to a focus on injury epidemiology and prevention. While the majority
of research regarding baseball injuries focuses on pitchers, fielders and catchers are also at risk. In an attempt to decrease non-
contact injuries in the upper and lower extremities, stretching and strengthening exercises are vitally important. Because injury
profiles demonstrate significant variability from youth to professional baseball, unique prevention strategies are likely necessary

at each level. More research is needed to develop and validate appropriately targeted injury prevention programs.

Keywords Baseball injuries - Injury prevention - Ulnar collateral ligament - Overuse - Professional - Youth

Introduction

Every year, approximately three million children play baseball
in the USA [1]. Many of these kids continue to play through
their adolescent and high school years. Approximately 25,000
athletes compete each year in National Collegiate Association
of America (NCAA) baseball at the collegiate level [2]. A
select few of these end up playing minor or major league
baseball. This high level of sports participation by the popu-
lation creates a large role for health care providers in the care
of the injured baseball players. It is extremely important for
these providers to have a thorough understanding of the
sports-specific injuries that effect baseball athletes.

Recently, there has been an increased scientific interest
in baseball injury epidemiology and prevention. This
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increased interest is no surprise given the amount of youth
involvement and increased push for young athletes to focus
on a single sport year-round. In addition, major league
baseball is a 36 billion-dollar business, and each franchise
has an understandably strong interest in the health of its
players [3]. Examples of well-known baseball-specific in-
juries are Little League elbow (in youth throwers) and me-
dial ulnar collateral ligament (MUCL) injury, better known
as a “Tommy John” injury. Both of these can result in sig-
nificant loss of participation time. A MUCL injury, for ex-
ample, results in an average of 17.1 months out of compe-
tition at the professional level [4¢].

The available literature regarding injuries is highly variable
depending on the age of the athletes. For example, the most
robust research on injury epidemiology exists at the profes-
sional level while the majority of literature on injury preven-
tion research has been conducted for the youth population.
The primary purposes of this review are to summarize the
current literature on baseball injury epidemiology, review pre-
vention strategies, and provide suggestions for future research
efforts. Special attention will be paid to injuries based on
levels of play such as follows: youth, high school, college,
and professional baseball.
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Youth

Though baseball is a relatively safe sport for children, overuse
and throwing injuries remain a significant problem, particular-
ly among pre-adolescent and adolescent pitchers. Many trau-
matic injuries, such as on-field collisions, base-running inju-
ries, baseball impact injuries, and concussions, may be un-
avoidable during gameplay but can be reduced by protective
equipment. Prevention and safety strategies for young players
continue to be researched in order to best ensure long-term,
injury-free participation in the sport.

Epidemiology

For the purpose of this paper, youth injuries have been divided
into overuse and non-overuse injuries. Young baseball
players, particularly pitchers, are prone to overuse injuries
such as Little League elbow and shoulder. Unfortunately, we
know that these young athletes often play with pain. Up to
74% of youth baseball players (ages 8—18) report some degree
of arm pain while throwing, and almost a quarter (23%) report
injury histories [5] consistent with overuse [6¢].

Five percent of youth pitchers will suffer a serious elbow or
shoulder injury within 10 years, and pitching volume is the
strongest known predictor of injury [7]. A survey of 754 youth
pitchers (9—18 years old) revealed that a significant portion
have engaged in non-recommended activities according to
recent guidelines published by the American Sports
Medicine Institute [S]. More than 43% pitched on consecutive
days, 31% pitched on multiple teams with overlapping sea-
sons, and 19% pitched multiple games per day, resulting in an
increased risk of pitching-related arm pain. Arm pain related
to pitching is indicative of overuse, and these pitchers are
likely at increased risk of real injury to the elbow and shoulder
[8]. What is more concerning are the results of a survey by
Makhni et al., in which 46% of youth respondents said they
were encouraged on at least one occasion to keep playing
despite having arm pain [6°].

Prevention

Overuse, arm fatigue, high pitch velocity, participation in
showcases, and traveling baseball are all associated with in-
creased risk for injury [9, 10]. Another potential risk factor is
early physical maturity [11]. Players that are bigger and stron-
ger are usually overrepresented in key positions such as pitch-
er, where overuse injuries are more common. Pitchers who
also play catcher seem to be at increased risk, likely due to
the increased number of throws during the season.

Whether or not to allow skeletally immature players to
throw breaking balls remains controversial. Historically, ex-
perts recommended that boys refrain from throwing breaking
pitches due to the theory that the physis and UCL insertion

cannot safely withstand the forces placed on the elbow while
throwing a curveball. Existing clinical, epidemiologic, and
biomechanical data does not support this claim; however,
many leading clinicians and organizations have discouraged
curveballs before skeletal maturity [7]. Dun et al. and Nissen
et al. found that although increased forearm supination is re-
quired to throw a curveball, elbow varus torque is actually
significantly less than with throwing a fastball in both adoles-
cent and high school pitchers [12, 13]. Similarly, there are
lower moments on the shoulder and elbow while throwing a
curveball [13].

A newer study by Oliver et al. evaluated the pitching me-
chanics of youth baseball pitchers with the use of surface
electromyography [14¢]. Examining mechanics and muscle
activation in the pelvis, torso, and upper extremity, they found
no differences in mechanics of pitchers throwing fastballs,
change-ups, and curveballs. Essentially, they reported that
pitchers obtain the spin needed for a curveball from their grip,
not by altering their arm slot or upper extremity mechanics,
indicating that throwing a curveball is no more dangerous than
other pitches [14¢].

Despite the adoption of safety guidelines, pitch count rec-
ommendations, and increased media coverage on injury pre-
vention for youth baseball players, injuries in this age group
do not seem to be decreasing. There remains a lack of knowl-
edge of safe throwing practices and compliance with safety
recommendations, both in players and in coaches. For exam-
ple, in a survey of 98 youth baseball players, ages 4 to 16, 63%
of respondents disagreed with the statement “The more you
throw, the more likely you are to get an injury.” A majority of
respondents also reported that they would continue playing if
they experienced an injury or had a sore arm during a game
(64 and 61%, respectively) [15]. Clearly, further dissemina-
tion of this information is needed.

The role of the parent is crucial as well. When a child
complains of arm pain, the parents and coaches must act in
the best interest of the child. This includes a period of avoid-
ance of throwing activities and management with ice,
NSAIDs, and stretching. They should also be evaluated by a
sports medicine physician. While not participating in throwing
activities, they should perform general conditioning and core
strength exercises [16].

Based on data from numerous studies evaluating biome-
chanics and throwing injuries, young pitchers should first
learn proper fastball mechanics and consistency in their mo-
tions. Players should not pitch competitively more than
8 months per year, and they should follow pitch count limits
and recommended day offs. Coaches should avoid the use of
radar guns when possible, particularly in practices, as this may
be correlated with increased risk of injury [7, 17].

Recently, Sakata et al. performed a prospective cohort
study including 305 youth baseball players aged 811, evalu-
ating a novel stretching and strengthening protocol called the
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Yokohama Baseball-9 (YKB-9). It includes nine stretching
(Fig. 1) and strengthening (Fig. 2) exercises. The 10-s long
stretches are designed to improve posture and range of motion
(ROM) of the elbow, shoulder, and hip. The strength exercises
focus on rotator cuff, scapular function, posture, and lower
extremity balance. Players who participated in the YKB-9
had approximately 50% fewer medial elbow injuries over
the course of a 12-month follow-up period [18¢].

In terms of non-overuse injuries, most prevention is pro-
vided by protective/adaptive equipment, but teaching of prop-
er fielding, batting, and base-running techniques should also
be incorporated. Face guards lower the risk of facial and dental
trauma and are increasingly accepted in lower levels of play
[19, 20]. Softer “safety” baseballs reduce contusions but may
increase the risk of eye injury due to deforming characteristics
[19]. Breakaway bases reduce injuries associated with sliding,
such as foot and ankle sprains and fractures [21, 22].

Overall, good mechanics combined with common sense
practices, awareness of pitch counts, pre-activity stretching
and strengthening, avoidance of fatigue, and use of the afore-
mentioned protective equipment likely remain the best mea-
sures to prevent injuries in the young baseball player. Moving
forward, future efforts should be directed at better informing
players, parents, and coaches of recommended pitch limits,
and the fact that any player who is experiencing pain should
not continue to play until they are pain free.

High School

Baseball remains popular among high school students as well,
with approximately 500,000 participants across the USA. It is
the fourth most participated sport in high school, behind

football, track, and basketball [23]. As with youth baseball
athletes, high school athletes are at risk for overuse and trau-
matic injuries. Injuries in high school players tend to be more
severe compared to youth players, as evidenced by the in-
creased rate of surgery [24].

Epidemiology

Injuries in high school baseball players occur at approximately
1 injury per 1000 practices or competitions [25]. Overuse
injuries commonly involve the shoulder and elbow. Shoulder
injuries occur around 1.39-1.72 per 10,000 athlete-exposures
(AEs), with muscle strains being most common [26, 27].
Juniors and seniors sustain a majority (69%) of shoulder inju-
ries compared to freshmen and sophomores, as they are par-
ticipating in a higher level of competition and playing in more
games. Pitchers account for the largest proportion of shoulder
injuries (38%). Approximately 10% of shoulder injuries re-
quire surgery and three-quarters of them are among pitchers
[26].

Elbow injuries are less frequent at 0.86 per 10,000 AEs and
most often involve ligamentous sprains (42.7%) [27]. The rate
of elbow operations in young athletes has significantly risen
over the last couple of decades. Some orthopedic practices
have seen a sixfold increase in the number of elbow surgeries
performed on high school pitchers from 2000 to 2004 com-
pared to 1994-1999 [24] with approximately 13% of ulnar
collateral ligament reconstructions being performed on high
school players [28].

Fourteen percent of high school baseball injuries result in
time loss from participation (sitting out greater than 1 day)
[29]. Although most athletes get back to playing in less than

Fig. 1 Nine stretching exercises as described in the Yokohama Baseball-9 protocol
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Fig. 2 Nine strength exercises as described in the Yokohama Baseball-9 protocol

a week, approximately 10% will miss an entire season due to
their injury [27, 30].

Catastrophic injuries such as commotio cordis and traumat-
ic brain are fortunately very rare in the sport of baseball. Of the
128 cases of commotio cordis reported in the USA over a 20-
year period, however, approximately 40% were caused by a
thrown or batted baseball [31]. Of the major high school
sports, baseball has the lowest risk of traumatic brain injury
at 0.05 per 1000 AEs [20].

Prevention

Many of the preventative measures in youth baseball apply to
high school baseball as well, including pitch count limits,
strengthening and stretching programs, use of protective gear,
and continuation of proper mechanics.

Given that 12% of baseball injuries in high school occur to
the head and face, many clinicians would recommend use of
helmets with face shields or at least mouth guards for batters
[20, 30]. Pitchers and infielders may also benefit from using
mouth guards.

Players should be vigilant in stretching to maintain flexi-
bility of both upper and lower extremities before and during
the season. There seems to be a correlation between tightness
in the quadriceps, hamstring, and shoulder internal rotators
and shoulder and elbow pain. Core strength and stability is
likely also important for injury prevention and high

performance [32]. The YKB-9 stretching and strengthening
program seems to drastically reduce medial elbow injuries in
adolescents and is likely translatable to the high school athlete
as well [18e].

College

There is paucity of literature regarding collegiate baseball in-
jury epidemiology and prevention. Even though there is a
significant amount of professional baseball players being
drafted out of high school, college baseball remains the gate-
way to the majors so the lack of research is surprising. The
National Collegiate Athletic Association (NCAA) consists of
three divisions with Division 1 being the most competitive,
and there are approximately 25,000 collegiate baseball players
each year [2]. Although the majority of these players will not
end up playing professionally, an understanding of the epide-
miology and prevention of college baseball injuries are impor-
tant to avoid future morbidity.

Epidemiology
McFarland et al. first conducted a prospective epidemio-
logic study evaluating injury incidence at a single Division

1 institution [33]. Over a 3-year period, the overall inci-
dence of injuries was 5.83 per 1000 athlete-exposures
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(AEs). They found that upper extremity injuries accounted
for 58% of all injuries. The shoulder was the most com-
monly injured body part and typically resulted in around a
week of lost participation time. They defined a severe in-
jury as those resulting in 21 or more days of lost participa-
tion. Twenty-five percent of all injuries were considered
severe. The most common injuries were characterized as
strains (23%), sprains (19%), and contusions (17%). In
contrast to this study, other studies have found sliding in-
juries to be common [34, 35]. A more recent epidemiologic
study by Dick et al. [35] reported on 16 years of NCAA
injury surveillance data. They found injury rates to be three
times higher in games compared to those in practice. The
game injury rate was 5.78 per 1000 AEs, which is very
similar to that found in the aforementioned study [33].
The most common player positions to incur injury were
base runners (23.7%), pitchers (20.9%), and batters
(15.3%). As expected, upper extremity injuries accounted
for the majority of reported injuries. It was somewhat sur-
prising though that upper leg and ankle injuries were more
common than shoulder injuries in game play. Shoulder in-
juries were more common in practice. The majority of in-
juries incurred during games were the result of contact,
whereas 63.9% of practice injuries were non-contact. The
nature of contact injuries in baseball have been described
as occurring as a result of base-running, base-sliding, ball-
contact, bat-contact, and player-player contact [33-36].
Dick et al. defined a severe injury as those resulting in
ten or more days of lost participation and found 25% of
all injuries to be severe [35]. Although rare, clinicians must
also be aware of the potential for fatal and non-fatal cata-
strophic injuries in collegiate baseball. Boden et al. [37]
reported the catastrophic injury rate to be 1.7 per 100,000
baseball players and the fatal catastrophic injury rate to be
0.86 per 100,000 baseball players during a 21-year period.

Prevention

Injuries were found to be most common in pre-season and
early season practices and games, respectively. This is a
testament to the importance of off-season conditioning
and progression of pre-season workout intensity [35].
There is a lack of injury prevention literature specific to
collegiate baseball; however, many of the youth injury pre-
vention principles still apply. Interestingly, pitch type has
not been suggestive of increased risk of injury for college
pitchers although change-ups do demonstrate the lowest
kinetic demand and may be safest [24]. Prevention strate-
gies should focus on upper and lower extremity strength-
ening, proper throwing mechanics, avoiding overuse,
stretching exercises, avoiding collisions, and proper utili-
zation of protective gear [38—40]. As many of these strat-
egies are drawn from the youth and professional levels,
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more research is needed into specific college baseball pre-
ventative measures.

Professional

There is an increasing amount of literature regarding injury
epidemiology and prevention in minor (MiLB) and major
league baseball (MLB). Major league baseball is considered
one of the most popular sports in the USA and its popularity is
only increasing. In 2017, the average MLB team was said to
be worth $1.54 billion, an increase of 19% since 2016 [41].
Injuries to professional baseball players that result in place-
ment on the disabled list result in major monetary loss to MLB
franchises [4¢]. Given these facts, it is not surprising that there
is a significant amount of interest in evaluating what injuries
occur most and how to prevent them.

Epidemiology

Over the years, there has been a steady increase in profes-
sional baseball injuries as first reported by Conte et al.
[42]. Posner et al. [43] reported a 37% increase in injuries
between the years on 2005 and 2008. This more recent
study found the incidence of injury resulting in placement
on the disabled list to be 3.61 per 1000 athlete exposures.
This is rather high considering it does not include injuries
that did not require an assignment to the disabled list,
which is common for injuries resulting in less than 15 days
out of play. At this level, injuries to pitchers continue to
increase significantly more than other positions [43—45].
Posner et al. [43] found 34% higher injury rate among
pitchers compared to fielders. Overall, upper extremity in-
juries accounted for 51.4% of all injuries. Lower extremity
injuries were much more common in fielders than pitchers.
Common lower extremity injuries include those to the
hamstrings [46]. Dahm et al. [47] reported the knee injury
rate across MiLB and MLB to be 1.2 per 1000 AEs. Conte
et al. [4¢] performed the most recent evaluation of MLB
injury data and found that overall injury rates increased
between 1998 and 2015. They found shoulder and elbow
injuries to be the leading cause of lost participation time.
Interestingly, the rate of elbow injuries increased while
shoulder injuries decreased during the study period.
Injuries involving the medial ulnar collateral ligament
(MUCL) are of particular interest. Their incidence has been
found to increase significantly, and it has been reported
that between 25 and 33% of all MLB pitchers have had
an MUCL reconstruction surgery at some point during
their baseball careers [4e, 44, 45, 48]. Research has also
been conducted to further characterize other clinically rel-
evant injuries such as abdominal oblique injuries, lumbar
spine injuries, and sliding-related injuries [49-51].
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Prevention

Similar to that found in collegiate baseball, early season inju-
ries are more common in professional baseball [43]. This at-
tests to the importance of off-season fitness and gradual in-
crease in early season workout intensity. There is again a lim-
ited amount of literature demonstrating proven injury
preventing measures in professional baseball. With a knowl-
edge of known risk factors for injury, one can reasonably
predict strategies that will prove to be injury preventing.
Wilk et al. [52] demonstrated that deficits in shoulder rotation
and flexion were associated with increased risk of elbow in-
jury in professional pitchers. In a subsequent study, Wilk et al.
[53] found that decreased shoulder external rotation was pre-
dictive of shoulder injuries in pitchers. Similarly, Camp et al.
[54] demonstrated increased rates of elbow injuries in pitchers
who demonstrated decreased shoulder flexion and external
rotation during a pre-season physical examination. Given this
knowledge, many exercises such as the sleeper stretch and
others have been developed to improve upper extremity flex-
ibility and range of motion [38] (Figs. 1 and 2). Increased total
cumulative work has been shown to increase risk of injury in
youth baseball players, but this has not as reliably been dem-
onstrated in professionals [9, 55].

In recent years, MLB pitchers have demonstrated grad-
ually increasing mean fastball velocities from 90.9 in 2008
to 93.3 in 2017 [56]. Several recent articles have studied
the potential causes of the rising elbow UCL tears in pro-
fessional baseball [57¢, 58, 59]. Chalmers et al. [57¢]
showed that peak velocity was an independent predictor
of UCL reconstruction status. They also found that in-
creased mean velocity was a statistically significant sec-
ondary predictor. It has been well documented that in-
creased velocity and arm speed has a direct relationship
to increase valgus torque on the UCL [60, 61]. Keller
et al. [59] demonstrated that throwing a higher percentage
of fastball (over 48%) was also a risk factor. Although the
relationship between velocity and injury risk is well

“
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established, velocity is critical to the athletic success for
most pitchers. Accordingly, asking them to decrease their
throwing velocity is not likely a practical injury prevention
strategy.

There have been several strength and conditioning pro-
grams that are designed for high school, college, and profes-
sional pitchers alike to increase their velocity. One of the most
common and popular strategies in modern throwing regimens
is utilization of weighted baseballs [62]. These programs have
pitchers throwing balls that are under or over weighted com-
pared to the normal 5-0z baseball. The balls range from 4 to
32 oz. Although this has been shown to increase velocity,
there is concern that these programs could directly result in
injury or that the increased velocity may place the pitcher at
increased risk for injury. More studies are necessary to deter-
mine how these programs should be optimized in order to
maximally improve performance without increasing the risk
for injury.

Although injuries to the upper extremities are important
and tend to garner the most attention in baseball, lower ex-
tremity injuries can also result in significant loss of participa-
tion time. In 2011 alone, 268 hamstring strains occurred in
professional baseball, and these resulted in an average of 24
lost days of participation per injury [46]. Prevention of these
injuries is important and the use of Nordic or eccentric ham-
string exercises have been shown to decrease the incidence of
hamstring injuries in professional soccer players [63] (Fig. 3).
Seagrave et al. [64] found that a strengthening program in-
cluding these same eccentric hamstring exercises instituted in
professional baseball resulted in a decreased incidence of
hamstring injuries and less days missed due to injury in one
organization.

An awareness of the risk of contact injuries in profes-
sional baseball is also important. These tend to effect
fielders and catchers more than pitchers. Rules have been
developed to help decrease the rate of these contact events.
Ultimately, more research is needed to develop more prov-
en preventative measures.

Fig. 3 Eccentric hamstring exercises have been shown to prevent hamstring injuries
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Conclusion

Baseball is a finesse sport that is ubiquitously popular among
all age groups. Given its popularity, a large majority of our
population has either played baseball or is a fan. Professional
baseball is a multibillion-dollar business, and franchises have
an understandably sizable interest in the health of their
players. Injury prevention in youth baseball is largely aimed
at avoiding overuse and this holds true up to the highest levels.
Prevention of collisions and upper extremity stretching and
range of motion exercises are thought to be useful. Although
there is an increasing scientific interest into baseball injury
epidemiology and prevention, more research is needed on this
topic.
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