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Injury Prevention Programs
for Throwing Injuries in Softball Players:
A Systematic Review

Jonathan Paul, BS,*" Symone M. Brown, MPH,* and Mary K. Mulcahey, MD*

Context: Throwing-related injuries occur commonly in softball players. Preventative programs can be implemented to assist
in identifying and correcting risk factors that could potentially lead to injury and therefore time missed from both practice
and games.

Objective: The purpose of this study was to determine if position-specific injury prevention programs have been
developed to decrease the risk of throwing-related injuries in softball players.

Data Sources: A systematic review was performed using the PRISMA (Preferred Reporting Items of Systematic Reviews
and Meta-Analyses) guidelines. PubMed, PMC, and EBSCO were searched for articles on injury prevention programs using
the following key terms: softball, injury prevention, throwing injuries, pitcher, and shoulder.

Study Selection: Studies that involved fast-pitch softball and included female participants as well as rehabilitation
programs were included. Articles that highlighted slow-pitch softball or did not include female participants were excluded.

Level of Evidence: Level 1.

Data Extraction: The initial search identified 1605 articles. After implementing a filter, 131 articles remained. Thirteen
articles were screened out as duplicates. After screening for inclusion criteria, 7 articles remained and were included in the
systematic review.

Results: Decreased range of motion (ROM) in both the upper and the lower extremities, unbalanced muscular strength,
and fatigue were identified as risk factors for throwing injuries in softball players. Within the upper extremity, strength

and ROM of the rotator cuff muscles, biceps, and extensors of the forearm were emphasized. The main focus of the lower
extremity was the strength of the gluteal muscles and ROM of the lumbopelvic-hip complex. Only 1 study detailed an injury
prevention program for softball players. The prevention program outlined was generalized for all softball players and was
not position specific.

Conclusion: There is a paucity of information about injury prevention programs for softball players. Of the evidence
analyzed, balanced strengthening of the upper and lower extremities while maintaining dynamic range of motion was
frequently utilized in developing an injury prevention program.
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oftball is currently one of the largest team sports in the surface. This is opposed to baseball, where pitchers throw from

United States, with more than 2 million female athletes an elevated mound. The second and most pivotal difference is

between the ages of 12 and 18 years participating.” Fast- | in how each player is managed with regard to pitch count
pitch softball is a game dominated and controlled by the restrictions. Across all levels of baseball, there are restrictions
pitcher, similar to baseball, but with a few key differences. In limiting the number of pitches or innings played by an

softball, there is no mound, so athletes are throwing from a flat | individual over the course of a week. According to the official
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Table 1. Maximum pitch counts’

Pitches/
Game

Pitches/Day
(Days 1-2)

Pitches/Day
(OEVE))

13-14 80
100

115 80
140 100

Little League guidelines, youth baseball pitchers should not
throw more than 95 pitches in a day with 4 days rest between.®
A list of pitching restrictions for high school students outlined
by the National Federation of State High School Association and
highlighted in the Baseball America newsletter shows the
variable state-specific restrictions on pitch count. However, most
pitch count restrictions range between 105 and 120 pitches with
3 days of rest between.” Despite pitching guidelines for softball
that resemble baseball pitching restrictions, there is no official
pitch count limit; therefore, softball pitchers often throw a
number of pitches substantially above the suggested limit in a
very short time frame. In a blog article submitted to Shoulder
Made Simple, the maximum pitch count for a softball player at
the age of 15 years should be 140 pitches over a 2-day period,
pitching 1 game each day. After these 140 pitches, 2 days of rest
is suggested to allow recovery and prevent throwing-related
injuries.” Additionally, general pitching guidelines for various
age groups can be found in a blog post from the AOSSM in
their Stop Sports Injuries campaign (Table 1).” A study by
Werner et al” found that during a tournament, youth softball
pitchers can throw upward of 2000 pitches in the span of 3
days, while pitching multiple games each day. This is
worrisome, as a study by Patel et al’ demonstrated that the rate
of injury for pitchers increases by 5% with each additional 100
pitches thrown throughout the season.

The differences in pitching mechanics between softball and
baseball have been largely responsible for the lack of pitching
restrictions implemented for softball players. Although the
pitching mechanisms are different, similar forces are placed on
the throwing arm." In baseball’s overhead pitch, the greatest
resistance to force is generated during the deceleration phase,
after the ball has left the pitcher’s hand, as opposed to the
windmill pitch, which generates the majority of its resistance
during the delivery phase, as the pitcher is releasing the ball."
Although the forces were slightly higher with the overhead
pitching mechanism, the windmill pitch generated much more
torque, particularly during abduction and extension.'

The perception that the windmill pitch has a lower risk of
injury has caused throwing-related injuries in softball,
particularly affecting pitchers. A study found that among 48

pitchers, there were 18 injuries (37.5%) directly attributed to
pitching."” Eleven of the 18 injuries (61%) involved the shoulder.
Pitchers had a 2.1 (95% CI, 0.94-4.6) times higher risk of injury
lasting longer than 2 weeks as compared with position players.'®
To further challenge this perception, the incidence of injury was
higher in youth softball players (5.6/1000 athlete-exposures)
than in baseball players (4.0/1000 athlete-exposures), with the
majority of injuries manifesting in pitchers (37.3%) compared
with position players (15.3%)."

In adolescent softball players ranging from ages 11 to 15
years, anterior shoulder pain related to rotator cuff/biceps
pathology and labral pathology were the most common in
13- to 15-year-old softball windmill pitchers, when compared
among all adolescent high school softball players."” Epicondylar
injuries in softball position players also commonly occur
(incidence of up to 39%) with the highest percentage of injury
occurring in high school players between the ages of 14 and 18
years.l(’ Softball position players commonly present with
reduced range of motion, increased glenohumeral joint laxity,
and anterior shoulder pain."’

As softball players progress in age, technique, and competition
difficulty, pitchers and position players display different injury
patterns. In a web-based injury surveillance study focusing on
the epidemiology of high school and collegiate softball injuries,
it was found that high school softball pitchers were most at risk
for upper leg and thigh injuries and collegiate softball pitchers
were most at risk for trunk and shoulder strains when assessed
for noncontact injuries."” In National Professional Fast-Pitch
Softball teams, it was found that the majority of position players
suffered injuries acutely (59%), while the majority of pitching
injuries occurred from overuse injuries that may or may not be
related to other chronic injuries (62%).”

Coaches, athletic trainers, physicians, and physical therapists
should maintain a multifocal and individualized injury
prevention program.'” The purpose of this systematic review
was to determine if position-specific injury prevention programs
have been developed to decrease the risk of throwing-related
injuries in softball players.

METHODS

A systematic review of the literature was performed in
accordance with the guidelines set by PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses). A
complete initial search of PubMed, PMC, and EBSCO databases
was conducted June 28 through July 1, 2019, using various
combinations of the keywords softball injury, shoulder, and
throwing. This was performed under a specific filter adjusted as
follows: ((“injury”All Fields] AND prevention”[All Fields]) OR
“injury prevention”[All Fields]) AND (“baseball’[Medical Subject
Headings Terms] OR “baseball”[All Fields] OR “softball"[All
Fields]).

Studies were included if they were published in the English
language and contained female softball players. The titles were
screened, and duplicates were removed. The remaining
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abstracts were then evaluated for inclusion. Full text of all
relevant articles meeting the inclusion criteria were reviewed.
Articles included in the systematic review described prevention
programs for pitchers and position players in fast-pitch softball
of various levels. Studies included clearly proposed preventative
measures to help limit the frequency of throwing-related injuries
in softball players. Studies that referenced rehabilitation
programs were also included if a “return to play” criterion was
outlined showing risk factors for both healthy and previously
injured softball players. Articles ranging from level 2 to level 4
evidence were included in the review.” The 7 studies selected
were then assessed for their internal validity using the
Newcastle-Ottawa Quality Assessment Scale. This scale measures
selection bias, comparability, and outcomes assessing retention
and follow-up time. The 7 studies averaged a score of 6.86 out
of 9 total points. Studies were excluded if they focused on
slow-pitch softball, had a study population mainly consisting of
male participants, or exclusively focused on overhead athletes
that were not in a mixed study of baseball and softball players.

RESULTS

The initial search of all 3 databases identified a total of 1605
articles. After applying the search term filter, a total of 131 articles
remained. Of the 131 articles, 13 were removed for being
duplicates. Another 108 articles were screened out based on title,
abstract, and inclusion criteria, leaving 10 articles eligible for a
full-text review. After a thorough review, 6 articles remained
eligible and 1 was added from the reference section, for a total of
7 studies that were included in this review (Figure 1). The eligible
articles focused on preventative and rehabilitative programs for
throwing-related injuries that manifested in both the lower and
the upper extremities of softball pitchers and position players.
Range of motion (ROM) and strength were found to be the most
important risk factors for potential injury in the shoulder
complex, gluteal muscles, and lumbopelvic hip complex. Target
muscle groups that would increase prevention of throwing-
related injury were referenced in all the studies; however, only 1
article described a full injury prevention program.

Patient Demographics

The 7 articles included a total of 264 female softball players
between the ages of 9 and 26 years (Table 2). It is important to
note that 179 of 264 softball players (67.8%) were from a single
study.6 Mean age was assessed in 2 (28.5%) of the 7 articles
with an average age of 14.5 years."”!* Participants in 2 studies
ranged in age from 18 to 26 years.>® In another 2 studies, age of
the athletes was not specified.'*" Finally, in 1 study, the age
ranged from 11 to 21 years." Two studies (28.5%) focused on
youth recreational softball,"*** 2 studies (28.5%) focused strictly
on collegiate or semiprofessional softball plzlyers,s’6 2 studies
(28.5%) focused on all ages (ranging from ages 11-26 years),
and 1 study (14%) did not specify level of play."* Six of the
articles (86%) focused primarily on softball pitchers,é’lo'm
and 1 article (14%) focused on softball position players.’
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Figure 1. PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) flow diagram
for article review.

Overview of the Kinetic Chain

It is important to note the significance of the kinetic chain as it
explains the sequential distribution of kinematic forces that are
similar in both the overhand throw and the windmill pitch."
These forces display a proximal-to-distal neuromuscular pattern
initiated by the lower extremities and are followed by activation
of the upper extremity." Proper transfer of kinematic force,
starting with the activation of the gluteal muscles controlling the
pelvis through the trunk, shoulder, elbow, and wrist, is essential
in the prevention of throwing-related injury.” The kinetic chain
in both overhand throwing and windmill pitching demonstrates
the necessary relationship between the upper and lower
extremities needed to create a balanced throwing-related injury
prevention program for softball players.

Upper Extremity

Three articles (43%) focused on the upper extremity, specifically
the rotator cuff muscles, biceps, extensors of the forearm, and
associated ROM of the shoulder (Table 2).>%!? A study by Oliver
and McKeon' in 2010 evaluated the risk of throwing-related
injuries in recreational, competitive, and elite softball pitchers.
The authors found that novice pitchers rely more on their upper
arm segment (ie, muscles from the shoulder to the elbow)
during the pitching motion. This was in comparison with their
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Table 2. Results from the 7 articles included in the systematic review

No. of Age Mean Level of ROM Target Muscles for
Athletes Range, y Age, y Play Position Studied Strength and ROM
Hibberd et al® 35 18-26 N/A Collegiate Position Upper Shoulder complex
players extremity
Hill et al® 179 18-26 N/A Collegiate Pitchers Upper Shoulder complex
extremity
Oliver™ N/A N/A N/A | Al levels Pitchers Lower Gluteal muscles, core,
extremity and postural muscles
Oliver et al"* 17 11-21 N/A All levels Pitchers Upper Entire arm segment
extremity
Oliver and N/A N/A N/A N/A Pitchers N/A Gluteal muscles and
McKeon' lumbopelvic-hip
complex
Oliver and 10 14-21 17.6 Youth Pitchers Lower Gluteal muscles,
Plummer™ recreation extremity lumbopelvic-hip
complex
Oliver etal™ 23 9-12 11.4 | Youth Pitchers Lower Lumbopelvic-hip
recreation extremity complex and trunk
N/A, not available; ROM, range of motion.
intermediate and elite counterparts, who relied more on the stabilization."*"*™ Each of these articles highlighted gluteal

distal arm segment, which consists of the muscles from the
elbow to the wrist and lower extremities to generate throwing
power.'” This was postulated to increase the risk of potential
throwing-related injuries for novice softball pitchers. The study
emphasized improper throwing technique as a major risk factor
for shoulder injury. Two articles (67%) found that biceps and
rotator cuff weakness or fatigue and shoulder ROM deficits were
common risk factors for throwing-related injuries in both
position players and pitchers at the collegiate level>® A 2014
study by Hibberd et al’ focused on dominant limb range of
motion and humeral-retrotorsion adaptation in baseball and
softball players.” This study highlighted risk factors for
throwing-related injuries in softball position players at the
collegiate level that utilize the overhead throwing motion
similarly to baseball pitchers and position players. The authors
found that glenohumeral joint internal rotation in uninjured
softball position players did not significantly differ from their
female, nonoverhead athlete control counterparts.’

Lower Extremity

Three articles (43%) concentrated on how the lower extremities
can contribute to the risk for throwing-related injuries (Table 2).
All 3 studies focused particularly on the risk of injury associated
with the gluteal muscles of the leg used to lunge while in the
pitching motion, ROM of the hips and pelvis, and trunk

muscle activation in phase 3, or the lunge component of the
pitching motion, as a risk factor for potential throwing-related
injuries in softball pitchers.'*"*" Two articles (67%) focused on
trunk and core activation and shoulder ROM as major stabilizers
of the lower extremities in all 3 phases of the throwing
motion."™"* Fatigue and lack of balanced muscular strength in
the gluteal muscles and trunk were found to increase the risk of
potential throwing-related injury, and it was recommended that
these components be the main focus of injury prevention

10,13,14
programs,'” "

Injury Prevention Programs for Softball Players

Atticles specifically mentioned neither the amount of time that
should be devoted to rehabilitative or prevention programs nor
the time when injury prevention exercises should be incorporated
(eg, in-season/off-season). All 7 articles (100%) agreed that injury
prevention programs need to be individualized to the player by
considering the athlete’s baseline strength, ROM, and playing
position.**!*** Although each of the articles mentioned specific
exercises that could increase ROM and strength in the upper or
lower extremities, only 1 article described an injury prevention
program for softball players, specifically pitchers (Table 3)." This
article focused on dynamic stretches to increase flexibility as well
as exercises to specifically strengthen the gluteal muscles and
lumbopelvic-hip complex."’
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Table 3. Softhall-specific exercise information for injury prevention and rehabilitation

Specific
Exercise

Program Exercises

Training Focus

Hibberd et al® No N/A

Using specific injury mechanisms to guide injury
prevention programs, specifically in the shoulder
complex

Hill et al® No N/A

e Position specific
Muscle groups that will prevent muscular
imbalance such as the rotator cuff

Oliver'® Yes o

extension
o “Bird-dog” exercise—

o Side-lying resisted hip
abduction

Front-plank isometric exercises | e
with contralateral leg and arm

coactivation of hip extensors,
longissimus muscles, scapular
stabilizers, and shoulder flexors

Entire kinetic chain of the windmill pitching
motion

Pitching specific

Dynamic strengthening

Oliver et al"” No N/A

o Entire Kinetic chain of throwing motion,
specifically the forearm, shoulder, and wrist

e Begin with strengthening the trunk and move
outward

Oliver and No

McKeon'? stabilization

Gluteal extension with core

e Entire kinetic chain of the throwing motion,
specifically on pelvic and scapular stability

e Start with strengthening the lumbopelvic
complex, specifically the abdominal muscles,
holding the pelvis in the neutral position

o After the core is engaged, work on gluteal
muscle strengthening, prioritizing dynamic
gluteal extension

Oliver and No N/A
Plummer'®

Strength and functionality of the lumbopelvic hip
complex

Oliver et al™ No N/A

Overhead movements while stabilizing the
lumbopelvic complex

N/A, not available.

DISCUSSION

There is currently no well-defined injury prevention program for
softball pitchers or position players. Based on the articles in this
study, it is unclear whether focusing on the upper body or lower
body is more effective in preventing throwing-related injuries in
softball players. Six of the articles (86%) cited decreased ROM of
the lumbopelvic-hip complex and shoulder complex in relation
to internal/external rotation and abduction, as potential risk
factors attributed to injury during the season.”® "3 The Jack
of regulations regarding pitch count, season duration, and
athletes transitioning to year-round play have all contributed to
the injuries most commonly seen in softball players. According
to Shanley et al'® and Shanley and Thigpen,'” the most common

injury for both adolescent pitchers and position players is strains
to either the leg (unspecified region) or the shoulder complex. A
study by Wasserman et al'” demonstrated that in high school
softball pitchers, upper leg and thigh strains are the predominant
injury with an incidence of 9.4% of all injuries. This is in contrast
to collegiate softball pitchers, where common injuries were trunk
and shoulder strains that accounted for 9.5% of total injuries.
Noncontact throwing injuries were also analyzed for both high
school and collegiate softball position players. The incidence of
noncontact throwing injury in high school position players was
13.8% in practice and 4.2% in games. This is in contrast to the
incidence of collegiate throwing injury in position players that
was 14.8% in practice and 4.7% in games."” These injury patterns
further emphasize the importance of an injury prevention



vol. 13 e no. 4

SPORTS HEALTH

program that focuses on improving strength and maintaining
ROM in the upper and lower extremities to decrease the risk of
potential throwing-related injuries.

Another important factor to note was the balance between
increasing the strength of particular muscle groups and
maintaining ROM with passive and dynamic stretching. Wilk
et al*! agree that maintaining balanced muscular conditioning
and ROM can largely decrease the common injuries seen in
overhead athletes and are necessary for an effective preventative
or rehabilitative program.”' These conditioning combinations
can limit potential rotator cuff tears by decreasing muscular
tightness that may lead to muscular imbalance because of the
high tensile load during the throwing phase.”' Maintaining
muscular strength and ROM can also help prevent superior
labral tear from anterior to posterior lesions and lumbopelvic-
hip complex strains that also include the gluteal muscles.” The
previously mentioned injuries are associated with a greater loss
of time from practice, ranging from 15 to 45 more days, and
greater loss of time from games, which ranged from 5 to 24
more games, depending on the severity of the injury."* Generally,
these injuries occur within the first few months of the season. If
they occur later in the season, these injuries are attributed to
overuse.'**! These factors underscore the importance of having
an off-season injury prevention program that incorporates
strength training and maintenance of ROM as an essential factor
in limiting throwing injuries in fast-pitch softball players. None of
the articles included in this study clearly defined the time when
the prevention program should be implemented, either in season
or out of season.

While the information regarding what muscles should be
targeted within a prevention program is important for
decreasing the risk of potential injury, we cannot ignore the fact
that overuse injuries (eg, rotator cuff tendinitis/tendinopathy/
bursitis) will be difficult to avoid because of the lack of pitching
regulation in the sport.lé’Zl Wilk et al*' and Shanley et al'®
ascertain that without pitching regulations for softball players,
the preventative exercises that increase strength and maintain
ROM will have limited success. These recommendations have
been outlined by the AOSSM: Stop Sports Injuries Campaign
(Table 1).”

Limitations

There are several limitations to this systematic review. First, the
evidence level of the included articles ranged from levels 2 to 4.
This limits the conclusions drawn from studies without controls.
The second and most important limitation is the lack of
information regarding a program that details specific exercises and
stretches, time frame (in-season and off-season), and position-
based modality that can be used for injury prevention. Finally,
there were only 7 articles eligible for this systematic review.

CONCLUSION

There is a paucity of information about injury prevention
programs for softball players. Increasing strength and

maintaining ROM in both the upper and lower extremities is
important to prevent throwing injuries in softball pitchers and
position players. The numerous ways softball players sustain
throwing-related injuries suggests that prevention programs
should be tailored individually to address specific deficits in
muscle balance or strength. Further research is needed to
clearly define an injury prevention program with optimal
exercises, recommended duration, and timing of program
implementation to decrease the risk of throwing-related injuries
in softball players.
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