
INJURIES IN OVERHEAD ATHLETES (J DINES AND C CAMP, SECTION EDITORS)

Efficacy of Arm Care Programs for Injury Prevention

Kathryn McElheny1 & Terrance Sgroi2 & James B. Carr II3

Accepted: 8 January 2021
# The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract
Purpose of Review Arm care programs for baseball players are an increasingly popular area of interest for players, parents,
coaches, sports performance staff, and team physicians. Once a general afterthought, the design of arm care programs is now
heavily scrutinized in order to maximize performance and help reduce injury risk. Given the recent spike in interest for arm care
programs for baseball players of all ages, the purpose of this work is to review the relevant literature regarding the efficacy of arm
care programs and to discuss the authors’ preferred, evidence-based principles for arm care programs.
Recent Findings Arm care programs appear to provide favorable results for performance, maintenance of strength and flexibility,
and reduced injury risk. These programs should be tailored to the demands of the athlete, which can change based on the time of
year and physical demands of the player’s position. A good program will incorporate flexibility, strengthening, proprioception,
and joint mobility for the entire kinetic chain. Appropriate warm-up and cool-down periods are also important. Arm care
programs should start with basic movement patterns before progressing to more advanced, coordinated exercises.
Summary Arm care programs are an important piece of a holistic approach to caring for the throwing arm of baseball athletes. In
general, they appear to be a safe and efficacious way to help prevent a portion of throwing arm injuries. Further research is needed
to determine the optimal arm care program for each athlete.
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Introduction

Arm care programs for injury prevention and performance
enhancement in baseball pitchers continue to evolve rapidly.
Once a foreign concept to the game of baseball, implementa-
tion of various arm care programs is now commonplace

throughout all levels of play. This is likely due to the dramatic
increase in upper extremity injuries in baseball pitchers during
the past several decades [3, 6, 8, 13, 18, 29, 39]. Multiple risk
factors have contributed to this rise, including but not limited
to pitching while fatigued, year round pitching, glenohumeral
internal rotation deficit, glenohumeral total arc of motion def-
icit, scapular dyskinesia, increased number of innings pitched
during a season, and exceeding pitch count rules [4•, 7, 11, 14,
24, 32, 34, 51, 53].

Great effort has been made to combat this arm injury epi-
demic in baseball players through conscientious workload
management and arm care programs. One example of this is
the implementation of pitch count rules throughout most am-
ateur baseball leagues after their introduction in Little League
Baseball in 2006. In addition to workload management, spe-
cific pre- and post-outing arm care programs have been pro-
moted as a way to decrease injury risk.

While individual programs may vary, there are a few key
foundational elements in most programs. These include a dy-
namic warm-up, appropriate glenohumeral and elbow mobil-
ity, maintenance of rotator cuff strength, scapular stabilization
strength and endurance, appropriate workload management,
and recovery that promotes decreasing inflammation and
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maintenance of flexibility and strength. In general, arm care
programs for baseball pitchers often have two primary goals:
optimization of pitching performance and prevention of
throwing arm injuries. Unfortunately, the influx of commer-
cially driven arm care programs has made it more difficult for
players, parents, and coaches to choose an appropriate
evidence-based arm care program that accomplishes these
critical goals. Therefore, the purpose of the current review
article is to provide a thorough review of relevant literature
that examines the efficacy of arm care programs in preventing
throwing injuries. After a review of the literature, we will
discuss our evidence-based fundamentals for a preferred arm
care program for baseball athletes.

Efficacy of Existing Arm Care Programs

Strength, flexibility, and warm-up/recovery modalities remain
the pillars of the most popular arm care programs. Several
studies have evaluated the efficacy of various programs in
the youth athlete specifically. Sakata et al. assessed 305 pre-
viously healthy baseball players ages 8–11, 136 of which were
provided with a specific program, while 169 athletes com-
prised a control group [37]. The intervention group was
instructed to perform nine strengthening exercises with a fo-
cus on rotator cuff, scapular control, and lower body
strengthening/balance as well as nine stretching exercises.
The intervention group endorsed a rate of 57% compliance,
performing the exercises 1.3 times per week on average. The
primary outcome was medial elbow injury. The authors found
a 49.2% decreased incidence in subsequent elbow injury in
the intervention group (P < 0.05). Increased total shoulder ro-
tation, increased hip internal rotation of the non-dominant
side, and decreased thoracic kyphosis angle were also predic-
tive of lower rates of medial elbow injury. Of note, pitch
counts were not a contributing factor to increased injury rates.
Limitations of this study included lack of randomization and
lack of evaluation for any preventative shoulder outcomes.
Sakata et al. later went on to prospectively evaluate 237 youth
baseball players ages 9–11 years old in a randomized con-
trolled study utilizing a shorter, easier program in an effort
to increase compliance [38••]. This 10-min program included
5 stretching exercises (10 s holds), 2 dynamic mobility exer-
cises (scapular and thoracic), and 2 balance training exercises
with 10 repetitions for each exercise. Compliance was report-
ed to be as high as 73.4% with an average completion rate of
1.6 times per week. Shoulder and elbow injuries were moni-
tored prospectively for 12 months and a 48.5% decreased risk
of injury in the intervention group was found, which reached
statistical significance. Furthermore, velocity increased in the
intervention group (6.4 km/h vs 4.1 km/h in controls) as did
shoulder horizontal adduction deficits on the dominant side,

hip internal rotation on the non-dominant side, and thoracic
kyphosis angle.

Finally, Shitara et al. evaluated 92 high school pitchers who
were allowed to self-allocate into a flexibility and strength
training group, a flexibility only group, and a group who did
neither strengthening nor mobility work [42•]. The flexibility
group performed 5 reps of 60 s holds of sleeper stretch after
baseball activities. The strength training and flexibility group
focused on ER strength using a standardized protocol with a
load of 500 g, 20 reps, and 3 sets per day. Injury was defined
as inability to play for at least 8 days, and injury rates were
found to be 25% in the stretching only group, with average
time to injury being 89 days and compliance rate of 77%.
Injury rates were found to be 35% in the strength and flexibil-
ity group with average time to injury being 92 days and com-
pliance rate of 65%. In the group that performed neither, 57%
sustained an injury with average time to injury being
29.5 days. A 9% increase in dominant shoulder internal rota-
tion resulted in 36% reduction in risk of injury. It is worth
noting that post hoc analysis showed insufficient power to
detect differences between the group who did neither and
the group who did both strengthening and stretching as it
pertains to strength and injury incidence. Furthermore, the
self-selection design was a significant limitation of this study.
Nonetheless, the trends provide compelling evidence that fur-
ther investigation is needed to better understand the full ben-
efits of arm care programs.

Baseline Assessments

Objectivelymeasuring baseline shoulder strength and tracking
it throughout the season is an essential component of injury
prevention for throwers. Multiple early studies have examined
concentric isokinetic shoulder strength in professional base-
ball pitchers [1, 10, 52]. Wilk assessed 150 professional base-
ball players using a Biodex isokinetic dynamometer showing
an external/internal ratio of 61–65% [52]. This study also
concluded that there was no significant difference between
dominant and non-dominant IR and ER muscle strength.
Ellenbecker showed a similar peak torque ER/IR ratio at
66.6% on the dominant arm, and significantly greater IR
strength on the dominant shoulder [10]. No side to side differ-
ence for ER strength was appreciated.

With these generally accepted objective ratios in mind,
targeted monitoring of specific athlete strength and endurance
parameters, along with ranges of motion compared to base-
line, provides greater opportunities for targeted treatment of
altered movement patterns. It is also worth noting that, in the
case of pitchers, differences in range ofmotion of the throwing
shoulder typically exist before and after pitching. Some gain
external rotation, others loose internal rotation, and some gain
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both [5, 17, 26]. Further, changes at the shoulder may be seen
for a number of days after pitching [26].

Once flagged as abnormal, appropriate interventions can
take place prior to reassessment. Tyler et al. prospectively
evaluated 101 pitchers from 4 different high schools over 4
seasons and found that pre-season supraspinatus weakness in
particular was a risk factor for subsequent major injury [48].
Targeted intervention with deficits of greater than 20% was
recommended based on these findings. Furthermore, presea-
son external rotation and supraspinatus weakness have also
been shown to be risk factors for injury at the professional
level. In order to optimize and individualize arm care pro-
grams, practitioners must consider the inter-athlete and intra-
athlete daily differences via screening as described above and
workload inputs.

Approach to Strengthening

During the pitch, the rotator cuff works both concentrically to
accelerate the arm and to provide glenohumeral stability, as
well as eccentrically to decelerate the arm. Training the rotator
cuff in a way that targets both of these contractions is ideal for
arm care programs. Depending on the status of the athlete on
any given day, the arm care program can consist of isometric,
concentric, or eccentric exercises. The player’s daily work-
load, consisting of throwing and weight lifting exposure, can
influence which type of muscle exercises is optimal for the
athlete. If a player feels sore, then he might benefit from iso-
metric contractions to minimize stress on the muscles through
a more narrow range of motion. If the goal is to increase
strength and promote tendon remodeling, then the athlete
might benefit from strengthening through a larger range of
motion with heavier resistance, as performed with concentric
and eccentric contractions.

In general, a progression of rotator cuff exercises should
start with ER and IR at 0° abduction with scaption on the
opposite side, progressing to 90°of shoulder abduction
(Fig. 1), followed by incorporation of rhythmic stabilization
for neuromuscular control at both mid and end range of shoul-
der rotation. Side-lying external rotation in a side plank
(Fig. 2) is also commonly used in daily arm care programs.
All of these can be progressed by changing the athlete’s
stance, adding more proximal challenges, as well as linking
other muscle groups.

Glenohumeral stability during the pitch and the ability to
maximize rotator cuff activation depends on the control of its
more proximal segment, the scapula. During the overhead
pitch, the scapula has to retract during the cocking phase as
well as protract during the acceleration phase [33]. It is impor-
tant to constantly assess throwers for scapular winging or dys-
kinesia. Arm care programs should be inclusive of exercises

that focus on strength and endurance of both scapular retrac-
tors along with protractors (Fig. 3).

The serratus anterior plays an especially important role in
stability of the upper extremity and serves as an important link
between the core and the shoulder. If an athlete lacks neuro-
muscular control of the scapula, they might be subject to in-
creased stress and subsequent injury.

A stable core and appropriate rib cage positioning (Fig. 4)
should be considered in all arm care programs in addition to
hip mobility and lower extremity strength. A multifaceted
approach should be utilized in assessing the core, as proximal
foundational stability of the core is theorized to allow for
enhanced distal mobility of segments such as the arm [25].
From a hip mobility perspective more specifically, Saito et al.
demonstrated that limitations to hip flexion and internal rota-
tion at 90 degrees of hip flexion were risk factors for elbow
injury in the youth population [36], and Kantrowitz et al. have
demonstrated a similar relationship between hip pathology
and UCL tears in a professional cohort [23]. Furthermore, in
the setting of performance, Kageyama et al. demonstrated that
higher velocity pitchers generate greater momentum by hip
extension/abduction and knee extension in the pivot leg for
accelerating the body forward as well as by generating greater
angular core velocities [22]. Therefore, stabilizing lower limbs
during pitching plays an important role in order to increase
rotation and forward trunk motion; and, therefore, lower ex-
tremity and core strength monitoring should not be neglected
as part of arm care programs.

Properly sequencing movement is a key task in overhead
throwing [41]. Therefore, progressions in arm care programs
include beginning with simple isolated single joint
glenohumeral strengthening to eventually incorporating total
body motions that engage the entire kinetic chain from toes to
fingertips. This concept should be considered more globally
and incorporated when programming arm care exercise selec-
tion. An application of this might include beginning arm care
programs in a gravity reduced prone or supine position, work-
ing to establish proper firing and neuromuscular control,
followed by progression to more challenging environments
such as quadruped, kneeling, and eventually standing.
Further progression would include incorporation of more seg-
ments throughout the kinetic chain that require greater coor-
dination. For these reasons, the authors take a meticulous ap-
proach to assessment of other body segments, especially the
ankle, hip, and the spine. This is in contrast to traditional arm
care programs that do not typically consider the entire kinetic
chain.

Recovery

Recovery is a pivotal component of arm care in the pitching
athlete, especially within the competitive season. Commonly
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used modalities include the following: active recovery, con-
trast and cryotherapies, soft tissue massage, stretching and
mobility work, compression, and blood flow restriction.
While a detailed review of these modalities is beyond the
scope of this article, modalities are generally targeted to have
one or more of the following effects: blood flow changes,
tissue temperature changes, altered nerve conduction velocity,
and changes in hydrostatic pressure affecting capillary and
cellular permeability. The belief is that these methods may
have benefits in reducing inflammation/edema, increasing re-
moval of metabolic waste, and shortening the recovery time
frame [43, 45]. Acutely, these methods have been shown to
have mixed results on improving performance [9, 35, 44, 47].
However, numerous studies have shown the perceived bene-
fits in muscle soreness, fatigue, and readiness [35, 49, 50].
Historically, conjecture exists on the utility of these

modalities, as training theory suggests that post-exercise in-
flammation is essential for promotion of positive long-term
adaptations. Therefore, in theory, recovery modalities may
have a “dampening” effect. While the research exploring this
effect is scarce, the authors believe that recovery modalities
should be individualized based on the timing within the sea-
son and training plan as well as the athlete’s needs and
preferences.

Workload Management

Athlete workload has become widely discussed within the
literature and greater sports media. A number of studies have
shown that injured players pitch more months, games, in-
nings, and pitches per year [15, 32]. As expected, with in-
creased exposure comes increased injury. This hypothesis
was supported by Lazu et al. in 2019 who demonstrated sig-
nificant correlation between arm soreness and pitch volume in
collegiate pitchers throughout an entire season [28]. However,
this correlation of workload to injury risk has not been con-
sistently demonstrated in Major League pitchers [12]. Made
popular by the work of Blanch and Gabbett, who explored the
acute to chronic workload ratio and (ACWR) association with
injury, workload management has become commonplace in
professional sports [2]. Recently, these methods have come
under scrutiny due to possible inappropriate statistical proper-
ties and conceptual issues that may complicate interpretations
for practical applications [19]. However, a recent systematic
review concluded that despite the high variability, ACWR
calculations for external (e.g., total distance) and internal
(e.g., heart rate) loads may be related to injury risk. That said,
the authors called for standardized methods and more objec-
tive conclusions from multiple populations before such

Fig. 1 a Shoulder external
rotation at 0° abduction with
opposite arm scaption. b Shoulder
external rotation at 90° abduction

Fig. 2 Shoulder external rotation in modified side plank
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models can be used confidently to mitigate injury risk [30].
Nonetheless, the exploration of rolling average counts and
potential for inclusion of ratios provides practitioners the op-
portunity to understand a pitcher’s throwing volume and rate
of change of volume, which can help better periodize the
training regimen. Within these calculations, it is important to
consider the competition and role-specific time cycles of the
pitcher (i.e., 5-day rotation starting pitcher versus relief
pitcher).

It is plausible that a sudden increase in workload leads to
fatigue and negative performance/musculoskeletal effects.
ACWR calculations may be used as a guide, with numbers
greater than one being concerning for accumulating fatigue.
Currently, there is a relative paucity of literature supporting
the utility and efficacy of ACWR in baseball specifically, but
it may still serve as a useful metric for physical stress. It is also
important to consider that workload ratios will be different for
players based on defensive position played, especially be-
tween relief and starting pitchers who clearly have unique
demands.

Historically, workload has been managed by pitch counts
and inning limits. Pitch counts in isolation exemplify an un-
refined external workload representation for pitchers. They

fail to consider the intra-pitch type mechanical differences
and do not include the multitude of throwing drills pitchers
complete (i.e., catch play, long-toss, flat ground pitching, tow-
el drills, plyo-ball work, warm-up throws, and bullpen drills)
[54]. Akin to global position system (GPS) monitoring in
invasion sports, microsensor technology developments have
opened the door for deeper analysis of pitcher workload.
Further research is required to build out models to better un-
derstand the stressors placed on the neurological and muscu-
loskeletal systems within the different pitcher training prac-
tices. Finally, while objective data is invaluable as it pertains
to trends and workload management, perceived exertion by
the athlete should not be neglected as a subjective intensity
marker.

Individualizing Arm Care

A periodized approach in the long- and short-term manipula-
tion of training and competition stress and recovery is thought
to be essential for optimal athletic performance and success in
competition [20]. Opportunities exist within the day-to-day
management of the athlete to titrate appropriate care in an

Fig. 3 Serratus protraction with
adduction squeeze

Fig. 4 Core stabilization with
shoulder elevation

164 Curr Rev Musculoskelet Med  (2021) 14:160–167



integrated periodization fashion [31••]. A team- or athlete-
specific exercise continuum can be developed and adopted
to daily needs. For example, athletes with limited throwing
exposures may benefit from supplementation with more chal-
lenging stimuli, such as plyometric and eccentric exercises.
These replicate the demands of throwing to promote a well-
controlled and appropriate dosage of physiological stressors,
such as tendonmechanical stress and exercise-inducedmuscle
damage, which leads to positive training effects [16, 21, 27•,
46]. On the contrary, athletes undertaking significant throwing
workloads may benefit from a higher percentage of recovery
modalities, as fatigue and physiological changes may influ-
ence performance and training in the near future [16]. Creating
a daily tailored approach may mitigate risk of placing addi-
tional undue stress on athletes that may be created by a struc-
tured block periodization program. Furthermore, a personal-
ized approach can increase perceived benefits of recovery mo-
dalities with appropriately timed exposures [31••]. Subjective
screening questionnaires provide an avenue for the quantifi-
cation of the athlete-perceived workload (i.e., rating of per-
ceived exertion) and response to workloads and intervention
(i.e., muscle soreness) [40]. These measures can be used in
concert with external load data to appropriate arm care. Long-
term investigations are needed to better understand individual
responses to workload and arm care intervention.

Conclusion

Arm care programs can be enhanced by taking a multifaceted
approach to monitoring and strengthening. Arm care should
be periodized through the year, depending on the specific
demands of the sport. An off-season arm care program should
look dramatically different than an in-season program, as the
athlete is taxed in a much different way in these two situations.
Within season, arm care dosage should be prescribed based on
the load that the athlete is encountering. Adjustments in vol-
ume and intensity of arm care exercises should undulate ac-
cordingly with pitch count, total throwing volume, subjective
reports of fatigue, objective tracking of measures such as
strength and range of motion, and consideration of internal
and external load that the athlete is experiencing. Constant
reassessment on a daily or weekly basis should be implement-
ed to determine the response to both competition and training,
and frequent adjustments should be made. Further research is
required to determine the ideal arm care programs for perfor-
mance and injury risk mitigation.
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