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Background: Shoulder and elbow overuse injuries are the most common problems in baseball players. No scoping review has
compared the findings from different types of evidence.

Purpose: To map the broad evidence from 3 types of evidence (epidemiological, biomechanical, and narrative) on potential risk
factors for shoulder and elbow injuries in baseball and identify gaps in the existing literature to guide future research.

Study Design: Scoping review.

Methods: Eight electronic databases were searched from inception to May 14, 2020. Any peer-reviewed papers that investigated
or discussed potential risk factors for shoulder and elbow injuries in baseball were included.

Results: A total of 302 studies (107 epidemiological studies, 85 biomechanical studies, and 110 narrative reviews) were included.
Risk factors were categorized into 9 domains: sports profiles, physical characteristics/functions, pitching mechanics, perfor-
mance, behavioral, psychosocial, biological and developmental, injury/sports profiles, and environmental factors. Studies were
consistent in supporting limited shoulder range of motion (ROM) and player positions (pitchers or catchers) as risk factors for
shoulder injuries. For elbow injuries, the majority of the included studies suggested that being pitchers or catchers and working with
higher ball velocity can be risk factors.

Conclusion: Findings were consistent in some risk factors, such as limited shoulder ROM and positions. However, findings were
inconsistent or limited for most factors, and substantial research gaps were identified. Research assessing those factors with
inconsistent or limited evidence in the current literature were recognized to be priorities for future studies.
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Overuse injuries in the shoulder and elbow are the most
common problems in baseball players.15 One study6

reported that shoulder pain was the most common com-
plaint, accounting for 14.1% to 20.6% of all injuries in adult
amateur players. Another study10 found that 275 of 2055
(13.4%) youth players reported episodes of pain in the
throwing shoulder. Elbow injuries represent between 16%
and 22% of all injuries in a professional baseball league.4,21

At the youth level, the frequency of elbow pain among pitch-
ers was reported to be 26%.13 Pitchers have been reported
to experience a greater proportion of shoulder and elbow
pain as compared with the other position players due to the
greater physical demands on the upper limb.21,23 Further-
more, shoulder injuries among pitchers tend to be more
severe compared with injuries of position players.12 Despite

more scientific information on preventive care and the
advance of medical management, shoulder and elbow
injury rates in baseball appear to be rising.4,8 Potential
consequences of shoulder and elbow injuries include time
lost from the sport, lower performance, surgical interven-
tions, and early retirement. These can have detrimental
impacts on future careers of baseball players.

Recent systematic reviews1,2,5,22 suggest that increased
mechanical load (measured by pitch count or training
hours), higher pitching velocity, and decreased shoulder
range of motion (ROM), especially in flexion, internal rota-
tion, and horizontal adduction, are potential risk factors for
both shoulder and elbow injuries. While there are concerns
with respect to the safety of the curveball in pitchers, there
is limited evidence, and this suggests no difference to the
risk of shoulder or elbow injuries compared with the fast-
ball.7,18 Some evidence3,24,26 suggests that weakness of
shoulder abductors and external rotators can contribute
to shoulder pain. However, this evidence seems to be
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contradictory and inconclusive in terms of the contribution
of humeral retrotorsion as a predictor of shoulder and elbow
injuries.17,20 Limited evidence implies scapular dysfunction
is not associated with subsequent upper extremity injuries
in baseball.16 Despite the clinical emphasis on lower limb,
trunk function, and related kinematics for injury preven-
tion and rehabilitation, research evidence is very limited.11

Although there have been systematic reviews that syn-
thesize the evidence on this topic, some limitations are to
be acknowledged. Some previous reviews1,2 used the term
“arm pain” and did not strictly differentiate shoulder pain
from elbow pain. This might be misleading for clinicians
and researchers. Additionally, previous systematic
reviews tended to include only epidemiological studies,
such as cohort studies, case-control studies, and cross-
sectional studies, excluding biomechanical studies with
kinematic or kinetic parameters or narrative reviews with
expert opinions. Considering these challenges, the pur-
pose of this scoping review is aimed at mapping the broad
evidence from 3 types of evidence (epidemiological, biome-
chanical, and narrative) on potential risk factors of shoul-
der and elbow injuries in baseball and identifying current
research gaps.

METHODS

This scoping review was written in line with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR).25

A study protocol was developed before the commencement
of this review. A protocol was registered with the Open

Science Framework (https://osf.io/gvrty/). The clinical ques-
tion of this review was the following: What are the known
risk factors for shoulder and elbow injury in baseball?

Data Sources and Search Strategy

A total of 8 electronic databases were used for a systematic
search in order to identify relevant studies from inception
to May 14, 2020. MEDLINE, Embase, Ovid Emcare,
Cochrane Library, SPORTDiscus, and Scopus were
searched using English words. Ichushi and CiNii were
searched in the Japanese language. A search strategy was
developed through a preliminary search of relevant system-
atic reviews.1,2,5,18,22 General search terms are provided
in Table 1 and were modified depending on technical
restraints and language differences in each database.
Searches were limited to English or Japanese languages
of papers published in peer-reviewed journals and con-
ducted by 1 author (K.M.). A search was also performed
to find relevant papers in reference lists of identified sys-
tematic reviews. The first 200 references, found through a
complementary search using Google Scholar, were also
screened. Searches were managed using the reference soft-
ware EndNote X9 (Clarivate Analytics).

Eligibility Criteria and Study Selection

Eligibility criteria are shown in Table 2. Eligible studies
were categorized into 3 types: epidemiological, biomechan-
ical, and expert opinions. Epidemiological studies attempt
to correlate physical, technical, or environmental factors to
shoulder or elbow injuries and may adopt various study

TABLE 1
Search Terms

Search Terms

1 baseball OR throw* OR pitch*
2 risk OR aetiology OR etiology OR cause
3 (shoulder injur*) OR (shoulder pain) OR (rotator cuff tendin*) OR (rotator cuff tear) OR impingement OR bursitis OR (superior labr*) OR

SLAP OR (Bennett lesion) OR (disabled throwing shoulder) OR (dead arm syndrome) OR (little league*) OR (proximal humeral
epiphysiolysis)

4 (elbow injur*) OR (elbow pain) OR (ulnar collateral ligament) OR UCL OR (medial collateral ligament) OR MCL OR (little league*) OR
(medial epicondyle apophysitis) OR (osteochondritis dissecans)

5 (arm injur*) OR (upper extremity injur*) OR (upper limb injur*)
6 baseball
7 biomechanic* OR mechanics OR kinetic* OR kinematic* OR (joint force) OR (joint torque) OR (joint load)
8 (1 AND 2 AND (3 OR 4 OR 5)) OR (6 AND 7)
þ language limit (English or Japanese) þ publication type limit (journal article)
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designs, such as cohort studies, case-control studies, cross-
sectional studies, and case-series study designs. Biome-
chanical studies analyze associations between shoulder and
elbow kinetic and kinematic parameters and potential risk
factors. Kinetic and kinematic values are used as surrogate
outcome measures of risk because of the associated
mechanical stress on the shoulder and elbow joints they
create. Greater kinetic or kinematic values are thought to
indicate greater mechanical stress for the joints to resist
external forces and torques.2,19 This approach to the study
of risk factors for shoulder and elbow injuries will primarily
involve cross-sectional laboratory studies. Narrative
reviews were included when expert opinions were explicit
on specific risk factors without necessarily citing previous
studies. Studies were excluded when participants included
athletes of other overhead sports or athletes with traumatic
upper limb injuries.

Screening of titles and abstracts and assessment of
full texts were performed by 2 independent reviewers
(K.M. and N.T.). Both reviewers were physical therapists,
fluent in both English and Japanese. Disagreements in
study selection were resolved by consensus-based discus-
sion. Searches and the following screening were managed
using the reference software EndNote X9 and Microsoft
Excel. Duplicates were identified in the search functions
in EndNote and excluded.

Data Extraction

One independent reviewer (K.M.) extracted data, which
were then verified by another independent reviewer
(N.T.) to ensure accuracy. Data were processed using
Microsoft Excel. Data were extracted on the following
items: authors, title, year of publication, study design, lan-
guage used, country of origin (based on where sample popu-
lation came from), study population characteristics (age,
sex, positions, handedness, and eligibility criteria), out-
come measures for dependent variables (injury occurrence
or upper limb kinetics/kinematics), outcome measures for
independent variables (examined risk factors), kinematic/
kinetic measurement methods, and key findings with sta-
tistical analyses related to the review question. Two age
categories were used based on the mean age of each partic-
ipant group: youth (17 years of age or younger) and adult
(18 years of age or older). If the reporting of important data

(research designs, sample sizes, participants’ mean ages,
positions, definitions of injuries, and experimental condi-
tions for pitching) was incomplete, corresponding authors
were contacted via email to obtain additional information.
Data were treated as missing when there was no reply
within 1 month of email contact.

Data Synthesis

A descriptive analysis and mapping of the data were
conducted. Data were summarized according to research
methods/types and specific risk factors. Since some epide-
miological studies analyzed cases with shoulder and elbow
injuries collectively, the term “arm injuries” was defined
and used as “shoulder or elbow injuries” in this paper. Syn-
thesized findings were categorized as consistent, inconsis-
tent, or limited with research gap on each specific factor.
For the convenient purposes of this review, the synthesized
findings were regarded as consistent when there were 5 or
more epidemiological studies and 75% of the studies sup-
ported or negated a certain risk factor. Findings were con-
sidered to be inconsistent (1) when there were 5 or more
epidemiological studies and there was no agreement in at
least 75% of the studies for a certain factor or (2) when there
were 5 or more epidemiological and biomechanical studies,
respectively, and the majority of epidemiological studies
showed the opposite results as the majority of biomechan-
ical studies. Findings were regarded to assume a research
gap (1) when there were 5 or more biomechanical studies
and at least 75% of them supported or negated 1 factor and
there were fewer than 5 relevant epidemiological studies or
(2) when there were 5 or more narrative reviews and fewer
than 5 epidemiological studies.

RESULTS

Study Selection

A flowchart of the study selection is illustrated in Figure 1.
The initial search in the 8 databases yielded 6054 papers, of
which 467 were eligible for full-text assessment. Of these,
173 studies were excluded for the following reasons: narra-
tive reviews without original expert opinions on risk factors
(n ¼ 127), no relevant analysis (n ¼ 21), no relevant out-
come measure (n ¼ 17), and heterogeneous participants
including other overhead athletes (n¼ 8). Five studies were
retrieved from the references of 14 identified systematic
reviews, and 3 papers were identified through Google
Scholar searches. As a result, a total of 302 papers were
ultimately included for this review (a full list of the
included studies is available as supplemental material).
Agreement rates between the 2 reviewers were 97.6% and
92.8% in the first and second screenings, respectively.

Characteristics of the Included Studies

Of the 302 included studies, 107 were epidemiological
studies (35%), 85 biomechanical studies (28%), and 110 nar-
rative reviews (36%) (Figure 2). Two hundred seventy

TABLE 2
Eligibility Criteria

Construct Inclusion Criteria Exclusion Criteria

Participants Male or female baseball
players

Other overhead
athletes

Conditions Overuse shoulder or elbow
injuries

Traumatic injuries

Risk factors Any risk factors None
Language English or Japanese Not English or

Japanese
Publication

status
Peer-reviewed journals Not peer-reviewed

journals
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papers were written in English (89%), while the other 32
papers were in Japanese (11%). Most studies were from the
United States (n ¼ 231; 76.5%), and the rest were from
Japan (n ¼ 59; 19.5%), Taiwan (n ¼ 4; 1.3%), Australia

(n ¼ 3; 1.0%), South Korea (n ¼ 2; 0.7%), and the United
Kingdom (n ¼ 1; 0.3%). Two studies (0.7%) compared pitch-
ers from different countries (the United States and Japan/
South Korea). Of 59 studies that came from Japan, 32 papers

Excluded full-text ar�cles (n = 173)
• Reviews without original informa�on (n = 127)
• No relevant analysis (n = 21)
• Different outcome measure (n = 17)
• Different popula�on (n= 8)

Ar�cles excluded a�er screening 
�tles and abstracts (n = 2644)

Studies included in 
qualita�ve synthesis (n = 302
• English-language (n = 270)
• Japanese-language (n = 32)

Removed duplicates (n = 2943)

Ar�cles from supplementary search (n = 8)
• Systema�c review references (n = 5)
• Google Scholar (n = 3)

Records iden�fied through 
database searching (n = 6054)
• English databases (n = 5397)
• Japanese databases (n = 657)

Papers for the 1st screening (n =3111)

Papers for the 2nd screening (n = 467)

)

Figure 1. Flowchart of study selection.

Included studies
(n = 302)

Primary studies
(n = 192)

Epidemiological
(n = 107)

Prospec�ve 
cohort (n = 37)

Retrospec�ve 
cohort (n = 4)

Retrospec�ve 
case-control (n = 25)

Prospec�ve 
case series (n = 2)

Retrospec�ve 
case series (n = 4)

Cross-sec�onal
(n = 35)

Biomechanical
(n = 85)

Prospec�ve 
case series (n = 1)

Cross-sec�onal
(n = 84)

Secondary studies
(n = 110)

Figure 2. Number of articles by study design.
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(55%) were written in Japanese, and the other 27 papers
(45%) were written in English. Throughout the last 40 years,
the number of published papers on this topic increased sub-
stantially: 6 papers published in 1981-1990, 23 papers in
1991-2000, 89 papers in 2001-2010, and 184 papers in
2011-2020 (Figure 3). This rising trend was particularly
notable in epidemiological and biomechanical studies during
the last 2 decades. As a result, the majority (61%) of the
included papers were published from 2011 to 2020.

In terms of participants’ ages, 53 epidemiological and 35
biomechanical studies investigated only youth baseball
players (<18 years of age). The mean ages for youth players
ranged from 10.0 to 17.6 years. On the other hand, adult
players (�18 years of age) were exclusively recruited in 50
epidemiological and 42 biomechanical studies. The mean
ages ranged from 19.5 to 30.0 years. Of 92 papers with adult
players, most studies examined either professional players
(n ¼ 45) or collegiate players (n ¼ 25).

Total player sample sizes were 64,197 and 4956 for 107
epidemiological and 85 biomechanical studies, respectively.
The figure for epidemiological studies included duplicate
participants in longitudinal studies. From a total of
69,153 players, the majority were male (n ¼ 68,669;
99.3%), and the rest were female (n ¼ 484; 0.7%) players.
Of the 192 primary studies, 7 papers (4%) did not provide
data regarding player positions. Half of the total players
were pitchers (35,353 players; 51%), followed by 1845
infielders (3%), 1652 outfielders (2%), and 465 catchers
(1%). A total of 18,762 players (27%) were unspecified posi-
tion players (nonpitchers), and positions were unclear for
11,076 players (16%). Of the 192 primary studies, 126
papers (66%) did not report the information regarding
player handedness, which makes the handedness of
63,373 players unknown. The other 66 papers (35%)
recruited 5780 players, most of whom were right-handed
(n ¼ 4510; 78%); the rest were left-handed (n ¼ 1270; 22%).

Examined or proposed risk factors were classified into
the 9 domains, each of which was either modifiable or non-
modifiable. There were 6 domains categorized as modifiable
(sports profiles, physical functions/characteristics, pitching
mechanics, pitching performance, behavioral, and psycho-
social), and 3 domains categorized as nonmodifiable (biolog-
ical and developmental, injury/sports profiles, and
behavioral and environmental factors). A conceptual model

on examined or proposed risk factors is shown in Figure 4.
As mound height and pitching distances are determined by
age-specific regulations, these environmental factors were
regarded as nonmodifiable (injury/sports profiles).

In epidemiological studies, the most examined domain
of risk factors was physical functions. Of 53 specific inde-
pendent variables, the most common variables were age
(n ¼ 36); shoulder ROM (n ¼ 31); defense positions (n ¼ 28);
workload (n¼ 28); height, weight, or body mass index (BMI,
n¼ 25); shoulder strength (n¼ 15); length of baseball experi-
ences (n¼ 15); ball velocity (n¼ 11); pitch type (n¼ 11); and
hip mobility (n¼ 10) (Figure 5).

In 86 biomechanical studies, dependent variables (kine-
matic/kinetic parameters as surrogate outcomes for injury
risk) included the following: elbow varus torque (n ¼ 63),
shoulder internal rotation torque (n ¼ 47), shoulder proxi-
mal force (n ¼ 31), maximum external rotation (MER)
(n¼ 31), shoulder horizontal adduction torque (n¼ 21), and
shoulder anterior force (n ¼ 17). The most investigated
domain of risk factors in biomechanical studies was pitch-
ing mechanics, followed by pitching performance. Of 29
specific examined risk factors, common factors were as fol-
lows: trunk kinematics (n ¼ 16), ball velocity (n ¼ 15),
shoulder kinematics and kinetics (n ¼ 12), pitch types
(n¼ 11), fatigue or workload (n¼ 9), and age or competition
level (n ¼ 6) (Figure 6).

A total of 86 narrative reviews proposed 18 potential risk
factors for shoulder injuries without citing primary studies.
The most common proposed risk factors were suboptimal
scapular kinematics during throwing (n ¼ 19), glenohum-
eral internal rotation deficit (GIRD) or decreased total
ROM (n ¼ 19), capsuloligamentous laxity (n ¼ 16), poor
throwing mechanics (n ¼ 13), excessive workload
(n¼ 11), decreased rotator cuff strength (n¼ 10), inefficient
kinetic chain from lower limbs and trunk (n¼ 8), decreased
scapular muscle strength (n ¼ 8), decreased lower limb
muscle strength (n ¼ 7), decreased trunk strength
(n ¼ 6), decreased hip mobility (n ¼ 5), and immature ske-
letons for specific osteochondral problems among youth
players (n ¼ 5). A total of 48 narrative reviews proposed
21 potential risk factors for elbow injuries without present-
ing empirical data. The most common proposed risk factors
were immature skeletons for specific osteochondral issues
among youth players (n ¼ 15), excessive workload (n ¼ 14),
poor throwing mechanics (n ¼ 12), decreased wrist flexor
strength (n ¼ 6), capsuloligamentous laxity (n ¼ 5), and
pitcher or catcher position (n ¼ 5).

Consistent Findings From the Current Literature

Consistent findings across the included studies are summa-
rized in Table 3. Studies were consistent in supporting
shoulder ROM (GIRD, posterior shoulder tightness, and
limited flexion/external rotation) and being pitchers or
catchers as risk factors of shoulder injuries. Limited shoul-
der ROM was suggested to be a risk factor of elbow injuries
by most epidemiological studies as well; however, findings
were inconsistent for arm injuries. When data were ana-
lyzed based on age groups (youth vs adults) to mediate this
discrepancy, it became clear that all the epidemiological
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Figure 3. Number of articles by publication year.
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studies recruiting adult players led to positive results, and
all negative findings came from studies with youth players.
The odds ratios were 5.1, 1.3, and 1.7 for shoulder, elbow,
and arm injuries, respectively.27 This suggests that limited
shoulder ROM can be a risk factor of shoulder and elbow
injuries among adult players. Most studies agreed that
older age may not affect the risk for shoulder injuries
among youth players. However, it should be mentioned
that the ranges of participant ages were relatively small
(3-5 years) across the 6 studies, and those narrow age
ranges might have contributed to the negative findings.
In addition, none of the 6 papers considered the effects of
dropouts.

For elbow injuries, the majority of the included studies
suggested that being pitchers or catchers and as well as
dealing with higher ball velocity can be risk factors. Most
studies also suggested that shoulder strength, handed-
ness, and pitching role are not risk factors of elbow inju-
ries. Consistent findings were available for increased
workload and being pitchers or catchers as risk factors
of arm injuries. As presented in Table 3, findings were
consistent for workload as a risk factor of shoulder and
elbow injuries. Further analysis based on age groups
found that studies with youth players were more likely
to lead to positive results. The odds ratios were 2.4,
1.9, and 1.9 for shoulder, elbow, and arm injuries,
respectively.27 This indicated that increased workload

may be a risk factor of shoulder and elbow injuries in
youth players. Overall, being a pitcher or catcher was the
only common risk factor for shoulder and elbow injuries
with consistent findings.

Inconsistent Findings From the Current Literature

Findings were inconsistent in terms of hip mobility,
workload, and length of baseball experiences as risk
factors of shoulder injuries (Table 4). Findings for age,
workload, length of baseball experiences, pitch type,
weight or BMI, hip mobility, and elbow ROM as risk fac-
tors of elbow injuries were inconsistent across the
included epidemiological studies. The ratios of youth and
adult players were reasonably comparable between sup-
porting and negating papers, except for workload and hip
mobility. When studies were performed among youth
populations, the findings were more likely to be positive.
The findings on workload were discussed previously. In
terms of hip mobility, the odds ratio was 3.0, implying
that restricted hip mobility may contribute to elbow inju-
ries in youth players.27 When shoulder and elbow injury
data were analyzed collectively as arm injury, findings
were inconsistent in humeral retrotorsion. Further anal-
ysis did not identify any characteristic tendency by dif-
ferent age groups.

Nonmodifiable

Biological and Developmental
Age, sex, height, handedness, 

humeral retrotorsion, 
shoulder/elbow laxity, skeletal 

maturity, country of origin

Injury/Sports Profiles
Types of injury, history of 

injury/surgery, type of 
symptoms, length of baseball 

experience, mound height

Environmental
Climate

Modifiable

Pitching Mechanics
Shoulder/elbow/trunk/lower limb kinema�cs, 

wind-up posi�on, stride length, arm slot

Pitching Performance
Ball velocity, pitch type, accuracy, spin rate

Sports Profile
Posi�ons, workload, pitching role, compe��ve level, 

arm fa�gue, shoe type, ball type

Behavioral
Sleeping hours, preven�ve measures

Psychosocial
Self-sa�sfac�on with performance

Physical Func�ons/Characteris�cs
Shoulder/elbow/trunk/hip ROM, shoulder/elbow 

strength, single-leg balance, foot arch, weight, BMI, 
func�onal disability, pain intensity

Figure 4. Examined or proposed risk factors of shoulder and elbow injuries. BMI, body mass index; ROM, range of motion.

6 Mine et al The Orthopaedic Journal of Sports Medicine



Research Gaps in the Current Literature

A summary of evidence gaps is shown in Table 5. Although
the majority of biomechanical studies found that trunk
kinematics, shoulder kinematics and kinetics, pitch type
(fastball), and higher ball velocity were associated with
significantly higher shoulder forces or torques, there
were only 3 epidemiological studies investigating these fac-
tors. Although there is strong biomechanical evidence

suggesting that those factors can affect shoulder forces or
torques, it is still unclear whether they are risk factors of
injuries. Many narrative reviews proposed that scapular
kinematics during pitching, shoulder laxity, scapular align-
ment, lower limb muscle strength, trunk strength/endur-
ance, and young age are risk factors of shoulder injuries.
However, there were limited numbers of studies to judge
their clinical opinions.

Figure 5. Independent variables in epidemiological studies. Blue bars indicate modifiable factors and red bars nonmodifiable
factors. BMI, body mass index; EMG, electromyography; RC, rotator cuff; ROM, range of motion; RTP, return to play; S/E,
shoulder/elbow.
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Findings from biomechanical studies were consistent in
suggesting that shoulder kinematics and kinetics, trunk
kinematics, and arm anthropometric features were associ-
ated with higher elbow varus torque. However, there were
small numbers of epidemiological studies testing those fac-
tors (Table 5). Although being a youth player, lower grip

strength, and elbow joint laxity were suggested to be risk
factors of elbow injuries by many narrative reviews, very
few epidemiological studies examined these hypotheses.

Most biomechanical studies agreed that trunk kinemat-
ics, shoulder kinematics and kinetics, arm slot, weight, and
BMI can affect mechanical stress in the shoulder and elbow

Figure 6. Examined independent variables in biomechanical studies. BMI, body mass index; COG, center of gravity; ROM, range of
motion.

TABLE 3
Summary of Consistent Findingsa

Supporting ES Negating ES Supporting BS Negating BS Supporting NR

Shoulder injuries
Shoulder ROM 6 (0:6) 2 (2:0) 2 2 19
Older youth players 1 5 1 1 0
Pitcher or catcher 4 1 0 0 3

Elbow injuries
Pitcher or catcher 14 4 0 0 5
Shoulder ROM 12 (7:5) 3 (3:0) 1 2 4
Ball velocity 7 2 12 2 3
Shoulder strength 0 5 1 0 1
Handedness 0 5 0 1 0
Pitching role 1 4/5 0 0 0

Arm injuries
Workload 7 (6:1) 1 (0:1) 2b 6c 20
Pitcher or catcher 5 1 0 0 6

aNumbers in parentheses are shown as the number of studies investigating youth players to the number of studies investigating adult
players. BS, biomechanical studies; ES, epidemiological studies; NR, narrative reviews; ROM, range of motion.

bNumber of studies that showed significantly greater forces/torques in the shoulder/elbow joints in later innings.
cNumber of studies that showed no significant change in forces/torques in the shoulder/elbow joints in later innings.
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TABLE 5
Summary of Limited Findings With Research Gapsa

Supporting ES Negating ES Supporting BS Negating BS Supporting NR

Shoulder injuries
Trunk kinematics 0 1 10 0 4
Shoulder kinematics/kinetics 1 0 7 0 1
Pitch type 0 2 5 0 1
Ball velocity 0 1 4 1 0
Scapular kinematics 0 0 0 0 19
Shoulder laxity 0 1 0 0 16
Scapular alignment 2 2 0 0 8
Lower limb strength 0 0 0 0 7
Trunk strength/endurance 1 0 0 0 6
Youth players 1 0 0 3 5

Elbow injuries
S/E kinematics/kinetics 2 0 10 0 1
Trunk kinematics 0 1 13 2 4
Arm anthropometry 0 0 4 1 0
Youth players 1 0 0 2 15
Grip strength 2 2 0 0 6
Elbow laxity 0 1 0 0 5

Arm injuries
Trunk kinematics 2 1 17 0 4
S/E kinematics/kinetics 0 2 14 0 1
Arm slot 0 0 5 0 5
Weight or BMI 1 1 4 1 0
S/E laxity 0 0 0 0 20
Scapular kinematics 0 0 0 0 19
Youth players 0 0 0 3 17
Shoulder strength 2 2 2 0 11
Scapular strength 1 1 0 0 8
Hip mobility 0 0 1 0 5

aBMI, body mass index; BS, biomechanical studies; ES, epidemiological studies; NR, narrative reviews; S/E ¼ shoulder/elbow.

TABLE 4
Summary of Inconsistent Findingsa

Supporting ES Negating ES Supporting BS Negating BS Supporting NR

Shoulder injuries
Hip mobility 2 (1:1) 3 (2:1) 1 (0:1) 0 (0:0) 5
Workload 3 (3:0) 2 (1:1) 1b 6c 11
Length of BE 2 (1:1) 3 (2:1) 0 0 0

Elbow injuries
Older youth players 11 9 2 1 0
Workload 13 (10:3) 6 (2:4) 1b 3c 14
Length of BE 7 (5:2) 6 (5:1) 0 0 0
Pitch type 5 (1:4) 7 (2:5) 11 (4:7) 0 (0:0) 2
Older adult players 3 6 0 0 0
Weight or BMI 5 (3:2) 5 (4:1) 4 (3:1) 1 (1:0) 0
Hip mobility 4 (4:0) 2 (1:1) 0 0 4
Elbow ROM 2 (2:0) 4 (2:2) 0 0 0

Arm injuries
Shoulder ROM 5 (4:1) 4 (4:0) 2 (1:1) 3 (3:0) 20
Less humeral retrotorsion 2 (1:1) 3 (3:0) 0 0 2
Greater humeral retrotorsion 2 (2:0) 3 (2:1) 0 0 1

aNumbers in parentheses are shown as the number of studies investigating youth players to the number of studies investigating adult
players. BE, baseball experiences; BMI, body mass index; BS, biomechanical studies; ES, epidemiological studies; NR, narrative reviews;
ROM, range of motion.

bNumber of studies that showed significantly greater forces/torques in the shoulder/elbow joints in later innings.
cNumber of studies that showed no significant change in forces/torques in the shoulder/elbow joint in later innings.
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joints; however, very few epidemiological studies were
available for those factors (Table 5). Although many narra-
tive reviews supported scapular kinematics in pitching,
being a youth player, shoulder and scapular strength, and
hip mobility as potential risk factors of arm injuries, only a
small number of epidemiological studies were identified.

DISCUSSION

Summary of Main Results

The objective of this scoping review was to map the broad
evidence on potential risk factors of shoulder and elbow
injuries in baseball and identify current research gaps.
This review found 302 English- and Japanese-language
studies, including epidemiological studies, biomechanical
studies, and narrative reviews with original expert opi-
nions. Overall, there was a variety of studies exploring dif-
ferent potential risk factors. Examined factors were
categorized into the 9 areas, each of which was either
modifiable (sports profiles, physical functions/characteris-
tics, pitching mechanics, pitching performance, behavioral,
and psychosocial) or nonmodifiable (biological and develop-
mental, injury/sports profiles, and behavioral and environ-
mental). Some examined factors had consistent findings
across the included studies, while others had inconsistent
or limited findings with significant research gaps.

Studies were consistent in supporting shoulder ROM
(GIRD, posterior shoulder tightness, and limited flexion/
external rotation) and certain positions (pitchers or catch-
ers) as risk factors of shoulder injuries. Limited shoulder
ROM, positions (pitchers or catchers), and higher ball
velocity were reported to be risk factors for elbow injuries
by most studies. Included studies consistently suggested
that shoulder strength, handedness, and pitching role are
not risk factors of elbow injuries. Consistent findings were
available for increased workload and positions (pitchers or
catchers) as risk factors for arm injuries. Moreover, consis-
tent findings were also available to suggest that shoulder
strength, handedness, and pitching roles may not be risk
factors of elbow injuries.

Findings were inconsistent in terms of hip mobility,
workload, and length of baseball experiences as risk factors
of shoulder injuries. Findings for age, workload, length of
baseball experiences, pitch type, weight or BMI, hip mobil-
ity, and elbow ROM as risk factors of elbow injuries were
inconsistent across the included studies. Since age, work-
load, and length of baseball experiences can also be affected
by inclusion criteria in each study, this finding should be
interpreted carefully. We also compared the numbers of
epidemiological studies recruiting youth and adult players
within supporting and negating study groups (Table 4). For
instance, most of the studies recruiting youth players sug-
gested workload as a risk factor of shoulder and elbow inju-
ries, whereas the majority of studies with adult samples
concluded that workload was not a risk factor. Thus, poten-
tial confounding factors, such as player age, may exist in
those inconsistent findings. Although the majority of bio-
mechanical studies found that trunk kinematics, shoulder

kinematics and kinetics, pitch type (fastball), and higher
ball velocity were associated with significantly higher
shoulder forces or torques, there were only a few epidemi-
ological studies investigating these factors. Many narrative
reviews proposed that scapular kinematics during pitching,
shoulder laxity, scapular alignment, lower limb muscle
strength, trunk strength/endurance, and being a youth
player are risk factors of shoulder injuries. However, there
were very few clinical studies to judge those expert opi-
nions. The absence of primary studies on scapular kinemat-
ics may be due to technical difficulties to precisely track
the scapular movements in high-speed baseball pitching
motions.

Strengths and Limitations

This scoping review is the first comprehensive review to
collate findings from different types of studies, such as epi-
demiological studies, biomechanical studies, and narrative
reviews on risk factors of shoulder and elbow injuries in
baseball players. Most existing systematic reviews have
focused on specific epidemiological studies and specific fac-
tors.2,5,9 The extensive search strategy in this review
enabled us to map the broad evidence with a bird’s-eye view
and localize the research gaps existing in the current liter-
ature. Additionally, this review is the first study attempt-
ing to synthesize Japanese-language studies as well as
English-language papers on this topic. The inclusion of 32
papers written in Japanese was thought to be a reasonable
success to lessen the language barrier and minimize the
publication bias.14

There are some limitations to be acknowledged and
reflected on in this review. First, although language bias
was decreased to some extent because of the inclusion of
Japanese-language papers, the bias may still remain
because we did not consider other languages. Considering
that we found some papers from Taiwan (n ¼ 4) and South
Korea (n ¼ 2), it is possible that we might have missed
published papers written in Mandarin or Korean. Second,
findings were synthesized in an unweighted manner with-
out a careful consideration of levels of evidence or the meth-
odological quality of each study. This simplified method to
evaluate the findings as consistent, inconsistent, or limited
might have led to imprecise assessments of the evidence.
Third, the participants in the included studies were biased
to American male players. Thus, the findings may not be
generalizable to different groups of players, such as female
or male players in different countries. Lastly, we did not
consider potential heterogeneity in the methods to analyze
motion data in biomechanical studies (eg, optoelectronic
devices vs wearable gyroscopic sensors).

Implications for Future Research

This scoping review identified potential risk factors with
inconsistent or limited findings that require further
research to achieve stronger evidence. Particularly, future
research needs to investigate shoulder ROM among youth
players and workload and hip mobility in adult players.
Factors supported by biomechanical studies, such as trunk
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kinematics, shoulder and elbow kinematics and kinetics,
pitch type, ball velocity, and arm anthropometric para-
meters, need to be examined by future epidemiological
studies. Factors that appeared predominantly in narrative
reviews (eg, scapular kinematics and shoulder and elbow
joint laxity) need to be investigated in primary studies to
test those hypotheses. Research priorities and rationales
are outlined in Table 6.

Considering the abundance of biomechanical literature
(n ¼ 85) measuring various kinematic and/or kinetic para-
meters as surrogate outcome measures for injury risks,
there is an urgent need for future epidemiological studies
assessing those parameters as potential risk factors of inju-
ries. We hope that the findings in this review will be inte-
grated into the broader evidence by future reviews with
papers written in other languages, such as Korean and
Mandarin. As participants were heavily biased to American
male players, studies on female or male players from other
countries are also necessary.

Findings were considered to be inconsistent (1) when
there were 5 or more epidemiological studies and there was
no agreement in at least 75% of the studies for a certain
factor or (2) when there were 5 or more epidemiological and
biomechanical studies, respectively, and the majority of
epidemiological studies showed the opposite results as the
majority of biomechanical studies. Findings were regarded
to assume a research gap (1) when there were 5 or more

biomechanical studies and at least 75% of them supported
or negated 1 factor and there were fewer than 5 relevant
epidemiological studies or (2) when there were 5 or more
narrative reviews and fewer than 5 epidemiological studies.

CONCLUSION

This scoping review identified 302 relevant studies (107
epidemiological, 85 biomechanical, and 110 narrative
papers), investigating a variety of potential risk factors of
shoulder and elbow injuries in baseball players. Findings
were consistent in some risk factors, such as being pitchers
or catchers and limited shoulder ROM. However, findings
were inconsistent or limited for most factors and substan-
tial research gaps were identified. Research assessing those
factors with inconsistent or limited evidence in the current
literature was recognized to be a priority for future studies.
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