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Background

Shoulder strength deficits are implicated in arm injuries and performance deficits in
baseball players.

Purpose

To characterize shoulder external (ER) and internal (IR) rotation strength in professional
baseball players, and compare strength across player type (pitchers, position players) and
geographic origin (North America, Latin America).

Study Design

Cross-sectional.

Methods

Minor league professional baseball players from North America and Latin America
(n=242; age=22.4#2.3 years; n=135 pitchers and n=107 position players; n=162 North
American and n=80 Latin American players) volunteered at spring training. Bilateral
shoulder IR and ER isometric strength was measured in sitting with the arm at the side
using a handheld dynamometer stabilized on a wall via a specialized jig. Strength was
normalized to body weight, and compared using t-tests between player type and
geographic area of origin (p < 0.05).

Results

Position players had greater strength in ER, IR and ER:IR (ER:0.7-2.7N/kg; IR:1.3-3.8N/kg;
ER:IR ratio 0.36-1.22) compared to pitchers (ER:0.5-2.5N/kg; IR:0.6- 4.2N/kg; ER:IR ratio
0.44-1.16) on the throwing arm. North American pitchers had lower ER [MD= -0.4
(95%CI:-0.7,-0.2);p=0.002] and IR [MD= -0.2 (95%CI:-0.4,-0.1);p=0.006] than Latin
American pitchers on the throwing arm. There were no differences between geographic
groups for position players.

Discussion/Conclusions

Player position and geographic origin influence shoulder rotational strength values in
professional baseball players. Position players have 14 — 20% higher ER and IR isometric
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strength than pitchers. Moreover, Latin American pitchers exhibited 11.8% greater ER
strength and 16.7% greater IR strength as compared to North American pitchers.
Normative values can be used to determine player deficits, declines in performance, and

targets for return to play after injury.

Level of Evidence
Level II

INTRODUCTION

Baseball continues to be a popular sport played worldwide.
Upper extremity injuries are prevalent, accounting for more
than 54% of all days spent on the disabled list for profes-
sional baseball players.! Injury risk is related to the position
played, with pitchers reporting the highest number of upper
extremity injuries.!-2 Shoulder girdle muscles provide stabi-
lization and control of the glenohumeral joint during accel-
eration, deceleration, and follow through phases of throw-
ing. Specific deficits in strength of the muscles of shoulder
external rotation (ER) and internal rotation (IR), and the
ER:IR ratio have been linked to upper extremity injury3+4
and impact on performance® in baseball. Normative data on
shoulder rotational strength profiles are needed to identify
deficits, and enable return to sport decision-making.

The majority of baseball-related literature has focused
on pitchers.® Given the variability in throwing mechanics
and demands between position players and pitchers, rota-
tional shoulder strength profiles may be different. Studies
are limited that describe shoulder ER and IR strength in
non-injured professional baseball pitchers and position
players using isokinetic and isometric methods.47~9 Unfor-
tunately, isokinetic equipment is expensive, and not read-
ily available for all baseball organizations.”? Hand held dy-
namometers (HHD) are less expensive, clinically available,
and are easy use to test strength. Prior studies using a HHD
have not consistently provided adequate stabilization, con-
tributing to high variability in the strength measures.%8

Normative strength profiles may also be impacted by de-
mographic and cultural factors. Approximately 40% of pro-
fessional baseball players are born outside of the United
States.10.11 Practice frequency and duration,®12 season and
offseason length,!3 strength and conditioning practices,
and health services practices vary between geographic re-
gions. Two prior studies found that baseball players from
the Latin America had greater humeral retrotorsion and dif-
ferent functional shoulder movement patterns than those
from the United States.!415 Cultural factors of a geographic
region may define the parameters of sport training, and
thus influence performance, movement, and strength pat-
terns.

Currently, it is unclear if shoulder rotational strength
profiles are influenced by position played and geographic
region of origin. The purpose of this study was to describe
shoulder ER, IR, and ER:IR strength values in Minor League
Baseball (MiLB) professional players, and to compare
strength values across geographic origin (North American
versus Latin American) players and between player type
(pitcher versus position player).

METHODS

A cohort study design was used to characterize the shoulder
rotational strength profiles for professional MiLB baseball
players. Player type categorized players as position player
or pitcher to determine the differences of player type on
strength. Players who listed pitching as a secondary posi-
tion, were classified as a pitcher if they pitched at least 10,
multiple-inning games in the previous season. Geographic
area of origin was defined by two groups; North America
and Latin America. The North American group consisted
of athletes from the United States and Canada. The Latin
American group consisted of athletes from the Dominican
Republic, Puerto Rico, Venezuela, Colombia, Cuba, Mexico,
and Panama.

SUBJECTS

Data were collected on 242 professional MiLB baseball play-
ers (n= 135 pitchers and n= 107 position players) during
each year of three years of spring training physical exami-
nations (2016-2018). If a player was tested more than once
over the three years, only the most recent year was used for
data analysis. Inclusion criteria was: on a team roster for
a MILB team at pre-season. Exclusion criteria were 1) not
cleared to participate in baseball activities, 2) current re-
port of pain in the shoulder or elbow, 3) currently receiv-
ing treatment for a shoulder or elbow injury, and 4) from a
country outside of Latin and North Americas. Demograph-
ics grouped by position and geographic region are described
in Table 1. Years of MiLB experience was defined as the
number of years from the year drafted. This study was ap-
proved by the Institutional Review Board (IRB) at the Uni-
versity of Southern California, and the subjects signed an
informed consent to participate in this study.

PROCEDURES

Height and weight were measured using a tape measure and
scale respectively. Shoulder strength was measured on both
their dominant and non-dominant arms. Shoulder ER and
IR strength were measured in a seated position, with the
arm placed by the side with a towel roll under the axilla, and
the elbow flexed to 90° (Figure 1). A handheld dynamome-
ter (Hoggan Scientific, Lafayette, IN) was attached to a sta-
bilizing device that was novel for this investigation (see Fig-
ure 1) and aligned for placement on the posterior forearm
just proximal to the ulnar styloid process for ER strength.
For IR strength, the handheld dynamometer was placed on
the anterior forearm just proximal to the wrist. Players per-
formed two maximal effort isometric contractions with the
instructions to “push as hard as possible for five seconds”.
One minute of rest was given between each trial. Strength
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values were normalized to body weight (N/kg).47-9:16 The
average of two trials for shoulder ER and IR, and ER to IR
ratio (ER /IR) was used for data analysis.
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Table 1. Descriptive data by player type and geographic region; Mean, standard deviation (SD), and interquartile range.

Professional Baseball Player Type and Geographic Region of Origin Impacts Shoulder External and Internal Rotation Strength

Group Weight MiLB Experience
Size
N Mean + SD 25th, Mean + SD 25th, 75th Mean + SD 25th, 75th Mean + SD 25th,
75th 75th
All Athletes
All Players 242 224+23 21.0,24.0 185.9+6.7 182.9, 89.8+11.0 81.8,97.9 27+18 1.0,4.0
190.5
Pitchers 135 226+24 21.0,24.0 188.6 +6.39 182.9, 924+ 84.1, 27+19 1.0,4.0
193.0 11.29 100.0
Position 107 222+22 21.0,24.0 182.4+544 177.8, 86.5+9.99 79.5,92.7 27+18 1.0,4.0
Players 1854
North America
All Players 162 23.3+1.9¢ 22.0,24.0 186.9 + 6.7¢ 182.9, 92.6+9.2¢ 86.4,96.4 23+1.7¢ 1.0,3.0
190.5
Pitchers 101 234+ 23.0,24.0 189.3+ 185.4, 94.6 + 9.5bd 88.6, 25+ 1.0,3.0
1.9p 6.4bd 193.0 100.7 1.8bd
Position 61 230+ 22.0,24.0 183.0+5.44 180.3, 89.1+7.7bd 84.1,94.3 19+ 1.0,2.0
Players 1.8P 185.4 1.2bd
Latin America
All Players 80 20.8+2.3¢ 19.0,23.0 183.7 £ 6.0¢ 180.3, 84.2+12.3¢ 76.4,90.5 3.6+1.9¢ 2.0,5.0
188.0
Pitchers 34 202+ 19.0,21.3 186.8 + 182.9, 85.8+ 76.4,91.7 34+20b 2.0,50
2.3b 5.6bd 191.1 13.4b
Position 46 212+ 20.0,23.0 181.4 +5.4d 177.8, 83.0+ 75.0,89.8 37+1.8b 2.0,5.0
Players 2.2b 185.4 11.5P

MiLB = Minor League Baseball

a = Significant differences between pitcher vs. position player, collapsed by geographic areas of origin; a =0.05
b = Significant differences between Latin America vs. North America for pitchers; a =0.05

c = Significant differences between Latin America vs. North America, collapsed by athlete player type; a =0.05
d = Significant differences between pitcher vs. position player, within a geographic area of origin; a = 0.05
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Test-retest reliability for shoulder isometric strength
measurements was established prior to data collection. In-
terclass correlation coefficient (ICC) 2-way mixed model,
standard error of the measure (SEM), and minimal de-
tectable change [MDC90% = SEM X sqrt(2)] were calculated
on n=10 subjects prior to athlete testing. For IR strength,
the ICC (3,2) was 0.96; error metrics of the SEM of 0.09N/
kg and the MDC90% of 0.20N/kg. For ER strength, the ICC
(3,2) was 0.95; error metrics of the SEM of 0.08N/kg and the
MDC90% of 0.18N/kg. For ER:IR, the ICC (3,2) was 0.97, er-
ror metrics of the SEM of 0.05N/kg and for the MDC90% of
0.11N/kg.

Sample size calculations were based on the MDC for ER,
IR, and ER:IR; 80% power and a significance level of 0.05 in-
dicated the largest sample size of 90 athletes, with 45 per
group for comparisons.

STATISTICAL ANALYSES

Shoulder strength mean and variance values were calcu-
lated for both the throwing and non-throwing arms. To de-
termine if strength profiles of players from Latin American
countries could be considered a homogenous group, a sen-
sitivity analysis was performed on players from the Domini-
can Republic (n = 40), Venezuela (n = 26), Puerto Rico (n
=7), Mexico (n = 2), Panama (n = 2), Cuba (n = 2), Colom-
bia (n = 1). An ANOVA was performed between the groups
with sufficient sample sizes (Dominican Republic and
Venezuela), resulting in no differences in ER or IR strength
values. For the five remaining countries with one to seven
players, data was plotted by country. All values from these
five countries were within the range for the group formed
by the Dominican Republic and Venezuela, except for one
Cuban player. For this Cuban player only the ER:IR on the
non-dominant arm fell outside the range, but the measured
ER and IR values for both arms were within the range of the
larger group, so this player was included in the final data
set. Data from the seven Latin American countries were
considered a single, homogenous group for analysis.

Independent samples t-tests with equal variance were
performed to identify differences in descriptive statistics
(age, height, weight, age drafted, MiLB experience) between
and within samples (pitcher vs. position player, North
American vs. Latin American). Independent t-tests with
equal variances were also used to test for differences in
strength measures between Latin American and North
American athletes (all athletes and comparisons of position
players and pitchers), and between pitchers and position
players (grouped by geographic area of origin and throwing
arm). Statistical analyses were performed using IBM SPSS
Statistics Version 24.0 (IBM, Armonk, NY) and R software
(The R Foundation), alpha level of p < 0.05.

RESULTS
NORMATIVE DATA

Table 1 presents the age, height, weight, and years of MiLB
experience of the participants.

Normative data for athletes grouped by position and geo-
graphic area of origin are depicted in Figures 2 and 3. Pitch-
ers throwing arm strength ranged for IR of 0.6 to 4.2 N/kg,

Figure 1A. Isometric strength testing with a hand-
held dynamometer in external rotation.

Figure 1B. Isometric strength testing with a hand-
held dynamometer in internal rotation.

ER of 0.5 to 2.5 N/kg, and an ER:IR ratio of 0.44 to 1.16.
Pitchers’ non-throwing arm had strength ranges for IR of
0.6 to 3.7 N/kg, ER of 0.7 to 2.9 N/kg, and an ER:IR ratio
ranging from 0.38 to 1.31. Position players throwing arm
strength range for IR of 1.3 to 3.8 N/kg, ER 0.7 to 2.7 N/kg,
and ER:IR ratio range of 0.36 to 1.22. For the non-throwing
arm, position players strength for IR ranged from 1.1 to 4.1
N/kg, ER of 1.0 to 2.8 N/kg, and ER:IR of 0.47 to 1.44.

NORTH AMERICAN VERSUS LATIN AMERICAN PLAYERS

Strength profiles by geographic region (Table 2) indicated
Latin American athletes were stronger in ER and IR on the
non-throwing and throwing arms (p=0.005 to < 0.001), col-
lapsed across player type than North American athletes.
There were no differences between geographic regions on
ER:IR ratios on the throwing arm (p= 0.898) and non-throw-
ing arm (p=0.824).

PITCHERS VERSUS POSITION PLAYERS

Strength profiles by player type (Table 3) indicated that
pitchers were weaker in IR, ER, and ER:IR ratio when com-
pared to position players for both the non-throwing arm
and non-throwing arm (p=0.0433 to <0.001), collapsed
across geographic regions.
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PLAYER TYPE BY POSITION AND GEOGRAPHIC REGION
INTERACTION

In North American players (Table 3), position players have
higher ER and IR strength as compared to pitchers, for both
the throwing arm (p < 0.001) and non-throwing arm (p
<0.001, p=0.002 respectively). There were no differences be-
tween North American position players and pitchers in
ER:IR strength ratio for the throwing (p=0.358) and non-
throwing (p=0.102) arms.

Among Latin American athletes (Table 3), the ER:IR ratio
was higher on the throwing arm in the position players ver-
sus pitchers (p=0.020). Additionally, position players were
stronger in ER (p=0.002) and IR (p=0.037) on the non-
throwing arm as compared to pitchers from Latin America.
There were no significant differences (p=0.119) between
Latin American position players and pitchers in ER:IR
strength ratio for the non-throwing arm.

Differences between geographic region by position indi-
cate that North American pitchers were weaker in ER [MD=
-0.4 (95%CI: -0.7, -0.2), p=0.002] and IR [MD= -0.2 (95%CI:
-0.4, -0.1), p=0.006] for the throwing arm when compared to
their Latin American counterparts; all other strength mea-
sures were not different between geographic groups for
pitchers. For position players, there were no differences be-
tween geographic groups.

DISCUSSION

Shoulder ER and IR muscles have a central role in gleno-
humeral stabilization, as well as arm acceleration and de-
celeration throughout the throwing motion. Shoulder ER
and IR strength varied across player type and geographic re-
gion of origin in a cohort of 242 professional baseball play-
ers. Generally, position players were stronger than pitch-
ers, and Latin American players tended to be stronger than
their North American counterparts. Position players had
higher ER and IR isometric strength than pitchers, respec-
tively by 14 — 20% on their throwing arm and 15 - 20% on
the non-throwing arm. Thus, the ER:IR ratio was higher by
5.5% and 6.9% on throwing and non-throwing arm respec-
tively. Latin American players across both arms had 9.5 -
14.3% higher isometric strength over North American play-
ers. Considering the intersection of player position and ge-
ographic region, Latin American pitchers exhibited 11.8%
greater ER strength and 16.7% greater IR strength as com-
pared to North American pitchers. In the North American
region only, position players were stronger in shoulder IR
and ER and had a higher ER:IR ratio than pitchers. In Latin
American player’s throwing arm, only the ER:IR ratio was
different between player type. In the non-throwing arm in
Latin American position players had greater shoulder
strength than pitchers.

Pitchers were generally weaker than position players.
Specifically, position players were stronger in both the
throwing and non-throwing arm ER, IR, and ER:IR ratio
compared to pitchers.

This was a surprising result. A prior study’ did find no
differences between player type for ER and IR strength,
however they used isokinetic testing methods which dif-
fered from this current study. Pitchers commonly engage in

1.00

ER Normalized
IR Normalized
ER:IR Normalized

Figure 2. Individual player strength profiles for
external rotation (ER), internal rotation (IR), and
ER:IR shoulder strength by player type.

25
1.00
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ER:IR Normalized
g

LA LA NA  NA LA LA NA NA
Pitchers Position Pitchers Position Pitchers Position Pitchers Position
Players Players Players Players

NA

LA LA NA
Pitchers Position Pitchers Position
Players Players

Figure 3. Individual player strength profiles for
external rotation (ER), internal rotation (IR), and
ER:IR shoulder strength by geographic region player

type.

highly programmed specialized training, often termed “arm
care”. The current study may indicate the arm care may
be inadequate. Baseball players face different demands re-
lated to position, which may influence shoulder strength.
Position players play every day whereas pitchers play once
every four to five days. Alternatively, higher ball velocity
and shoulder loads in pitchers may lead to fatigue or
overuse, and thus weaker ER and IR muscles in the throwing
arm in comparison to the position player cohort. Finally,
player position may be dictated by shoulder strength; e.g,
players who are stronger may select into a position player
versus pitcher. These results may imply a change is needed
in the training program for pitchers, with a focus on ER and
IR strengthening.

Normative strength data derived from healthy players
provide metrics that may be used to identify deficits that
may be associated with injury or poor performance. For the
throwing arm, pitchers had a mean range for IR strength
of 0.6 to 4.2 N/kg and ER of 0.5 to 2.5 N/kg, while position
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Table 2. External rotation (ER) and internal rotation (IR) strength profiles: by geographical region, collapsed
across player type: mean, standard deviation (SD), and interquartile range; and mean differences (MD) for

comparisons.
North America Latin America North America vs.
(N=162) (N =80) Latin American
Mean + SD 25%,75% Mean + SD 25%,75% MD (95% Cl) P
Throwing Arm
IR Strength (N/kg) 21+05 18,25 24+0.6 1.9,2.8 -0.3(-0.4,-0.1) <0.001*
ER Strength (N/kg) 1.6+04 13,18 1.8+04 15,21 -0.2(-0.3,-0.1) <0.001*
ER:IR Ratio 0.74+0.15 0.66,0.84 0.75+0.16 0.63,0.83 -0.01(-0.04,0.04) 0.898
Non-Throwing Arm
IR Strength (N/kg) 21+05 17,25 2.3%0.6 1.9,2.6 -0.2(-0.4,0.1) 0.005*
ER Strength (N/kg) 1.5+04 13,17 1.7+04 14,20 -0.2(-0.3,0.1) 0.004*
ER:IR Ratio 0.76 +0.17 0.63,0.85 0.75+0.17 0.65,0.85 0.01(-0.04,0.05) 0.824

* = Significant at a =0.05

players IR strength ranged from 1.3 to 3.8 N/kg and ER
strength from 0.7 to 2.7 N/kg. Normalizing strength mea-
sures to body weight has a potential influence, as pitchers
were heavier than position players. Previous studies in
baseball players have assessed strength with the shoulder
abducted at 0° or 90°.47-9:16 Assessing strength at 90° is a
more functional position that replicates the position of the
shoulder during throwing, but may yield different strength
values than those at 0° of abduction. Donatelli et al.8 re-
ported values for HHD isometric ER:IR strength ratio at 90°
abduction of 0.83 for the throwing arm and 0.99 in the non-
throwing arm in professional baseball players. In the cur-
rent study, pitchers had a 0.73 ratio for both arms. Position
players had a higher ratios (0.77-0.78) in both arms.

A stable throwing shoulder is theorized to have an ER:IR
of 1.917 An ER:IR less than 1 may contribute to upper ex-
tremity injury risk in professional baseball players,* how-
ever examining the ratio alone does not provide direct in-
formation if the altered ratio is related to an ER or IR
strength deficit. Deficits in ER and IR strength were re-
ported in baseball players who have sustained an ulnar col-
lateral ligament (UCL) injury.!8 Calculating the ER:IR based
on the reported means, the ER:IR for healthy pitchers was
0.70 and those with a UCL injury was lower at 0.66. Tennis
players with shoulder pain also have a lower ER:IR of 0.68
as compared to healthy players who had a ratio of 0.79.19
An ER:IR ratio of 0.70 may be the threshold for an injury
protective effect. This study presented an average value of
0.75. Future research is needed to define specific ER:IR ratio
thresholds for injury risk predictions.

Cultural differences in youth training methods may im-
pact shoulder strength between regions between North
American and Latin American players. Latin American ath-
letes were stronger in ER and IR strength on both arms.
North American players were heavier, which could be a fac-
tor as strength was normalized to body weight. The dif-
ference in IR and ER strength between groups exceeded
the measurement error of the utilized measure (MDC90%).
There are major differences in access to training and coach-
ing between geographical regions with sport performance

centers readily available in North America. Regardless of
differences in ER and IR strength between countries of ori-
gin, all players maintained a similar level of balance in
ER:IR strength. Height was not used to normalize strength.
A prior studyl® indicated normalization by weight is the
most effective method to reduce unwanted variability in
shoulder strength measures. However, body weight alone
does not account for differences in weight distribution or
lean body mass.

It is common for Latin American players to join baseball
academies affiliated with Major League Baseball Organiza-
tions at the age of 16. Baseball training at that time for
Latin American players focuses on skill development and
sports specific strengthening, which is likely less than the
regimen for their North American counterparts at the same
age. Over the years, cultural changes in North America
youth baseball have occurred and include year-round base-
ball, sports specialization, and showcases which increase
playing intensity and volume.29 North American players
were older in this study, but had slightly less professional
baseball experience than Latin American players. North
American players can be drafted immediately following
high school or they can wait to play professional baseball
three years after high school whereas many Latin American
players begin their professional careers after high school or
as early as 16 years of age. Participation in the off-season
arm care, or playing intensity prior to spring training was
not considered. Financial compensation and competitive
pressure inside the milieu of professional baseball may have
encouraged greater frequency and effort in training. These
factors may account for the differences in observed
strength.

The use of a standardized strength testing protocol with
a stabilized HHD afforded low measurement error and re-
duced variability. Regarding limitations, information on the
cultural upbringing, training access, and training regimens
performed by players in this study was not available. Fur-
ther research documenting training programs, training ac-
cess and nutritional practices will strengthen the under-
standing of how exercise affects shoulder strength. All
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Table 3. External rotation (ER) and internal rotation (IR) shoulder strength by geographic region and player type
mean, standard deviation (SD), and interquartile range; and mean differences (MD) for comparisons.

Position Players Pitchers Pitcher vs Position Player
Mean + SD 25%,75% Mean + SD 25%,75% MD (95% Cl) P
All Athletes N =107 N =135
Throwing Arm
IR Strength (N/kg) 24+0.6 1.9,2.8 21+06 17,24 0.3(0.1,0.4) <0.001*
ER Strength (N/kg) 1.8+04 15,21 1.5+04 12,17 0.3(0.2,0.4) <0.001*
ER:IR Ratio 0.77+0.17 0.67,0.88 0.73+0.14 0.64,0.82 0.04(0.00, 0.08) 0.043*
Non-Throwing Arm
IR Strength (N/kg) 2305 20,2.7 2005 17,23 0.3(0.2,0.4) <0.001*
ER Strength (N/kg) 1.8+04 15,20 1.5+0.3 12,17 0.3(0.2,0.4) <0.001*
ER:IR Ratio 0.78+0.18 0.66,0.86 0.73+0.15 0.61,0.84 0.05 (0.00, 0.09) 0.033*
North America N=61 N =101
Throwing Arm
IR Strength (N/kg) 24+05 2.0,2.6 20+05 17,23 0.4(0.2,0.5) <0.001*
ER Strength (N/kg) 1.8+04 15,20 1.5+0.3 12,17 0.3(0.2,0.4) <0.001*
ER:IR Ratio 0.76 £0.16 0.66,0.87 0.74+0.14 0.66,0.83 0.02(-0.03,0.07) 0.358
Non-Throwing Arm
IR Strength (N/kg) 23+05 19,27 20+05 1.6,2.3 0.3(0.1,0.4) 0.002*
ER Strength (N/kg) 1.7+04 1.4,2.0 14+0.3 12,16 0.3(0.2,0.4) <0.001*
ER:IR Ratio 0.78+0.18 0.68,0.87 0.74+0.16 0.61,0.84 0.04(-0.01,0.10) 0.102
Latin America N =46 N=34
Throwing Arm
IR Strength (N/kg) 24+0.6 1.9,2.9 24+0.7 20,27 0.0(-0.3,0.3) 0.855
ER Strength (N/kg) 1.8+04 15,21 1.7+04 14,1.9 0.1(0.0,-0.3) 0.058
ER:IR Ratio 0.78+0.18 0.69,0.90 0.70+0.12 0.61,0.77 0.08(0.01,0.14) 0.020*
Non-Throwing Arm
IR Strength (N/kg) 24+05 20,28 22+05 18,24 0.2(0.0,0.5) 0.037*
ER Strength (N/kg) 1.8+04 15,21 1.5+04 1.2,1.7 0.3(0.1,0.5) 0.002*
ER:IR Ratio 0.78+0.18 0.65,0.85 0.72+0.14 0.64,0.85 0.06(-0.02,0.13) 0.119

* = Significant comparison within group at a = 0.05

position players were collapsed into a single group, as there
were not enough subjects to do a subgroup analysis for each
player type. It is possible that certain position players have
different strength profiles due to the specific demands of
each position.

CONCLUSIONS

Baseball continues to draw a high level of international par-
ticipation, yet arm injuries remain common. The results
of the current study indicate that player position and ge-
ographic region of origin have an impact on shoulder ro-
tational strength values in professional baseball players.
Position players from both regions have higher shoulder
rotational strength values than pitchers. Moreover, Latin
American pitchers have stronger ER and IR as compared
to their North American counterparts. Normative values of
shoulder rotational strength for Latin and North American
baseball players can be leveraged to identify player deficits,

development of performance training programs, and inform
assessment of player performance.
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