Descriptive Strength and Range of Motion in Youth Baseball Players. //SPT.
2021;16(1):195-206. doi:10.26603/001c.18815

I S I? I Nakaji RM, Ellenbecker TS, McClenahan KM, Roberts LM, Perez C, Dickenson SB.
MJ_ Lm.—a
TROUTE FICICAL TERAY

Original Research
Descriptive Strength and Range of Motion in Youth Baseball Players

Ross M Nakaiji, PT, MSPT, OCS, SCS, ATC, CSCS' ° Todd S Ellenbecker, PT, DPT, MS, SCS, OCS, CSCS? Kevin M
McClenahan, PT, DPT, OCS', Lianna M Roberts, PT, DPT, OCS', Chase Perez, PT, DPT, SCS, CSCS', Scott B Dickenson,
PT, DPT, ATC?

1 Los Gatos Orthopedic Sports Therapy, Inc., 2 Rehab Plus Sports Therapy Scottsdale, 3 Excel Physical Therapy

Keywords: shoulder, rotator cuff strength, range of motion, baseball

https://doi.org/10.26603/001¢.18815

International Journal of Sports Physical Therapy
Vol. 16, Issue 1, 2021

Background

There are limited studies reporting descriptive strength and range of motion in youth
baseball players 12 years of age or younger.

Purpose

To establish normative data for external (ER) and internal (IR) rotation range of motion
(ROM), total arc range of motion (TROM), and isometric rotator cuff strength in youth
baseball players, and to compare between the dominant throwing arm (D) to the
non-dominant arm (ND).

Study Design

Cross-sectional

Methods

Patient population included 50 (5 to 12-year-old) uninjured, healthy athletes. ROM
measurements were performed preseason using a goniometer for IR and ER in the supine
position with the shoulder in 90 degrees of abduction (abd) with scapular stabilization.
Isometric strength measurements for IR and ER were collected in both neutral and 90
degrees (deg) of abduction with the use of a hand-held dynamometer and recorded in
pounds (Ibs) utilizing a “make” test. Descriptive statistics were obtained for all measures.

Results

All data were analyzed as a single group (average age: 9.02). No significant difference in
average total arc of PROM (ER+IR=Total Arc) on the D side compared to the ND side
(136.7 £12.7 deg vs. 134.3 = 12.3 deg). There were statistically significant differences
between ER ROM (102.2 # 7.7 deg vs. 96.8 + 7.4 deg) and IR ROM (34.4 £ 9.0 deg vs. 37.5 +
9.5 deg) between D versus ND arms (p=.000, .006 respectively). Mean ER strength in
neutral (13.6 + 3.4 and 12.8 = 3.6 Ibs) and 90 deg abduction (12.3 # 3.4 and 12.5 + 4.3 Ibs)
did were not significantly different between D and ND arms, respectively. Mean IR
strength in neutral (18.0 = 6.0 and 15.7 + 4.7 1bs) and 90 deg abd (16.4 + 5.6 and 15.0 £ 5.7
Ibs) was significantly greater in the D arm vs ND arm, respectively (p=.000, .001).

Conclusion

These data can provide descriptive information for clinicians who treat very young
baseball players. These data show sport specific adaptations occur at very young ages
(5-12) and are similar to prior reports on adolescent, high school and professional
baseball players regarding upper extremity ROM and rotator cuff strength.

Level of Evidence
3
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INTRODUCTION

Glenohumeral joint range of motion (ROM) adaptations in
IR and TROM have been identified in elite baseball and ten-
nis players primarily in the direction of internal rotation
(IR) and total rotational motion (TROM= External + Internal
Rotation ROM).1=5 These changes or adaptations in gleno-
humeral joint ROM have also been reported in other unilat-
erally dominant upper extremity sport athletes such as ten-
nis, volleyball players and swimmers as well, but have been
studied primarily in baseball pitchers.3:5:6

It is well known that the overhead throwing athlete de-
velops changes in shoulder ROM, specifically a loss of
glenohumeral IR.78 This loss of IR ROM with an accomm-
panying increase in external rotation (ER) ROM can place
the overhead throwing athlete at risk of injury.8 Previous
authors have specified that glenohumeral internal rotation
deficit (GIRD) in itself is not necessarily considered delete-
rious to throwing motion or risk of injury. Rather a change
in the total arc of motion between dominant (D) and non-
dominant (ND) arms is when GIRD can be pathologic.3:9~12

Total arc of motion is defined as the sum of ER and
IR ROM (Figure 1) and has been reported to be a total of
160-180 degrees.!2 Overhead throwing athletes notoriously
have a shift in measured ER and IR ROM, with the D throw-
ing arm presenting with limited IR and excessively in-
creased ER in order to provide the necessary torque re-
quired to pitch.13-15 The ability to throw at high velocities
requires adaptations to occur within the athlete’s shoulder
complex that are not typically seen in the ND side of throw-
ers, or in the shoulders of non - throwing individuals.1® For
example, a baseball pitcher with a D arm total arc ROM (105
degrees of ER + 55 degrees of IR = 160 TROM) versus ND arm
(90 degrees of ER + 70 degrees of IR = 160 degrees of TROM)
would be considered to have an anatomic GIRD / adaptation
and this athlete would not be considered at risk for further
shoulder injury due to symmetrical TROM.

Pathologic GIRD is defined as when there is a loss of
glenohumeral IR greater than 18° - 20° with a correspond-
ing loss of total arc of motion greater than 5° when com-
pared bilaterally.?~13 For example, a baseball pitcher with a
D arm total arc (110 + 50 = 160) and ND arm total arc (80 +
70 = 150) would be considered pathologic and at risk for fu-
ture shoulder or elbow injury.> 13,16

In addition to changes in available ROM, muscle imbal-
ances may occur of the rotator cuff and scapular stabiliz-
ers contributing to further asymmetry which relates to con-
trol of the throwing motion.13 Increased dominance of in-
ternal rotator muscles and impaired recruitment of exter-
nal rotators, especially in eccentric control, may put throw-
ing athletes at risk for injury.1” The late cocking phase and
follow through phases are especially susceptible to exces-
sive tensile load across shoulder structures.!418-20 Dynam-
ic control and proprioceptive input are critical in main-
taining scapulothoracic and rotator cuff stability during the
overhead throwing motion.1%14:21-23

Muscle timing and recruitment are key components in
maintaining proximal stability for distal mobility during
arm motion. Researchers have shown decreased output of
the scapular stabilizers (such as the serratus anterior) to oc-

Figure 1: Total Arc of Motion (TROM)

cur with dominance of internal rotators (such as the pec-
toralis major and minor) along with impaired strength of
the posterior rotator cuff needed for control and decelera-
tion of the arm in throwing.20:21

Most of the available research has demonstrated nor-
mative and descriptive data profiles for shoulder ROM and
strength of the adult or older adolescent athlete, whereas
minimal research is available for adolescent throwing ath-
letes under the age of 12. Young athletes are often spe-
cializing in a single sport at earlier ages, dedicating their
time year round to one sport and one position,22 despite
the American Academy of Pediatrics recommending a min-
imum of two months off per year with a minimum of one
day off per week to minimize overuse injuries in the adoles-
cent athlete.23 Thus, the authors are aware of the fact that
these overuse injuries are beginning to occur at younger and
younger ages.24-27 We are less aware, however, of what age
young overhead athletes begin to develop glenohumeral ro-
tation deficits and rotational muscle imbalances. This in-
formation would be important to rehabilitation profession-
als working with young overhead athletes to perhaps reduce
the risk for injury.26

The purpose of this research was to establish descriptive
data by measuring shoulder IR and ER ROM, total arc range
of motion (TROM), and isometric strength and determine if
differences exist between the D and ND extremity in ath-
letes 12 years of age or younger. Research identifying the
descriptive profile of total arc range of motion in healthy,
uninjured youth baseball players will allow clinicians and
scientists to better interpret findings of preventative evalu-
ations and during the examination of youth baseball play-
ers. It was hypothesized that youth baseball athletes aged
5-12 years old would show throwing-related adaptations in
shoulder strength and ROM in the D versus the ND arm.

METHODS

Study participants were recruited from a local youth base-
ball league during opening day festivities prior to the start
of the season. Subjects were included if they were between
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the ages of 5 and 12 and had no current shoulder pain or in-
jury, and no history of shoulder or elbow surgery in either
upper extremity. Participants were also excluded if they had
any shoulder injury in the prior year that prevented baseball
competition or training.

PROCEDURES

All participants were measured on opening day of the 2012
baseball season. Before data collection, the parent/guardian
read and signed the informed consent form approved by the
institutional review board of Physiotherapy Associates, Ex-
ton, PA. Subjects were assigned a number that represented
their involvement in this study. This number was used in
lieu of their name to minimize the risk and ability of their
identity being disclosed to persons other than the prima-
ry investigator. After informed consent was signed demo-
graphic information was collected (age, arm dominance).
Participants were then instructed to report to either a
strength or range of motion testing location for evaluation
based on convenience. Subjects were measured bilaterally
in a random order to prevent any effects of bias for both
ROM and strength measures.

For ROM measurement, participants were placed supine
on a portable treatment table without a pillow under their
head, with the arm in 90 degrees of shoulder abduction and
90 degrees of elbow flexion. Subjects were asked to retract
their scapulae bilaterally and then lie in a relaxed position
for the duration of the testing. The superior border of the
scapula was stabilized in a relaxed position by one hand of
the examiner using a thumb on the corocoid process (Fig-
ure 3) to prevent/minimize scapular substitution.>28 From
this position the examiner passively moved the subject’s ex-
tremity into external rotation until first resistance was en-
countered (Figure 2). There was no overpressure applied to
the extremity at any time. Gravity was used as a constant
force to maintain the end-point position similar to the
method used by the authors during measurement of gleno-
humeral joint internal rotation.! =36 From neutral rotation
the examiner then moved the extremity into internal rota-
tion until first resistance was encountered (Figure 3) using
the exact procedure employed for external rotation mea-
surement. A standard method was used with the same ther-
apist collecting all of the ROM and strength measurements.
An analog goniometer was then placed along the axial mid-
line of the humerus with one arm vertical representing 0 de-
grees and the other arm of the goniometer parallel to the
lateral border of the ulna. One trial of measurement was
utilized to represent the subjects’ ER and IR ROM for this
investigation. Bilateral measurement was performed using
identical procedures.

Strength measurements were obtained with the use of a
hand held dynamometer (Microfet 2, Hoggan Health Indus-
tries, Salt Lake City, UT-Figure 4) and recorded in pounds
utilizing a “make” test.2%:30 The strength tests were per-
formed with the subjects in a standing position with a 3"
Y% foam roll under the subjects’ axilla to provide sufficient
spacing between arm and body.2%30 D and ND sides were
randomly chosen and tested using a coin toss to determine
which side was tested first. Internal and external rotation
strength were tested in this position in neutral shoulder ro-

Figure 2: Measurement for external rotation range of
motion.

Figure 3: Measurement for internal rotation range of
motion.

tation by the same examiner. The hand-held dynamometer
was positioned proximal to the wrist on the dorsal and volar
aspect of the distal forearm for external and internal rota-
tor strength testing, respectively. The process was complet-
ed bilaterally and recorded in a Microsoft Excel spreadsheet.
In a random fashion, external and internal rotation strength
in 90 degrees of abduction was also tested with the shoulder
placed in the coronal plane. Testing took place in a standing
position with the shoulder in 90 degrees of ER and 90 de-
grees of abduction bilaterally.

Data were stored on a Microsoft Excel sheet and SPSS
was used to calculate descriptive statistics as well as com-
pare differences between extremities using dependent t-
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Table 1: Descriptive Demographics - Youth Baseball Players (total n=50, all were male)

Age N
5 2
6 1
7 6
8 9
9 9
10 15
11 7
12

Arm Dominance N
Right 45
Left 5

Table 2: Shoulder Internal (IR), External (ER), and Total Rotation Range of Motion, mean + SD,

reported in degrees.
Parameter Dominant Arm Non-Dominant Arm t p-value
ERROM @ 90 AB 102.2+7.7 96.8+7.4 442 0.000
IRROM @ 90 AB 34.4+9.0 37.5+9.5 -2.88 0.006
Total Rotation ROM @ 90 136.7+12.7 134.3+12.3 1.67 0.100

AB= abduction

tests. A Bonneferoni adjustment was applied due to the use
of multiple t-tests (7 tests) to establish a level of signifi-
cance of (p<.007) to minimize the risk of error.

RESULTS

Fifty youth male baseball players age 5-12 years old, mean
age 9.02 years + 1.6 were measured in this cross-sectional
study. Table 1 presents the available descriptive demo-
graphics for the youth baseball study participants.

RANGE OF MOTION

Table 2 presents the IR, ER, and TROM data from the 50
subjects included in this study. ER ROM was 102.2%7.7 de-
grees for the D and 96.6%7.4 degrees for the ND extremity.
IR ROM was 34.4+9.0 and 37.5%9.5 for the D and ND extrem-
ity respectively. In a similar cross-sectional study of healthy
baseball players aged 6-18, Hibberd et al3! also found inter-
group ROM differences in players aged 6-10, 11-13, 14-16,
and 16-18. Mean TROM was 136.7 + 12.7 degrees and 134.3
+ 12.3 degrees for the D and ND extremity respectively.
There was no significant difference between extremities for
TROM. These data produced significantly greater ER
(p<.001) and less IR (p<.006) ROM for the D as compared to
the ND extremity.

Figure 4: Hand held dynamometer used for strength
measures .
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Table 3: Shoulder Internal (IR) and External (ER) Rotation Strength measured with a Handheld
Dynamometer, displayed at mean * standard deviation in pounds

Parameter Dominant Arm Non-Dominant Arm t p-value
Shoulder ER (Neutral) 13.6+3.4 12.89+3.6 1.50 0.136
Shoulder IR (Neutral) 18.0+6.0 15.7+4.7 4.50 0.000
Shoulder ER (90 AB) 12.3+34 12.5+4.3 -551 0.584
Shoulder IR (90) AB) 16.4+5.6 15.0£5.7 3.60 0.001
ER/IR Ratio (Neutral) 0.76 0.82

ER/IR Ratio (90 AB) 0.75 0.83

AB= abduction; ER/IR Ratio calculated as ER strength / IR strength

MUSCULAR STRENGTH

Table 3 displays the internal and external rotation strength
data for both the neutral and 90-degree abducted testing
positions. Mean strength measurements in neutral were
13.6+3.4and 12.8 + 3.6 1bs for ER, and 18.0 £ 6.0 and 15.7 +
4.7 Ibs for IR for the D and ND extremity respectively. Mean
strength measurements at 90 degrees abduction were 12.3
* 3.4 and 12.5 # 4.3 pounds for ER, with 16.3 + 5.6 and 15.0
+ 5.7 pounds for IR for the D and ND extremity respective-
ly. No significant differences were found in ER strength in
the neutral or 90 degree abducted position between the D
and ND extremity. In contrast, significantly greater (p<.001)
IR strength was found on the D arm in both neutral and 90
degrees of glenohumeral joint abduction. External rotation/
internal rotation strength ratios (ER/IR ratio) of the D ex-
tremity were 0.76 and 0.75 at neutral and 90 degrees of ab-
duction, respectively. ER/IR ratio for the ND extremity was
0.82 and 0.83 at neutral and 90 degrees of abduction, re-
spectively.

DISCUSSION

Increased glenohumeral external rotation ROM, decreased
internal rotation ROM, and maintenance of total rotation of
the D throwing arm compared to ND arm in uninjured base-
ball players has been consistently documented at the pro-
fessional,8-10,13,28,32-35 co]legiate,36:37 high school, 31,3839
and little league levels.11,31,40:41 A consolidated summary
of shoulder range of motion in healthy baseball and tennis
players from other authors can be found in Table
4.3-5,11,13,28,51,33,34,57-48 | this study, there was no sig-
nificant difference in TROM in D vs. ND arms but signif-
icantly higher ER ROM and lower IR ROM of the D arm
(p= .000, .006 respectively). The shoulder ROM findings of
this study on youth baseball players with a mean age of 9
are consistent with the established pattern of increased ER
and decrease IR. While such ROM characteristics are pre-
sent in younger age groups, as youth baseball players ma-
ture there appear to be gradual yearly alterations in shoul-
der ROM documented using cross-sectional observations of
such populations. Meister et alll found average external,
internal, and total rotational ROM to decrease in both D and
ND arms as age increased in healthy youth baseball play-

ers aged 8-16. For example, at 8 years of age, Meister et
alll found ER to be 152 and 145 deg, IR as 39 and 42 deg,
and TROM as 191 and 187 deg in D and ND respectively,
while at 16 years of age ER to be 143 and 137 deg, IR as 35.9
and 41.8 deg, and TROM as 179 and 178 deg in D and ND
arms respectively (Table 4). This study confirms the findings
of Meister et al regarding symmetrical total rotational mo-
tion quantities despite ER and IR ROM differences between
D and ND arms. With the exception of ER of the D arm,
all rotational shoulder measures were significantly lower in
the 16-18-year-old group versus the 6-10 -year-old group
(Table 4). Additionally, in a study considering the influence
of age and skeletal maturity on shoulder ROM in healthy
aged baseball players aged 8-28, Levine et al*! found ER, IR
and TROM of D arm to peak in quantity in the 13-14 year
group, who were considered to be at a point of maximal
growth during skeletal immaturity, versus both the 8-12 and
15-28 age groups. With such ROM measures consistently
changing as a youth baseball player matures, the influence
of bony and/or soft-tissue structures on shoulder ROM is
important to consider.

Multiple studies considering the effect of humeral retro-
version on shoulder rotational motion in groups of baseball
players of varying skeletal maturity have been conducted,
which demonstrate the presence of bony adaptations that
account for changes in GIRD, external rotation gain, and
TROM.10,28,31,36,37,48 I gkeletally immature baseball play-
ers, Hibberd et al3! found both GIRD and humeral retro-
version to increase with age and concluded humeral retro-
version to be a primary source of age-related increases in
GIRD. Similar findings in studies of healthy college,36:37
and professional baseball players,10-28 have led to general
agreement on bony morphology as the primary influencer
of side-to-side shifts in rotational shoulder motion.

This study found no significant differences in isometric
ER strength with the shoulder positioned in both neutral
and 90 degrees of abduction in the D versus ND throwing
arms. Conversely, IR strength in the D arm was 13% higher
in neutral and 9% higher in 90 degrees abduction compared
with the ND arm (p=.000, 0.001). In a study of risk factors
for elbow injury in baseball players aged 9-12, Harada et
al**found no significant differences in ER or IR strength
(neutral and 90 deg. abduction) between D and ND arms but
did find ER strength exceeding 80N and IR strength exceed-
ing 100N to be risk factors for elbow pain (Odds ratios: 4.11,
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2.04 respectively). In a comparison of baseball players (av-
erage age 15.7) with and without history of shoulder or el-
bow pain in the previous season, Trakis et al>0 found the
group with injury history showed increased IR strength of D
arm versus ND arm (19% vs. 6%, p < .05). In a population of
11-12 year old baseball players with throwing-related pain,
there were no side to side differences in strength or ROM.5>!
To the authors knowledge, there is little published norma-
tive data regarding rotator cuff muscle strength in healthy
youth baseball players aged 5-12 and the findings of this
study can serve to inform clinicians of descriptive values for
such a population.

ER/IR strength ratios have been used as a means for
studying rotator cuff muscle balance in the comparison of
strength characteristics within throwers D and ND extrem-
ities, and between D extremities in groups of throw-
ers.17:42,52-60 Ip the present study of healthy male youth
baseball players aged 5-12, D and ND arms were found to

have different ER/IR ratios at neutral and 90 degrees of ab-
duction (0.76 vs. 0.82 and 0.75 vs. 0.83 in neutral, 90 abd
for D and ND arms respectively). These findings align with
the ratios published by Ellenbecker et al>¢ in a study of
healthy elite junior tennis players aged 12-17. Ellenbecker
et al found isokinetic ER/IR strength ratios at 90 degrees ab-
duction of 0.69 for the D arm and 0.82 for the ND arm.5¢
With no significant differences found between ER strength
in D versus ND arms in the present or Ellenbecker et al>6
studies, dissimilar ER/IR strength ratios in the extremities
is explained by relative increase of IR strength in the D
compared to ND extremity. Byram et al®3 reports the ma-
jority of studies of throwers D arm ER/IR strength ratios
to range from 0.60-0.80, although research on professional
baseball pitchers reveal higher ratios ranging from
0.83-1.19.17:52,58-60
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Table 4: Reported Shoulder Rotational ROM Characteristics in Healthy Baseball Players

Author

Brown et al.*2
Brown et al.*2
Chouet al.4>
Chou et al.4>
Crocket et al.10

Downar et al.32

Ellenbecker et al.3

Hibberd et al.31
Hibberd et al.31
Hibberd et al.31
Hibberd et al.31
Hurd et al.38
Levine et al.41
Levine et al.41
Levine et al.41
Meister et al.11
Meister et al.11
Meister et al.11
Meister et al.11
Meister et al.11
Meister et al.11
Meister et al.11
Meister et al.11
Meister et al.11
Meister et al.11
Myers et al.47
Oliver et al.40
Osbahr et al.3¢
Oyamaetal.3?
Reagan et al.37
Reuther et al.28
Sauers et al.33
Shanley et al.>
Shanley et al.5
Shanley et al.34
Shanley et al.34
Takeuchi et al.48

Average Age

27
27
16.2
20.3

20

22.6
8.3

11.9
14.6
16.9
16

10.3
135
18.1

12

21.2
11.3
19.1
16.5
19.3
22.5
22

15.6
15.8
234
244
10.9

N

18 Professional Baseball Pitchers

23 Professional Baseball Position Players

24 High School Baseball Players

24 College Baseball Players

25 Professional Baseball Pitchers aged 18-35
27 Professional Baseball Players

46 Professional Baseball Players

52 Youth Baseball Players aged 6-10

52 Junior High Baseball Players aged 11-13
70 Junior Varsity Baseball Players aged 14-16
113 Varsity Baseball Players aged 16-18

210 High School Baseball Players aged 14-18
100 Youth Baseball Players aged 8-12

100 Youth Baseball Players aged 13-14

98 Baseball Players aged 15-28

25 Youth Baseball Players age 8

28 Youth Baseball Players age 9

44 Youth Baseball Players age 10

36 Youth Baseball Players age 11

35 Youth Baseball Players age 12

52 Youth Baseball Players age 13

35 Youth Baseball Players age 14

24 Youth Baseball Players age 15

15 Youth Baseball Players age 16

294 Youth Baseball Players aged 8-16

11 College/Semi-Professional Baseball Players
26 Youth Baseball Players

19 College Baseball Pitchers aged 18-21

791 High School Baseball Players

54 College Baseball Players aged 18-23

30 Professional Baseball Pitchers

99 Professional Baseball Players

103 High School Softball Players aged 13-18
143 High School Baseball Players aged 13-18
33 Professional Baseball Players

33 Professional Baseball Players

65 Youth Baseball Players

DER

141
132
138
138
128
109
103
122
126
123
123
130
96

115
109
152
146
144
146
142
143
141
133
132
143
121
110
127
117
116
99

95

124
126
127
139
115

NDER

132
124
119
119
119
102
95

120
123
116
115
120
94

105
94

145
142
141
142
138
135
131
125
122
137
116

115
113
106
96

88

122
118
121
126
113

DIR

83
85
49
36
62
57
42
52
54
46
45
60
33
40
38
39
42
41
40
38
36
29
27
21
36
51
35
79
43
43
50
41
60
54
46
38
41

NDIR

98
91
66
50
71
69
52
55
57
55
53
75
37
49
54
42
a4
a4
43
43
45
40
32
33
42
62

91
51
51
61
50
67
61
50
51
49

DTROM

224
217
186
173
189
166
146
174
180
169
168
190
129
155
147
191
188
184
186
180
179
170
159
159
179
172
145
206
161
160
148
136
184
180
172
175
156

NDTROM

230
215
185
168
189
170
147
175
179
171
168
195
131
154
148
187
186
186
185
180
180
171
157
155
178
178

206
165
158
157
136
189
179
171
177
161




Author Average Age N DER NDER DIR NDIR DTROM NDTROM
Wilk et al.13 369 Professional Baseball Pitchers 132 127 52 63 184 190
Wilk et al.8 25.6 170 Professional Baseball Pitcher Seasons 136 129 48 59 184 188

Abbreviations: DER=Dominant External Rotation, NDER=Non-Dominant External Rotation, DIR=Dominant Internal Rotation, NDIR=Non-Dominant Internal Rotation, DTROM=Dominant Total Rotational Motion, NDTROM=Non-Dominant Total Rotational Motion
-Range of motion (DER-NDTROM) values are all provided in degrees




Descriptive Strength and Range of Motion in Youth Baseball Players

Currently, there is minimal published data to inform
clinicians of normative values of bilateral shoulder external
and internal rotation ROM and strength in youth baseball
players 12 years of age and younger.11:31 As stated earlier,
shoulder ROM among throwers takes on a consistent pat-
tern across baseball players of all ages with a characteristic
ER gain, IR loss, and TROM maintenance in the D arm of
such athletes. The findings of this study on youth baseball
players with a mean of nine years of age, help to strengthen
understanding of the age ranges such ROM patterns can
be expected to present clinically. If a youth athlete should
present with throwing-related pain, routine ROM measures
can help to guide intervention strategies including ROM
restoration programs including stretching and manual ther-
apies if indicated.

The use of hand-held dynamometers in the evaluation
of isometric rotator cuff strength testing is clinically feasi-
ble, time efficient, and offers an objective means of tracking
strength changes. For youth baseball players, clinicians may
expect increased IR and equivalent ER muscle strength of
the throwing arm versus non-throwing arm. These charac-
teristics may be quantified using ER/IR ratio calculations to
identify throwers falling outside of the accepted 0.60-0.80
strength ratio. Rotator-cuff specific strengthening pro-
grams can be employed to increase ER/IR ratios and have
been shown to be effective for such goals.>* Additionally,
the monitoring of ER/IR ratios may guide clinicians on ap-
propriate timing of return to throwing following throwing-
related injury.>3

The limitations of this study include a relatively small
sample size of 50 participants ranging from 5-12 years of
age. As a result, the authors were unable to run ROM and
strength analyses of specific age groups within this broad
age range of athletes up to seven years apart. Additionally,
the influence of descriptive information including height,
weight, years of baseball experience, and injury history on
the ROM and strength measures collected is unknown. All
strength and ROM measures were taken in a single trial
which may increase the risk of measurement error.

CONCLUSION

The results of the current study indicate that youth baseball
players with a mean age of 9.02 years (age range 5-12)
demonstrated no significant difference in total rotation
ROM between extremities, however had significantly
greater dominant arm ER and significantly less dominant
arm IR. There were no significant differences in ER iso-
metric strength between extremities both in neutral and
in 90 degrees of abduction. However, significant increases
in dominant arm IR isometric strength were identified in
both neutral and 90 degrees of abduction. These results are
consistent with findings reported in many other studies in
older, more developed and mature overhead throwing ath-
letes, indicating sport specific ROM and strength adapta-
tions. These data can assist clinicians who work with ath-
letes in this population and age range to inform prevention
and treatment of overuse throwing injuries.
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