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Abstract

Background Repetitive overhead throwing motion causes
motion adaptations at the glenohumeral joint that cause
injury, decrease performance, and affect throwing mechan-
ics. Itis essential to define the typical range of motion (ROM)
exhibited at the glenohumeral joint in the overhead thrower.
Questions/purposes We (1) assessed the glenohumeral
joint passive range of motion (PROM) characteristics in
professional baseball pitchers; and (2) applied these find-
ings clinically in a treatment program to restore normal
PROM and assist in injury prevention.

Methods From 2005 to 2010, we evaluated 369 profes-
sional baseball pitchers to assess ROM parameters,
including bilateral passive shoulder external rotation (ER)
at 45° of abduction, external and internal rotation (IR) at
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90° abduction while in the scapular plane, and supine
horizontal adduction.

Results The mean ER was greater for the throwing and
nonthrowing shoulders at 45° of abduction, 102° and 98°,
respectively. The throwing shoulder ER at 90° of abduction
was 132° compared with 127° on the nonthrowing shoul-
der. Also, the pitcher’s dominant IR PROM was 52°
compared with 63° on the nondominant side. We found no
statistically significant differences in total rotational
motion between the sides.

Conclusions Although we found side-to-side differences
for rotational ROM and horizontal adduction, the total
rotational ROM was similar.

Clinical Relevance The clinician can use these PROM
values, assessment techniques, and treatment guidelines to
accurately examine and develop a treatment program for
the overhead-throwing athlete.

Introduction

The throwing shoulder, especially in baseball pitchers,
consistently demands considerable attention in the ortho-
paedic and sports medicine community because of the
frequency with which itisinjured [1, 2,6, 17, 18, 21, 34, 36].
The pitcher exhibits unique ROM characteristics, which are
often important to consider when evaluating and treating the
thrower’s shoulder. Thus, the clinical and rehabilitation
specialist should have an accurate understanding of the
typical variations in motion and strength within the overhead
thrower to prevent, evaluate, or treat the athlete.

The shoulder is frequently injured in the overhead-
throwing athlete. Conte et al. [10] reported that 28% of all
injuries sustained to professional baseball pitchers occur
within the shoulder. McFarland and Wasik [23] reported
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that upper extremity injuries in collegiate baseball players
accounted for 75% of the time lost from the sport as a
result of injury. In fact, the pitcher was the most commonly
injured position (69%), and rotator cuff tendonitis was the
most common type of reported injury. Several investiga-
tions have documented that shoulder injuries are more
common in pitchers than position players [10, 23].

Numerous authors have documented a difference
between internal rotation (IR) motion of the throwing and
nonthrowing shoulders in throwing athletes [6, 8, 12, 15,
31] (Table 1). This disparity in internal rotation (IR) of the
throwing shoulder when compared with the nonthrowing
side has been referred to as glenohumeral joint internal
rotation deficit (GIRD) [8]. GIRD, as defined by Burkhart
et al. [7], occurs when there is a 20° or greater loss in IR
measurements when the throwing shoulder is compared
with the nonthrowing shoulder. Some clinicians [12, 24,
35] have suggested GIRD as a cause of specific shoulder
injuries in throwing athletes. Wilk et al. [36] proposed the
total rotational motion (TRM) concept of glenohumeral
mobility in the throwing shoulder in which the amount of
external rotation (ER) and IR measured at 90° of abduction
are added together to calculate a total rotational arc of
motion (Fig. 1). The authors reported that the TRM in the
throwing shoulders of professional baseball pitchers should
be within 5° of the nonthrowing shoulder, and a TRM arc
greater than 5° may be a contributing factor to shoulder
injuries in throwers [35, 36].

Our purposes are to (1) provide ROM data in a large
group of professional baseball pitchers to improve the
evaluation and treatment of these athletes through the
following manner; (2) assess ER and IR passive ROM
(PROM) in the throwing shoulder in comparison to the
nonthrowing shoulder; and (3) evaluate horizontal adduc-
tion and compare this motion bilaterally and correlate these
motions to ER/IR PROM.

Methods and Materials

We studied all 369 professional baseball pitchers who
presented during six consecutive spring training seasons
(2005-2010) for one professional baseball team. Two
examiners consistently made all measurements, one to
position the extremity (KEW) and one to align and read the
goniometer (LCM). Subjects were positioned in the supine
position with a towel roll placed between the arm and the
table to maintain the plane of the scapula. The examiner
positioning the extremity was blinded to the results of the
measurement.

Measurements of bilateral passive shoulder ER at 45° of
abduction, ER (Fig. 2) and IR (Fig. 3) at 90° abduction and
in the scapular plane (10° of horizontal adduction from the

coronal plane), and supine horizontal adduction were per-
formed on all patients. The order of extremity and
measurement performed was randomized before data
collection.

The examiner passively moved the extremity to the end
ROM and the position was held as the bubble goniometer
was aligned and read. ER and IR were performed supine
with the table stabilizing the scapula. For shoulder ER at 45°
and 90° of abduction, the motion was stopped at the subject’s
end of available ROM when full capsular or bony end feel
was achieved. For shoulder IR, the scapular stabilization
technique was used as described by Wilk et al. [37]. A
combination of end feel and scapular motion was used to
determine the end of ROM. The extremity was moved until
the examiner could feel the scapula beginning to anteriorly
rotate. The humeral head was not manually stabilized to
avoid altering the normal glenohumeral arthrokinematics
during measurement. Passive horizontal adduction was
performed with the lateral border of the scapular stabilized
by the examiner as a cross-body motion was performed with
pressure applied to the olecranon tip (Fig. 4). ROM was
determined when the lateral border of the scapula began to
move and a capsular-like end feel was noted by the exam-
iner. We determined the mean horizontal adduction
measurements for the throwing and nonthrowing shoulders.

A standard goniometer was used with an attached,
customized bubble inclinometer to assure proper perpen-
dicular alignment and measurement. For shoulder
measurement, the axis of the goniometer was positioned
over the olecranon process with one arm of the device
perpendicular to the ground and the other arm aligned
along the ulnar to the ulnar styloid process [25]. Mea-
surements were initially taken before the performance of
any warm-up, exercise, or throwing program to remove the
influence of these confounding on the ROM data. For each
of the four measurements (ER at 45° of abduction, ER at
90° abduction, IR at 90° abduction, and horizontal adduc-
tion), a paired t-test was used to compare throwing and
nonthrowing shoulders. Differences were considered sig-
nificant when p < 0.05.

A pilot study was previously performed to assess the
test-retest intratester reliability of the goniometric meth-
odology of this study [37]. Intraclass correlation
coefficients (ICC;,;) were calculated on shoulder ER,
shoulder IR, elbow flexion, and elbow extension. Single-
measure intraclass correlation results were 0.81 for shoul-
der IR, 0.87 for shoulder ER, 0.91 for elbow flexion, and
0.97 for elbow extension. Intratester measurements were
performed because the clinicians performing the measure-
ments remained the same throughout the duration of the
study. Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) (Version 11.5;
Chicago, IL, USA).
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Fig. 1 Total rotational motion (TRM) concept to assess ER and IR at
90° of abduction (ER + IR = TRM) in the overhead athlete.

N

Fig. 2 Passive assessment of glenohumeral external rotation ROM at
90° abduction and 10° of horizontal adduction (scapular plane) is
measured with a bubble goniometer.

Results

The mean ER at 45° of abduction was significantly greater
(p <0.001) for the throwing compared with the

@ Springer

Fig. 3 Assessment of glenohumeral internal rotation ROM per-
formed with stabilization to the scapula. The scapular’s coracoid
process is palpated by the thumb while the fingers are placed over the
body of the scapula posteriorly.

Fig. 4 Measurement technique of passive horizontal adduction to
assess the flexibility of the posterior musculature.

nonthrowing shoulder: 102° and 98°, respectively. The
mean ER at 90° of abduction was 132°, whereas the non-
throwing shoulder displayed less (p < 0.001) ER with the
mean being 127°. When the scapula was stabilized, the
pitcher’s throwing shoulder mean IR PROM was lower
(p < 0.001) than that on the nondominant shoulder: 52°
versus 63°, respectively. Although the mean TRM was
lower (p < 0.001) on the throwing than the nonthrowing
shoulders (184° versus 190°, respectively) (Table 2), a
difference of 6° may not be clinically relevant.

The mean horizontal adduction on the throwing side was
less (p =0.001) than that of the nonthrowing side
(42° £ 8° versus 44° £ 8°, respectively) but 2° is within
the measurement error of goniometry and may not be
important [25]. The throwing side IR had a low correlation
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Table 2. ROM characteristics*

ROM characteristic Dominant Nondominant  Significance
External rotation at 45° 102 & 12 98 + 12 < 0.001
External rotation at 90° 132 &+ 11 127 £ 11 < 0.001
Internal rotation at 90° 52+ 12 63 + 12 < 0.001
Total rotational motion 184 190 < 0.001
Horizontal adduction 42 £ 8 44 + 8 0.001

* Mean in degrees.

(r=10.12; p<0.001) with throwing side horizontal

adduction.

Discussion

Numerous authors have described abnormalities in the
pitcher’s ROM, particularly GIRD, that may predispose the
pitcher to shoulder and/or elbow injury. Careful and proper
evaluation techniques to assess glenohumeral joint motion
are critical in the assessment of this type of athlete. We
believe the assessment of shoulder ROM is critical to
properly evaluate the overhead thrower. We therefore
(1) provide ROM data in a large group of professional
baseball pitchers to improve the evaluation and treatment
of these athletes through the following manner; (2) assess
external and internal rotation PROM in the throwing
shoulder in comparison to the nonthrowing shoulder; and
(3) evaluate horizontal adduction and compare this motion
bilaterally and correlate these motions to ER/IR PROM.

Several limitations to this study may include (1) the use
of healthy pitchers in determining PROM characteristics;
(2) an assessment of pitchers from a single professional
baseball organization; and (3) an evaluation that was iso-
lated to the first day of spring training before any throwing
during the same season. All of these factors have the
potential to impose variations on PROM measurements and
the ability to extrapolate these findings to injured and
in-season pitchers. Our study’s goal of obtaining normal
PROM measurements will help the clinical and rehabili-
tation specialist determine baseline values for comparison
for in-season rehabilitative efforts for the overhead-
throwing athlete.

Our findings are similar to other investigators regarding
the disparity in side-to-side differences in ER and IR ROM.
Although all authors agree that these differences exist, the
actual values vary greatly depending on measurement
techniques. For example, Osbahr et al. [26] reported an IR
value of 79°, whereas a study by Reagan et al. [27] reported
an IR value of 43°. Both investigators assessed motion at
90° of abduction and used a standard goniometer. In the
present study, we report a value of 52° in the thrower’s
dominant shoulder. The differences in the IR ROM

measured at 90° of abduction are probably the result of the
technique in assessing the motion. In this study, we have
used a technique that stabilizes the scapular. In a previous
study, [37] we reported that the most reliable method of
assessing IR PROM in the throwing shoulder occurs when
the scapular is stabilized at the coracoid process and the
body of the scapular posteriorly. The clinician should be
aware of the most accurate and normal values for ER and
IR PROM in the baseball pitcher.

We believe the pitcher’s dominant shoulder IR ROM is
approximately 52° and the nondominant is 63°. This rep-
resents an 11° bilateral difference in IR ROM when
measured at 90° of abduction. Because of the high forces
generated during the throwing motion and the repetitive
nature of pitching, the overhead thrower exhibits sub-
stantial adaptations. One obvious adaptation is the disparity
in ER and IR ROM. Investigators have proposed several
reasons for the motion adaptations, including osseous
adaptations (increased retroversion) [9, 11, 13, 26, 27],
posterior musculature tightness [5, 28, 36], posterior cap-
sular tightness [6-8, 32], and even scapular position [3,
31]. Several investigators [9, 26, 27] reported an increase in
humeral head retroversion of 10° compared with the con-
tralateral, nonthrowing side. Pieper reported a 9° difference
in humeral head retroversion in his cohort, whereas
Whiteley et al. [33] reported a 12° difference. We are
aware of only one study [11] reporting humeral head ret-
roversion greater than 12° in overhead athletes and that
study reported a difference of 17°. If we consider the five
studies that reported approximately 10° to 12° difference in
retroversion, then these figures match closely with the 11°
difference in goniometric IR ROM. Thus, we believe a
difference of approximately 12° is likely the result of
humeral head retroversion changes. Therefore, when the IR
value exceeds 12°, then perhaps other structures are
involved in limiting IR ROM and need to be carefully
assessed to decrease the susceptibility to injury.

Recently, Wilk et al. [35] prospectively studied pitchers’
ROM and correlated their ROM to injuries sustained during
a 3-year period. They determined that the throwers with a
side-to-side TRM difference of greater than 5° were more
susceptible to injury. Of the injured players assessed, the
mean loss of IR was approximately 12°. This is represented
by the findings that the difference in TRM was not statis-
tically significant between the dominant and nondominant
throwing shoulders.

Thus, we believe the repetitive nature of throwing results
in shoulder adaptations. The change in ER and IR ROM is
initially the result of the osseous adaptations, which repre-
sents a change in side-to-side ROM by approximately 12°.
Other factors such as muscular tightness [5, 28, 36], pos-
terior capsular tightness [6—8, 29, 32], and scapular position
[3, 31] are superimposed onto the osseous adaptations and

@ Springer
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may contribute to an injury. Further research is needed to
determine the exact risk factors for shoulder injuries in the
thrower and the other structures that contribute to the loss of
shoulder IR and the increase in ER.

Based on the previously mentioned articles, we believe
it is necessary to perform stretching and ROM exercises on
pitchers who exhibit ROM characteristics, which may
predispose them to injury. The ROM values that make the
thrower more susceptible to injury are the following:
(1) side-to-side TRM differences greater than 5°; and
(2) GIRD of 12° or more compared with the contralateral
shoulder. Several authors have reported a stretching pro-
gram in college players [19] and in professional baseball
pitchers [20], which were effective in maintaining or
improving shoulder IR ROM. Based on these observations,
we developed a stretching program for the posterior
shoulder soft tissues. These stretches include the sleeper
stretch (Fig. 5), sleeper stretch with a lift (Fig. 6), and
supine horizontal adduction (cross-body stretch with IR)
(Fig. 7) that can be performed alone or with a rehabilitation
specialist [22]. We also incorporate a horizontal adduction
stretch with the patient assisting in IR (Fig. 8). The stret-
ches are performed to improve the flexibility of the
posterior musculature, which may become tight as a result
of the high eccentric muscle contractions and forces
(repetitive microtrauma) during the deceleration phase of
the throwing motion. The ultimate goal of stretching is to
restore IR PROM within approximately 10° to 12° of the
nondominant side. Also, the clinical and rehabilitation
specialist should consider regaining TROM within 5° of
the opposite shoulder. Another structure to consider when
improving IR in the baseball pitcher is the posterior cap-
sule. Although we rarely find this structure to become
excessively tight on clinical examination, it should be
noted as a possible limitation to shoulder IR in some

Fig. 5 Self stretch, known as the “sleeper stretch,” is used for the
posterior musculature of the glenohumeral joint.

@ Springer

individuals. The rehabilitation technique we use to improve
the posterior capsular mobility is joint mobilization. It is
important that the rehabilitation specialist performs the
glide in a posterolateral direction that is perpendicular to
the glenoid face to avoid abutting the humeral head with
the glenoid rim (Fig. 9).

Fig. 6 Modified “sleeper stretch with a lift” to alter the stretch to the
posterior musculature; this technique pretensions posterior structures
before IR motion; thus, less IR is required.

Fig. 7 Horizontal adduction stretch performed by the rehabilitation
specialist to improve posterior shoulder flexibility. To further enhance
the IR stretch, the rehabilitation specialist pushes on the dorsum of the
distal forearm after getting into end ROM, thus enhancing the IR
stretch.
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Fig. 8 Horizontal adduction stretch modification to include the
athlete applying gentle overpressure into IR as the rehabilitation
specialist performs horizontal adduction with the lateral scapular
border stabilized.

Fig. 9 Posterior capsular mobilization performed by the rehabilita-
tion specialist in a posterolateral direction.

The overhead thrower is a unique athlete with unique
physical demands and injury risks. Restoring glenohumeral
PROM in the overhead athlete appears critical in prevent-
ing future injury and the potential need for surgery. The
clinical and rehabilitation specialists should have a clear
understanding of proper measurement and treatment tech-
niques in the overhead-throwing athlete. In fact, the
rehabilitation efforts should attempt to maximize results in
the thrower through the following goals: (1) IR of the

dominant arm within 12° of the opposite arm; (2) TRM
within 5° of the opposite side; and (3) postural correction
exercises to stretch tight structures and strengthen the weak
scapula stabilizers. The authors believe these critical fac-
tors can decrease the risk of injury in overhead throwers.
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