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Context: Increased contracture of the dominant posterior
shoulder in throwing athletes has been associated with the de-
velopment of altered shoulder rotational motion as well as sev-
eral shoulder conditions. Clinicians must be able to accurately
and reliably measure posterior shoulder contractures during the
evaluation of such athletes in order to provide appropriate treat-
ment.

Objective: To evaluate the reliability and validity of assessing
posterior shoulder contracture by measuring supine glenohu-
meral (GH) horizontal adduction.

Design: Descriptive with repeated measures.
Setting: The biomechanics laboratory at Illinois State Uni-

versity (Normal, IL) and the athletic training room in Surprise,
AZ.

Patients or Other Participants: Twenty-four shoulders were
tested in 12 subjects (age � 21.9 � 4.3 years, height � 175.0
� 10.0 cm, mass � 82.4 � 19.1 kg) for determination of reli-
ability, and 46 shoulders were tested in 23 professional base-
ball pitchers (age � 21.25 � 1.66 years, height � 190.0 � 5.0
cm, mass � 88.45 � 6.99 kg) for determination of validity.

Main Outcome Measure(s): We examined intratester and
intertester reliability over 3 testing sessions by having 2 ex-
aminers measure GH horizontal adduction with the subject in a
supine position with the scapula stabilized. To determine the
validity and clinical usefulness of this measurement, we ex-
amined the relationship between GH horizontal adduction mo-
tion and internal shoulder rotational motion among a group of
baseball pitchers.

Results: Intraclass correlation coefficients were high for in-
tratester (0.93, SEM � 1.64�) and intertester (0.91, SEM �
1.71�) measurements. This measurement was also shown to
have a moderate to good relationship with lost internal shoulder
rotational motion (r � .72, P � .001) of the dominant arm
among the baseball pitchers.

Conclusions: Based on the results of this study, we found
that measuring GH horizontal adduction with the subject supine
and the scapula stabilized is a reliable and valid technique for
assessing posterior shoulder contracture.
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The deceleration phase of the throwing motion
(�500 000�·s�2) creates large compressive forces (1090
� 110 N) on the shoulder.1,2 These repetitive forces

have been speculated to result in secondary changes, such as
contracture of the posterior shoulder capsule.3,4 This contrac-
ture may contribute to alterations in shoulder rotation, such as
decreased internal and increased external motion rotational.3,5–9

Furthermore, increases in posterior shoulder tightness and de-
creases in shoulder internal rotation have been clinically and
empirically linked to several conditions, including subacromial
impingement,5,10 superior labrum anterior-posterior (SLAP)
lesions,3 and internal impingement.11 However, recent inves-
tigators have reported no side-to-side differences in anterior or
posterior glenohumeral (GH) translation in professional base-
ball pitchers, indicating that contracture of posterior soft tissue
structures other than the capsule may be causing these rota-
tional differences and pathologic characteristics.12 Regardless
of which soft tissue structures are contracted, this loss of mo-

tion is strongly associated with the development of shoulder
injury. Therefore, accurate assessment of posterior shoulder
motion is a necessary measurement in the recognition of path-
ologic shoulder characteristics.

Several measurement techniques to assess posterior shoulder
contracture have been reported in the literature4,8,13; however,
debate still exists as to which is the best technique. Most tech-
niques attempt to produce an accurate measurement of true
GH horizontal adduction. Although these measurements ulti-
mately assess the same motion, several discrepancies among
techniques have led to confusion regarding the best method.
One of the earliest measurements13 was performed by mea-
suring horizontal adduction with a goniometer while the sub-
ject lay in a supine position. Unfortunately, proper scapular
stabilization may not have been maintained, leading to acces-
sory scapulothoracic movement and inaccurate findings. A
second technique4 required the examiner to stabilize the scap-
ula while the subject was supine, yet no reliability or validity
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Figure 1. Stabilization of the scapula during posterior shoulder
measurement.

data have been reported. For a third technique,8 the subject
lies on his or her side, so that an imaginary line connecting
the acromions is perpendicular to the examination table, while
the examiner manually stabilizes the scapula in a retracted po-
sition. A second examiner then measures the distance from the
patient’s medial epicondyle to the examination table surface,
thereby eliminating the need for potentially inaccurate goni-
ometer readings. However, if the upper torso and acromions
are even slightly rotated in an anterior-posterior direction, this
measurement will produce inaccurate results. Also, maintain-
ing this alignment may prove difficult during passive horizon-
tal adduction. Furthermore, a subject with a longer humerus
will naturally have a shorter distance to the examination table
than a patient with a shorter humerus, thus making comparison
among patients difficult.

Clinicians may be inclined to simply measure shoulder in-
ternal rotation motion as the best indicator of posterior shoul-
der contracture.9,14 However, because of the effects of in-
creased humeral retroversion on decreasing internal rotational
motion,15–19 this bony adaptation may be misinterpreted as
posterior shoulder contracture. Despite the debate, humeral ad-
duction motion appears to be a consistent indicator of true
posterior shoulder motion, even though sufficient data with
regard to reliability and validity have yet to be documented.

Despite the need for an accurate method of assessing pos-
terior shoulder motion, complicated techniques and/or lack of
reliability and validity among the several techniques currently
available have added to the confusion surrounding this topic.
Therefore, the purpose of this study is to report on the reli-
ability, concurrent validity, and clinical usefulness of assessing
posterior shoulder contractures by assessing GH horizontal ad-
duction with the subject in the supine position.

METHODS

Subjects

To determine the reliability of this GH horizontal adduction
measurement technique, we tested 12 physically active sub-
jects (age � 21.9 � 4.3 years, height � 175.0 � 10.0 cm,
mass � 82.4 � 19.1 kg). To test concurrent validity, 23 pro-
fessional baseball pitchers (age � 21.25 � 1.66 years, height
� 190.0 � 5.0 cm, mass � 88.45 � 6.99 kg) completed
bilateral GH horizontal adduction and internal and external
rotation range-of-motion testing. No participants reported a re-
cent history (within 2 years) of shoulder injury or any previous
shoulder surgeries. Each subject provided informed consent
before the study, as mandated by the university institutional
review board, which also approved the study.

Instrumentation

We used the Pro 3600 Digital Inclinometer (SPI-Tronic,
Garden Grove, CA) to measure GH horizontal adduction mo-
tion and internal and external shoulder rotation motion. This
device provides a real-time digital reading of all angles in a
360� circle with respect to either a horizontal or vertical ref-
erence and is accurate up to 0.1�, as reported by the manufac-
turer. The digital inclinometer was modified with a reference
line positioned along the midline of the device, which was
used for proper alignment of anatomical landmarks.

Intratester Reliability Analysis

Subjects in the reliability study attended 3 testing sessions,
with 48 hours between sessions. One of 2 randomly selected
examiners was used for intratester reliability, with the exam-
iner blinded to all 3 measurements recorded for each subject.
Each examiner completed the intratester measurements on 12
separate shoulders (examiner 1 measured 12 shoulders on 3
different occasions, examiner 2 measured the other 12 shoul-
ders on 3 different occasions). These examiners were both cer-
tified athletic trainers and had performed more than 300 as-
sessments using this technique.

Intertester Reliability Analysis

Intertester reliability testing occurred during one of the in-
tratester sessions. For intertester reliability, the second exam-
iner assessed GH horizontal adduction motion approximately
5 minutes after the first examiner’s measurement. The order in
which the examiners completed their measurements was ran-
domized.

Concurrent Validity Analysis

To test the concurrent validity of the measurement, one ex-
aminer assessed GH horizontal adduction, while a second ex-
aminer, who was blind to the previous GH horizontal adduc-
tion measurement, assessed internal and external rotation
motion. Total arcs of motion were calculated and compared to
determine if there was a statistically significant difference bi-
laterally. Total arc of motion was determined based on the sum
of total internal and external rotational motion.

Glenohumeral Horizontal Adduction Measurement

To assess GH horizontal adduction, subjects were positioned
supine with both shoulders flush against a standard examina-
tion table. The tester stood at the head of the examination table
toward the head of the subject and positioned the test shoulder
and elbow in 90� of both abduction and flexion. The tester
stabilized the lateral border of the scapula by providing a pos-
teriorly directed force (toward the examination table) (Figure
1) to limit scapular protraction, rotation, and abduction mo-
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Figure 2. Angle created by the end position of the humerus with
respect to the starting position (perpendicular plane to the exam-
ination table).

Table 2. Intratester Reliability Analysis of Glenohumeral Joint
Horizontal Adduction Measurement

Tester,
No. Mean, � SD, � Minimum, � Maximum, � SEM, �

Intraclass
Correlation
Coefficient

1
2

9.8
9.7

5.7
6.5

0.5
1.4

22.7
25.4

1.71 0.91

Table 1. Intratester Reliability Analysis of Glenohumeral Joint
Horizontal Adduction Measurement (1 of 2 Testers Measuring 24
Shoulders)

Test
Session Mean, � SD, � Minimum, � Maximum, � SEM, �

Intraclass
Correlation
Coefficient

1
2
3

9.9
10.3
9.7

6.2
6.1
6.5

1.4
0.3
0.5

22.2
21.6
22.7

1.64 0.93

tions. The tester’s opposite hand then held the proximal portion
of the subject’s forearm, slightly distal to the elbow, and pas-
sively moved the humerus into horizontal adduction. At the
end range of horizontal adduction, a second tester recorded the
amount of motion present. To measure GH horizontal adduc-
tion, the digital inclinometer was aligned with the ventral mid-
line of the humerus. The angle created by the end position of
the humerus with respect to 0� of horizontal adduction (per-
pendicular plane to the examination table, as determined by
the digital inclinometer) (Figure 2) was then recorded as the
total amount of GH horizontal adduction motion.

Shoulder Internal-External Rotation Measurement

One measurement of internal shoulder rotation was con-
ducted with the subject in the supine position, with the shoul-
der and elbow in 90� of abduction and flexion and the humerus
supported to ensure a neutral horizontal position (humerus lev-
el with acromion process). The humerus was passively inter-
nally rotated while the examiner’s other hand stabilized the
scapula until termination of humeral rotation. At this position,
the digital inclinometer was aligned with the ulna (using the
olecranon process and the ulnar styloid for reference),20 there-
by providing an angle between the forearm and a perpendic-
ular plane to the examination table. This process was then
repeated for external rotation measurements. We assessed a
priori intratester reliability of the rotation measurements.
Twenty shoulders without any previous injury or surgery were
measured using an intraclass correlation coefficient (ICC) (2,k)
formula. Each subject’s rotation motion was measured and
then reassessed approximately 24 hours later. The ICC and
standard error of measurement (SEM) values for external and
internal rotational motion were 0.95 and 3� and 0.98 and 2�,
respectively.

Reliability Data Analysis

We used an ICC (2,k) formula21 and calculation of the SEM
(SPSS version 11.5; SPSS Inc, Chicago, IL) to determine the
reliability and precision of repeated measures within testers
and between the 2 testers. The SEM was calculated22 as SD
� .�1 � ICC

Validity Data Analysis

To assess the validity of the measurement, we used depen-
dent t tests to determine if the baseball pitchers had significant
differences in the total arc of motion, GH horizontal adduction,
and internal rotation motion of their dominant shoulders com-
pared with the nondominant shoulders. These findings were
considered significant at an alpha level of P � .05. The Pear-
son product moment coefficient of correlation (r) was calcu-
lated to determine if a relationship existed between the total
arc of motion and internal rotation and GH horizontal adduc-
tion and internal shoulder rotation motion in the dominant arm
of the baseball pitchers. A general classification system was
used, with correlation coefficient values of .75 or higher con-
sidered good, values of .75 to .50 considered moderately re-
liable, and values below .50 considered poor.23

RESULTS

Intratester and Intertester Reliability

The intratester and intertester reliability of this method for
measuring posterior shoulder contracture resulted in ICC and
SEM values of 0.93 and 1.64� and 0.91 and 1.71�, respectively
(Tables 1 and 2).

Concurrent Validity

The mean and SD values for total arc of motion, GH hor-
izontal adduction, and internal rotation motion of the dominant
and nondominant shoulders of the baseball players are shown
in Table 3. The dominant shoulders of the baseball pitchers
demonstrated a statistically significant decrease in total arc of
motion (P � .03). Statistically significant differences were also
noted in GH horizontal adduction motion (P � .001) and in-
ternal shoulder rotation motion (P � .001) of the dominant
arm compared with the nondominant arm. A moderate to good
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Table 3. Shoulder Range of Motion� of Baseball Pitchers (n �
23)

Measurement*

Dominant

Mean SD

Nondominant

Mean SD

Total arc of motion 150.1 28.2 139.0 17.8
Glenohumeral joint horizontal adduction 0.1 5.1 7.1 9.5
Internal rotation motion 33.1 10.3 40.4 16.4

*Statistically significant difference between dominant and nondomi-
nant shoulders (P � .05).

Figure 3. Linear relationship between glenohumeral (GH) joint hor-
izontal adduction motion and internal shoulder rotation motion in
the dominant arms of baseball pitchers.

linear relationship existed between GH horizontal adduction
motion and internal shoulder rotation motion (r � .72, P �
.001) of the dominant shoulder of the baseball pitchers (Figure
3). The coefficient of determination (r2 � .52) demonstrated
that 52% of the error variance could be explained by common
variables of the 2 measurements. A similar relationship be-
tween GH horizontal adduction motion and internal shoulder
rotational motion was seen in the nondominant shoulders (r �
.68, P � .001). A moderate to good linear relationship also
existed between total arc of motion and internal rotation mo-
tion (r � .67, P � .001) of the dominant shoulders.

DISCUSSION

Athletes involved in throwing and other sports requiring
ballistic shoulder rotation commonly display the posterior
shoulder contractures that have been implicated in several
shoulder conditions.3,5,10 Therefore, an accurate and reproduc-
ible clinical technique for measuring contracture is essential
for the proper evaluation, prevention, and treatment of these
athletes and their respective injuries.

Although previous investigators3,5,10 have reported that the
specific contributor to the development of different shoulder
conditions is a tight posterior shoulder capsule, we realize the
difficulty in assuming that the posterior capsule can be isolated
during any measurement. Therefore, we propose that the mea-
surement used in this study evaluates the motion of the struc-
tures in the posterior shoulder region, such as the posterior
deltoid, infraspinatus, teres minor, and latissimus dorsi mus-
cles, as well as the posterior capsule.

Intratester and Intertester Reliability

Poor reliability and high amounts of measurement error re-
duce the usefulness of a clinical measurement. Our results
show high reliability (intratester ICC � 0.93 and intertester
ICC � 0.91) when assessing posterior shoulder contracture by
measuring GH horizontal adduction with the scapula stabilized
and the subject supine. Furthermore, intratester and intertester
SEM values were 1.64� and 1.71�, respectively. These SEM
values refer to the hypothetical difference between the actual
score of an examiner’s assessment and the examiner’s ob-
served score during a specific measurement.22 These reliability
and measurement error values demonstrate that this measure-
ment allows the tester an accurate and easily reproducible as-
sessment of motion. The starting position of the measurement
is easily determined by the contact of the scapula with the
examination table. In this position, the lateral border of the
scapula is readily palpable and, therefore, may be stabilized,
not only from protraction but also from tilting, rotation, and
abduction. Goniometric measurement of GH horizontal adduc-
tion may prove difficult and subjective when attempting to

align the axis with the GH center and the stationary and move-
able arms with bony landmarks. The use of a relatively inex-
pensive digital inclinometer eliminates these difficulties; the
digital inclinometer need only be aligned with the axis of the
humerus. The GH joint center does not need to be estimated,
and a precise plane perpendicular to the examination table is
automatically determined by the inclinometer. The digital in-
clinometer significantly reduces the number of subjective es-
timations needed by the examiner and allows for easy, repro-
ducible, and accurate measurements for determining GH
horizontal adduction. One disadvantage of this measurement
is that it requires 2 examiners to accurately complete the as-
sessment.

Concurrent Validity

Concurrent validity was chosen for this study because the
measurement to be validated (assessment of posterior shoulder
motion) and the criterion measure (internal rotation motion)
were taken at the same time (concurrently), so that both re-
flected the same behavior.23 Although we cannot undeniably
conclude that comparing internal rotational motion with GH
horizontal adduction is the ‘‘gold standard’’ for assessment of
posterior shoulder motion, several investigators3,5,7–9,14 have
noted the association between these characteristics, which are
currently the best sources for comparison.

Past authors3,5,7–9 have described the association between
posterior shoulder contracture and loss of internal rotation mo-
tion, especially among throwing athletes. Therefore, to test the
validity of the measurement used in this study, we determined
if a relationship existed between measuring supine GH hori-
zontal adduction and internal rotation among a group of base-
ball pitchers. However, first we needed to determine that the
loss of internal rotation among the baseball group was, in fact,
caused mostly by soft tissue contracture and not by bony ad-
aptations.

Loss of internal rotation motion often equals the gain in
external rotation motion, resulting in a total arc of motion (to-
tal external rotation � total internal rotation) equal to that of
the nondominant shoulder in throwing athletes.15,19,24,25 Past
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researchers15–19 have found that increased humeral retrover-
sion of the throwing shoulder is the cause of these equal total
arcs of motion bilaterally. Therefore, to determine the cause
of the statistically different arcs of motion among the baseball
players in this study, we compared the internal rotation motion
values with the statistically different total arcs of motion
among the baseball group and found a moderate to good re-
lationship. This relationship illustrates that the loss of internal
rotation motion was not entirely a result of increased humeral
retroversion. Rather, this difference was most likely due to soft
tissue restraints of the posterior shoulder. Thus, to prove the
concurrent validity of assessing posterior shoulder motion by
measuring supine GH horizontal adduction, a positive rela-
tionship should be present between the posterior shoulder mo-
tion and internal rotation motion found among the subjects.
Our findings supported this concept, resulting in a moderate
to good relationship between lost internal shoulder rotation
motion and decreased posterior shoulder motion of the domi-
nant arm, thereby verifying the validity of the measurement.
Although the Pearson correlation showed a moderate to good
association, a large percentage of the error variance could not
be explained by common factors.21 One potential cause of this
variance may be the 2 motions occurring in different planes
of motion and therefore targeting different areas and soft tissue
structures of the posterior shoulder.

The development of posterior shoulder contracture and sub-
sequent loss of internal rotation motion have been associated
with several shoulder conditions.3,5,10,11 Burkhart et al3 clini-
cally observed the shoulders of 124 baseball pitchers with ar-
throscopically diagnosed type 2 SLAP lesions. All patients had
more than 25� loss of internal rotation and a concomitant pos-
terior shoulder contracture in the involved shoulder compared
with the uninvolved shoulder. Harryman et al10 reported that
a tightening of the posterior shoulder capsule resulted in su-
perior translation of the humeral head during flexion, internal
rotation motion, and horizontal adduction movements. This su-
perior translation of the humeral head may decrease the sub-
acromial space and result in an increased risk of subacromial
impingement. In support of this theory, Tyler et al5 noted that
31 patients with subacromial impingement had significantly
more posterior capsular shortening and lost internal shoulder
rotation motion than did subjects in a control group. Myers et
al11 investigated pathologic internal impingement among a
population of baseball players. The baseball players diagnosed
with internal impingement in their dominant arms had signif-
icantly less posterior shoulder motion and lost internal shoul-
der rotation motion than did a matched group of uninjured
baseball players.

Although it is difficult to determine whether the lost pos-
terior shoulder motion and internal rotation were the cause of
these various shoulder conditions or whether these conditions
caused the lost range of motion, it is clear that a relationship
existed between these alterations and injury. Our results are
supported by those of previous investigators regarding the ac-
companying loss of internal rotation motion with increased
posterior shoulder contracture (Figure 3) and emphasize that
proper assessment of posterior shoulder motion may be critical
in the early detection and treatment of various shoulder con-
ditions.

Early detection and subsequent treatment of posterior shoul-
der tightness before irreversible shoulder damage occurs may
significantly decrease time loss from competition and, ulti-
mately, the need for surgical intervention.3,9,26,27 Furthermore,

this technique may be used to document the progression of
contractures in patients during the rehabilitation of various
shoulder injuries. Supine GH horizontal adduction has even
been described as an effective stretching technique for the soft
tissue structures of the posterior shoulder.24

We acknowledge a few limitations in our study design. The
validity portion of the current study was conducted on a highly
athletic, healthy population. Other athletes whose sports re-
quire different biomechanics and forces on the shoulder or
who present with pathologic symptoms may have a different
relationship between posterior shoulder contracture and inter-
nal rotational motion. However, when this relationship was
examined in the nonthrowing shoulder of the baseball pitchers,
a moderate to good relationship (r � .68) was noted, empha-
sizing that this method of assessment may be suitable for both
athletic and nonathletic populations.

Future investigators should focus on measuring posterior
shoulder motion in a variety of populations, including baseball
players of various performance levels and ages, other overhead
athletes, and nonathletic populations, as well as in individuals
with various shoulder injuries.

CONCLUSIONS

Our study provides data for the measurement of GH hori-
zontal adduction with the subject in the supine position as a
reliable and valid method of assessing soft tissue contracture
of the posterior shoulder. Given the susceptibility of various
overhead athletes to this loss of motion and the potential for
injury secondary to such tissue contracture, this technique may
prove essential in the proper evaluation, as well as in the de-
velopment of proper preventive and treatment protocols, of
these athletes.
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