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Context: Athletes who participate in throwing and racket
sports consistently demonstrate adaptive changes in glenohu-
meral-joint internal and external rotation in the dominant arm.
Measurements of these motions have demonstrated excellent
intrarater and poor interrater reliability.

Objective: To determine intrarater reliability, interrater reli-
ability, and standard error of measurement for shoulder internal
rotation, external rotation, and total arc of motion using an
inclinometer in 3 testing procedures in National Collegiate
Athletic Association Division I baseball and softball athletes.

Design: Cross-sectional study.
Setting: Athletic department.
Patients or Other Participants: Thirty-eight players

participated in the study. Shoulder internal rotation, external
rotation, and total arc of motion were measured by 2
investigators in 3 test positions. The standard supine position
was compared with a side-lying test position, as well as a supine
test position without examiner overpressure.

Results: Excellent intrarater reliability was noted for all 3
test positions and ranges of motion, with intraclass correlation
coefficient values ranging from 0.93 to 0.99. Results for
interrater reliability were less favorable. Reliability for internal
rotation was highest in the side-lying position (0.68) and
reliability for external rotation and total arc was highest in the
supine-without-overpressure position (0.774 and 0.713, respec-
tively). The supine-with-overpressure position yielded the lowest
interrater reliability results in all positions. The side-lying position
had the most consistent results, with very little variation among
intraclass correlation coefficient values for the various test
positions.

Conclusions: The results of our study clearly indicate that
the side-lying test procedure is of equal or greater value than the
traditional supine-with-overpressure method.

Key Words: shoulder, glenohumeral internal-rotation deficit,
inclinometer, baseball, softball, range of motion

Key Points

� Overhead athletes have been shown to demonstrate adaptive changes in glenohumeral internal and external
rotation in the dominant arm.

� To make decisions about appropriate interventions, clinicians must be able to accurately assess glenohumeral
rotation.

� For all 3 test positions, the side-lying test procedure demonstrated excellent reliability and, thus, is of equal or
greater value than the traditional supine-with-overpressure method.

A
thletes who participate in throwing and racket
sports consistently demonstrate adaptive changes
in glenohumeral-joint (GHJ) internal rotation (IR)

and external rotation (ER) in the dominant arm.1 Numerous
studies of throwing athletes substantiate that these athletes
demonstrate a loss of IR and a gain in ER in the throwing
arm.2–5 In a sample of 372 professional baseball players,
Wilk et al5 noted that IR was an average of 78 less and ER
was an average of 78 greater in the dominant arm than in the
nondominant arm. Female softball players also display a
similar pattern of IR loss and ER gain in the throwing
shoulder.6

A loss of GHJ IR as compared with the contralateral side
is termed glenohumeral IR deficit (GIRD). Glenohumeral
IR deficit has received much attention, as it has been
clinically and empirically linked to several musculoskeletal

injuries, including superior labral anterior-posterior (SLAP)

lesions,7 internal impingement,8 ulnar collateral ligament

injury,9 and subacromial impingement.10,11 Injured throw-

ers typically demonstrate a greater IR deficit than their

uninjured counterparts.8,12 Based on the available litera-

ture,3,4,8,13 the average GIRD in throwers without a history

of injury ranges from 108 to 158. In a retrospective study,

Dines et al9 found that throwers with ulnar collateral

ligament insufficiency had an average GIRD of 28.58

compared with demographically matched asymptomatic

throwers. In a retrospective study, Myers et al8 demon-

strated 19.78 of GIRD in 11 throwers with pathologic

internal impingement compared with matched asymptom-

atic throwers. Based on clinical observations, Burkhart et

al7 retrospectively demonstrated that throwers with type II
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SLAP lesions and internal impingement had an average
GIRD of 258.

Pitchers with GIRD of 208 or more were nearly twice as
likely to be injured as those with values less than 208.12

Furthermore, those with a deficit of greater than 58 in total
rotational range of motion (ROM), defined as the value of
ER plus IR ROM at 908 of abduction, were 2.5 times more
likely to sustain a shoulder injury.12

The cause of altered GHJ rotation in throwers is
multifactorial and includes adaptive changes in the
capsular, musculotendinous, and osseous structures. Dif-
fering opinions exist as to the relative contributions of the
aforementioned factors. Regardless of the exact cause of
GIRD, its presence is problematic and places throwers at
risk for injury. Therefore, clinicians who work with this
population must have reliable and valid methods of
assessing rotational GHJ ROM to determine the necessity
and effect of interventions designed to decrease GIRD.
Despite the widespread interest in evaluating and treating
GIRD, a universally accepted and reliable method of
assessing IR has not been established. Numerous measure-
ment techniques have been described in the literature, with
little consistency in performance, position, or clinometric
properties. Subtle differences in patient positioning,
examiner stabilization, and instrumentation make compar-
isons and generalization of the data difficult.

It is generally accepted that scapular stabilization is
required to allow for isolated GHJ motion. Investigators
have found that IR measures are significantly lower with
manual scapular stabilization when compared with no
stabilization.14 Measurement of GHJ IR and ER in the
supine position with the shoulder abducted to 908 and the
scapula manually stabilized has been described by various
authors12,15,16 and is commonly used in clinical practice.
Scapular motion is manually restricted by applying a
posterior force to the coracoid process and clavicle.
Reliability statistics for this measurement have varied.
Wilk et al12 analyzed the intrarater reliability of this
measure and found an intraclass correlation coefficient
(ICC) of 0.81 for IR and 0.87 for ER. Laudner et al17

obtained ICC values of 0.95 and 0.98 for intrarater
reliability of ER and IR, respectively.

The sleeper stretch is a common exercise given to
overhead athletes to increase the extensibility of the
posterior soft tissue structures of the shoulder. The person
lies on the side to be stretched, elevates the humerus to 908
on the support surface, and then passively internally rotates
the shoulder with the opposite arm.18 One of the benefits of
the stretch is that the scapula is stabilized by the supporting
surface, theoretically allowing for isolated glenohumeral
motion.

A few researchers have looked at the effectiveness of the
sleeper stretch in increasing GHJ IR and noted mixed
results. Laudner et al19 examined the acute effects of a
manual application of the sleeper stretch on IR and ER in
33 National Collegiate Athletic Association Division I
baseball players. Range-of-motion measurements were
taken before and after completion of 3 sets of 30-second
passive sleeper stretches. The data showed small but
statistically significant increases in IR measures after the
stretches. McClure et al18 compared changes in IR ROM
after a 4-week stretching program in 2 groups, 1 that
performed the sleeper stretch and 1 that performed the

cross-body adduction stretch. Contrary to the authors’
hypothesis, gains in the sleeper-stretch group were not
significant compared with those of the control group or
those of the cross-body stretch group. This result may,
however, have been due to a small sample size that
precluded the detection of statistical differences among
groups.

The purpose of our study was to determine the intrarater
reliability, interrater reliability, and standard error of
measurement (SEM) for measurements of GHJ IR, ER,
and total-arc ROM using an inclinometer under 3 testing
procedures (supine with overpressure, supine without
overpressure, and side lying) in Division I baseball and
softball athletes. We also sought to determine whether
ROM values differed between raters, among testing
positions, or both.

METHODS

Participants

Participants in the study were National Collegiate
Athletic Association Division I baseball and softball
players. We chose a sample of convenience and enrolled
30 baseball and 8 softball players in the study. Participants
were excluded if they had undergone shoulder surgery in
the dominant arm, had concurrent adhesive capsulitis or
concurrent cervical radiculopathy, or were less than 18
years of age. A signed informed consent was obtained for
each participant, and institutional review board approval
was obtained from the Mary Black Health System.

Procedures

Data collection took place on a single day during the
teams’ preseason physicals. Two licensed physical thera-
pists performed all testing procedures. Before testing, the
examiners attended two 1-hour training sessions to assure
consistency in measurement techniques. An MIE bubble
inclinometer (Patterson Medical Holdings, Inc/Sammons
Preston, Warrenville, IL) was used to perform all measures.
Glenohumeral-joint IR and ER were measured in 3 test
positions by the 2 examiners. Test position and examiner
order were randomized using the Microsoft Office Excel
(Microsoft Corporation, Redmond, WA) random-number
generation function. Measurements were taken on the
dominant arm only.

Inclinometers were zeroed out on a vertical surface
between participants. For all test positions, the inclinometer
was positioned just proximal to the styloid process of the
ulna on the dorsal surface of the forearm. Measurements
were read aloud to assistants who recorded the measure-
ments. Three trials were recorded for both GHJ IR and ER
in each of the 3 test positions.

Supine-With-Overpressure Position. This test position
is similar to the position typically described in the
orthopaedic literature for the measurement of GHJ IR and
ER with 908 of abduction.12,14,20 However, to save time and
minimize potential error between examiners, we did not
place a folded towel under the arm being measured. The
athlete was asked to lie supine on the plinth. The examiner
positioned the shoulder into 908 of abduction and 908 of

Journal of Athletic Training 641

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-29 via free access



elbow flexion with the arm in neutral rotation. Palpation of
the coracoid process was used to judge scapular movement.
The examiner moved the arm into IR until a capsular end
feel was achieved, scapular movement occurred, or the
participant complained of pain. Once the measurement was
recorded, the arm was returned to neutral rotation before
the next measurement trial took place. For ER, the
examiner reset the arm into the starting position of 908 of
abduction and 908 of elbow flexion with neutral rotation.
The arm was moved into maximal ER with the plinth
providing scapular stabilization until the examiner obtained
a capsular end feel or the participant complained of pain.
Three trials were performed and the arm was returned to
neutral rotation between trials.

Supine-Without-Overpressure Position. This test po-
sition closely resembled the first test position. The key
difference was that the examiner did not judge end ROM or
provide scapular stabilization. Instead, the athlete allowed
gravity to assist the extremity to end ROM independently
without interference from the table or examiner. The athlete
was positioned supine on the plinth with the arm positioned
to 908 of abduction and 908 of elbow flexion with neutral
GHJ rotation. The athlete was given oral instructions to
‘‘relax the arm forward.’’ As the gravity-assisted motion
stopped, the inclinometer was placed in the same location
as described above, and the measurement was recorded. If
the athlete appeared to actively assist the arm to increase
ROM, the trial was stopped, the instructions were reviewed,
and a trial with tactile cues was used as needed. External
rotation was measured in the same fashion. The athlete was
again given oral instruction to ‘‘relax the arm backwards’’
into ER. Three trials were performed, with the examiner
assisting the arm back to neutral rotation between trials.

Side-Lying Position. This test position was similar to the
sleeper stretch, with very specific body positioning designed
to limit torso rotation and maintain proper scapular position
and stabilization. The participant lay on the dominant side
with the arm at 908 of forward GHJ flexion and 908 of elbow
flexion. The nondominant leg was positioned to 908 of hip
flexion and placed on the plinth in front of the participant.
The examiner manually positioned the scapula into
maximal adduction and retraction by reaching around the
participant and pulling the lateral scapular border toward
the spine. The participant’s nondominant hand was placed
palm down in front of his or her stomach. The participant
received oral instructions to maintain this position through-
out testing. The examiner rotated the arm until a capsular
end feel was obtained or the participant reported pain. Three
trials were performed for each direction.

Data Analysis

We entered data into a Microsoft Office Excel spread-
sheet and SPSS (version 21; SPSS Inc, Chicago, IL) for
analysis. Intrarater and interrater reliability were assessed
for IR, ER, and total-arc ROM in all 3 test positions using
the ICC (model [2,k]) and associated 95% confidence
interval as previously described.21 Additionally, from the
obtained ICC and SD values, we determined precision of
the measurement by calculating the SEM for all measure-
ment conditions. Intraclass correlation coefficient values

were interpreted as follows: values ,0.40 indicated poor
reproducibility, values in the range 0.40 to 0.75 indicated
fair to good reproducibility, and values .0.75 indicated
excellent reproducibility.22

A 2-way, mixed-model analysis of variance was used to
determine the effect of test position and rater on
measurements of IR, ER, and total arc of motion. An a
level of .05 was set a priori. First, interaction effects (test
position 3 rater) were assessed. If a significant interaction
was present, we examined simple effects (effect of rater at
each test position). Bonferroni adjusted P values were used
to adjust for multiple pairwise comparisons.

RESULTS

Intrarater and interrater reliability results appear in
Figures 1 and 2, respectively. Excellent intrarater reliability
was noted for all 3 test positions and ROMs, with ICC
values ranging from 0.93 to 0.99. Results for interrater
reliability were less favorable. Reliability of IR was highest
in the side-lying position (0.68), and reliability of ER and
total-arc ROM was highest in the supine-without-overpres-
sure position (0.774 and 0.713, respectively). The supine-
with-overpressure position yielded the lowest interrater
reliability results for all 3 measures. The side-lying position

Figure 1. Intrarater reliability summarized in terms of intraclass
correlation coefficients (model [2,k]). Abbreviation: ROM, range of
motion.
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had the most consistent results, with very little variation
among ICC values for the various test positions.

Next, we performed a 2-way analysis of variance to
assess the effect of test position and rater on IR, ER, and
total-arc ROM. A significant rater 3 test position
interaction effect was noted for IR (P , .01). Subsequently,
significant simple effects (the effect of position for each
rater) were demonstrated (P , .01). Post hoc testing
revealed differences among the side-lying, supine-with-
overpressure, and supine-without-overpressure conditions
for each rater (Table 1).

Similarly, a significant rater 3 test position interaction
effect was noted for ER (P , .01). Subsequently,
significant simple effects (the effect of position for each
rater) were observed (P , .01). Post hoc testing revealed
differences among the side-lying, supine-with-overpres-
sure, and supine-without-overpressure conditions for each
rater (Table 2).

Lastly, a significant rater 3 test position interaction effect
was also noted for total-arc ROM (P¼ .03). Subsequently,
significant simple effects (the effect of position for each
rater) were noted (P , .01). Post hoc testing revealed
differences among the side lying and 2 supine conditions
for rater 2 but not rater 1 (Table 3).

DISCUSSION

Several authors3,4,23 have documented increased humeral
retroversion in the dominant arm of throwers, and they

attribute the loss of GHJ IR and gain in ER ROM to this
bony adaptation. A larger angle of retroversion would allow
greater ER before the anterior capsule and glenohumeral
ligaments limit further movement. Conversely, a larger
angle of retroversion would result in less IR, as the humeral
head would more quickly be limited by the posterior
capsule.15 These authors found that although the arc of
shoulder ROM shifts toward greater ER and IR, the total-
arc ROM should remain the same as the contralateral limb.
In other words, if the loss of IR equals the gain of ER, this
can be attributed to osseous changes and should be
considered physiologic. However, if the loss of IR exceeds
the gain in ER, this is attributed to soft tissue changes and is
considered pathologic.20

Glenohumeral-joint IR reaches peak angular velocities of
nearly 70008/s,24,25 and deceleration during the follow-
through phase of pitching occurs at a velocity of 500 0008/s,26

creating a large force for the posterior shoulder to counteract.
Over time, this repetitive stress is thought to result in
microtrauma to the posterior capsule, leading to thickening
and adaptive shortening. Several researchers7,27,28 reported
similar results based on surgical observations that throwers
who displayed GIRD had a contracted and thickened
posterior-inferior recess of the posterior band of the inferior
glenohumeral ligament complex.

Contrary to these reports, other investigators1 have found
no side-to-side differences in anterior or posterior GHJ
translation in professional pitchers, calling into question the
theory of posterior capsular tightness. Another group29

Figure 2. Interrater reliability summarized in terms of intraclass correlation coefficients (model [2,k]). Abbreviation: ROM, range of motion.

Table 1. Internal Rotation Measured by 2 Raters in 3 Test

Positions, 8 (Mean, SD, and Standard Error of Measurement)

Position, Rater Mean 6 SD

Standard Error

of Measurement

Side lying, rater 1 54.5 6 16.7a 2.7

Side lying, rater 2 45.7 6 12.0a 1.9

Supine with overpressure, rater 1 42.1 6 13.3b 2.2

Supine with overpressure, rater 2 57.7 6 9.9b 1.6

Supine without overpressure, rater 1 65.6 6 16.5c 2.7

Supine without overpressure, rater 2 78.3 6 15.1c 2.5

a Indicates difference between side-lying and supine-with-overpres-
sure positions, based on Bonferroni adjusted P values.

b Indicates difference between supine-with-overpressure and su-
pine-without-overpressure positions, based on Bonferroni adjust-
ed P values.

c Indicates difference between side-lying and supine-without-
overpressure positions, based on Bonferroni adjusted P values.

Table 2. External Rotation Measured by 2 Raters in 3 Test

Positions, 8 (Mean, SD, and Standard Error of Measurement)

Position, Rater Mean 6 SD

Standard Error

of Measurement

Side lying, rater 1 105.9 6 11.8a 1.9

Side lying, rater 2 100.8 6 14.2a 2.3

Supine with overpressure, rater 1 110.8 6 11.6b 1.9

Supine with overpressure, rater 2 114.3 6 18.5b 3.0

Supine without overpressure, rater 1 90.3 6 15.5c 2.5

Supine without overpressure, rater 2 88.3 6 16.4c 2.7

a Indicates difference between side-lying and supine-with-overpres-
sure positions, based on Bonferroni adjusted P values.

b Indicates difference between supine-with-overpressure and su-
pine-without-overpressure positions, based on Bonferroni adjust-
ed P values.

c Indicates difference between side-lying and supine-without-over-
pressure positions, based on Bonferroni adjusted P values.
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found that maximal IR values displayed by pitchers are not
a fixed value and that decreased passive IR can be seen up
to 24 hours after a throwing session. The deceleration phase
of throwing creates large compressive forces at the shoulder
and requires the posterior rotator cuff musculature to
contract eccentrically. The cumulative effect of eccentric
muscle trauma may contribute to the pathologic loss of GHJ
IR. Furthermore, in a recent report30 on Division I baseball
players, an intrasession improvement in GHJ horizontal
adduction and IR was noted after the application of a
muscle-energy technique designed to lengthen the muscu-
lotendinous units of the posterior shoulder. Collectively,
these findings highlight the contribution of musculotendi-
nous structures, such as the posterior deltoid and posterior
rotator cuff, in the development of GIRD in overhead
athletes. Taken as a whole, this large body of research
establishes a great need for reliable measures of GHJ IR
ROM in this population.

The SEM for all 3 test positions is relatively low, ranging
from 2.68 to 4.08, with the side-lying position yielding the
lowest SEM. Using a testing technique with low SEM is
vitally important, as a recent study12 demonstrated that
athletes with a total-arc ROM difference of as little as 58
were at 2.5 times greater risk for injury. Our measurement
techniques must be accurate enough to detect this small
amount of motion beyond measurement error for us to
recommend appropriate interventions.

Our study differs from many previous studies in that a
single examiner using an inclinometer performed all
measurements, whereas previous researchers used a 2-
examiner measurement system. Single-examiner testing
may be less time consuming and allows greater autonomy
on the part of the examiner. Inclinometer measurements
may also be more time efficient and associated with less
error than goniometry.

Supine ROM measurements in our study were taken in
the coronal plane without a towel placed under the
humerus, in contrast to many previous groups who used a
towel to avoid horizontal abduction. We selected this
position because it more closely resembles the shoulder
position required during throwing, specifically in the late
cocking and acceleration phases. In addition, previous
authors12,31,32 have used this test position with good to
excellent reliability statistics. However, the lack of towel
placement under the humerus likely placed the arm in slight
horizontal abduction. This position may have placed
tension on the anterior band of the inferior glenohumeral
ligament complex and resulted in lower ER values.

We measured total-arc ROM because this measure would
be least affected by the arm’s starting position. The mean
total-arc ROM in our study ranged from 1548 to 1628.
These values are substantially lower than those reported in
many other studies.* The smallest total-arc ROM previ-
ously reported was 159.38,4 and the largest was 203.48,33

with most measurements ranging from 1708 to 2008. One
possible explanation for our small ROM results is that the
examiners were overly tentative in their measurements and
did not provide adequate pressure to fully achieve end
ROM. Secondly, the single-examiner testing technique
could have impaired force generation and end-range
determination. Alternatively, the smaller ROM could
indicate greater scapular stabilization, as this was a high
priority during examiner training sessions. Several groups
have documented that manual scapular stabilization
decreases GHJ IR.14,16,31 Boon and Smith14 also noted
improved intrarater and interrater reliability for IR when
the scapula was stabilized.

Results for intrarater reliability for IR and ER were
extremely high in all 3 test positions. These results are
cons i s t en t w i th find in gs f rom prev ious au -
thors12,15,17,27,29,35,36 who investigated the supine-with-
overpressure technique. However, the interrater reliability
results were quite different. Although interrater reliability
values varied with the test position, all 3 test positions
yielded values in the same fair to good reproducibility
category.22 Interestingly, the only measure with excellent
interrater reliability was ER in the supine-without-over-
pressure position. The greater reliability may be due to
improved scapular stabilization provided by the table and
overpressure provided by gravity, thus eliminating exam-
iner influence. The modest ICC values obtained for
interrater reliability must be interpreted in light of the
small SEM we noted. Although we tested 38 participants,
our sample was fairly homogeneous, resulting in a
relatively small between-subjects variance, especially
compared with the between-raters variance. This may have
contributed to low interrater reliability ICC values in the
presence of the small SEM noted in our results.22 This study
was performed with Division I athletes who participate in
throwing sports because of their particular susceptibility to
GIRD-related loss of function. However, future studies may
be needed to assess reliability in samples with a wider
variance of shoulder-rotation ROM.

Lunden et al37 compared IR in the supine versus side-
lying test position and found the former position yielded
higher interrater reliability. These authors noted ICC values
of 0.81 and 0.88 for the supine and side-lying measure-
ments, respectively. Our results support those of Lunden et
al37 in that the side-lying test position had greater interrater
reliability; however, the ICC values were substantially
lower (0.54 and 0.68, respectively). Lunden et al37 did not
measure ER, so we cannot compare the total-arc ROM
measurements.

The side-lying test position had the most consistent levels
of interrater reliability for IR, ER, and total-arc ROM. This
may indicate that better scapular stabilization was achieved
in this position. Scapular stabilization is accomplished by
having the participant’s body weight fix the scapula against
the plinth and is independent from examiner influence. This

Table 3. Total Arc of Motion Measured by 2 Raters in 3 Test

Positions, 8 (Mean, SD, and Standard Error of Measurement)

Position, Rater Mean 6 SD

Standard Error

of Measurement

Side lying, rater 1 160.1 6 15.9 2.6

Side lying, rater 2 147.1 6 18.3a 3.0

Supine with overpressure, rater 1 154.3 6 18.7 3.0

Supine with overpressure, rater 2 170.8 6 20.4 3.3

Supine without overpressure, rater 1 155.6 6 24.2 3.9

Supine without overpressure, rater 2 166.4 6 25.6b 4.1

a Indicates difference between side-lying and supine-with-overpres-
sure positions, based on Bonferroni adjusted P values.

b Indicates difference between side-lying and supine-without-over-
pressure positions, based on Bonferroni adjusted P values.

*References 1, 3–5, 12, 14, 15, 27, 29, 33, 34.

644 Volume 49 � Number 5 � October 2014

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-29 via free access



eliminates 1 source of error between examiners and allows
greater focus on end-range determination and ROM
measurement. Also, the side-lying test position places
more isolated strain on the posterior shoulder musculature
because the arm is positioned in 908 of horizontal
adduction. The horizontal adduction or Tyler test for
posterior shoulder tightness is positively correlated with
GIRD.10,17,27,38 Using muscle-energy techniques to stretch
the shoulder horizontal abductors improves ROM of IR and
horizontal adduction more effectively than using muscle-
energy techniques to stretch the shoulder external rota-
tors.30 For this reason, the side-lying position may more
accurately target the tissues responsible for GIRD.

The analysis of variance assessed whether ROM differed
between testing positions and between examiners. For ER,
there was a significant effect of position, indicating that ER
values differed based on the position in which they were
measured. Furthermore, the interaction was significant,
demonstrating that the effect of the testing position was not
the same for both examiners. These same interactions were
also present for total-arc ROM. Analysis of IR revealed
significant effects of both position and rater, reflecting that
ROM differed significantly between testing positions and
between examiners. Collectively, the results of the analysis
of variance help to explain potential sources of error and
indicate that the observed differences in the ROM values
for each test position were greater than would be expected
by chance alone.

Our study had several limitations. First, the sample size
was relatively small and included both baseball and softball
athletes at all positions. Additionally, the number of
measurement trials per athlete might have been excessive.
Testing all 3 positions in each direction for 3 trials for both
examiners resulted in 18 measurement trials per athlete.
Excessive shoulder manipulation might have altered the
pliability of tissues during testing. Examiner and test order
were randomized in an attempt to mitigate the effect of
repeated measures; however, in future studies, researchers
may consider performing fewer measurement trials per
athlete. Furthermore, we did not use a towel underneath the
humerus to limit horizontal abduction, and this may have
led to smaller values for ER and total arc than in previous
investigations. Lastly, the poor results for the supine-with-
overpressure test position could be accounted for by lack of
appropriate training. Training time for this test position was
less because it is so common to clinical practice, and this
may have resulted in less consistency between examiners.

CONCLUSIONS

The results of our study clearly indicate that the side-
lying test procedure is of equal or greater value than the
traditional supine-with-overpressure method for determin-
ing intrarater and interrater reliability and standard error of
measurement for shoulder IR, ER, and total-arc ROM.
These positive results may be due to the improved scapular
stabilization provided by the plinth and decreased examiner
error. Additionally, testing without overpressure involves
the least examiner influence and may be worthy of further
consideration based on the high ER interrater reliability we
observed. Adding a consistent force, such as a 3- to 5-
pound (1.4–2.3-kg) weight, may improve the consistency of
ROM values. We encourage future researchers to focus on

test positions feasible for a single examiner, as 2-person
procedures pose many barriers to implementation in the
clinical setting.
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