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Context: Conditions such as labral and rotator cuff injuries
have been linked with decreases in glenohumeral internal-
rotation and increases in external-rotation motion. Also,
decreased glenohumeral internal rotation is strongly associated
with scapular dyskinesis.

Objective: To compare healthy collegiate and high school
baseball players’ glenohumeral joint range of motion and
scapular position.

Design: Cross-sectional study.

Setting: Institutional research laboratory.

Patients or Other Participants: Thirty-one male National
Collegiate Athletic Association Division | collegiate (age = 20.23
+ 1.17 years, height = 186.24 = 5.73 cm, mass = 92.01 = 7.68
kg) and 21 male high school baseball players (age = 16.57 =
0.76 years, height = 180.58 = 6.01 cm, mass = 79.09 = 11.51
kg).

Main Outcome Measure(s): Glenohumeral internal and
external rotation and scapular upward rotation were measured
with a digital inclinometer. Scapular protraction was measured

with a vernier caliper. All variables except scapular upward
rotation were calculated as the difference between the dominant
and nondominant sides.

Results: Collegiate baseball players had more glenohumeral
internal-rotation deficit (4.80°, P = .028) and total motion deficit
(5.73°, P = .009) and less glenohumeral external-rotation gain
(3.00°, P = .028) than high school players. Collegiate baseball
players had less scapular upward rotation than high school
players at the 90° (4.12°, P = .015, versus 3.00°, P = .025) and
120° (4.00°, P = .007, versus 3.40°, P = .005) positions. The
scapular protraction difference was greater in collegiate baseball
players than in high school players in the hands-on-hips and 90°
positions (0.77 cm, P = .021, and 1.4 cm, P = .001).

Conclusions: When comparing high school with collegiate
baseball players, these data suggest that glenohumeral internal-
rotation deficit and scapular position change as the level of
competition increases.

Key Words: glenohumeral joint, glenohumeral internal-rota-
tion deficit, scapular dyskinesis

scapular upward rotation.
also seen in athletes with shoulder injuries.

associated negative consequences.

Key Points

» Compared with high school baseball players, Division | collegiate baseball players demonstrated greater glenohumeral
internal-rotation deficit, total motion deficit, and scapular protraction and less glenohumeral external-rotation gain and

» As the level of competition increases, glenohumeral internal-rotation deficits and scapular alterations worsen, a pattern

» Minimizing glenohumeral internal-rotation deficits in high school baseball players may prevent scapular malposition and its

symmetric passive shoulder range of motion,!4

coupled with scapular dyskinesis,>7 has been

documented in throwing athletes and may be a
predisposing factor to injury.8-10 However, the order and
nature of these physiologic mechanisms, for both gleno-
humeral and scapular changes, remain controversial.
Many2.4.11-13 believe that increased external rotation is
the primary event in the progression of shoulder injuries
and results from repetitive microtraumatic stretching of the
anterior capsule in throwers. Others?-10.14-17 have suggested
that glenohumeral internal-rotation deficits (GIRD) are
the principal adaptation leading to injury. Finally, it has
also been suggested!8 that total motion should be examined
in these individuals to minimize the risk for shoulder
injuries.

Scapular dyskinesis is defined as an observable alteration
in the position and motion of the scapula relative to the
thoracic cage.1920 Alterations that have been identified in
baseball players include increased protraction, anterior
tilting, and decreased upward rotation.5-7.21 These changes
in motion are thought to be detrimental to normal
functioning of the shoulder complex, ultimately placing
increased stress on the static and dynamic restraints of the
shoulder.5-7.20.21  Although scapular dyskinetic patterns
have been described in association with GIRDS.10 and
anterior capsular elongation,20 the nature of this associa-
tion has not been elucidated. Nonetheless, increased
exposure to throwing and greater intensity of competition
may potentiate these alterations and contribute to an
increased risk of injury.4.6.12.22
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The purpose of our study was to compare GIRD and
glenohumeral external-rotation gain (ERQG), in conjunction
with scapular positioning differences in collegiate and high
school baseball players, to determine whether the level of
competition has an effect on these alterations. Our
hypothesis was that collegiate baseball players would have
greater GIRD, ERG, total motion deficit (TMD), and
scapular protraction difference (calculated as dominant
side — nondominant side) and less scapular upward rotation
than high school baseball players.

METHODS

Research Design

We used a cross-sectional, mixed-model design to assess
5 dependent variables and 1 independent variable. The
independent variable was level of competition (college and
high school). All dependent variables were calculated as the
difference between the dominant and nondominant sides.
The dependent variables were scapular upward rotation
difference (rest, 60°, 90°, and 120° of glenohumeral
abduction), scapular protraction difference (rest, hand on
hips, and 90° of glenohumeral abduction), GIRD, ERG,
and TMD. All measurements were taken at 1 preseason
time point.

Participants

Thirty-one male National Collegiate Athletic Associa-
tion Division I collegiate baseball players (13 pitchers, 18
position players [age = 20.23 = 1.17 years, height = 186.24
+ 5.73 cm, mass = 92.01 £ 7.68 kg]) and 21 male high
school baseball players (7 pitchers, 14 position players [age
= 16.57 = 0.76 years, height = 180.58 = 6.01 cm, mass =
79.09 £ 11.51 kg]) volunteered to participate in this study.
Exclusion criteria consisted of a current shoulder or elbow
injury. The study was approved by the university’s
institutional review board. Informed consent was obtained
from the participants or from the participants’ parents for
those younger than 18 years. Health History Questionnaire
and Health Insurance Portability and Accountability Act
forms were completed before testing.

Instrumentation

Glenohumeral internal and external rotation were
measured using a Saunders digital inclinometer (The
Saunders Group Inc, Chaska, MN). A priori test-retest
reliability of glenohumeral range of motion was assessed by
the primary investigator (S.J.T.). Twenty healthy shoulders
were measured and then remeasured 3 to 5 days later. The
intraclass correlation coefficient (ICC 2,1) and standard
error of measurement values for glenohumeral range of
motion were 0.989 and 1.03° and 0.943 and 2.55° for
internal and external rotation, respectively.23

Scapular upward rotation was measured using the digital
inclinometer, which was modified to rest evenly on the
scapular spine (Figure 1). Measurements were taken at rest
and at 60°, 90°, and 120° of abduction. The digital
inclinometer was modified using methods described by
Johnson et al.24 A priori test-retest reliability of the
scapular upward rotation measurements was assessed by
the primary investigator (S.J.T.). Thirty-six healthy shoul-

Figure 1. Measurement of scapular upward rotation using a
modified digital inclinometer. Reprinted with kind permission of
Springer Science and Business Media from Thomas SJ, Swanik KA,
Swanik CB, Kelly JD IV. Internal rotation deficits affect scapular
positioning in baseball players [published online ahead of print
October 20, 2009]. Clin Orthop Rel Res. doi:10.1007/s11999-009-
1124-z.

ders were measured and then remeasured 3 to 5 days later.
The ICC (2,1) and standard error of measurement values
for scapular upward rotation were 0.967 and 0.70°, 0.946
and 1.55°,0.974 and 0.86°, and 0.965 and 0.89° at rest and
at 60°, 90°, and 120° of glenohumeral abduction,
respectively.23

Scapular protraction was measured using the Kibler
lateral scapular slide test!® with a vernier caliper (model
505-633-50; Mitutoyo UK Ltd, Hampshire, United King-
dom; Figure 2) recorded in centimeters. A priori test-retest
reliability of the scapular protraction measurements was
assessed by the primary investigator (S.J.T.). Thirty-six
healthy shoulders were measured and then remeasured 3 to
5 days later. The ICC and standard error of measurement
values for scapular protraction were 0.935 and 0.328 cm,
0.970 and 0.186 cm, and 0.975 and 0.231 cm at rest, hands
on hips, and 90° of glenohumeral abduction, respectively.23

Figure 2. Measurement of scapular protraction using vernier
caliper. Reprinted with kind permission of Springer Science and
Business Media from Thomas SJ, Swanik KA, Swanik CB, Kelly JD
IV. Internal rotation deficits affect scapular positioning in baseball
players [published online ahead of print October 20, 2009]. Clin
Orthop Rel Res. doi:10.1007/s11999-009-1124-z.
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Procedures

Passive internal and external rotation measurements
were taken in the supine position, with the glenohumeral
joint in 90° of abduction. The scapula was then stabilized
by the tester’s hand, and the arm was rotated until scapular
motion was detected.25 The inclinometer was placed on the
dorsal surface of the forearm, and the hold button was
pressed to record the measurement. This procedure was
repeated 3 times, and the average of the 3 measurements
was used. All measurements were taken bilaterally by the
primary investigator (S.J.T.), who was blinded to the arm
dominance of the athlete, and the order of testing was
alternated.

Scapular upward rotation measurements were taken
with the participant standing in normal, relaxed posture. A
guide pole was used to help position the participant’s arm
at the 60°, 90°, and 120° of abduction positions. When the
appropriate amount of abduction was achieved, a pin was
inserted into the guide pole. The volunteer was asked to
abduct the arm until it was positioned against the pin and
hold this position until the measurement was recorded. The
lateral arm of the inclinometer was then placed over the
posterior-lateral acromion, and the medial arm was placed
over the root of the scapular spine. The hold button was
pressed to record the measurement. This procedure was
repeated twice, and the average of the 2 measurements was
used. All measurements were taken bilaterally by the
primary investigator (S.J.T.).

Scapular protraction measurements were taken with the
participant standing with normal, relaxed posture. The
measurements were performed at 3 different positions (rest,
hands on hips, and 90° of glenohumeral abduction with
maximum internal rotation). First, the inferior angle of the
scapula was palpated, and the lateral arm of the caliper was
placed at the tip of the inferior angle. The medial arm of
the caliper was then positioned at the corresponding
spinous process, and the measurement was recorded. This
procedure was repeated 3 times, and the average of the
measurements was used for analysis.

Data Analysis

Data analysis consisted of interferential and descriptive
statistics. Separate 2-way multivariate analyses of variance
were performed for the difference in scapular upward
rotation and protraction. Follow-up, 2-way multivariate
analyses of variance were performed on dominant-side and
nondominant-side scapular upward rotation. Separate, 2-
way analyses of variance were performed for GIRD, ERG,
and TMD (a = .05). We used SPSS (version 13.0; SPSS
Inc, Chicago, IL) for data analysis.

RESULTS

Means and SDs for GIRD, ERG, and TMD are
presented in Table 1. Overall, high school players had less
GIRD (P = .028; Figure 3), greater ERG (P = .028;
Figure 4), and less TMD (P = .009; Figure 5) than
collegiate baseball players. Means and SDs for scapular
upward rotation difference are presented in Table 2. Main
effects were found for level of competition (P = .005).
Follow-up analyses of variance revealed that scapular
upward rotation difference at the rest position was less for

Table 1. Glenohumeral Range of Motion in Collegiate and High
School Baseball Players, Mean + SD, °

Baseball Players

Glenohumeral Range

of Motion Collegiate High School
Internal-rotation deficit 17.04 = 8.6 12.24 + 5.34a
External-rotation gain 2.33 = 4.46 493 £ 2.73
Total motion deficit 13.78 = 8.72 8.05 = 5.20

@ Difference between collegiate and high school players (P < .05).

high school than for collegiate players (P = .0001). Because
scapular upward rotation was not different between
groups, the dominant and nondominant sides were
examined separately. Overall, high school players had
greater scapular upward rotation on the dominant side at
the 90° (P = .015) and 120° positions (P = .025) than
collegiate baseball players (Table 3). High school players
also had greater scapular upward rotation on the
nondominant side at the 90° (P = .007) and 120° positions
(P = .005) than collegiate players (Table 3). Main effects
for scapular protraction difference were found between
levels of competition (P = .029), and follow-up analyses of
variance revealed that scapular protraction differences at
the hands-on-hips (P = .021) and 90° (P = .001) positions
were less for high school than for collegiate baseball
players (Table 4).

DISCUSSION

We identified less GIRD, TMD, and scapular protrac-
tion difference in high school baseball players than in
collegiate baseball players. High school baseball players
had more ERG and scapular upward rotation than
collegiate baseball players. Increased GIRD, ERG and
scapular protraction have been commonly observed in
athletes with shoulder conditions.5-6.26

Glenohumeral Internal-Rotation Deficit

Glenohumeral stability is maintained during overhead
throwing by the continual effort of the passive and active
restraints. The ligaments and capsule provide passive
support, while the surrounding muscles optimize dynamic

25 -

20 - a

Glenohumeral Internal-
Rotation Deficit, Degrees
()]

Collegiate High school

Baseball Players

Figure 3. Glenohumeral internal-rotation deficits in collegiate
versus high school baseball players. ? Difference between colle-
giate and high school players was significant (P < .05).
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Figure 4. Glenohumeral external-rotation gains in collegiate ver-
sus high school baseball players. ? Difference between collegiate
and high school players was significant (P < .05).

stability by steering and compressing the humeral head in
the glenoid fossa.11.27-29 The rotator cuff muscles concen-
trically contract to accelerate the arm forward and also
eccentrically lengthen to decelerate the humerus during
overhead throwing.11.30 The clinical presentation of GIRD
is thought to result from chronic eccentric loading to the
posterior capsule, which prolongs increased fibroblastic
activity during the healing response.6 Several groups!s.16.31
agreed that the chronic stress of the overhead throw and
the excessive repetitions may predispose the shoulder girdle
to injury and that GIRD may be the “‘seminal event” for a
cascade of pathologic changes in the throwing shoulder.6.32
This posterior capsular thickening is thought to alter the
arthrokinematics of the humeral head by forcing it in a
posterior-superior direction.33.34 Shifting the glenohumer-
al axis of rotation posterior and superior is believed to put
the shoulder at risk for SLAP (superior labrum anterior to
posterior) lesions, rotator cuff tears, and internal impinge-
ment syndrome.15.35

In our study, GIRD was less in high school than in
collegiate baseball players. Our finding supports that of
previous researchers,!12 who demonstrated a correlation
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Figure 5. Total motion deficits in collegiate versus high school
baseball players. ® Difference between collegiate and high school
players was significant (P < .05).

Table 2. Scapular Upward Rotation Differences in Collegiate and
High School Baseball Players, Mean + SD, °

Baseball Players

Position Collegiate High School
0° 240 = 47 —1.79 = 2.47a
60° 3.32 £ 5.87 0.929 * 5.64
90° 3.03 = 5.36 2.41 = 6.10
120° 3.18 = 4.81 1.83 = 4.63

@ Difference between collegiate and high school players (P < .05).

between loss of internal rotation and years of play in junior
elite tennis. Burkhart et all5 believed that the primal event
in developing a “shoulder at risk” is GIRD. They
suggested that GIRD stresses and inhibits the scapular
stabilizing muscles, which eventually leads to scapular
dyskinesis. Our data demonstrate that collegiate baseball
players, who presumably have endured more throwing
exposures, have both increased amounts of GIRD and
alterations in scapular motion. However, the progression
of these adaptations cannot be ascertained from this study.
Therefore, if GIRD and scapular alterations (decreased
upward rotation and increased anterior tilting and
protraction) are identified and treated early, further
progression of these changes and even injury may be
prevented.

Glenohumeral External Rotation Gain

The ERG was greater in high school than in collegiate
baseball players. Two groups3!.36 suggested that repetitive
overhead motions cause anterior capsule stretching, which
is demonstrated by increases in external rotation. One
possible explanation for the present results may be
tightness of the pectoralis major muscle or any of the large
internal rotators (or both) in the collegiate cohort. We
recorded external-rotation measurements with the scapula
stabilized, which may have limited total external rotation.
Evidence for this theory is provided by investigators37 who
observed increases in internal rotation strength over the
course of a swimming season. We did not measure
pectoralis tightness, and therefore can only speculate about
this theory. More studies are warranted to examine the
effect of pectoralis tightness on ERG. Less ERG may also
mitigate the changes in TMD seen in the collegiate group.
Clinically, this suggests that repetitive overhead throwing
may not cause anterior capsule laxity or it may only occur
later in the career of overhead throwers. Additional

Table 3. Scapular Upward Rotation in Collegiate and High School
Baseball Players, Mean += SD, °

Scapular Upward Baseball Players

Rotation Position Collegiate High School
Dominant arm 0° 717 = 4.36 1.93 £ 3.45
60° 16.07 + 6.46 16.85 + 5.38
90° 27.42 = 558 31.583 + 5.77a
120° 39.22 + 4.21 42.2 + 4.82a

Nondominant arm 0° 481 = 3.0 3.43 + 2.8
60° 13.05 = 5.72 15.55 + 4.78
90° 24.69 = 5.37 28.62 + 4.28a
120° 36.37 = 4.63  39.81 £ 3.42a

@ Difference between collegiate and high school players (P < .05).
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Table 4. The Kibler Lateral Scapular Slide Difference in Collegiate
and High School Baseball Players, Mean + SD, °

Baseball Players

Position Collegiate High School
0° 0.408 * 1.02 0.008 = 0.643
Hands on hips 0.793 = 1.21 0.028 = 0.951a
90° 1.58 = 1.52 0.223 = 0.9822

@ Difference between collegiate and high school players (P < .05).

research is needed before pectoralis stretching can be
suggested as a therapeutic exercise in this population.

Glenohumeral Total Motion Difference

Wilk et all®8 proposed the total motion concept,
suggesting that if total motion is equal bilaterally, any
change in the arc of motion is due to humeral retroversion
and therefore should not be a concern. We observed that
high school players had less TMD than collegiate baseball
players. This is presumably because of GIRD rather than
bony remodeling.18.38-40 Because internal rotation was less
in collegiate players, the larger GIRD should only be
ascribed to soft tissue changes.4! As stated previously, the
soft tissue adaptation to chronic distractive posterior
glenohumeral forces is thought to be a tightened, thickened
posterior capsule.!5 However, other authors®10 have
generalized this adaptation to posterior shoulder tightness,
which may include posterior rotator cuff and posterior
capsular tightness. These soft tissue adaptations have also
been associated with changes in scapular upward rotation
and protraction.5.6:21 The observed alteration in TMD may
suggest that posterior shoulder stretching is warranted to
help minimize any further decreases that may be caused by
posterior shoulder tightness.

Scapular Upward Rotation Difference

Scapular dyskinesis is commonly linked to glenohumeral
joint injury in the overhead athletic population.5.11.19-21 A
decrease in scapular upward rotation is thought to decrease
the subacromial space and may cause subacromial
impingement at greater degrees of glenohumeral abduc-
tion.42-44 Recently, a number of authors2442.45.46 have
objectively measured scapular upward rotation in overhead
athletes using the digital inclinometer.

Our results revealed that scapular upward rotation
differences at rest were greater in collegiate than in high
school athletes. This finding is likely because of variability
in participants’ resting posture. Previous investiga-
tors7.32:42,46-50 have found that scapular upward rotation
at the resting position ranges from —2° to 5° in healthy
volunteers because of posture. Slouching, rounded shoul-
ders, and increased thoracic kyphosis place the scapula in a
resting position with altered upward rotation rather than
an upright posture.4%-50 At 90° and 120° of glenohumeral
abduction, high school throwers had more scapular
upward rotation than their collegiate counterparts on both
the dominant and nondominant sides. Decreased active
scapular upward rotation causes ‘‘scapular lag” with
abduction and approximates the acromion closer to the
leading edge of the rotator cuff. Presumably, the decreased
upward rotation during active shoulder abduction is due to
inhibition of scapular rotators, especially the serratus

anterior and lower trapezius.5-2° The decreases in nondom-
inant-side scapular upward rotation may suggest a negative
cross-transfer effect of the scapular stabilizers’ neuromus-
cular control. Cross-transfer effects have been associated
with increased neuromuscular strength and endurance in
the nondominant arm due solely to training in the
dominant arm.51-53 Our findings may indicate that cross-
transfer is present with inhibitory effects as well. More
studies are warranted to further investigate this observa-
tion. Clinically, the results suggest that bilateral scapular
strengthening should be performed to help combat the
decreases in upward rotation that may place the athlete at
increased risk for injury.

Scapular Protraction Difference

Scapular protraction is critical to overall performance in
overhead throwing. During the deceleration or follow-
through phases of the overhead throw, the scapula must
protract around the thoracic wall to help dissipate the large
forces placed on the glenohumeral joint.5.11 Patients with
shoulder injuries also present with scapular dyskinesis,
such that the scapula is observed to be in a more protracted
and internally rotated position.5.6.54 Kiblers stated that
throwers with significant GIRD, in an effort to follow
through effectively, bring their scapulae “up and around”
the thoracic cage to gain humeral internal rotation. This, in
time, may also increase scapular protraction and upward
rotation at rest as a result of soft tissue adaptation. We
found that collegiate players (who also had greater GIRD)
presented with more scapular protraction than high school
players. A number of authors5.9:43.55.56 have suggested that
increased protraction coupled with GIRD is likely to
increase subacromial impingement, potentiate anterior
instability by increasing scapular anterior tilting, decrease
rotator cuff strength, and promote internal impingement.
Posterior shoulder stretching coupled with scapular
strengthening may prevent further progression of scapular
protraction, which has been shown to decrease the
subacromial space.57

Limitations

Some limitations to this study should be acknowledged.
First, pitchers and position players were analyzed together.
We know that pitchers subject their shoulders to additional
stress because of the high number of repetitions during
each game. However, in a recent study conducted in our
laboratory using the current methods, pitchers had
increased GIRD and decreased total motion compared
with position players. No differences were observed
between pitchers and position players for scapular mea-
surements.58 Next, throwing exposures were not cata-
logued. A basic assumption is that collegiate throwers have
subjected their shoulders to more throwing exposures.
However, we have no direct data to validate this. Also,
only 2 of the possible 5 degrees of freedom were measured
for the scapula. This is a limitation because of the potential
injury risk from alterations in the other scapular motions.
Yet to our knowledge, scapular upward rotation and
protraction are the only valid and reliable measurements
that can be observed clinically.5.19.24.48 Currently, a 3-
dimensional electromagnetic tracking system can be used
to measure all 5 degrees of scapular motion. However, this
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technique does not translate well to the clinician, and
questions remain as to its validity and reliability because of
skin motion between the sensor and the scapula.’® For
scapular protraction, the distance from the inferior angle of
the scapula to the spinous process is measured. One
potential problem with this measurement is that if less
scapular upward rotation is present, the inferior angle may
be closer to the spinous process only because of a change in
upward rotation and not because of a change in
protraction. This would yield a scapular protraction
measurement that is less than on the nondominant side.
Methods should be developed to account for this
measurement limitation. New clinical techniques to assess
the other degrees of freedom at the scapula would be
beneficial and add clarity to the results we observed.
Finally, glenohumeral and scapular muscle strength were
not assessed and may play a role in the alterations that
were observed between collegiate and high school baseball
players.

CONCLUSIONS

Division I collegiate baseball players demonstrated
greater GIRD, TMD, and scapular protraction than their
high school counterparts. They also demonstrated less
ERG and scapular upward rotation. Our findings suggest
that less TMD caused by GIRD may be the mechanism
resulting in compensatory scapular motions. A dose-
response relationship of GIRD’s effect on scapular
dyskinesis may exist, with increasing exposure to GIRD
presenting with a greater likelihood of scapular positional
changes. Scapular upward rotation and protraction chang-
es may decrease rotator cuff efficiency, increase stress on
the anterior capsular restraints, and potentiate internal
impingement. Early efforts to minimize internal-rotation
deficits in high school may prevent the development of
scapular malposition and its negative consequences on the
rotator cuff and glenoid labrum integrity.
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