
During throwing, the scapula must act as the stable base
of support between the humerus and trunk while still
allowing for the high degree of movement needed from the
upper extremity. This is accomplished by the scapula’s
ability to move in 3 dimensions (3D) about the trunk while
still maintaining glenoid-humeral alignment and proper
angulation of the humerus with the trunk.4,14,15

To maintain joint congruency, the scapula has a high
degree of mobility that includes its ability to upwardly/
downwardly rotate, internally/externally rotate, tip anteri-

orly/posteriorly, elevate/depress, and protract/retract on
the trunk.13,21 Commonly, protraction/retraction, elevation/
depression, and upward/downward rotation are 3 groups
of scapular movement that are described as being impor-
tant for the throwing motion. During throwing, the scapula
must retract to facilitate the cocking position followed by
protraction to achieve acceleration and subsequent decel-
eration.4,14 Coordinated elevation and upward rotation of
the scapula with the humerus is important for maintain-
ing sufficient subacromial space as the humerus is elevat-
ed to approximately 90° during the throwing motion, thus
avoiding impingement of the rotator cuff in this posi-
tion.5,8,9,14 Proper 3D position of the scapula relative to the
humerus and trunk is also important for muscle function
because the scapula acts as the common point of attach-
ment of the rotator cuff and primary humeral movers such
as the biceps, deltoid, and triceps, as well as several scapu-
lar stabilizers. Poor position and movement of the scapula
can lead to alterations to the relationship between length
and tension of each muscle, thus adversely affecting mus-
cle force generation.
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Altered scapular orientation has been implicated in
shoulder injury. Ludewig and Cook17 assessed scapular
kinematics using an electromagnetic tracking device in
patients with subacromial impingement. Their results
demonstrated both decreased upward scapular rotation
and decreased posterior tipping during humeral elevation
in the patients with subacromial impingement. Similar
results were reported by Lukasiewicz et al,20 in that
patients with symptomatic subacromial impingement had
less posterior tipping as well as less scapular elevation. In
throwing athletes, Burkhart et al and Kibler have provided
a thorough description of how 3D scapular dyskinesis is
associated with subacromial impingement, labral abnor-
mality, and rotator cuff tears.3,4,14,15

Despite the recognized importance of proper 3D motion
of the scapula in throwers, little research to date has
examined the scapular position and orientation in throw-
ing athletes. In a series of studies, Downar et al,
Mourtacos et al, and Sauers et al6,25,28 assessed scapular
upward rotation in baseball players of various skills. Their
results demonstrated that in both Little League–aged
players (10-13 years of age) and professional baseball play-
ers, the throwing shoulder demonstrated more upward
rotation of the scapula than the nonthrowing shoul-
der.6,25,28 Although these findings related to upward scapu-
lar rotation provide clinicians with valuable insight into
the scapular movement patterns present in throwers,
scapular movement entails more motions than just scapu-
lar upward rotation. In addition, scapular dysfunction is
often implicated as a contributor to shoulder injury in
throwing athletes. As part of the injury evaluation process,
clinicians will visually observe scapular motion during
humeral elevation in hopes that dysfunction can be identi-
fied. Despite the fact that scapular examination is often
included as part of the injury evaluation process, no
research to date has described what scapular motion pat-
terns are present in healthy throwing athletes. Thus,
observing dysfunction may be difficult given that the nor-
mative data necessary for comparison are minimal. No one
to date has described the 3D scapular positions and orien-
tations present in throwing athletes. The purpose of this
study was to measure and compare 3D scapular position
and orientation between competitive throwing athletes
and a nonthrowing control group during scapular plane
humeral elevation. It was hypothesized that in addition to
the chronic adaptation in scapular upward rotation reported
in the literature,6,25,28 movement adaptations in internal/
external rotation, anterior/posterior tipping, elevation/
depression, and protraction/retraction will also be present.

MATERIALS AND METHODS

Subjects

Forty-two volunteers encompassing 2 groups participated
in the current study. A group of throwing athletes consisted
of 21 male subjects who had been participating in organ-
ized, competitive baseball for at least the past 5 years. The
average duration of participation of the throwing group

was 13.71 ± 2.43 years. This group consisted of 9 pitchers
and 12 field position players (6 infielders and 6 outfield-
ers). A control group consisted of 21 male subjects who
were matched according to age, height, mass, and domi-
nant limb to the subjects in throwing group but with no
significant history of participation in overhead athletics.
Potential control group subjects were excluded if they had
a history of competitive participation or were currently
active in traditional overhead sports such as baseball, soft-
ball, racket sports, and swimming. All subjects in the con-
trol group were physically active at least 2 to 3 times per
week. All participants in the current study were free of
significant upper extremity injury history (ie, no history of
physician examination for upper extremity injury).
Complete subject demographics appear in Table 1.

Instrumentation

Scapula and humerus kinematic data were collected using
the Motion Monitor (Innovative Sports Training Inc,
Chicago, Ill) electromagnetic tracking device. The Motion
Monitor software uses data conveyed by electromagnetic
receivers for the calculation of receiver position and orien-
tation relative to an electromagnetic transmitter. The spe-
cific hardware used in this investigation consisted of an
extended-range direct current transmitter and 4 receivers.
The instrumentation sampling frequency used for all kine-
matic assessments in the current study was 100 Hz.
Determination of position and orientation accuracy per-
formed in our research laboratory yielded a root mean
square error of 0.004 m and 0.3°, respectively.

A Biodex System 3 isokinetic dynamometer (Biodex
Medical, Shirley, NY) was used in the current study before
kinematic assessment to determine the amount of load
that each subject would hold during the kinematic trials.27

The Biodex system uses a dynamometer containing strain
gauges and potentiometers to measure torque output from
almost any joint. Torque can be measured through concen-
tric, eccentric, and isometric resistance at dynamometer
speeds ranging from 0°/s up to 500°/s. In the current study,
isometric torque of shoulder elevation was quantified.

Procedures

Before testing, each subject signed an informed consent
form as required by the University Institutional Review
Board. Next, each subject’s maximum elevation torque

TABLE 1
Subject Demographics

Throwers Group Control Group

Mean ±SD Mean ±SD

Age, y 21.57 1.77 24.64 4.04
Height, m 1.80 0.60 1.76 0.07
Mass, kg 86.86 11.77 78.01 11.71
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output was recorded with the Biodex System 3 dynamome-
ter. These data were subsequently used to determine the
amount of mass that would be held by each subject during
the scapular kinematic assessment trials.27 Each subject
was seated in an upright position on the Biodex System 3
isokinetic device with his or her dominant upper extremity
positioned in the scapular plane (30° anterior to the
frontal plane), 20° of elevation, and the axis of gleno-
humeral joint rotation aligned with the axis of rotation of
the dynamometer. The dominant limb was defined as the
limb the subject uses to throw a ball, and this limb was
used for all testing. After 3 warm-up trials, testing con-
sisted of three 5-second maximum, isometric elevation
contractions. Each repetition was separated by a 10-sec-
ond rest period. The mean torque of the 3 trials produced
during the isometric elevation test was normalized to the
length of the subject’s arm (acromion to the first web space
with the arm fully extended). Twenty-five percent of the
normalized torque was the mass held during the humeral
elevation trials.

After mass determination, each subject had 3 electro-
magnetic receivers secured to various anatomical land-
marks for kinematic analysis of the scapula and humerus
(Figure 1). Electromagnetic receivers were secured with
double-sided adhesive disks (3M Health Care, St. Paul,
Minn) and hypoallergenic tape (to further reduce receiver-
to-skin movement) superficial to the seventh cervical ver-
tebra and on the flat, broad portion of the acromion on the
scapula. A third electromagnetic receiver was secured to
the midportion of the humerus using a neoprene cuff. The
receiver positions of the scapula and humerus were previ-
ously validated using bone-fixed markers and shown to
accurately represent movement of their respective seg-
ments.13,19 A fourth receiver was attached to a stylus that

was used for the digitization of landmarks described in the
subsequent section.22,23

While the subjects stood with their arms at their sides,
several bony landmarks on the thorax, scapula, and
humerus of the dominant limb were palpated and digitized
with the stylus. The digitized landmarks appear in Table
2. Digitization of the bony landmarks allowed transforma-
tion of the receiver data from a global coordinate system to
anatomically based local coordinate systems (Figure 2).
Testing consisted of subjects holding the predetermined
load (described above) in their hands with the forearm
rotated so that the thumb was pointing superior while ele-
vating the humerus in the scapular plane. Humeral eleva-
tion/depression began with the arm in the resting position
at the subject’s side (referred to as 0° of elevation through-
out this article), progressing toward full elevation (maxi-
mum amount of elevation each subject could obtain), and
then returning to the resting position. Humeral elevation
and depression in the scapular plane was maintained
through the use of a guide tube (Figure 1). Each subject
performed 10 continuous repetitions lasting 4 seconds
each (2 seconds to reach maximum elevation and 2 seconds
to return to the starting position) with assistance from a
metronome. Reliability of the scapulohumeral kinematic
protocol used in the current study has been recently pre-
sented (intraclass correlation coefficient, .63-.96).26 The
elevation/depression task used in the current study was
chosen because it is a noninvasive, in vivo, validated
means of assessing scapular kinematics13; it replicates a
substantial amount of previously published research that
has assessed scapular position and orientation, making
comparison with previous work feasible; it is sensitive to
show changes associated with shoulder abnormality (sub-
acromial impingement)17,18 and scapular stabilizer muscle
fatigue32; and it mimics how clinicians typically observe
scapular dyskinesis during shoulder injury evaluation.16

Data Reduction and Analysis

Raw kinematic data were filtered with a low-pass fourth-
order zero-phase shift filter with a cutoff frequency of 10
Hz. Receiver position and orientation data of the thoracic,
scapular, and humeral receivers were transformed into a
local coordinate system for each of the respective seg-
ments. Definitions of the local coordinate systems can be
obtained from Table 3 and observed in Figure 2. The coor-
dinate systems used were in accordance with recommen-
dations from the International Shoulder Group of the
International Society of Biomechanics.33 In general, 2
points first described the longitudinal axis of a segment,
and a third point defined the plane. A second axis is
defined perpendicular to the plane, and the third axis is
defined as perpendicular to both of the first 2 axes. When
standing in a neutral stance, the orthogonal coordinate
system for each segment is vertical (y-axis), horizontal to
the right (x-axis), and posterior (z-axis). Matrix transfor-
mations for each of the segments were used to move from
the global to local coordinate systems, producing a 4 × 4
position and orientation matrix.

Figure 1. A participant performing humeral elevation during
collection.
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Euler angle decompositions were used to determine the
scapular and humeral orientation with respect to the tho-
rax. Orientation of the scapula was determined as rotation
about the y-axis of the scapular (internal/external rota-
tion), rotation about the z-axis of the scapula
(upward/downward rotation), and rotation about the x-
axis of the scapula (anterior/posterior tipping) (Figure 3).
Humeral orientation was determined as rotation about the
y-axis of the humerus (plane of elevation), rotation about
the z-axis (elevation), and rotation about the y-axis (axial

rotation). Each of these rotations was chosen based on the
recommendations of the International Shoulder Group.33

The Euler angle sequences were used to most closely rep-
resent clinical definitions of movements and to decrease
mathematical inconsistencies (ie, gimble lock).12,33

Position of the scapula was also described. Scapulothoracic
movement does not involve any bone-to-bone contact, and
the scapula does not attach via direct contact to the tho-
rax. The only attachment of these 2 segments is via the
clavicle, a rigid body with a fixed length. As such, the posi-
tion of the scapula can be described by 2 degrees of free-
dom, as if in spherical space, by both elevation/depression
and protraction/retraction.13,21 The positions of the angu-
lus acromialis (AA) and incisura jugularis (IJ) points with
respect to the global coordinate system (tracked by the
scapular and thoracic receivers, respectively) were used to
calculate a vector from the IJ point to the AA point. The

TABLE 2
Description of Bony Landmarks

Bony Landmarks Description of Palpation Point

Thorax
Eighth thoracic spinous process (T8) Most dorsal point
Processus xiphoideus (PX) Most caudal point of sternum
Seventh cervical spinous process (C7) Most dorsal point
Incisura jugularis (IJ) Most cranial point of the sternum (suprasternal notch)

Scapula
Angulus acromialis (AA) Most lateral-dorsal point of scapula
Trigonum spinae (TS) Midpoint of triangular surface on the medial border of the scapula in line 

with the scapular spine
Angulus inferior (AI) Most caudal point of scapula

Humerus
Medial epicondyle (ME) Most medial point on the medial epicondyle
Lateral epicondyle (LE) Most lateral point on the lateral epicondyle
Glenohumeral joint center (GH)a

aThe glenohumeral joint center was not palpated but rather estimated with a least squares algorithm for the point on the humerus that
moves the least during several short arc humeral movements.11,31

Figure 2. Bony landmarks and local coordinate systems of
the trunk, scapula, and humerus. See Table 2 for a descrip-
tion of the bony landmarks and Table 3 for definitions of the
local coordinate systems.

Figure 3. Scapular position and orientations assessed in the
current study.
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angle of this vector relative to the transverse plane that
bisects the IJ point represents elevation/depression of the
scapula. For protraction/retraction, this vector was pro-
jected onto the transverse plane bisecting IJ and is calcu-
lated as the angle between this projection and the frontal
plane that bisects IJ.

Both the position and orientation of the scapula were
analyzed at the initiation of movement (0°), 30°, 60°, 90°,
and 120° of humeral elevation. No data above 120° of ele-
vation were analyzed because of the lack of accuracy that
could occur.13 An independent sample t test (SPSS version
11.0, SPSS Science Inc, Chicago, Ill) was used to compare
group differences for all variables assessed. An α level of
.05 was set before all analyses.

RESULTS

The throwing group in the current study demonstrated
significantly increased upward rotation of the scapula at

0° (P = .010), 30° (P = .006), 60° (P = .004), 90° (P = .001),
and 120° (P = .013) of humeral elevation in the scapular
plane (Figure 4). Scapular internal rotation was signifi-
cantly increased in the throwing group at 0° (P = .039), 30°
(P = .027), 60° (P = .027), 90° (P = .011), and 120° (P = .018)
(Figure 5). Significant increases in the amount of retrac-
tion were present in the throwing group at 90° (P = .050)
and 120° (P = .005) of humeral elevation (Figure 6). No
significant differences existed between the throwing and
control subjects for the anterior/posterior tipping and the
elevation/depression variables. The descriptive statistics
for all scapular kinematic variables appear in Table 4.

DISCUSSION

The purpose of this study was to measure and compare 3D
scapular position and orientation between competitive
throwing athletes and a nonthrowing control group during
scapular plane humeral elevation. The results indicate

TABLE 3
Definitions of Local Coordinate Systems

Local 
Coordinate 
System Axis Definitiona

Thorax yt Vector from the midpoint of PX and T8 to the midpoint between IJ and C7
xt Vector perpendicular to the plane fitted by midpoint of PX and T8, the midpoint of IJ and C7, and IJ
zt Vector perpendicular to xt and yt
Origin IJ

Scapula xs Vector from TS to AA
ys Vector perpendicular to the plane fitted by TS, AA, and AI (scapular plane)
zs Vector perpendicular to xs and ys
Origin AA

Humerus yh Vector from midpoint of ME and LE to GH
xh Vector perpendicular to the plane fitted by GH, ME, and LE
zh Perpendicular to yh and xh
Origin GH

aPX, processus xiphoideus; T8, eighth thoracic spinous process; IJ, incisura jugularis; C7, seventh cervical spinous process; TS, trigonum
spinae; AA, angulus acromialis; AI, angulus inferior; ME, medial epicondyle; LE, lateral epicondyle; GH, glenohumeral joint center.

Figure 4. Scapular upward/downward rotation in the throw-
ing and control groups. *, significantly increased upward rota-
tion in the throwing group compared to the control group.

Figure 5. Scapular internal/external rotation in the throwing
and control groups. *, significantly increased internal rotation
in the throwing group compared to the control group.
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that throwing athletes have scapular position and orienta-
tion differences including increased upward rotation,
internal rotation, and retraction.

It has been suggested that the presence of sufficient
upward rotation during throwing is vital to injury-free

performance by clearing the acromion from the underlying
subacromial structures, thus preventing subacromial
impingement.14,24 The results suggest that throwers have
adapted the amount of upward rotation present in their
scapula (Figure 4). These results are consistent with oth-
ers studies reported in the literature.6,25,28 Both Sauers
et al28 and Downar et al6 assessed scapular upward rota-
tion in professional baseball players and demonstrated
that the dominant limb has increased scapular upward
rotation compared to the nondominant limb. The results of
these studies as well as the current study suggest that the
increased scapular upward rotation is a chronic adapta-
tion to achieve the subacromial clearance needed during
the throwing motion for improved throwing skill and pos-
sibly injury prevention.

Loss of upward rotation has been implicated in shoulder
injury. Using an electromagnetic tracking device and sim-
ilar methodology to the current study, Ludewig and Cook17

demonstrated that patients with subacromial impinge-
ment demonstrate decreased upward scapular rotation.
Endo et al7 reported that patients with chronic subacromial
impingement exhibit decreased upward rotation at 90° of
humeral elevation, a position commonly associated with

TABLE 4
Scapular Kinematic Data Descriptive Statistics

Throwing Group Control Group

Mean ±SD Mean ±SD P

Scapular upward/downward rotation
0° humeral elevationa 4.02 7.46 –2.73 8.74 .010
30° humeral elevationa 9.24 7.23 2.34 8.00 .006
60° humeral elevationa 18.53 6.88 11.67 7.59 .004
90° humeral elevationa 26.90 7.08 18.01 9.36 .001
120° humeral elevationa 31.68 7.46 24.88 9.35 .013

Scapular internal/external rotation
0° humeral elevationa 33.92 9.32 27.79 9.24 .039
30° humeral elevationa 36.58 9.29 29.85 9.71 .027
60° humeral elevationa 40.80 6.88 33.65 10.10 .027
90° humeral elevationa 45.60 10.28 36.88 10.93 .011
120° humeral elevationa 47.97 10.69 38.97 12.83 .018

Scapular anterior/posterior tipping
0° humeral elevation –12.40 8.53 –10.85 5.57 .587
30° humeral elevation –11.02 6.73 –7.61 4.51 .061
60° humeral elevation –9.74 7.73 –6.21 5.36 .093
90° humeral elevation –8.57 8.17 –4.22 6.30 .060
120° humeral elevation 0.083 5.90 3.15 9.74 .117

Scapular protraction/retraction
0° humeral elevation –27.87 6.75 –25.80 5.25 .275
30° humeral elevation –30.87 7.01 –28.94 6.07 .346
60° humeral elevation –32.94 7.30 –30.25 6.89 .227
90° humeral elevationa –35.82 7.12 –31.62 6.46 .050
120° humeral elevationa –40.94 4.18 –36.13 6.03 .005

Scapular elevation/depression
0° humeral elevation 0.33 4.31 –2.64 5.91 .070
30° humeral elevation 2.17 4.04 –0.69 6.44 .092
60° humeral elevation 5.50 5.95 3.41 6.17 .271
90° humeral elevation 9.48 6.32 7.40 5.94 .280
120° humeral elevation 12.23 4.32 9.94 5.73 .151

aSignificant difference between the throwing and control groups.

Figure 6. Scapular protraction/retraction in the throwing and
control groups. *, significantly increased retraction in the
throwing group compared to the control group.
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the impingement zone. Thus, a loss of upward scapular
rotation and resulting increased loss in acromial elevation
perpetuate impingement of the subacromial structures.

Fatigue of the muscles about the shoulder has been
demonstrated to adversely affect scapular movement,
specifically upward rotation. Tsai et al32 assessed scapular
kinematics before and after an external rotation fatiguing
task. After fatigue, upward rotation, external rotation, and
posterior tipping of scapula were decreased. In a popula-
tion of throwing athletes, Birkelo et al1 reported that
scapular upward rotation and external rotation were sig-
nificantly decreased after a bout of throwing equivalent to
approximately 5 innings. Swimmers demonstrated similar
losses of upward rotation after a bout of swimming equiv-
alent to a typical National Collegiate Athletic Association
Division I swim practice.29 In the current study, the throw-
ing athletes demonstrated increased upward rotation, but
it must be noted that this was in a population of throwers
with no history of shoulder injury or under no influence of
fatigue. No studies to date have compared a group of
throwing athletes to nonthrowing athletes to determine if
a difference in scapular position and orientation existed
before fatigue. Future direction should focus on the
assessment of scapular kinematics during and after game
participation and whether (and when) fatigue results in a
decrease in scapular upward rotation.

The throwing athletes in the current study also exhibited
increased internal rotation of the scapula during all phases
of scapular elevation (Figure 5). Clinically, this motion is
commonly described as “scapular protraction” and/or
“scapular winging.” However, internal/external rotation
and protraction/retraction are often used interchangeably,
yet when referring to 3D motion of the scapula, protrac-
tion/retraction and internal/external rotation are in fact 2
different sets of motions, unlike the way they are com-
monly described clinically. As described in the Methods
section, internal/external rotation represents motion
about the vertical axis of the scapula, whereas protraction/
retraction represents the medial-lateral scapular movement
around the thorax. The increased internal rotation may be
problematic given that scapular internal rotation (described
as “protraction” by Solem-Bertoft et al30) results in a
decrease of the subacromial space30 and an inability of the
greater tuberosity of the humerus to pass freely under the
acromion during humeral elevation.2

Burkhart et al4 described the presence of a “SICK”
scapula in throwing athletes with labral abnormality, sub-
acromial impingement, and/or rotator cuff lesion com-
plaints. A SICK scapula is an asymmetric malposition of
the scapula in which the Scapula has Inferior medial bor-
der prominence, Coracoid pain and malposition, and
dysKinesis of movement. A thrower with a SICK scapula
exhibits an apparent dropped shoulder to visual inspec-
tion, but in fact, the scapula is internally rotated about its
vertical axis, resulting in a prominent medial border.4 The
increased scapular internal rotation seen in healthy
throwers such as in the current study may account for
some of the prominent medial border (scapular internal
rotation) present in throwers with a SICK scapula and
accompanying shoulder abnormality. Burkhart et al4

reported that in unpublished data (by P. Donley and J.
Cooper), a group of 19 healthy pitchers exhibited no evi-
dence of a SICK scapula or even scapular asymmetry as
measured qualitatively with a 20-point SICK scapula visual
assessment rating scale, rather than a quantitative bio-
mechanical assessment such as in the current study.
Scapular asymmetry in throwers has been quantitatively
demonstrated.6,25,28 The contribution of the scapular adap-
tations seen in the current study to the SICK scapula seen
in the shoulders of injured throwers warrants further
investigation.

Like upward and internal rotation, adaptations in
scapular retraction also exist in throwing athletes.
Increased scapular retraction was present at 90° and 120°
of humeral elevation (Figure 6). The data indicate that the
scapula moves medially about the trunk, toward the spine
at these positions. During the cocking phase of the throw-
ing motion, the arm typically achieves about 90° of humeral
elevation, similar to the position at which retraction was
increased in the current study.8-10 Kibler15 described how
scapular retraction is necessary to achieve the cocking
position during the throw and tennis serve. In the current
study, the increase in retraction may facilitate a maximum
cocking position for subsequent explosive acceleration dur-
ing the throwing motion.

Overall, it appears that throwing athletes develop
chronic adaptations that most likely contribute to or result
from the throwing motion. Yet it is difficult to determine if
the adaptations result in improved throwing skill (ie,
increased upward rotation and retraction) or injury pre-
vention (ie, increased upward rotation) or possibly con-
tribute to joint injury (ie, increased internal rotation).

When evaluating the results of the current study, there
are several limitations that warrant acknowledgment.
Unfortunately, the current study assesses scapular kine-
matics in throwing athletes during an elevation task and
not during actual pitching. The displacement between the
scapula and skin would make assessment of the scapula
during a ballistic activity such as throwing extremely dif-
ficult.34 If one were to attempt to measure scapular posi-
tion during throwing, some invasive means (ie, the use of
bone pins with either electromagnetic receivers or reflec-
tive markers) would most likely be necessary. A study of
that nature would provide valuable information, given
that very little is known about the scapula during throw-
ing despite its recognized importance.14,15 A second limita-
tion in the current study is that the nondominant limb was
not assessed, thus not allowing for comparison of limbs
within subjects. A review of the literature indicates that
throwers do demonstrate asymmetry in scapular position
(ie, increased upward rotation in the dominant limb).6,25,28

Yet the studies to date have not included a nonthrowing
control group for comparison purposes. A final limitation is
that scapular protraction/retraction and elevation/depression
were calculated as a vector from the IJ to the AA, project-
ed into the transverse and frontal and planes, respectively.
Unlike the current study, previous studies13,21 have used a
vector derived from the IJ and acromioclavicular joint
rather than the AA to calculate scapular position. Because
those studies have been published, the International



270 Myers et al The American Journal of Sports Medicine

Shoulder Group recommendations have been modified to
digitize the AA rather than the acromioclavicular point
when digitizing bony scapular landmarks.33,34 Thus, when
comparing the current results to previous published liter-
ature, a small amount of discrepancy in the actual scapu-
lar position may exist because of differences in bony land-
mark digitization.

Clinical Implications

Sports medicine clinicians evaluate scapular position, ori-
entation, and movement in throwing athletes on a daily
basis as part of the evaluation of shoulder injuries associ-
ated with the throwing motion. Yet until now, 3D scapular
position and orientation have not been quantified in
throwing athletes. It was unknown what positions and ori-
entations are considered normal adaptations present in
healthy throwing athletes or alterations associated with
injury. The current study provides clinicians with an
understanding of the types of adaptations that may be
observed in normal, healthy throwing athletes. In addi-
tion, this study provides a basis for future comparisons of
scapular position and orientation in patients diagnosed
with throwing-related labral abnormality, rotator cuff
lesions, and impingement. The findings may serve as
treatment goals in the rehabilitation of injuries associated
with throwing in overhead athletes.

CONCLUSIONS

The results of the current study indicate that throwing
athletes have scapular position and orientation differences
including increased upward rotation, internal rotation,
and retraction compared to nonthrowers. This finding sug-
gests that throwers develop chronic adaptations that most
likely contribute to or result from the throwing motion and
may result in improved throwing skill, contribute to injury
prevention, or possibly contribute to joint injury.
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