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Study Design: Case control group study.
Objectives: To compare scapular position and orientation between baseball players with and
without pathologic internal impingement.
Background: Scapular dysfunction has been implicated as a contributor to throwing-related
pathologic internal impingement of the shoulder due to its role in increasing the contact between
the greater tuberosity and posterior-superior glenoid, thereby impinging the posterior rotator cuff
tendon(s) and labrum. However, to date, no definitive data demonstrate this scapular dysfunction
in throwing athletes. The purpose of this study was to assess, in a controlled laboratory
environment, whether scapular position and orientation would be different in throwing athletes
diagnosed with pathologic internal impingement than in a control group of throwing athletes.
Methods and Measures: Eleven throwing athletes diagnosed with pathologic internal impingement,
using both clinical examination and a magnetic resonance arthrogram, were demographically
matched with a control group of 11 throwers with no history of upper extremity injury. An
electromagnetic tracking device was used to measure scapular internal/external rotation, anterior/
posterior tilt, upward/downward rotation, sternoclavicular protraction/retraction, and elevation/
depression during humeral elevation within the scapular plane. Comparisons were made between
groups with analysis of variance models (P�.05).
Results: The individuals in the pathologic internal impingement group demonstrated statistically
significant increased sternoclavicular elevation when elevating their humerus from 30° to 120°
(P = .002) and from 60° to 120° (P = .003), compared to the control group. Furthermore, these
patients also had increased posterior scapular tilt position (P = .016). No statistically significant
differences were present in any other scapular variables measured.
Conclusions: Based on the results of this study, throwing athletes diagnosed with pathologic
internal impingement present with statistically significant increases in sternoclavicular elevation
and scapular posterior tilt position during humeral elevation in the scapular plane. J Orthop Sports
Phys Ther 2006;36(7):485-494. doi:10.2519/jospt.2006.2146

Key Words: pathologic internal impingement, scapular kinematics, throwing
athletes

1 Assistant Professor, School of Kinesiology and Recreation, Illinois State University, Normal, IL.
2 Assistant Professor, Sports Medicine and Nutrition, School of Health and Rehabilitation Sciences,
University of Pittsburgh, Pittsburgh, PA; Associate Director, Neuromuscular Research Laboratory,
Department of Orthopaedic Surgery, University of Pittsburgh, Pittsburgh PA.
3 Research Assistant, Neuromuscular Research Laboratory, Department of Orthopaedic Surgery, University
of Pittsburgh, Pittsburgh PA.
4 Clinical Assistant Professor, Department of Orthopaedic Surgery, University of Pittsburgh School of
Medicine, Pittsburgh, PA and  Orthopaedic Team Physician,  Pittsburgh  Steelers, Pittsburgh,  PA.
5 Associate Professor, Sports Medicine and Nutrition, School of Health and Rehabilitation Sciences,
University of Pittsburgh, Pittsburgh, PA; Director Neuromuscular Research Laboratory, Department of
Orthopaedic Surgery, University of Pittsburgh, Pittsburgh PA.
The Institutional Review Board of the University of Pittsburgh approved the protocol for this study. This
study was funded in part by the National Football League Charities.
Address correspondence to Kevin G. Laudner, Illinois State University, School of Kinesiology and
Recreation, Campus Box 5120, Normal, IL 61790. E-mail: klaudne@ilstu.edu

Previous research has
demonstrated an asso-
ciation between dysfunc-
tional scapular position
and orientation with

shoulder pathology.12,16,20 Ludewig
and Cook16 assessed scapular kine-
matics using an electromagnetic
tracking device in patients with
subacromial impingement and
demonstrated both decreased up-
ward scapular rotation and de-
creased posterior tilting during
humeral elevation. Similar meth-
ods and results were reported by
Lukasiewicz et al,20 who showed
that patients with symptomatic
subacromial impingement had less
posterior tilting as well as in-
creased scapular elevation. In
throwing athletes, both Burkart et
al2 and Kibler et al12 have pro-
vided clinically-based descriptions
of how 3-dimensional scapular
dyskinesis may be associated with
subacromial impingement, labral
pathology, and rotator cuff tears.

Recently, it has been recognized
that throwers can present with pos-
terior shoulder pain during the
late cocking phase, specifically at
end ranges of humeral external
rotation.9,14,34 It is believed that
this pain results from internal im-
pingement of the supraspinatus
(and occasionally the infra-
spinatus) between the greater tu-
berosity and/or the posterior as-
pect of the humeral head with the
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posterior-superior glenoid labrum. While it is be-
lieved that contact between the humeral head and
the posterior-superior glenoid labrum is a normal
physiological occurrence, the biomechanics of the
throwing motion are believed to intensify this contact
and its effect on the involved anatomical struc-
tures.3,5,7,9,15,22,28,34 Thus, pathological internal im-
pingement of the supraspinatus and infraspinatus can
result. Using arthroscopy, clinicians have identified
undersurface lesions on the posterior aspect of the
supraspinatus and anterior portion of the
infraspinatus tendons, and fraying of the posterior-
superior glenoid labrum in overhead athletes.3,15,22,34

Some have suggested that scapular dysfunction may
play a significant role in pathologic internal impinge-
ment.2,12

To date, there is no research to identify if scapular
dysfunction is present in throwers diagnosed with
pathologic internal impingement. The purpose of
this study was to report the scapular position and
orientation of throwing athletes diagnosed with
pathologic internal impingement, as compared to a
control group of throwing athletes using a functional
humeral elevation task in a controlled laboratory
environment.

METHODS

Subjects
Eleven male competitive baseball players diagnosed

with pathologic internal impingement in their throw-
ing shoulder were matched, based on arm domi-
nance, age (within 3 years), height (within 0.2 m),
mass (within 5 kg), playing position, and throwing
experience (within 4 years) to a control group of 11
baseball players with no history of shoulder pain. Six
pitchers and 5 position players participated in each
group. All subjects were between the ages of 18 and
30 years. The groups included 14 collegiate baseball
players and 8 semiprofessional adult-league partici-
pants. Subject demographics appear in Table 1.

The diagnosis of pathologic internal impingement
in the experimental group was made by an orthope-
dic surgeon experienced in treating throwing injuries.
A complete history and physical exam, coupled with a
magnetic resonance imaging arthrogram with

TABLE 1. Subject characteristics.

Impingement
Group

Healthy
Group

Mean SD Mean SD

Age (y) 22.1 3.5 21.2 1.7
Height (m) 1.8 0.1 1.8 0.1
Mass (kg) 91.0 14.6 89.9 13.0
Throwing experience (y) 16.2 3.5 13.4 2.7

gadolinium, was used for diagnosis. Typically, the
subjects with pathologic internal impingement pre-
sented with primary posterior-superior shoulder pain
that was exacerbated by throwing. The pain specifi-
cally intensified in the late cocking phase of the
throwing motion. Additional complaints included de-
creased endurance and decreased ball velocity and
control during throwing. The magnetic resonance
imaging arthrogram was read by a board-certified
musculoskeletal radiologist who identified posterior
labral pathology (type I or type II SLAP) and/or
partial under-surface rotator cuff tear at the
supraspinatus/infraspinatus junction. All subjects with
shoulder pain underwent a course of conservative
treatment after laboratory testing. Those who failed
to positively respond to rehabilitation opted for
surgical intervention. Eight of the 11 subjects who
participated eventually underwent surgical interven-
tion, during which the pathologic internal impinge-
ment diagnosis was confirmed. Other concomitant
conditions, including a history of neck pain, external
impingement, frank glenohumeral laxity, or previous
shoulder/elbow injury that required absence from
sport participation (greater than 2 weeks), resulted in
exclusion from this study. The control subjects had
no self-reported history of shoulder/elbow pathology
that required absence from participation.

Instrumentation
Scapula and humerus kinematic data were col-

lected using the Flock of Birds electromagnetic track-
ing device (Ascension Technology Corporation,
Burlington, VT) integrated with Motion Monitor
software (Innovative Sports Training, Inc, Chicago,
IL). The Motion Monitor software uses data conveyed
by electromagnetic receivers for the calculation of
receiver position and orientation relative to an elec-
tromagnetic transmitter. The specific hardware used
in this investigation consisted of an extended-range
direct-current transmitter and 4 receivers. The instru-
mentation sampling frequency used for all kinematic
assessments in the current study was 100Hz. In a pilot
study, we determined the accuracy of our electromag-
netic instrumentation and the optimal location within
our measurement space for subject positioning and
testing. Initially, the root-mean-square error for both
position and orientation were calculated for 2.4 ×
2.4-m measurement space allocated for our electro-
magnetic tracking device. The overall position error
for the 17.9 m2 measurement space was 3.3 mm while
the orientation error was 0.6°. Given that electromag-
netic accuracy is compromised when measurements
are taken too close to or too far from the transmitter,
we determined the region within that measurement
space yielded the lowest amount of error. It was
determined that the region of the measurement
space that was between 0.9 and 1.2 m directly in front
of the transmitter demonstrated the least position
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FIGURE 1. A participant performing humeral elevation during data
collection.

(0.7 mm) and orientation (0.3°) error. Thus all
kinematic assessments in the current study were
performed with the subjects standing with their heels
0.9 m away from the transmitter.

A load was used during the kinematic assessment to
simulate the load used during rehabilitation of sub-
jects with shoulder pathology.29 Furthermore, previ-
ous studies16,23 have shown that alterations in
scapular kinematics may be increased during a more
physically demanding task, such as holding a load
during humeral elevation. A Biodex System 3
isokinetic dynamometer (Biodex Medical, Shirley,
NY) was used in the current study prior to kinematic
assessment to determine the load that each subject
would hold during the kinematic trials.29 The Biodex
system utilizes a dynamometer containing strain
gauges and potentiometers to measure torque output
from most any joint. In the current study, isometric
torque for shoulder elevation was quantified.

Procedures
Each subject attended 1 testing session and pro-

vided informed consent, as mandated by The Univer-
sity Institutional Review Board prior to participation.
The protocol for this study was approved by The
University of Pittsburg Institutional Review Board.
Next, each subject’s maximum elevation torque out-
put was recorded with the Biodex System 3 dyna-
mometer. For testing, the subject was seated in an
upright position with his dominant upper extremity
positioned in the scapular plane (30° anterior to the
frontal plane), 20° of elevation, and the axis of
glenohumeral joint rotation aligned with the axis of
rotation of the dynamometer. After 3 warm-up trials,
testing consisted of three 5-second-maximum isomet-
ric elevation contractions. Each repetition was sepa-
rated by a 10-second 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
force produced was held in the hand of the subject
during the humeral elevation trials. This load was
chosen to control for the different strengths and
lengths of lever arms among subjects and has been
reported to simulate the load used during rehabilita-
tion of patients with shoulder pathology.29 The mean
(±SD) load held during scapular assessment for all
subjects was 9.1 ± 2.2 N.

Following mass determination, each subject had 3
electromagnetic receivers secured to various anatomi-
cal landmarks for kinematic analysis of the scapula
and humerus (Figure 1). Electromagnetic receivers
were secured with double-sided adhesive disks (3M
Health Care, St Paul, MN) and hypoallergenic tape
(to further reduce receiver-to-skin movement) super-
ficial to the spinous process of the seventh cervical
vertebra and on the flat, broad portion of the
acromion on the scapula. A third electromagnetic
receiver was secured to the mid portion of the
humerus using a neoprene cuff. The receiver posi-
tions of the scapula and humerus were previously
validated using bone-fixed markers and shown to
accurately represent movement of their respective
segments.11,19 However, validity data available for the
scapula used smaller receivers than those of this study
and therefore provide slightly different results. A
fourth receiver was attached to a stylus, which was
used for the digitization of landmarks described in
the subsequent section.24,25

While the subjects stood with their arms at their
side, 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 transformation of the receiver data from a
global coordinate system to anatomically based local
coordinate systems (Figure 2). Testing consisted of
each subject holding the predetermined load (de-
scribed above) in his hands, with the forearm rotated
so the thumb pointed superior, while elevating the
humerus in the scapular plane. Humeral elevation/
depression began with the arm in the resting position
at the subject’s side (referred to as approximately 0°
of elevation throughout the current paper), progress-
ing toward full elevation (maximum amount of eleva-
tion each subject could obtain), then returning to
the resting position. Humeral elevation and return to
the starting position was maintained in the scapular
plane through the use of a guide tube (Figure 1).
Furthermore, we used an independent sample t test
to verify that the average humerus-to-trunk elevation
angle (scapular plane) was not statistically different
between the 2 groups (P = .67). Each subject per-
formed 10 continuous repetitions lasting 4 seconds (2
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seconds to reach maximum elevation and 2 seconds
to return to the starting position), with assistance
from a metronome. The repetitions were then aver-
aged before data analysis. Prior to this study, we
determined both the intrasession reliability (intraclass
correlation coefficients [ICC]) and precision (stan-
dard error of measurement) of the scapular kine-
matic assessments used in the current study within
our laboratory using a pretest-posttest design among
15 subjects. The reliability for this testing yielded
intrasession ICC of approximately 0.97, with 0.94° of
trial-to-trial variation.

The humeral elevation/depression task used in the
current study was chosen because it is a noninvasive,
in vivo, validated means of assessing scapular kinemat-
ics and mimics how clinicians typically observe
scapular dyskinesis during shoulder injury evalua-
tion.12 Additionally, it replicates a substantial amount
of previously published research that has assessed
scapular position and orientation, making compari-
son with previous work feasible.11 The elevation task
is sensitive enough to show changes associated with
shoulder pathology.16,17 Additionally, our laboratory
recently described the normal scapular movement
patterns present in throwers using identical method-
ology.27

TABLE 2. Description of bony landmarks.

Bony Landmarks Description of Palpation Point

Thorax
Eighth thoracic spinous pro-

cess (T8)
Most dorsal point

Xiphoid process (PX) Most caudal point of sternum
Seventh cervical spinous

process (C7)
Most dorsal point

Jugular notch (IJ) Most cranial point of the ster-
num (suprasternal notch)

Scapula
Acromion (AA) Most lateral-dorsal point of

scapula
Acromioclavicular joint (AC) Most medial point of acromion
Medial scapular spine (TS) Midpoint of triangular surface

on the medial border of the
scapula in line with the
scapular spine

Inferior angle of scapula (AI) Most caudal point of scapula

Humerus
Medial epicondyle (ME) Most medial point on the me-

dial epicondyle
Lateral epicondyle (LE) Most lateral point on the lat-

eral epicondyle
Glenohumeral joint center

(GH)*

* The 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.8,31

Data Reduction and Analysis
Raw kinematic data were filtered with a low-pass

fourth-order zero-phase-shift filter with a cutoff fre-
quency of 10Hz.26 Receiver position and orientation
data of the thoracic, scapular, and humeral receivers
were transformed into a local coordinate system for
each of the respective segments. Definitions of the
local coordinate systems can be obtained from Table
3 and observed in Figure 2. The coordinate systems
used were in accordance with recommendations from
the International Shoulder Group of the Interna-
tional Society of Biomechanics.35 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 a third axis is
defined as perpendicular to both of the first 2 axes.
When in a neutral stance, the orthogonal coordinate
system for each segment is approximately vertical
(y-axis), approximately horizontal to the right (x-
axis), and posterior (z-axis). Matrix transformations
for each of the segments were used to move from the
global to local coordinate systems producing a 4 × 4
position and orientation matrix.

Euler angle decompositions were used to deter-
mine the scapular and humeral orientation with
respect to the thorax. Orientation of the scapula was
determined as rotation about the y-axis of the thorax
(internal/external rotation), rotation about the z-axis
of the local axis system (upward/downward rotation),
and rotation about the x-axis of the local axis system
(anterior/posterior tilting) (Figure 3). Humeral ori-
entation was determined as rotation about the y-axis
of the thorax (plane of elevation), rotation about the
z-axis of the local axis system (elevation), and rotation
about the y-axis of the local axis system (axial
rotation). Each of these rotations was chosen based
on the recommendations of the International Shoul-
der Group.35 The Euler angle sequences were used to
most closely represent clinical definitions of move-
ments and to decrease mathematical inconsistencies
(ie, gimble lock).10,35

Position of the scapula was also described.
Scapulothoracic movement does not involve any
bone-to-bone contact and the scapula does not attach
via a direct contact to the thorax. The only attach-
ment of these 2 segments is via the clavicle, a rigid
body with a fixed length. As such, the position of the
scapula can be described by 2 degrees of freedom as
if in spherical space, by both sternoclavicular (SC)
elevation/depression and protraction/retraction.11,21

The position of the acromioclavicular joint (AC) and
jugular notch (IJ) points with respect to the global
coordinate system (tracked by the scapular and tho-
racic receivers, respectively) were used to calculate a
vector from the IJ point to the AC point. The angle
of this vector relative to the transverse plane that
bisects the IJ point represents SC elevation/
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FIGURE 2. Bony landmarks and local coordinates system of the trunk, scapula, and humerus.

depression. For SC protraction/retraction, this
vectorwas projected onto the transverse plane bisect-
ing IJ and is calculated as the angle between this
projection and the frontal plane that bisects IJ. These
descriptions are dependent on an intact
acromioclavicular joint.

Both the position and orientation of the scapula
were analyzed at the initiation of movement (approxi-
mately 0°, 30°, 60°, 90°, and 120° of humeral eleva-
tion. No data above 120° of elevation were analyzed
due to the lack of accuracy that can occur.11

A mixed-model analysis of variance (SPSS version
11.5; SPSS Inc, Chicago IL) was used to determine
statistically significant differences for each scapular
kinematic variable between groups and within sub-
jects. Each matched pair served as a block in the
study design. The interaction of each fixed effect
(group and elevation) and the blocks of pairs of
subjects served as the respective error term for the

analysis. An alpha level of .05 was set prior to all
analyses.

RESULTS
Because the assumption of sphericity was not met,

the following results and analysis of variance tables
(Tables 5-9) used the Huynh-Feldt correction.

A statistically significant interaction (group × eleva-
tion) was found for SC elevation/depression (Table
9). Interaction contrasts were done to further exam-
ine the differences between the internal impinge-
ment and control groups across the different phases
of elevation. Because multiple tests were done, a
Bonferroni correction (0.05/10, or P = .005) was
used. Although the means did not show statistically
significant group differences at any specific angular
position, the interaction contrasts indicated that the
internal impingement group had a significantly larger
increase in SC elevation than the control group when
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TABLE 3. Definitions of local coordinate systems.

Local Coordinate
System Axis Definition

Thorax yt Vector from the midpoint of PX
and T8 to the midpoint be-
tween 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

Abbreviations: AA, flat portion of anterior acromion; AI, inferior
angle of scapula; C7, spinous process of cervical vertebra 7; GH,
glenohumeral joint center; IJ, jugular notch; LE, lateral epicondyle;
ME, medial epicondyle; PX, xiphoid process; T8, spinous process of
thoracic vertebra 8; TS, Medial Scapular Spine.

elevating the humerus from 30° to 120° (P = .002)
and from 60° to 120° (P = .003). No statistically
significant interactions were noted for scapular
internal/external rotation, upward/downward rota-
tion, anterior/posterior tilt, and SC protraction/
retraction (Tables 5-8).

There was a statistically significant main effect of
group on scapular posterior tilting. Over the entire
humeral elevation motion, the throwers with
pathologic internal impingement exhibited more pos-
terior tilting (Table 7), regardless of the level of
humeral elevation, than the throwers with no history
of shoulder injury. There were no statistically signifi-
cant main effects of group for internal/external
rotation (Table 5), upward/downward rotation (Table
6), SC protraction/retraction (Table 8), and
elevation/depression (Table 9). The descriptive
scapular positions and orientations during the 5
humeral elevation angles are shown in Table 4.

DISCUSSION
Numerous studies have recognized the prevalence

of pathologic internal impingement among throwing
athletes.3,7,9,15,22,28,34 However, very little data are
currently available that empirically describe scapular
alterations among these athletes. The results of this
study indicate that throwers diagnosed with pathologi-
cal internal impingement demonstrate statistically

significant increases in SC elevation and scapular
posterior tilt position compared to throwers without
internal impingement.

Burkhart et al2 clinically observed superior scapular
prominence among throwers with pathologic internal
impingement and subsequent SLAP lesions.2 During
scapular posterior tilting, the superior border tilts
dorsally, thus the superior component recognized
clinically may be an increase in posterior tilt, which is
consistent with the results of this study. However, the
5° difference that the internal impingement subjects
in this study presented with may be difficult to detect
during visual examination. Furthermore, clinical find-
ings2 report that throwing athletes with pathological
shoulders present with the appearance of a depressed
shoulder. These clinicians hypothesize that this de-
pressed shoulder is actually caused by increased
scapular protraction, which, due to the shape of the
thorax, moves the scapula anteriorly and inferiorly,
resulting in a lowered appearance. Yet in the current
study, the throwers diagnosed with pathologic inter-
nal impingement did not demonstrate a statistically
significant increase in SC protraction or depression,
but, rather, an increase in SC elevation while elevat-
ing the humerus from 30° to 120° and from 60° to
120°, compared to the control subjects. This increase
in scapular elevation may be an adaptation by the
internal impingement group to avoid a position of
contact between the humeral head and the posterior-
superior portion of the glenoid. However, further
investigations are needed to determine if these adap-
tations are also present during the throwing motion
and if these alterations found between groups are
contributory to the development of pathology or
compensatory.

With the exception of our previous work,27 we are
unaware of any other published data that examine
3-D scapular position and orientation in throwing
athletes. Additionally, scapular position and orienta-
tion patterns have not been described in throwers
with internal impingement. This makes comparison
of our results to other published data very difficult.
In the current study, the throwers in the control
group demonstrated scapular kinematic patterns con-
sistent (approximately ±5°) with other published
research findings in normal shoulders.1,4,6,18,21,27,33

In the current study, electromagnetic tracking tech-
nology was used to identify scapular position and
orientation differences present between throwers with
pathologic internal impingement and throwers with-
out shoulder pain. Yet, these differences may be
observed clinically as well. Several publications have
described reliable means for clinical evaluation of the
scapula.2,13 The increased posterior tilting would
most likely manifest as an increased prominence of
the superior border of the scapula and the scapular
spine, although small deviations in this motion may
be difficult to detect visually. Increased scapular

490 J Orthop Sports Phys Ther • Volume 36 • Number 7 • July 2006



FIGURE 3. Scapular positions and orientations assessed in the current study.

elevation may be observed clinically by measuring the
bilateral difference in the vertical height of the
superior-medial scapular angles. However, this differ-
ence may also be caused by scapular rotations as well
as changes in SC elevation. Such tests have not been
consistently shown to be reliable and valid. Therefore
further research is needed to determine if such
clinical measures can be reliably and validly obtained.

When evaluating the results of the current study,
the authors note several limitations that warrant
acknowledgment. Unfortunately, the current study
assesses scapular kinematics in throwing athletes dur-
ing an elevation task and not during actual throwing.
The displacement between the scapula and skin
would make assessment of the scapula, using a
skin-based marker/sensor system and during a ballis-
tic activity like throwing, extremely difficult.32 If one
were to attempt to measure scapular position 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 throwing, despite its recognized importance.12

The humeral elevation task utilized in the current
study was used because it is a noninvasive, in vivo,
validated means of assessing scapular kinematics and
replicates a substantial amount of previously pub-
lished research.11

A second limitation is that the group of throwers in
the current study was composed of both pitchers and
position players (ie, infielders and outfielders). There
are data to suggest that differences in scapular
motion exist between these 2 groups.30 We employed
a matched-control-group design to control for these
inherent differences. Thus each subject diagnosed
with pathologic internal impingement was matched
with a control subject who played the same position.
We must also acknowledge that with this nonprospec-
tive design, we are unable to state whether the
differences observed were present prior to the devel-
opment of internal impingement, making them a
possible contributor, or if they were manifested as a
result of the internal impingement. In either case,
the results demonstrate that throwers with pathologic
internal impingement exhibit scapular position differ-
ences, compared to throwers with no history of
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TABLE 4. Scapular kinematic data descriptive statistics (mean ± SD degrees).

Impingement Group Control Group

Scapular elevation/depression
(negative values = depression)*
0° humeral elevation 2.3 ± 10.8 2.2 ± 8.1
30° humeral elevation 3.0 ± 10.9 3.9 ± 8.1
60° humeral elevation 7.5 ± 10.9 7.7 ± 8.2
90° humeral elevation 12.3 ± 10.6 11.1 ± 8.5
120° humeral elevation 16.4 ± 11.3 12.8 ± 8.5
Group means 8.3 7.5

SC protraction/retraction
(negative values = retraction)
0° humeral elevation –19.6 ± 6.0 –24.2 ± 5.7
30° humeral elevation –20.5 ± 5.4 –24.3 ± 5.7
60° humeral elevation –21.4 ± 5.0 –23.8 ± 5.3
90° humeral elevation –23.1 ± 4.9 –24.4 ± 5.7
120° humeral elevation –27.6 ± 6.2 –27.0 ± 6.6
Group means –22.4 –24.7

Scapular internal/external rotation
(negative values = external rotation)
0° humeral elevation 33.1 ± 7.1 31.4 ± 5.9
30° humeral elevation 35.0 ± 7.3 33.6 ± 6.6
60° humeral elevation 40.0 ± 7.4 39.1 ± 6.8
90° humeral elevation 44.2 ± 8.7 44.0 ± 7.8
120° humeral elevation 47.1 ± 10.2 44.5 ± 8.2
Group means 39.9 ± 8.1 38.5 ± 7.1

Scapular upward/downward rotation
(negative values = downward)
0° humeral elevation –0.1 ± 9.1 2.8 ± 8.2
30° humeral elevation 2.8 ± 10.1 8.0 ± 8.2
60° humeral elevation 12.4 ± 10.8 17.4 ± 7.4
90° humeral elevation 20.5 ± 11.4 25.7 ± 6.8
120° humeral elevation 26.4 ± 11.6 31.1 ± 6.5
Group means 12.4 ± 10.6 17.0 ± 7.4

Scapular anterior/posterior tilt
(negative values = anterior)
0° humeral elevation –7.4 ± 6.2 –12.8 ± 7.8
30° humeral elevation –5.8 ± 6.1 –10.9 ± 7.9
60° humeral elevation –4.4 ± 6.5 –9.5 ± 9.4
90° humeral elevation –2.5 ± 6.4 –8.1 ± 10.0
120° humeral elevation 4.1 ± 6.9 0.8 ± 5.9
Group means† –3.2 ± 6.4 –8.1 ± 8.2

* Statistically significant interaction (group × elevation) from 30° to 120° and 60° to 120° (P�.005).
† Statistically significant value at P�.05. Group means are total mean scapular movement throughout humeral elevation

TABLE 5. Analysis of variance summary table for scapular internal/external rotation.

Source Sum of Squares df MS F P

Group 50.95 1 50.95 0.14 .712
Error 3541.10 10 354.11
Elevation 3073.96 1.84 1667.59 76.44 .001
Error 402.00 18.43 21.82
Group × elevation 18.80 1.59 11.84 0.46 .597
Error 410.80 15.88 25.87

shoulder pathology, at the time they sought medical
attention by an orthopedic surgeon. These results
suggest that scapular stabilization exercises aimed at
restoring normal scapular motion may be a beneficial
component to treat throwers with pathologic internal
impingement.

CONCLUSIONS

Throwers with pathologic internal impingement
demonstrate statistically significant scapular orienta-
tion and position differences compared to healthy
throwers with no history of injury. Specifically, throw-
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ing athletes with pathologic internal impingement
present with increased SC elevation and scapular
posterior tilt positions during humeral elevation in
the scapular plane, as compared to healthy throwing
athletes.
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TABLE 6. Analysis of variance summary table for scapular upward/downward rotation.

Source Sum of Squares df MS F P

Group 573.35 1 573.35 2.46 .148
Error 2327.40 10 232.74
Elevation 11737.36 1.76 6670.29 265.40 .001
Error 442.40 17.60 25.13
Group × elevation 20.06 2.80 7.15 0.74 .571
Error 272.65 28.04 9.72

TABLE 7. Analysis of variance summary table for scapular anterior/posterior tilt.

Source Sum of Squares df MS F P

Group 666.18 1 666.18 8.31 .016
Error 802.20 10 80.22
Elevation 2082.12 1.48 1406.04 31.49 .001
Error 661.19 14.81 44.65
Group × elevation 18.20 1.69 10.74 0.41 .638
Error 446.34 16.94 26.35

TABLE 8. Analysis of variance summary table for sternoclavicular protraction/retraction.

Source Sum of Squares df MS F P

Group 146.92 1 146.92 0.97 .349
Error 1520.63 10 152.06
Elevation 417.62 1.4 301.57 41.75 .001
Error 100.03 13.85 7.22
Group × elevation 89.31 1.36 65.84 3.85 .061
Error 231.75 13.56 17.09

TABLE 9. Analysis of variance summary table for sternoclavicular elevation/depression.

Source Sum of Squares df MS F P

Group 15.66 1 15.66 0.03 .857
Error 4567.42 10 456.74
Elevation 2441.61 1.29 1899.79 217.18 .001
Error 112.42 12.85 8.75
Group × elevation 68.85 2.04 33.79 8.13 .002
Error 84.67 20.38 4.16

REFERENCES
1. Borstad JD, Ludewig PM. Comparison of scapular

kinematics between elevation and lowering of the arm
in the scapular plane. Clin Biomech (Bristol, Avon).
2002;17:650-659.

2. Burkhart SS, Morgan CD, Kibler WB. The disabled
throwing shoulder: spectrum of pathology Part III: The
SICK scapula, scapular dyskinesis, the kinetic chain,
and rehabilitation. Arthroscopy. 2003;19:641-661.

3. Davidson PA, Elattrache NS, Jobe CM, Jobe FW. Rotator
cuff and posterior-superior glenoid labrum injury associ-
ated with increased glenohumeral motion: a new site of
impingement. J Shoulder Elbow Surg. 1995;4:384-390.

4. de Groot JH, van Woensel W, van der Helm FC. Effect
of different arm loads on the position of the scapula in
abduction postures. Clin Biomech (Bristol, Avon).
1999;14:309-314.

5. Edelson G, Teitz C. Internal impingement in the shoul-
der. J Shoulder Elbow Surg. 2000;9:308-315.

6. Fung M, Kato S, Barrance PJ, et al. Scapular and

J Orthop Sports Phys Ther • Volume 36 • Number 7 • July 2006 493

R
E

S
E

A
R

C
H

R
E

P
O

R
T



clavicular kinematics during humeral elevation: a study
with cadavers. J Shoulder Elbow Surg. 2001;10:278-
285.

7. Halbrecht JL, Tirman P, Atkin D. Internal impingement
of the shoulder: comparison of findings between the
throwing and nonthrowing shoulders of college baseball
players. Arthroscopy. 1999;15:253-258.

8. Harryman DT, 2nd, Sidles JA, Clark JM, McQuade KJ,
Gibb TD, Matsen FA, 3rd. Translation of the humeral
head on the glenoid with passive glenohumeral motion.
J Bone Joint Surg Am. 1990;72:1334-1343.

9. Jobe CM. Posterior superior glenoid impingement: ex-
panded spectrum. Arthroscopy. 1995;11:530-536.

10. Karduna AR, McClure PW, Michener LA. Scapular
kinematics: effects of altering the Euler angle sequence
of rotations. J Biomech. 2000;33:1063-1068.

11. Karduna AR, McClure PW, Michener LA, Sennett B.
Dynamic measurements of three-dimensional scapular
kinematics: a validation study. J Biomech Eng.
2001;123:184-190.

12. Kibler WB. The role of the scapula in athletic shoulder
function. Am J Sports Med. 1998;26:325-337.

13. Kibler WB, Uhl TL, Maddux JW, Brooks PV, Zeller B,
McMullen J. Qualitative clinical evaluation of scapular
dysfunction: a reliability study. J Shoulder Elbow Surg.
2002;11:550-556.

14. Kvitne RS, Jobe FW. The diagnosis and treatment of
anterior instability in the throwing athlete. Clin Orthop
Relat Res. 1993;107-123.

15. Liu SH, Boynton E. Posterior superior impingement of
the rotator cuff on the glenoid rim as a cause of
shoulder pain in the overhead athlete. Arthroscopy.
1993;9:697-699.

16. Ludewig PM, Cook TM. Alterations in shoulder kine-
matics and associated muscle activity in people with
symptoms of shoulder impingement. Phys Ther.
2000;80:276-291.

17. Ludewig PM, Cook TM. Translations of the humerus in
persons with shoulder impingement symptoms. J Orthop
Sports Phys Ther. 2002;32:248-259.

18. Ludewig PM, Cook TM, Nawoczenski DA. Three-
dimensional scapular orientation and muscle activity at
selected positions of humeral elevation. J Orthop Sports
Phys Ther. 1996;24:57-65.

19. Ludewig PM, Cook TM, Shields RK. Comparison of
surface sensor and bone-fixed measurement of humeral
motion. J Appl Biomech. 2002;18:163-170.

20. Lukasiewicz AC, McClure P, Michener L, Pratt N,
Sennett B. Comparison of 3-dimensional scapular posi-
tion and orientation between subjects with and without
shoulder impingement. J Orthop Sports Phys Ther.
1999;29:574-583; discussion 584-576.

21. McClure PW, Michener LA, Sennett BJ, Karduna AR.
Direct 3-dimensional measurement of scapular kinemat-
ics during dynamic movements in vivo. J Shoulder
Elbow Surg. 2001;10:269-277.

22. McFarland EG, Hsu CY, Neira C, O’Neil O. Internal
impingement of the shoulder: a clinical and

arthroscopic analysis. J Shoulder Elbow Surg.
1999;8:458-460.

23. McQuade KJ, Smidt GL. Dynamic scapulohumeral
rhythm: the effects of external resistance during eleva-
tion of the arm in the scapular plane. J Orthop Sports
Phys Ther. 1998;27:125-133.

24. Meskers CG, Fraterman H, van der Helm FC,
Vermeulen HM, Rozing PM. Calibration of the ’’Flock
of Birds’’ electromagnetic tracking device and its appli-
cation in shoulder motion studies. J Biomech.
1999;32:629-633.

25. Meskers CG, Vermeulen HM, de Groot JH, van Der
Helm FC, Rozing PM. 3D shoulder position measure-
ments using a six-degree-of-freedom electromagnetic
tracking device. Clin Biomech (Bristol, Avon).
1998;13:280-292.

26. Morrow DM, J., Walker A, Kaufman K. A new method
for objective quantification of tremor. 23rd Annual
Meeting of the American Society of Biomechanics.
Pittsburgh, PA: 1999.

27. Myers JB, Laudner KG, Pasquale MR, Bradley JP,
Lephart SM. Scapular position and orientation in throw-
ing athletes. Am J Sports Med. 2005;33:263-271.

28. Paley KJ, Jobe FW, Pink MM, Kvitne RS, ElAttrache NS.
Arthroscopic findings in the overhand throwing athlete:
evidence for posterior internal impingement of the
rotator cuff. Arthroscopy. 2000;16:35-40.

29. Reddy AS, Mohr KJ, Pink MM, Jobe FW.
Electromyographic analysis of the deltoid and rotator
cuff muscles in persons with subacromial impingement.
J Shoulder Elbow Surg. 2000;9:519-523.

30. Sauers EL, Koh JL, Keuter G. Scapular and
glenohumeral motion in professional baseball players:
effects of position and arm dominance. Arthroscopy
Association of North America 23rd Annual Meeting.
Orlando, FL: 2004.

31. Stokdijk M, Nagels J, Rozing PM. The glenohumeral
joint rotation centre in vivo. J Biomech. 2000;33:1629-
1636.

32. Veeger HE, van der Helm FC, Chadwick EK,
Magermans D. Toward standardized procedures for
recording and describing 3-D shoulder movements.
Behav Res Methods Instrum Comput. 2003;35:440-446.

33. Vermeulen HM, Stokdijk M, Eilers PH, Meskers CG,
Rozing PM, Vliet Vlieland TP. Measurement of three
dimensional shoulder movement patterns with an elec-
tromagnetic tracking device in patients with a frozen
shoulder. Ann Rheum Dis. 2002;61:115-120.

34. Walch G, Boileau P, Noel E, Donell ST. Impingement of
the deep surface of the supraspinatus tendon on the
posterosuperior glenoid rim: an arthroscopic study.
J Shoulder Elbow Surg. 1992;1:238-245.

35. Wu G, van der Helm FC, Veeger HE, et al. ISB
recommendation on definitions of joint coordinate sys-
tems of various joints for the reporting of human joint
motion--Part II: shoulder, elbow, wrist and hand.
J Biomech. 2005;38:981-992.

494 J Orthop Sports Phys Ther • Volume 36 • Number 7 • July 2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


