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Scapular Kinematics During Supraspinatus
Rehabilitation Exercise

A Comparison of Full-Can Versus Empty-Can Techniques
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Background: Supraspinatus strengthening is an important component of shoulder rehabilitation. Previous work has determined
that the full-can and empty-can exercises elicit the greatest amount of supraspinatus activity. However, scapular kinematics has
not been considered when prescribing supraspinatus exercises.

Hypothesis: Scapular downward rotation, internal rotation, and anterior tipping during the empty-can exercise are increased
when compared with the full-can exercise.

Study Design: Descriptive laboratory study.

Methods: Twenty participants performed full-can and empty-can exercises while an electromagnetic tracking system was used
to collect three-dimensional scapular kinematic data. Scapular angles at 30°, 60°, and 90° of the ascending and descending
phases of humeral elevation were compared using 2-way repeated measures analysis of variance.

Results: There was more scapular anterior tipping and internal rotation during the empty-can exercise at all sampled humeral
elevation angles except at 30° of the descending phase for anterior/posterior tipping (P < .05).

Conclusion: Scapular anterior tipping and internal rotation are increased during the empty-can exercise, whereas scapular
upward rotation was not different between exercises.

Clinical Relevance: Increased scapular internal rotation and anterior tipping decrease the volume of the supraspinatus outlet
during the empty-can exercise. When maintenance of the subacromial space is important, use of the full-can exercise seems
most appropriate for selective strengthening of the supraspinatus muscle.

Keywords: shoulder; rotator cuff; motion analysis; therapy

Supraspinatus muscle injuries may exist with a number of syndrome typically involves the supraspinatus tendon.*
shoulder conditions. Thus, rehabilitation of shoulder Loss of normal supraspinatus muscle function will limit the
injuries commonly focuses on the supraspinatus musculo- effectiveness of the force couple formed with the middle del-
tendinous unit."* Rotator cuff tears most commonly occur toid to initiate humeral elevation and decrease the com-
in the supraspinatus tendon,'® and shoulder impingement pressive force required to prevent excessive humeral head

translation.'”*® In addition, muscle activity as measured by
electromyography (EMG) suggests that the supraspinatus
is important during all phases of glenohumeral motion as a

*Address correspondence to Charles A. Thigpen, PT, ATC, MS,
Interdisciplinary Program in Human Movement Science, Sports Medicine

Research Lab, University of North Carolina at Chapel Hill, CB# 8700, 06F humeral rotator and as a dynamic humeral stabilizer."*
Fetzer Gym, University of North Carolina, Chapel Hill, NC 27599 (e-mail: Thus, restoration and maintenance of supraspinatus strength
cthigpen@email.unc.edu). are important components in achieving optimal shoulder

No potential conflict of interest declared. function, and strengthening of the supraspinatus is an
The American Journal of Sports Medicine, Vol. 34, No. 4 impc?rtant copnponent of shoulder rehabilitation.”** Two
DOI: 10.1177/0363546505281797 specific exercises have been suggested for strengthening
© 2006 American Orthopaedic Society for Sports Medicine the supraspinatus: the full- -can®? (humeral elevation in the
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Figure 1. Local coordinate system for the scapula. The x-axis
denotes anterior/posterior tipping of the scapula. The
y-axis indicates internal/external rotation of the scapula. The
z-axis denotes upward/downward rotation of the scapula. By
convention, the direction of the arrow is considered “positive”
for each axis of rotation. Thus, posterior tip, internal rotation,
and upward rotation would result in positive rotational dis-
placements for the x-axis, y-axis, and z-axis, respectively.

scapular plane with the thumb up) and the empty-can
(thumb down) exercises.***°

Muscle activation as determined by EMG and MRI analy-
ses has been the primary criteria used for selecting exercises
to strengthen the supraspinatus.”®* Jobe and Moynes™ sug-
gested use of the empty-can exercise to strengthen the
supraspinatus based on increased muscle activity in one
patient. In another EMG analysis, Townsend et al® found
increased muscle activation during the empty-can exercise
and concluded that this position best isolated the
supraspinatus. Conversely, Malanga et al®* saw no differ-
ence in EMG activity between the full-can and empty-can
positions. In addition, MRI evaluation has not revealed dif-
ferences in supraspinatus muscle relaxation time*® or signal
intensity”’ when comparing the full-can and empty-can
exercises. The results of these studies suggest that both the
full-can exercise and the empty-can exercise are appropriate
for strengthening the supraspinatus. Therefore, other con-
tributing factors should be considered to determine which
exercise is most appropriate when selectively strengthening
the supraspinatus.

Scapular kinematics may be an important factor to consider
when selecting shoulder rehabilitation exercises. Decreases in
scapular upward rotation, posterior tilt, and external rotation
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have been identified as patterns of dysfunction in patients
with impingement syndrome (Figure 1).%082 Scapular dyski-
nesis has also been reported in patients with shoulder insta-
bility,* rotator cuff tears," and adhesive capsulitis.”
Although it is unclear if these alterations are a cause or an
effect of shoulder dysfunction, research suggests that these
changes in scapular kinematics influence the position and
size of the supraspinatus outlet. e Considering that the full-
can and empty-can exercises are commonly used in both
nonoperative and postsurgical shoulder rehabilitation, under-
standing the influence of the full-can and empty-can exercises
on scapular kinematic patterns would provide valuable infor-
mation to clinicians.

The purpose of this study was to evaluate and compare
three-dimensional scapular kinematic patterns during full-
can and empty-can shoulder exercises. We hypothesized
that scapular upward rotation, external rotation, and pos-
terior tipping would be decreased during the empty-can
exercise when compared with the full-can exercise. These
changes in scapular kinematics were expected because of
the anatomical relationships of the glenohumeral joint and
the scapula. Specifically, the posterior capsule and rotator
cuff originate from the posterior glenoid and scapular
fossa. It is reasonable to assume then that humeral inter-
nal rotation will tension the posterior capsule and rotator
cuff and pull the scapula into a more internally rotated
and anteriorly tipped position. Knowledge of scapular motion
patterns during these shoulder exercises will assist clini-
cians in recommending appropriate strengthening exercises
for patients undergoing shoulder rehabilitation.

METHODS

Participants

Ten male (age, 24 = 7 years; height, 181 £ 8 cm; mass, 64 +
8 kg) and 10 female (age, 21 + 0.7 years; height, 171 + 9 cm;
mass, 77 + 15 kg) participants were recruited for this study.
Participants were eligible for the study if they were older
than 18 years without a history of shoulder injury or current
shoulder pain requiring treatment by a medical profes-
sional. Before participation in the study, participants read
and signed an informed consent form approved by the
University of North Carolina Medical School Committee for
the Protection of Human Participants.

Testing Procedures

All testing was performed during a single session, approxi-
mately 60 minutes in length, at the University of North
Carolina Sports Medicine Research Laboratory. On arrival
at the laboratory, participants completed a questionnaire to
ensure compliance with the exclusion criteria. Before test-
ing, participants received an explanation of all testing pro-
cedures and performed a standardized warm-up consisting
of 5 minutes of exercise on an Air-dyne ergometer (Schwinn
Bicycle Company, Chicago, Ill) using only their arms. After
warm-up, participants performed the testing protocol.
Participants were allowed practice trials to become
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Figure 2. Full-can exercise. The thumb is pointed upward
while the arm is moved in the scapular plane.

acquainted with all testing procedures. The dominant arm
was used for all data collection.

Three-dimensional kinematic analysis of the shoulder
complex was performed as participants completed the
empty-can and full-can humeral elevation exercises in the
scapular plane. The scapular plane was defined as 40°
anterior to the frontal plane of the thorax. Participant posi-
tioning was standardized, as all motions were completed
from a standing position, with the participant’s eyes fixed
forward and feet at a comfortable width apart. A guiding
pole, made of 2-in polyvinyl chloride pipe, was aligned in
the scapular plane and used during all trials to ensure the
participants performed humeral elevation in the scapular
plane. Participants performed the full-can and empty-can
exercises in a randomized order and were instructed to
follow the guiding pole with the tips of their fingers.

During the full-can exercises, the participants were
instructed to follow the guiding pole while keeping their
thumb pointed toward the ceiling. In doing so, the partici-
pants maintained their humerus in a position of external
rotation during the full-can exercise (Figure 2). Participants
performed the exercises with an adjustable handheld weight
equal to 5% of the participant’s body weight. The exercise
began with the participant’s arm by his or her side.
Participants then elevated their humerus to 120° and then
lowered it back to the starting position. Participants per-
formed 3 sets of 3 trials for the full-can exercise. A 30-second
rest period was allowed between each set to minimize any
fatigue effects. Three trials were performed consecutively at
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Figure 3. Empty-can exercise. The thumb is pointed down-
ward while the arm is moved in the scapular plane.

a controlled movement velocity by having participants move
in time with a digital metronome set at 1 Hz and completed
the movement in 6 seconds. Participants performed an iden-
tical protocol during the empty-can exercise, except their
thumb pointed toward the floor (Figure 3). This position
ensured that participants maintained the humerus in rela-
tive internal rotation during the empty-can exercise by
pointing the thumb to the ground. A 1-minute rest period
was allowed between exercise conditions.

A Flock of Birds (Ascension Technologies Inc, Burlington,
Vt) electromagnetic motion analysis system controlled by
the Motion Monitor (Innovative Sports Training Inc,
Chicago, I11) software was used to assess shoulder complex
kinematics at a sampling rate of 50 Hz. This electromag-
netic tracking system is accurate within 1.8 mm for linear
displacements and 0.5° for angular displacements.” We have
shown between-trial root mean square errors to be less than
1.7° for all scapular motions for between trials when using
the acromial method.”” Separate electromagnetic sensors
were attached to the thorax, scapula, and humerus. The
thorax sensor was placed over the spinous process of the
seventh cervical vertebrae (C7), and the scapula receiver
was placed over the broad flat surface of the posterolateral
acromion (Figure 4). The humeral sensor was placed over
the posterior aspect of the humerus distal to the triceps
muscle belly with the sensor over the area of least muscle
mass. Sensor data were used for the calculation of position
and orientation of the scapula, thorax, and humerus. All
sensors were attached using double-sided tape. An elastic
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Figure 4. Position of the electromagnetic sensors on the arm,
spine, and acromion.

wrap was used to further secure the humerus sensor. Before
sensor application, the skin was dried and spray adhesive
was applied to improve adherence.

The participants then stood in a relaxed posture with
their palm flat against their thigh. Bony landmarks were
then digitized by palpation using a mobile sensor attached
to a stylus. The digitized bony landmarks included the
spinous process of the 12th thoracic vertebrae, spinous
process of C7, spinous process of the 8th thoracic verte-
brae, distal point of the xiphoid process, suprasternal
notch, medial epicondyle, lateral epicondyle, the posterior
acromion at the posterior lateral curvature of the scapu-
lar spine, the root of the scapular spine at the medial
scapular border in line with the scapular spine, and the
inferior angle of the scapula at the most inferior point of
the scapula. These landmarks were selected based on the
International Society of Biomechanics Shoulder Group
recommendations and have been used in previous stud-
ies. 263136 The glenohumeral joint center was defined by the
point that moves least with respect to the scapula when
the humerus is moved through short arcs (<45°) as calcu-
lated by a least squares algorithm.” The setup was com-
pleted by having the participants stand with their palm
flat against their thigh while the system was calibrated to
the neutral position. These landmarks were used to create
local coordinate axes systems for each segment. Generally,
the first 2 points for each segment described the longitudi-
nal axis, and a third point defined the plane. The second axis
was defined perpendicular to this axis and the third axis
perpendicular to the first 2 axes. The orthogonal coordinate
system for each segment was vertical (y-axis), horizontal to
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the right (x-axis), and posterior (z-axis). A 4 x 4 position and
orientation matrix was yielded after matrix transforma-
tions from the global to the local coordinate systems for
each segment.

Data Reduction

Three-dimensional coordinates of the digitized bony land-
marks were calculated using the Motion Monitor software.
Segment reference frames were defined according to the
recommendations set forth by the Shoulder Group of the
International Society of Biomechanics.”® Humeral motions
were calculated as the Euler angles of the humerus rela-
tive to the thorax reference frame in the following order of
rotations: plane of elevation about the x-axis, amount of
elevation about the z-axis, and internal-external rotation
about the y-axis.' Scapular motions were calculated as the
Euler angles of the scapula relative to the thorax reference
frames in the following order of rotations: internal/external
rotation about the y-axis, upward-downward rotation
about the z-axis, and posterior-anterior tipping about
the x-axis (Figure 1).* Data were smoothed through a
Butterworth low-pass digital-filter (fourth-order, recursive,
zero phase lag) at an estimated optimum cutoff frequency
of 6.6 Hz.”

Three-dimensional scapular angles (anterior/posterior
tipping, internal/external rotation, upward/downward rota-
tion) served as the dependent variables in this study.
Scapular angles were calculated at the humeral elevation
positions of 30°, 60°, and 90° during the ascending and
descending movement phases of the full-can and empty-can
exercises. The mean humeral and scapular angles were cal-
culated from the middle repetition for each of the 3 exercise
sets. This mean value was used for analyses to assess the
steady state movement patterns of the scapula. A repeated
measures analysis of variance (ANOVA) on these mean val-
ues across trials was performed to calculate the interclass
correlations coefficients (ICC) and associated standard error
of measurement (SEM) for each scapular rotation. The
ICC,, ,, values ranged from 0.91 to 0.98 for each scapular
rotation; SEM values ranged from 1.8° to 2.7° for upward
rotation and internal rotation and 2.7° to 3.5° for posterior
tipping. These values are similar to previously reported
ICC,,, and SEM values during humeral elevation in the
scaplilar plane.gl"%’37

Data Analysis

Separate repeated measures ANOVA (exercise X humeral
elevation angle) were used to compare scapular angles
(dependent variable) between the full-can and empty-can
exercises (independent variables). Each analysis involved
exercise (2 levels: full-can and empty-can exercises) and
humeral elevation angle (6 levels: ascending and descend-
ing at 30°, 60°, and 90°) as within participant factors.
Statistical significance was set a priori at o < .05 for all
analyses. Tukey post hoc analyses were performed to
investigate significant main effects and interactions. SPSS
for Windows software (version 11.5, SPSS Inc, Chicago, I11)
was used for all statistical analyses.
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Figure 5. Scapular upward(+)/downward(-) rotation for full-can and empty-can exercises. Error bars represent 1 standard deviation

above and below the group mean for each exercise.

RESULTS

On average, the scapula rotated upwardly and internally
and tilted posteriorly during humeral elevation for both
the full-can and empty-can exercises.

Scapular Upward/Downward Rotation

There was no significant main effect for type of exercise
(empty-can vs full-can) on scapular upward rotation
(F, 19 = 0.10, P = .75). There was a significant interaction
effect between humeral elevation angle by type of exercise
(F595 = 3.07, P = .01). However, post hoc testing did not
reveal significant differences between exercises at any
angle interval (mean significant difference [MSD] = 2.22).
These results indicate there was no significant difference
in scapular upward rotation at 30°, 60°, and 90° of the
ascending and descending phases of humeral elevation
between full-can and empty-can exercises (Figure 5).

Scapular Internal/External Rotation

There was a significant main effect for exercise on scapular
internal rotation (F1,19 = 19.89, P = .01). There was a
significant interaction effect between humeral elevation
angle and the type of exercise on scapular internal rotation
angle (F; o, =5.23, P=.01). Tukey post hoc test revealed sig-
nificant differences between exercises and individual
humeral elevation intervals (MSD = 1.41). These results
indicate that the scapula was more internally rotated for
the empty-can exercise at 30°, 60°, and 90° of the ascending

and descending phase of humeral elevation in comparison
with the full-can exercise (Figure 6). The mean difference
between exercises of scapular internal rotation ranged from
4° to 6°.

Scapular Anterior/Posterior Tipping

There was a significant main effect for exercise on scapu-
lar posterior tipping (F, ;o = 8.16, P = .01). There was a sig-
nificant interaction effect between humeral elevation
angle and the type of exercise on scapular posterior tipping
(Fs95 = 3.65, P = .01). The Tukey post hoc test revealed
significant differences between exercises and individual
humeral elevation intervals (MSD = 1.96). These results
indicate that the scapula was more anteriorly tipped for
the empty-can exercise at 30°, 60°, and 90° of the ascend-
ing phase and 90° and 60° of the descending phase of
humeral elevation in comparison with the full-can exercise.
There was no significant difference between exercises at
30° of descending humeral elevation (Figure 7). The mean
difference between exercises of scapular posterior tipping
ranged from 2° to 4°.

DISCUSSION

Traditionally, scapulohumeral rhythm has been the primary
factor described and investigated when considering scapular
motion.>®'? The coupled nature of scapular upward rotation
and humeral elevation has been well documented.?*** Three-
dimensional analysis of scapular upward rotation has shown
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Figure 6. Scapular internal(+)/external(-) rotation for full-can and empty-can exercises. *Indicates angles were significantly different
when compared between exercises (minimum significant difference = 1.4). Error bars represent 1 standard deviation above and
below the group mean for each exercise.
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Figure 7. Scapular anterior(-)/posterior(+) tipping for full-can and empty-can exercises. *Indicates angles were significantly different
when compared between exercises (minimum significant difference = 1.9). Error bars represent 1 standard deviation above and
below the group mean for each exercise.
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this relationship to be more complex than the generally
described 2:1 scapulohumeral rhythm ratio.?*% Scapular
upward rotation has been shown to begin between 30° and
60° of humeral elevation and to increase 1° for every 2° of
humeral elevation until 120° and then upwardly rotate 1° for
every 1° of humeral elevation through maximum elevation.*
In addition, other scapular displacements (internal/external
rotation and anterior/posterior tipping) have been described
during humeral elevation.?® Differences in scapular internal/
external rotation and scapular anterior/posterior tipping
during humeral elevation tasks in patients with shoulder
impingement syndrome have been consistently reported.”?!
Hebert et al”® suggested that depending on the plane
of humeral motion, scapular internal/external rotation and
anterior/posterior tipping are coupled with humeral
motion. This conclusion was based on the observed changes
in anterior/posterior tipping and internal/external rotation
between planes of elevation while upward/downward rota-
tion remained constant across planes. Together these studies
suggest that three-dimensional scapular kinematics is
important to understanding shoulder function.

Therefore, the purpose of this study was to compare
three-dimensional scapular kinematics between full-can
and empty-can shoulder rehabilitation exercises. Humeral
motion during both the full-can and empty-can exercises
resulted in scapular upward rotation, internal rotation, and
posterior tipping during humeral elevation in the scapular
plane. We only analyzed data for the 2 exercises between
30° and 90° of humeral elevation. This range was selected
because of the demonstrated variability in scapular motion
below 30° of humeral elevation.*** In addition, we only
analyzed below 90° of humeral elevation, as this elevation
is the common upper limit for the empty and full-can exer-
cises when prescribed for supraspinatus strengthening. The
results of this study support our hypothesis that there is
more scapular internal rotation and anterior tipping during
the empty-can exercise. However, we did not note any dif-
ferences in scapular upward rotation when comparing the
2 rehabilitation exercises.

The plane and angle of humeral elevation were controlled
in this study. Therefore, observed increases in scapular
internal rotation and anterior tipping were because of the
differences in humeral rotation between exercises. Our
results show that scapular internal rotation and anterior
tipping increased with the concomitant humeral internal
rotation of the empty-can technique. As the humerus inter-
nally rotates, it tensions the posterior capsule and rotator
cuff, thus pulling the scapula into a position of more inter-
nal rotation and anterior tilt. Specifically, as the humerus
internally rotates, the posterior inferior capsule is “wound
up,” much like the anterior band of the inferior gleno-
humeral ligament during humeral external rotation.”® The
posterior rotator cuff is also tensioned during humeral
internal rotation. Thus, these structures tighten with
increasing humeral internal rotation while the scapula is
pulled into a more internally rotated and anteriorly tipped
position.

The observed increase in scapular internal rotation and
anterior tilt may have important clinical implications.
Changes in scapular position have also been shown to alter

The American Journal of Sports Medicine

the size of the subacromial space and therefore the volume
of the supraspinatus outlet,'?1%18:38:45.56 Scapular pro-
traction is essentially a combination of scapular internal
rotation and anterior tilt.*> Increases in scapular protrac-
tion have been shown to decrease the size of the subacro-
mial space, thereby decreasing the volume of the rotator
cuff outlet.” Similar increases in the subacromial space
have also been reported with increases in scapular retrac-
tion, which is analogous to scapular external rotation.*®
Furthermore, decreases in the subacromial space have been
observed concurrent with increases in acromial tilt, which is
analogous to anterior tipping.” This concept is further sup-
ported by associated changes in acromiohumeral distance as
a result of altered scapular motion in patients with shoulder
impingement."® Although these changes are relatively small
decreases in acromiohumeral distance (3-8 mm) in patients
with symptomatic shoulder impingement syndrome,'*'® the
decreased subacromial space seems to have clinical impor-
tance. Graichen and coauthors' noted that even the small-
est observed decrease of 3 mm in acromiohumeral distance
resulted in a concomitant 68% decrease of the subacromial
space. This significant decrease in the subacromial space is
thought to contribute to compression of the underlying struc-
tures. When considered together, these studies suggest that
even small changes in scapular motion may significantly
decrease the supraspinatus outlet volume.

Humeral abduction coupled with humeral internal rota-
tion has also been shown to decrease the size of the sub-
acromial space.'™*** This position has also been shown to
maximally approximate the supraspinatus to the anterior
acromion.'?** The size of supraspinatus outlet has also
been shown to decrease during frontal and sagittal plane
elevation.®® The importance of this information becomes
clear when one considers the mechanics of the humerus dur-
ing the empty-can exercise. Considering the demonstrated
effects of humeral rotation, humeral elevation, and scapular
internal rotation and anterior tipping on the supraspinatus
outlet, it is likely that the volume of the supraspinatus
outlet decreases during the empty-can exercise.

Changes in scapular motion in patients with shoulder
impingement syndrome have been consistently reported in
the literature.®>'***** Of interest is that treatment of poste-
rior capsule tightness is recommended in the nonoperative
management of shoulder impingement syndrome.34 Thus, it
would seem prudent to avoid positions that increase tension
in the posterior capsule, such as the empty-can technique.
Furthermore, scapular dyskinesis and labral tears have
been described in athletes with glenohumeral internal rota-
tion deficits.>®® Again, the association between tightness in
the posterior capsule and clinical abnormalities makes obvi-
ous the desire to limit positions such as the empty-can exer-
cise that might promote tension in the posterior capsule and
exacerbate conditions of the supraspinatus tendon.

The combined change in angular position of exercises
that increase scapular anterior tipping and internal rota-
tion places the acromion in a more inferior and anterior
position. Altered scapular positioning concurrent with
an increase in humeral internal rotation would locate
the greater tuberosity under the acromion, placing the
subacromial tissues at risk for compression. In light of
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previous studies, our results suggest that the empty-can
technique might serve to decrease the size of the subacro-
mial space. This finding may be important when treating
patients with shoulder impingement syndrome, adhesive
capsulitis, partial rotator cuff tears, or shoulder instability,
as previous studies have reported similar increases in
scapular internal rotation and anterior tipping.®®*%**4®
Exercises that potentially facilitate these scapular motions,
thereby decreasing the subacromial space, should be avoided
when treating patients already at risk for mechanical
impingement and/or with injured or inflamed subacromial
tissues.

There were limitations to our study. Our sample was a
homogeneous group of healthy, young students. It is unclear if
our results can be applied across populations. However, there
are no studies to suggest scapular kinematics changes during
the lifespan or that the anatomy will respond differently to
the imposed demands of tensioning the posterior capsule.
Future researchers should investigate the effect of exercises
on scapular kinematics during the lifespan as well as in
patients with symptomatic shoulders. Another limitation was
that the skin-based sensors give only a representation of
scapular and humeral kinematics. However, this method
has been validated and shown to be reliable within
humeral elevation ranges from 30° to 120°.**"*® The sam-
pled ranges of humeral elevation were within these limits;
thus, we are confident they are an accurate representa-
tion of scapular motion. The lack of a direct measure
of supraspinatus outlet volume limits absolute conclusions
based on our results. However, our conclusions are based on
the integration of our results with the current literature
available, and it is reasonable to conclude that the
supraspinatus outlet volume is likely decreased during the
empty-can exercise.'”'®** Finally, the observed scapular
internal rotation during humeral elevation during both
the empty-can and full-can exercises is consistent with
some authors®®** but not with others®* who have reported
scapular external rotation during humeral elevation.
Variability due to skin artifact, selection of bony landmarks,
plane and range of humeral elevation, as well as Euler angle
decomposition have been suggested as reasons for these dif-
ferences in scapular internal/external rotation within the
literature.?*?*%%* In addition, scapular external rotation
usually begins above 90° of humeral elevation, and we ana-
lyzed arcs between 30° and 90°.°**° The observed differences
in scapular internal/external rotation across studies are
therefore most likely caused by the differences in humeral
elevation angles across studies.

CONCLUSION

This study is the first to compare three-dimensional scapu-
lar kinematics between full-can and empty-can supraspina-
tus strengthening. The differences we observed in scapular
motion between the full-can and empty-can exercises
should be considered when selecting rehabilitation exer-
cises for shoulder injuries. The empty-can exercise places the
humerus in internal rotation, thus increasing scapular inter-
nal rotation and anterior tipping, two kinematic patterns
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associated with impingement and decreased volume
of the subacromial space. Given the lack of convincing elec-
tromyographic evidence supporting the empty-can exercise
for supraspinatus activation, our kinematic data suggest
that the full-can exercise should be the preferred technique
for supraspinatus muscle strengthening during shoulder
rehabilitation.
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