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Objective: To assess scapular-positioning patterns using a
static measurement technique.

Design and Setting: We used a 4–within-factor design to
compare scapular upward rotation among subjects. The within
factors included side (dominant, nondominant), plane of motion
(scapular, sagittal), direction of motion (ascending, descend-
ing), and level of humeral rotation (rest, 308, 608, 908, 1208).

Subjects: Twenty-seven subjects with unimpaired shoulders.
Measurements: We measured scapular position and gleno-

humeral range of motion using a digital inclinometer and goni-
ometer, respectively. All measurements were performed bilat-
erally.

Results: Between-session repeatability was poor to excellent

depending on humeral-elevation angle. The scapular plane
demonstrated significantly more scapular upward rotation than
did the sagittal plane at 1208 of humeral elevation.

Conclusions: The scapula demonstrated a consistent pat-
tern of downward rotation initially from rest to 308 of humeral
elevation, followed by an upward rotation after 308 of humeral
elevation to the highest level (1208). Scapular upward rotation
is greater in the scapular plane than in the sagittal plane. There-
fore, overhead rehabilitation exercises should be performed in
the scapular plane, especially in subjects with rotator cuff ten-
dinopathy.

Key Words: scapular upward rotation, glenohumeral, incli-
nometer, scapular plane

During dynamic arm movement, the scapula must move
synchronously with the humerus to provide optimal
congruence between the glenoid and the humeral head.

This congruence is necessary for establishing adequate length-
tension relationships for the muscles acting on the scapula and
the humeral head1–3 and for maintaining a stable base for trans-
ferring kinetic energy from proximal to distal segments.4–6 In
addition, abnormal scapular movement (or positioning), es-
pecially at the extremes of humeral elevation, has been iden-
tified as a causative agent in the development of shoulder con-
ditions such as subacromial impingement and glenohumeral
instability.4,7–10

During humeral movement, the scapula has been shown to
rotate about 3 axes, anterior-posterior or horizontal (perpen-
dicular to the scapular plane), superior-inferior or vertical, and
medial-lateral (parallel to the scapular spine), thus producing
3 distinct motions, anterior-posterior tilting, upward-downward
rotation, and internal-external rotation, respectively.11–13 Re-
searchers have developed quantitative techniques for assessing
3-dimensional scapular kinematics that require significant
technical detail by using costly equipment.3,9,11,12 High cost
and technologic sophistication have precluded the use of these
techniques in the clinical setting. Because of the need for a
quantifiable method of assessing scapular kinematics, clinical
scientists have been experimenting with instrumented tech-
niques that are cost and time efficient and clinically useful.3,4

Upward rotation of the scapula is suggested to be clinically
important because the scapula must rotate adequately in an

upward fashion to prevent the humeral head from compressing
and shearing against the undersurface of the acromion process
during humeral elevation.3,4,7,10,14 The combination of shear
(mechanical abrasion) and compression forces of the humeral
head on the undersurface of the acromion and coracohumeral
arch has been described as the main mechanism responsible
for producing subacromial impingement.4,7,10,14 Clinically, pa-
tients with rotator cuff impingement pain have less scapular
upward rotation than do patients without rotator cuff impinge-
ment.10 The ability to detect diminished upward rotation of
the scapula may aid in preventing and evaluating shoulder im-
pairments. For example, it may help diagnose impairment,
such as impingement, or can be used to screen athletes who
may be predisposed to shoulder impairment, such as throwers
and swimmers.3,14–16

Because the humerus is free to move in multiple planes and
directions of motion, it may be important to assess scapular
motion during humeral motion in multiple planes, angles or
arcs, and directions of motion. To date, most of the published
reports investigating scapular kinematics in vivo and ex vivo
have described scapular motion (position) as a function of hu-
meral elevation in one plane or one direction of movement (or
both).1–14,17–19 Warner et al7 and McClure et al20 studied scap-
ular positioning during upward and downward rotation of the
humerus, whereas Koh et al11 and Pascoal et al21 studied scap-
ular upward rotation in multiple planes and angles of humeral
elevation. No conclusions were drawn as to which angle (arc),
direction, or plane of humeral motion was optimal for identi-
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Figure 1. Modified digital inclinometer. A, Locator rods. B, Digital
display of angle. C, Hold button. D, Bubble level.

Figure 2. Clinical technique for measuring scapular upward rota-
tion with the modified digital inclinometer. Locator rods were
aligned with the scapular spine.9

fying normal and abnormal scapular kinematic patterns. To
establish optimal testing procedures for future studies using
this instrumented technique, it is important to determine
whether there are differences among the measurements ob-
tained at different angles and in different planes and directions
of humeral motion.

Therefore, our primary aim was to assess and compare scap-
ular upward rotation bilaterally, in 2 planes (scapular and sag-
ittal), in 2 directions (ascending and descending), and at mul-
tiple angles of humeral elevation.

Secondary objectives were to compare measures of isolated
glenohumeral range of motion with scapular upward rotation.
Measures of isolated glenohumeral range of motion are pre-
sumed to represent capsular mobility. Theoretically, decreased
capsular mobility may result in a ‘‘pulling’’ of the scapula
during humeral elevation, with a subsequent increase in scap-
ular upward rotation. Conversely, greater glenohumeral range
of motion could increase the relative contribution of humeral
motion to the scapulohumeral rhythm, resulting in decreased
scapular upward rotation. Clinically, it is important to under-
stand the relationship among these variables in unimpaired
shoulders to establish normative data. Therefore, preliminary
investigation of these relationships is warranted.

METHODS

Subjects and Design

A sample of convenience comprising 27 subjects (10 men,
17 women; mean age 5 20.4 6 2.4 years, height 5 171.7 6
12.0 cm, mass 5 70.4 6 14.7 kg) who volunteered to partic-
ipate was used in this study. Subjects were included if both
shoulders were unimpaired and they could elevate their arms
more than 1208. Subjects were excluded if they had a history
of injury to either shoulder or if they had participated in an
overhead sport or occupation for 10 years or more. Informed
consent was obtained before testing. The institution’s human
subjects review board for health sciences reviewed and ap-
proved the study protocol.

A 4–within-factor design was used to compare scapular up-
ward rotation among subjects. The within factors included side
(dominant and nondominant), plane of motion (scapular and
sagittal), direction of motion (ascending and descending), and
level of humeral elevation (rest, 308, 608, 908, or 1208).

Instrumentation

Scapular position was measured using a Saunders Digital
Inclinometer (The Saunders Group Inc, Chaska, MN) modified
to rest evenly on the scapular spine (Figure 1).3 The digital
inclinometer can measure angles up to 3608 and is accurate to
0.18, as reported by the manufacturer. A 2.13-m (7-ft) pole
was used to guide the arm during humeral elevation. Markers
were placed on the pole at the selected angles where scapular-
position measures were taken. A standard plastic goniometer
was used to measure isolated glenohumeral internal and ex-
ternal rotation and abduction.

Data Collection

Scapular Position. We measured scapular position using
the protocol developed by Johnson et al,3 which demonstrated
good to excellent intraexaminer reliability and good to excel-

lent criterion-related validity when measuring scapular upward
rotation in the scapular plane. The subject stood with feet
shoulder-width apart and arms at the sides. Subjects were in-
structed to place their heels on a line on the floor and extend
their arms with the hand open. Also, subjects had to point their
thumbs toward the ceiling throughout the testing motion to
control for humeral rotation. The guiding pole was placed at
an angle of 408 anterior from the frontal plane, ensuring hu-
meral elevation in the scapular plane, and 908 anterior from
the frontal plane, ensuring elevation in the sagittal plane. The
selected humeral-elevation angles were determined using the
digital inclinometer. The digital inclinometer was placed along
the lateral border of the upper arm at midshaft, and the sub-
ject’s arm was moved to each angle where the position was
marked on the guiding pole.

When instructed, the subject raised (or lowered) the arm
slowly to the specified mark on the guiding pole, and the scap-
ular position was measured. Scapular position was measured
at 5 angles of humeral elevation (rest, 308, 608, 908, 1208).
Scapular position was measured by locating the root of the
scapular spine and the posterolateral acromion by palpation.
The medial locator arm of the digital inclinometer was placed
over the root, whereas the lateral locator arm was placed over
the posterolateral acromion (Figure 2). The digital inclinom-
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Table 1. Between-Session Repeatablity at Each Angle of
Humeral Elevation

Humeral
Position

Session 1:
Mean (SD) (8)*

Session 2:
Mean (SD) (8)*

Intraclass
Correlation
Coefficient

Standard
Error of

Measure-
ment (8)

Rest
308
608
908

1208

22.86 (6.89)
26.19 (6.23)

2.35 (5.38)
8.00 (4.52)

18.10 (4.84)

23.97 (7.92)
27.96 (8.16)

0.06 (7.18)
8.63 (4.35)

19.39 (4.11)

0.94
0.83
0.73
0.70
0.56

1.88
2.96
3.28
2.43
2.95

*Positive numbers represent upward rotation of the scapula, and neg-
ative numbers represent downward rotation of the scapula.

eter was then held at a right angle to the horizontal plane using
a bubble level, and the examiner pressed the hold button to
secure the measure. To avoid examiner bias, a slip of paper
was placed over the screen on which a digital readout of the
measure was given. After the hold button was pressed, the
examiner removed the slip and recorded the measure.

Ascending measurements were obtained by having the sub-
ject elevate the arm from the resting position directly to the
test position. Descending measurements were taken by having
the subject raise the arm to the maximum elevation, hold it
for 2 seconds, and then lower it to the selected angle. A 5-
second rest (recovery) period was provided between test trials.
The order in which test positions (side, humeral-elevation an-
gle, plane of motion, and direction of motion) were measured
was determined randomly. The same investigator performed
all test measurements. One measurement (trial) was taken at
each test position. The rationale for using only 1 measurement
at each position was based on a small-scale pilot study that
we performed using 10 subjects. The test procedures were
identical except that 3 measurements were performed at each
level of humeral elevation. Intraclass correlation (ICC) anal-
ysis for scapular upward rotation revealed minimal differences
(,0.58) and high repeatability (ICC 5 .97 to .99) among the
3 trials. In addition, Johnson et al3 showed excellent reliability
between 2 trials of testing at each position of humeral eleva-
tion (ICC 5 .89 to .96).

No subject complained of fatigue during the test trials;
therefore, we do not believe that fatigue was a limiting factor
in the study. Also, counterbalancing our test measurements
helped to control for fatigue.

To determine test-retest repeatability, 10 subjects (5 men
and 5 women: 20 shoulders) were instructed to return 1 week
later for a second test session.

Isolated Glenohumeral Range-of-Motion Measures. Af-
ter scapular kinematic testing, isolated glenohumeral internal-
external rotation and elevation range-of-motion measures were
performed on each subject using standard examination tech-
niques.22 With the subject lying supine, the humerus was
placed in a position of 908 abduction and neutral rotation, and
the elbow was flexed to 908. The examiner passively moved
the arm into internal or external rotation until a clinical end-
point was reached. At that point, the angle was measured with
the goniometer.

Isolated glenohumeral elevation also was measured using
the methods described by Lintner et al.23 It was defined as the
angle of humeral elevation at which the inferior angle of the
scapula began to rotate in the upward direction as detected by
examiner palpation.23 The subject was seated, and the inferior
angle of the scapula was located by palpation. The subject was
instructed to actively elevate the arm in the scapular plane.
Once scapular upward rotation occurred, the subject was in-
structed to hold that position, and the examiner measured the
humeral-elevation angle with the goniometer.

The measures of isolated glenohumeral range of motion are
considered to be achieved purely at the glenohumeral joint
when the scapula is stabilized.22,23 Test order for side (domi-
nant, nondominant) and direction (internal-external rotation,
elevation) was performed in a random manner.

Statistical Procedures and Analysis

Repeatability. We calculated between-session repeatability
using the ICC (2,1) formula reported previously.24,25 Using an

analysis of variance (ANOVA) for repeated measures, the
mean square values were obtained for inclusion in the ICC
(2,1) formula. All repeatability coefficients were interpreted as
follows: below .69 was poor, .70 to .79 was fair, .80 to .89
was good, and .90 to 1.00 was considered excellent.26

Within-Subjects Comparisons. We used a 4-factor within-
subjects ANOVA to determine significant mean differences
among the levels of the independent variable, scapular posi-
tion. In the presence of a significant interaction effect, planned
and unplanned pairwise comparisons with Bonferroni adjust-
ments for multiple comparisons were used to determine main
effects and simple main effects, respectively.

Correlations. Pearson bivariate correlations were calculated
to assess the statistical relationship between total range for
scapular upward rotation and glenohumeral internal-external
and elevation range of motion. For the purposes of this study,
correlation coefficients were interpreted as follows: below .50
was poor, .50 to .75 was good, and above .75 was excellent.26

All statistical calculations were performed using the SPSS
statistics package (version 10.0, SPSS Inc, Chicago, IL).

RESULTS

Intraclass correlation (2,1) values, means, standard devia-
tions, and standard errors of measurements were calculated for
scapular upward rotation at each of the specified humeral an-
gles for both sessions (Table 1).

Mean scapular-position values for each humeral-elevation
angle are presented in Figure 3. Analysis of variance revealed
a significant interaction effect for plane 3 angle (F4,104 5
7.86, P , .001) (Figure 4). The interaction effects for side 3
plane 3 direction 3 angle (F4,104 5 1.39, P 5 .24), side 3
plane 3 angle (F4,104 5 1.32, P 5 .27), side 3 plane 3
direction (F1,26 5 0.065, P 5 .80), side 3 direction 3 angle
(F4,104 5 2.04, P 5 .09), plane 3 direction 3 angle
(F4,104 5 0.422, P 5 .79), side 3 plane (F1,26 5 6.4, P 5
.50), side 3 direction (F1,26 5 0.27, P 5 .61), side 3 angle
(F4,104 5 0.54, P 5 .71), plane 3 direction (F1,26 5 1.35, P
5 .25), and direction 3 angle (F4,104 5 0.722, P 5 .58) were
not statistically significant.

For the plane 3 angle interaction effect, unplanned pairwise
multiple comparisons were used to test for simple main effects
with an accepted alpha level of P # .01 (.05/5 Bonferroni
adjustment for multiple comparisons). The scapular plane
demonstrated significantly more scapular upward rotation than
did the sagittal plane at 1208 of humeral elevation (t26 5 3.6,
P 5 .001) (see Figure 4).

The main effect for angle (F1,26 5 163.2, P , .001) was
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Figure 3. Global scapular-positioning pattern plotted as a function
of humeral-elevation angle. Error bars represent standard devia-
tions. Scapular position was significantly different between hu-
meral-elevation angles (P , .05).

Figure 4. Mean (6SD) scapular upward rotation plotted as a func-
tion of humeral-elevation angle to show significant differences be-
tween the sagittal and scapular planes. *Scapular plane demon-
strated significantly more scapular upward rotation than did the
sagittal plane from 908 to 1208 of humeral elevation (P , .001).

Table 2. Mean Values for Scapular Upward Rotation

Arm
Position

Scapular Position (8): Mean (SD)*

Johnson
et al12

Doody
et al28

Current
Study

Rest
308
608
908

1208

2.8 (6.1)
Not reported
10.7 (8.5)
22.6 (8.9)
39.1 (8.4)

5.0 (3.4)
Not reported
14.6 (5.3)
23.8 (6.5)
40.7 (6.9)

20.51 (6.2)
24.9 (6.0)

3.0 (5.4)
8.94 (4.7)

18.12 (5.8)

*Positive numbers represent upward rotation of the scapula, and neg-
ative numbers represent downward rotation of the scapula.

significant. Planned pairwise comparisons revealed significant
differences between angles of humeral elevation (P , .05) (see
Figure 3). Main effects for side (F1,26 5 0.126, P 5 .73), plane
(F1,26 5 0.018, P 5 .89), and direction (F1,26 5 0.245, P 5
.65) were not significant.

Pearson bivariate correlation coefficients revealed poor re-
lationships between the total range for scapular upward rota-
tion and isolated glenohumeral internal-external rotation (r 5
.35, P 5 .010), external rotation (r 5 .38, P 5 .004), and
elevation (r 5 .31, P 5 .024).26

DISCUSSION

Repeatability

The clinical technique we used to assess scapular upward
rotation demonstrated poor to excellent repeatability between
test sessions26 and standard errors of measurement between
1.88 and 3.38, depending on the arc of humeral elevation (see
Table 1). In a similar study, Johnson et al3 reported good to
excellent intraexaminer reliability during a single test session;
however, intersession reliability was not investigated. Our
measures revealed a trend toward lower test-retest repeatability
as the humeral-elevation angle increased. We attribute this de-

creased repeatability at the higher angles of humeral elevation
to increased difficulty and a lack of consistency in palpating
and locating bony reference points. Lack of clinical experience
or mastery of this technique may negatively affect the repeat-
ability and precision of measurement. To improve repeatabil-
ity, we recommend that the examiner have sufficient practice
with the technique and conduct pilot studies before using it to
ensure that the measures are repeatable and precise.

Global Scapular-Positioning Pattern

The scapula demonstrated a discernable pattern of rotation
in relation to elevation of the humerus. In our sample of sub-
jects with unimpaired shoulders, the scapula demonstrated a
consistent pattern of downward rotation initially (average, 58)
from 08 to 308 of humeral elevation, followed by an upward
rotation (average, 188) after 308 of humeral elevation to the
highest level (1208) (see Figure 3). This pattern of downward
rotation has not been reported in previous studies; however,
several investigators discuss a ‘‘setting’’ phase or period in
which scapular rotation is highly variable among subjects.
During this setting phase, the scapula has been reported to
abduct, adduct, oscillate, or remain fixed.2,7 This setting phase
is suggested to occur from rest to 608 of humeral elevation,
after which a consistent relationship (of approximately 2:1)
between humeral elevation and scapular upward rotation exists
throughout the remainder of the range of motion.1,18,27 It
seems reasonable that downward rotation of the scapula may
occur during this setting phase because of the weight of the
limb and the resultant muscular forces acting on the scapula
and the humerus during movement of the arm from a resting
position. The forces created by the scapular (upper trapezius
and serratus anterior) and humeral (deltoid and supraspinatus)
rotators may pull the scapula downward initially in an attempt
to create adequate length-tension relationships for these mus-
cles acting on the humerus.

Our mean values for scapular upward rotation are consid-
erably less than those reported by Johnson et al3 in a similar
study using the same instrumentation, technique, and testing
protocol for a mixed group of subjects with unimpaired and
impaired shoulders as well as the values reported in other stud-
ies using different instrumentation (Table 2).9,10,12,14,28 Luka-
siewicz et al14 reported a mean scapular upward rotation of
28.28 (68.48) from rest to 1208 of arm elevation in a mixed
group of subjects with unimpaired and impaired shoulders.
Johnson et al12 reported mean scapular upward-rotation values
ranging from 308 to 358 in healthy shoulders. Most other stud-
ies show mean scapular upward-rotation values ranging from
288 to 408 at rest to 1408 of arm elevation.9,10,18,28 Instrumen-
tation and experimental procedures varied among studies, as
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Table 3. Angular Displacement of the Scapula as a Function of
Humeral Elevation with Related Scapulohumeral Rhythm Ratios

Arc of
Motion

Angular
Displacement (8):

Mean (SD)*

Humeral Elevation:
Scapular Upward

Rotation†

Rest–308
308–608
608–908
908–1208

Rest–1208

25.0 (7.5)
8.6 (6.7)
4.5 (5.4)

10.6 (4.5)
18.8 (9.3)

26:1
3.5:1
5:1
3.3:1
5.1:1

*Positive numbers represent upward rotation of the scapula, and neg-
ative numbers represent downward rotation of the scapula.
†Scapulohumeral-rhythm ratios were taken from the scapular plane in
the ascending direction, which is consistent with previous studies.

Figure 5. Scapular-positioning pattern plotted as a function of hu-
meral-elevation angle between the ascending and descending di-
rections of motion.

did age and injury status. Some authors used subjects from a
wide spectrum of age groups, whereas others used only sub-
jects of college-going age. Similarly, some researchers mea-
sured only abnormal shoulders, whereas others pooled data
from both impaired and unimpaired shoulders. These differ-
ences may have accounted for some of the variances between
our results and those of others.

Another aim of the study was to look at the relative contri-
butions of the scapula and the humerus to overall arm eleva-
tion. This relationship between humeral and scapular motion,
often referred to as scapulohumeral rhythm, depends on the
angle of humeral elevation.18 Because this relationship has
been shown to be nonlinear, it may be more appropriate to
observe and interpret scapulohumeral rhythm in increments or
isolated arcs of motion.8,18 Scapulohumeral-rhythm ratios have
been shown to be very high in the early stages of elevation
(eg, setting phase), followed by decreasing ratios as the hu-
meral angle increases over the arc of motion. A higher ratio
indicates less relative contribution of the scapula to the overall
motion of the elevating shoulder. Most investigators reporting
scapulohumeral rhythm took measures in the scapular plane
and ascending direction of humeral elevation. Our scapulo-
humeral ratios for the scapular plane during the ascending di-
rection ranged from 2.88 to 6.78 of humeral elevation to 18 of
scapular upward rotation with an overall ratio of 5.1:1 (Table
3). Our findings deviate from early findings of ratios ranging
from 3:1 to 1:127,29,30 but are more consistent with recent find-
ings of 7.9:1 to 2.9:1 by McQuade and Smidt.31 Our ratios
were lowest in the midrange of elevation, indicating a larger
contribution of the scapula to elevation. This finding is con-
sistent with those of Freedman and Munro30 and Doody et
al,32 who stated that during the midrange of elevation, the
moment arms of the scapular rotators are greater than those of
the humeral rotators, thus creating a mechanical advantage for
the scapula. Scapulohumeral-rhythm ratios also have been re-
ported to decrease as resistance or load is added to the hu-
merus during elevation.31

Effect of Plane and Direction of Motion

Our results demonstrate greater upward rotation of the scap-
ula in the scapular plane than in the sagittal plane during the
final arc of humeral elevation (908 to 1208) (see Figure 4). We
hypothesize that the smaller amount of scapular upward rota-
tion in the sagittal plane is due to limited subacromial clear-
ance for the humeral head during humeral elevation. This pla-
nar difference in humeral elevation during the terminal stage
of scapular upward rotation is an important finding when con-

sidering the relationship between scapular upward rotation and
subacromial impingement. During the evaluation of a patient
with an injured shoulder, scapular upward-rotation testing in
both the sagittal and the scapular planes may be useful for
observing dyskinetic scapular motion. Furthermore, testing in
the sagittal plane may be useful because it closely replicates
the Neer sign and, therefore, may be a sensitive test for iden-
tifying impairment due to rotator cuff tendinopathy.

Our findings suggest that to lower the chances of subacro-
mial impingement, it may be advantageous for patients with
rotator cuff tendinopathy to perform overhead rehabilitation
exercises in the scapular plane rather than in the sagittal plane.

Although the scapular plane demonstrated significantly
more upward rotation than did the sagittal plane during the
final arc of humeral elevation (908 to 1208), scapular-position-
ing patterns do not appear to vary significantly among planes
and directions of humeral elevation (Figure 5). Therefore, for
a better appreciation of dyskinetic scapular motion, we rec-
ommend testing in both the sagittal and the scapular planes
when making side-to-side comparisons. We further recom-
mend taking the measure using only 1 direction of motion. By
using only 1 direction of motion, the examiner will signifi-
cantly reduce the time required to perform the test and prevent
patient discomfort from prolonged humeral elevation.

Correlations

Gibson et al6 posited that premature scapular motion during
humeral abduction may occur as a result of restricted or tight
capsuloligamentous tissue. We hypothesized that subjects with
less isolated glenohumeral internal and external rotation and
elevation would show more scapular upward rotation. Less
glenohumeral range of motion would indicate a tighter cap-
sule. The increased scapular upward rotation would be the re-
sult of a tighter capsule ‘‘pulling’’ the scapula along during
humeral elevation or rotation, whereas a more lax capsule
would cause less scapular upward rotation, especially at the
lower ranges of humeral elevation. Our correlations revealed
statistically significant relationships between glenohumeral
range of motion and scapular upward rotation; however, the
relationships were considered to be poor (,0.50).26 It appears
that other factors, such as muscular forces, contribute more
significantly to scapular upward rotation than does capsular
tension.

Future Directions

Based on our repeatability findings, we believe that it is
necessary to conduct a more large-scale study of between-
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examiner and between-session repeatability to further elucidate
the issue of difference in measurement among studies. Once
repeatability is fully established, future researchers should ex-
amine the effectiveness of this clinical technique in predicting
or detecting shoulder abnormalities and in determining the ef-
fectiveness of selected therapeutic interventions.

CONCLUSIONS

The scapula demonstrated a consistent pattern of downward
rotation initially from rest to 308 of humeral elevation, fol-
lowed by an upward rotation after 308 of humeral elevation to
the highest level (1208). Scapular upward rotation is greater in
the scapular plane than in the sagittal plane. Therefore, over-
head rehabilitation exercises should be performed in the scap-
ular plane, especially in subjects with rotator cuff tendinopa-
thy.
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