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Background: Altered scapular motion is thought to be one of the factors associated with the develop-
ment of symptomatic rotator cuff tears. However, the differences in kinematics and muscle activities of
scapular upward/downward rotation between patients with symptomatic and asymptomatic tears are
unclear. The purpose of this study was to compare the differences in kinematics and muscle activities of
scapular rotation among patients with symptomatic and asymptomatic tears, and healthy individuals.
Methods: Twenty-three patients with rotator cuff tears and 9 healthy individuals (healthy group)
participated in this study. Based on a visual analog scale (VAS, 0-100 mm), the patients were divided into
symptomatic (13 patients; VAS �20 mm) and asymptomatic (10 patients; VAS <20 mm) groups. Scapular
upward rotation was measured with a digital inclinometer. Elasticities of the upper trapezius, levator
scapulae, and rhomboid major were assessed by using ultrasound real-time tissue elastography to
quantify their muscle activities. All measurements were performed at 0�, 60�, 90�, and 120� of active arm
elevation in the scapular plane.
Results: Scapular upward rotation was significantly less in the symptomatic group (9.4� ± 5.6�)
compared with the asymptomatic group (15.7� ± 6.0�; P ¼ .022) at 90� of arm elevation. The activity of
the levator scapulae was significantly higher in the symptomatic group compared with the asymptomatic
and healthy groups (P ¼ .013 and P ¼ .005, respectively) at 90� of arm elevation. The activity of the upper
trapezius was significantly higher in the symptomatic group compared with the healthy group (P ¼ .015)
at 120� of arm elevation.
Conclusion: Patients with symptomatic rotator cuff tears showed less scapular upward rotation and
higher activity of the levator scapulae at 90� of arm elevation compared to patients with asymptomatic
rotator cuff tears.

© 2020 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Rotator cuff tear is a common shoulder disease among middle-
aged and elderly people. The prevalence of tears has been re-
ported to be at least 10% in the 50s and increase to over 30% in the
80s.41,63 Most of the patients with rotator cuff tears who come to a
clinic suffer from severe shoulder pain, particularly during arm
elevation. On the other hand, some rotator cuff tears are known to
be asymptomatic in the general population.41,57,63 This indicates
f Tohoku University Graduate

hD, Department of Physical
uate School of Medicine, 2-1,

awa).

Inc. on behalf of American Shoulde
that the existence of rotator cuff tear itself is not necessarily a cause
of pain. Patients with symptomatic rotator cuff tears often become
asymptomatic with nonoperative treatment in the clinical
setting.2,5,6,22,34,65 Nevertheless, factors associated with the devel-
opment of pain is still unclear.

Alterations in scapular motion during arm elevation have been
considered a potential mechanism for shoulder pain.29,45,52,55

Several previous studies reported that the altered scapular mo-
tion reduced subacromial space29,52,55 and increased subacromial
contact pressure.45 These anatomical changes may contribute to
development or progression of subacromial impingement, leading
to shoulder pain during arm elevation. In patients with shoulder
impingement, decreased scapular upward rotation has often been
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observed.16,37,56 A few studies have attempted to clarify the differ-
ence in scapular upward rotation between patients with symp-
tomatic and asymptomatic rotator cuff tears by using x-ray
images62 and 3D/2D registration techniques with biplane fluoro-
scopic images.32 However, these studies showed no statistically
significant difference in scapular upward rotation between patients
with symptomatic and asymptomatic tears. One of the reasons may
be because these studies had small sample size.

Scapular upward rotation during arm elevation is coordinated
by activities of the scapular upward rotators (ie, the upper trapezius
and serratus anterior) and downward rotators (ie, the levator
scapulae and rhomboid major).10,14,26,61 Any changes in the
muscular coordination among the scapular upward and downward
rotators may be considered to cause abnormalities in scapular
upward rotation. For the scapular upward rotators, there is a
consensus that patients with symptomatic tears show higher ac-
tivity of the upper trapezius during arm elevation than those with
asymptomatic tears.31,54 However, little information is available on
the activities of the scapular downward rotators in patients with
symptomatic and asymptomatic tears.54 The main reason for the
lack of informationmay be that the scapular downward rotators are
too deeply located to be investigated by surface electromyography,
which is the gold standard methodology for assessing muscle
activities.

Recently, another method for assessment of activities of the
deeper-lying muscles using ultrasound real-time tissue elastog-
raphy (RTE) has been established.21,44,53,64 RTE is capable of non-
invasively estimating the elasticity of deeper-lying tissues from the
strain of the tissue. Some previous studies reported that the elas-
ticity of muscles in the shoulder girdle assessed by RTE increased
with an increase in muscle contraction intensity and positively
correlated with the EMG activities (r ¼ 0.55-0.66).21,44

The purpose of this study was to compare the differences in
scapular motion and parascapular muscle activities assessed by RTE
during static arm elevation among patients with symptomatic and
asymptomatic tear, and healthy individuals. We hypothesized that
(1) symptomatic patients would demonstrate less scapular upward
rotation and higher activities of the scapular upward and down-
ward rotators as compared with asymptomatic patients and
healthy individuals, and (2) no significant differences in scapular
motion and parascapular muscle activities would be demonstrated
between asymptomatic patients and healthy individuals.

Materials and methods

Subjects

Subjects were recruited from a convenience sample of patients
with rotator cuff tears who visited the authors’ institution. The
diagnosis of partial-thickness or full-thickness rotator cuff tears
was established with magnetic resonance imaging. The size of full-
thickness tear was classified into the following categories11: small
<10 mm, medium 10-30 mm, large 30-50 mm, and massive >50
mm in width or length. Active and passive range of motion (ROM)
measurements for shoulder flexion and external rotation with the
arm adducted were performed with a goniometer.1 The inclusion
criteria were patients with a partial- or full-thickness rotator cuff
tears that involve only the supraspinatus tendon or multiple ten-
dons. Patients with less than 120� of active shoulder flexion and a
previous history of shoulder surgery, cervical radiculopathy, rheu-
matoid arthritis, or neuromuscular disease were excluded.

Twenty-three patients with rotator cuff tears who fulfill the
criteria agreed to participate in this study. These patients were
divided into symptomatic and asymptomatic groups based on the
result of pain evaluation.31,54 Self-reported pain at rest and during
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shoulder motion were reported on a 100-mm visual analog scale
(VAS) ranging from 0 (no pain) to 100 (worst imaginable pain).30

The symptomatic group consisted of 13 subjects was defined as
the subject with the highest VAS score of �20 mm. The asymp-
tomatic group consisted of 10 subjects was defined as the subject
with the highest VAS score of <20 mm.

In addition, 12 healthy volunteers who were recruited
through advertising in our institution participated in this study.
The healthy group was defined as the subject without rotator
cuff tear, any shoulder pain, and history of neck or shoulder
injuries, cervical radiculopathy, rheumatoid arthritis, or neuro-
muscular disease. The absence of rotator cuff tear was confirmed
with a combination of 5 physical examination including the full
and empty can, external rotation resistance, lift-off, and belly-
press tests and ultrasonography23,24. For the ultrasonography,
the shoulder was scanned to display longitudinal images of the
supraspinatus and infraspinatus tendons in B-mode imaging. The
ultrasound scanning for the supraspinatus tendon was per-
formed at the anterior edge of the superior facet of the greater
tuberosity, and the ultrasound scanning for the infraspinatus
tendon was performed at the middle facet of the greater tu-
berosity. The diagnosis of rotator cuff tear was established on
the basis of the following criteria as described in a previous
study: (1) flattening of peribursal fat, (2) loss of actual rotator
cuff tendon, (3) surface irregularity of the greater tuberosity, and
(4) effusion of the subacromial bursa.33 Subjects without any of
the positive results for the 5 physical examinations and the 4
ultrasound findings was selected as the healthy group.

Approval for this study was obtained from the authors’ insti-
tutional review board. All participants received a verbal explana-
tion of the testing procedure and signed an informed consent form
to protect their rights.
Procedures for data collection

Subjects were seated in a height-adjustable chair without a
backrest or armrests. The height of the chair was adjusted so that
they can place their feet flat on the floor with bilateral hips and
knees flexed at approximately 90�. Subjects were instructed to keep
their eyes straight ahead in a relaxed positionwith their arms at the
side of the body and then elevate the involved armwith the thumb
pointing up in the scapular plane until reaching each target angle of
arm elevation: 60�, 90�, and 120�. At each elevation angle, the
subjects held their arms in the position for approximately 10 sec-
onds and then returned to the rest position tominimize fatigue. The
subjects adequately practiced before the task, and the examiner
carefully confirmed that the subjects elevated their arms without
lateral bending of trunk during a series of trials. The scapular plane
was defined as 30� anterior to the frontal plane. The plane of
elevation and arm elevation angle were verified with a goniometer,
and a marked pole was used as a guide to maintain the arm
position.

Data for scapular upward rotation and elasticities of the scapular
upward and downward rotators were collected separately at each
angle of arm elevation in the scapular plane: 0� (rest position), 60�,
90�, and 120�, with the order of the arm elevation angle random-
ized by using a random number generator (Microsoft Office Excel
version 16; Microsoft, Redmond, WA, USA). The data collection was
conducted on the side of rotator cuff tear in the symptomatic and
asymptomatic groups and on the dominant side in the healthy
group. All measurements were performed by a licensed physical
therapist with 12 years of clinical experience, who was blinded to
the patient’s group allocation.



Figure 1 Measurement of scapular upward rotation. A digital inclinometer with
wooden square rods was placed along the medial and lateral aspect of the scapular
spine. The inclination angle of the scapular spine with respect to the horizontal plane
was measured to determine the amount of scapular upward rotation. S, spirit level; D,
digital inclinometer; W, wooden square rods.

H. Ishikawa, T. Muraki, S. Morise et al. JSES International 5 (2021) 238e246
Measurement of scapular upward rotation

A digital inclinometer (Pro 360 Digital Protractor; M-D Building
Products, Oklahoma City, OK, USA) was used for the measurement
of scapular upward rotation. The inclinometer provides a real-time
reading of angles from a horizontal reference and is designed to be
accurate within 0.1� as reported by the manufacturer.35 Two
wooden square rods were attached to the bottom of the incli-
nometer. Each rod is approximately 10 cm in length and one end of
the rod is shaped in the form of Y. A spirit level was also attached to
the top of the inclinometer (Fig. 1).

The examiner placed the inclinometer over the scapula with the
subjects seated. The wooden square rods were located along the
medial and lateral aspect of the scapular spine. The spirit level was
used to avoid an anterior/posterior rotation of the body of the
inclinometer about an axis parallel to the scapular spine. The
inclination angle of the scapular spine with respect to the hori-
zontal plane was measured to determine the amount of scapular
upward rotation.27,35,60 The measurement was performed twice at
each arm position, and themean value of the two trials was used for
the data analysis.

The clinical measurement of scapular upward rotation with a
digital inclinometer has been validated by comparing with angular
data using an electromagnetic tracking device (r ¼ 0.74-0.92).27 In
addition, many previous researches have demonstrated that this
clinical measurement is a reliable procedure.27,35,58,60 In our pilot
study of 20 healthy participants, the intraexaminer reliability for
the measurement of scapular upward rotation was assessed using
the intraclass correlation coefficient (ICC1,2), the standard error of
the measure (SEM), and the minimal detectable change with 95%
confidence (MDC95). The SEM was defined as the standard devia-
tion multiplied by the square root of the ICC subtracted from 1. The
ICC1,2 (SEM, MDC95) values of the scapular upward rotation with
the arm at 0�, 60�, 90�, and 120� of arm elevation were 0.990 (0.4�,
1.1�), 0.994 (0.3�, 1.0�), 0.996 (0.3�, 0.8�), and 0.986 (0.6�, 1.6�),
respectively.

Ultrasound RTE examination

A diagnostic ultrasound system (HI VISION Avius; Hitachi Aloka
Medical Japan, Tokyo, Japan), with a linear array transducer (14e6
MHz EUP-L65; Hitachi Aloka Medical Japan), was used for the
measurement of muscle elasticity. An acoustic coupler (EZU-
TECPL1; Hitachi Aloka Medical, Japan) was attached to the head of
the transducer with a plastic attachment (EZU-TEATC; Hitachi
Aloka Medical Japan) as a reference material. The acoustic coupler
(60 � 50 � 8 mm) is made of elastomer resin and has an elastic
modulus of 22.6 ± 2.2 kPa. The ultrasound system is equipped with
RTE, being capable of estimating elasticity of a target tissue from
the strain of the tissue.

The elasticities of the upper trapezius, levator scapulae, and
rhomboid major were measured with the subjects in a seated po-
sition. First, the examiner scanned the shoulder girdle to obtain a
longitudinal axial B-mode image of each muscle. For scanning of
the upper trapezius, the ultrasound transducer was placed at the
area approximately 2 cm distal to the midpoint between the
spinous process of C7 and the lateral edge of the acromion.21 For
scanning of the levator scapulae, the ultrasound transducer was
placed at the area approximately 2 cm distal to the midpoint be-
tween the superior angle of the scapula and the midpoint between
the transverse processes of C1 and C4.21 For scanning of the
rhomboid major, the ultrasound transducer was placed at the in-
termediate area between the midpoint from the inferior angle of
the scapula to the spine triangle and the spinous process of T3.21

Then, the examiner applied repeated manual compression on the
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muscle with the ultrasound transducer. The frequency of the
compression was adjusted from approximately 2 to 4 Hz by
monitoring the strain graph which indicates time variation of the
average strain. While applying the compression repeatedly, the
color-coded RTE images were superimposed on the entire B-mode
image, which automatically stored in the built-in memory with a
frame rate of 15 frames per second (Fig. 2).

After the ultrasound scanning, the examiner randomly selected
two RTE images and then individually set the rectangular region of
interests on the acoustic coupler and the muscle in each RTE image.
The strain values of the acoustic coupler (A) and the muscle (B) in
the region of interests were measured by the built-in software. To
quantitatively estimate themuscle elasticity, the “strain ratio (B/A)”
was calculated from the ratio of the strain of the muscle (B) to that
of the acoustic coupler (A). Lower value of the strain ratio indicated
stiffer muscle because the strain of muscle with high elasticity is
smaller than that with low elasticity when a stress is applied to the
muscle.20,21,44 The mean value of two RTE images at each arm
position was used for the data analysis.

Good to fair validity for the RTE measurement has been
demonstrated by comparing between the strain ratios and EMG
activities for the middle deltoid (r ¼ �0.659) and upper trapezius
(r ¼ �0.554).21 These results suggest that the RTE is capable of
noninvasively assessing the activities of the shoulder girdle mus-
cles. In addition, our pilot study of 20 healthy participants showed
the excellent intraexaminer reliability for the RTEmeasurements of
the upper trapezius (ICC1,2 ¼ 0.988-0.998, SEM ¼ 0.05-0.15,
MDC95 ¼ 0.13-0.43), levator scapulae (ICC1,2 ¼ 0.983-0.994, SEM ¼
0.04-0.10, MDC95¼ 0.12-0.28), and rhomboidmajor (ICC1,2¼ 0.959-
0.989, SEM ¼ 0.03-0.12, MDC95 ¼ 0.08-0.34) at each angle of arm
elevation.

Statistical analysis

The qualitative (ie, gender) and quantitative (ie, age, body mass
index, and ROM) demographic data were compared among the 3
groups using a chi-square test and 1-way analysis of variance



Figure 2 The real-time tissue elastographic (RTE) image (left image) and the B-mode image (right image) for the measurement of the levator scapulae. The color code indicates the
relative strain of the tissues, ranging from red (soft) to blue (hard). The region of interests (ROIs), which is represented as yellow rectangle, were individually set on the acoustic
coupler (A) and the muscle (B). The depth of the ROIs was defined as approximately the middle two-thirds of the acoustic coupler and the muscle to avoid the boundary condition
effect. The width of the ROI on the muscle was adjusted to coincide with that on the acoustic coupler. The strain ratio (B/A) was automatically calculated from the strains of the
acoustic coupler (A) and the muscle (B) in the ROIs. C, coupler; U, the upper trapezius; L, the levator scapulae.
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(ANOVA), respectively. When a statistically significant main effect
was showed on ANOVA, post hoc testing was conducted with a
Bonferroni correction. Side and type of rotator cuff tear and VAS
score were compared between the symptomatic and asymptomatic
groups using a chi-square test and an independent t test, respec-
tively. Scapular upward rotation and the strain ratios of the scap-
ular upward and downward rotators at each angle of arm elevation
were compared among the 3 groups using 1-way ANOVA, and a
Bonferroni correction was used as post hoc testing. All statistical
analyses were performed with a statistical analysis software
package (SPSS version 25; IBM, Armonk, NY, USA). The statistical
significance level was set at 0.05.

To determine the appropriate sample size, a post hoc power
analysis for the 1-way ANOVA was performed using a statistical
analysis software package (G*Power version 3.1; Heinrich Hein
University, Düsseldorf, Germany). The power (1-b) was calculated
using the sample size of 35, the a level of .05, and the effect size (d)
which was established frommean and standard deviation values of
each group.
Results

The demographic data of each group are summarized in Table I.
The mean age in the asymptomatic group was significantly higher
than that in the healthy group (P ¼ .013). The mean ROM for active
and passive flexion in the healthy group were significantly greater
than those in the other 2 groups (symptomatic, P ¼ .003; asymp-
tomatic, P ¼ .038) for active motion and in the symptomatic group
(P¼ .007) for passive motion. The mean VAS score for motion in the
symptomatic group was significantly higher than that in the
asymptomatic group (P < .001).

The mean and standard deviation values of scapular upward
rotation and the strain ratio of 3 muscles at each angle of arm
elevation are shown in Table II. For scapular upward rotation,1-way
ANOVA showed a statistically significant main effect at 60� (F2,32 ¼
7.43; P ¼ .002), 90� (F2,32 ¼ 8.99; P ¼ .001), and 120� (F2,32 ¼ 4.68;
P ¼ .017) of arm elevation, but no main effect was found at rest
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(F2,32 ¼ 0.17; P ¼ .842). The scapular upward rotation in the
asymptomatic group was significantly greater than that in the
healthy group at 60� (8.5 ± 6.4� vs. �0.1 ± 4.4�; P ¼ .002), 90� (15.7
± 6.0� vs. 6.3 ± 4.2�; P ¼ .001), and 120� (27.2 ± 6.6� vs. 19.4 ± 3.6�;
P ¼ .013) of arm elevation (Fig. 3). At 90� of arm elevation, the
scapular upward rotation in the symptomatic group was signifi-
cantly less than that in the asymptomatic group (9.4 ± 5.6�; P ¼
.022) (Fig. 3).

For the strain ratio of the upper trapezius, 1-way ANOVA
showed a statistically significant main effect at 120� of arm eleva-
tion (F2,32 ¼ 4.90; P ¼ .014), but no main effects were found at rest
(F2,32 ¼ 0.89; P ¼ .419), 60� (F2,32 ¼ 0.41; P ¼ .960) and 90� of arm
elevation (F2,32 ¼ 0.25; P ¼ .779). The strain ratio of the upper
trapezius in the symptomatic group (0.90 ± 0.58) was significantly
lower than that in the healthy group (1.93 ± 0.95) at 120� of arm
elevation (P ¼ .015) (Fig. 4).

For the strain ratio of the levator scapulae, 1-way ANOVA
showed a statistically significant main effect at 90� (F2,32¼ 7.24; P¼
.003) and 120� (F2,32 ¼ 3.68; P¼ .036) of arm elevation, but nomain
effects were found at rest (F2,32 ¼ 2.69; P ¼ .083), 60� of arm
elevation (F2,32 ¼ 1.04; P ¼ .364). The strain ratio of the levator
scapulae in the symptomatic group (0.45 ± 0.26) was significantly
lower than that in the asymptomatic (1.05 ± 0.34) and healthy (1.08
± 0.67) groups at 90� of arm elevation (P ¼ .013 and P ¼ .005,
respectively) (Fig. 5).

For the strain ratio of the rhomboid major, there was no statis-
tically significant main effect at all elevation angles (Fig. 6).

The post hoc power analysis indicated that the power were 0.97
and 0.93 to detect significant differences in scapular upward rota-
tion (effect size, 0.75) and the strain ratio of the levator scapulae
(effect size, 0.67) at 90�, respectively.
Discussion

Alterations in scapular motion during arm elevation have been
commonly observed in patients with various shoulder
diseases.17,37,38,46,56 However, it remains unclear whether the



Table I
Demographic data of each group

Symptomatic group Asymptomatic group Healthy group P value

Number of subjects, n 13 10 12
Dominant side, right/left, n 13/0 10/0 12/0
Gender, male/female, n 10/3 3/7 5/7 .058
Age, mean ± SD, y 66 ± 7 72 ± 8* 62 ± 8 .016
BMI, mean ± SD, kg/m2 24.9 ± 4.1 23.7 ± 2.9 23.0 ± 2.2 .337
ROM, mean ± SD, degree
Active flexion 144 ± 16* 147 ± 18* 164 ± 8 .004
Passive flexion 152 ± 15* 156 ± 16 168 ± 8 .011
Passive external rotation 53 ± 9 53 ± 9 60 ± 4 .067

Side of rotator cuff tear, right/left, n 9/4 8/2 .463
Type of rotator cuff tear, n .417
Partial thickness 6 2
Full thickness
Small (<10 mm) 0 0
Medium (10-30 mm) 4 5
Large (30-50 mm) 3 3
Massive (>50 mm) 0 0

Involved tendon, n .299
SSP 9 3
SSP þ ISP 1 2
SSP þ SSC 1 1
SSP þ ISP þ SSC 2 4

VAS score, mean ± SD, mm
Rest 12 ± 25 1 ± 3 .120
Motion 55 ± 20y 9 ± 8 <.001

SD, standard deviation; BMI, body mass index; ROM, range of motion; SSP, supraspinatus; ISP, infraspinatus; SSC, subscapularis; VAS, visual analog scale.
* Significant difference compared with healthy group.
y Significant difference compared with asymptomatic group.

Table II
Mean and standard deviation values of scapular upward rotation and the strain ratio of 3 muscles

Variables Group Arm elevation

0� 60� 90� 120�

Scapular upward rotation, degree Symptomatic �1.5 ± 5.3 3.2 ± 4.9 9.4 ± 5.6 22.8 ± 7.1
Asymptomatic �0.7 ± 2.8 8.5 ± 6.4 15.7 ± 6.0 27.2 ± 6.6
Healthy �1.8 ± 4.1 �0.1 ± 4.4 6.3 ± 4.2 19.4 ± 3.6

Upper trapezius, strain ratio Symptomatic 4.83 ± 2.85 2.49 ± 1.31 1.77 ± 0.99 0.90 ± 0.58
Asymptomatic 4.26 ± 2.03 2.44 ± 1.44 1.62 ± 0.67 1.68 ± 1.03
Healthy 3.67 ± 1.23 2.34 ± 1.21 1.93 ± 1.27 1.93 ± 0.95

Levator scapulae, strain ratio Symptomatic 3.01 ± 1.66 1.08 ± 0.97 0.45 ± 0.26 0.52 ± 0.44
Asymptomatic 2.61 ± 1.81 1.41 ± 0.74 1.05 ± 0.34 1.05 ± 0.80
Healthy 1.66 ± 0.81 0.95 ± 0.47 1.08 ± 0.67 1.02 ± 0.37

Rhomboid major, strain ratio Symptomatic 3.57 ± 1.01 1.12 ± 0.59 0.59 ± 0.28 0.42 ± 0.26
Asymptomatic 2.80 ± 1.52 1.41 ± 1.74 0.82 ± 0.62 0.49 ± 0.16
Healthy 3.11 ± 1.15 1.51 ± 0.74 0.67 ± 0.29 0.56 ± 0.30

Values represent mean ± standard deviation.
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altered scapular motion is associated with pain in patients with
symptomatic rotator cuff tears. Based on our findings, the patterns
of scapular upward rotation and activities of the scapular upward
and downward rotators during static arm elevation are different
among patients with symptomatic and asymptomatic rotator cuff
tears, and healthy individuals. These changes in scapular motion
are likely to be related to symptoms. However, we cannot tell from
this study whether these changes are the cause or the result of
symptomatic cuff tears.

The present study demonstrated that the scapular upward
rotation in the asymptomatic group was significantly greater than
that in the healthy group at 60�, 90�, and 120� of arm elevation. This
result suggests that the increased scapular upward rotation might
be caused by the dysfunction in rotator cuff-deficient shoulders.
Several cadaveric studies reported that defects of the supraspinatus
and infraspinatus tendons resulted in a reduction in glenohumeral
abduction torque.19,43 In vivo, some investigations demonstrated
that scapular upward rotation during arm elevation significantly
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increased after a suprascapular nerve block39,51 and muscle fatigue
task,15,28 which produce experimental dysfunction of the rotator
cuff muscles. Therefore, scapular upward rotation seemed to have
increased group at 60�, 90�, and 120� of arm elevation to
compensate for the loss of glenohumeral motion in patients with
asymptomatic rotator cuff tears.

On the other hand, there were no statistically significant dif-
ferences in scapular upward rotation between the symptomatic
and healthy groups at all elevation angles. Previous studies showed
increased scapular upward rotation in patients with rotator cuff
tears as comparedwith healthy individuals by using x-ray images,12

electromagnetic tracking system,40 and biplane images.59 One of
the reasons for the discrepancy between our result and previous
findings may be that different devices were used for measurement
of scapular motion. The other reason may be the heterogeneity of
subjects. In the previous studies, the pain level of the patients was
unclear. Therefore, both symptomatic and asymptomatic rotator
cuff tears may be included in the patient group.



Figure 3 Comparison of scapular upward rotation among the 3 groups. The bars and
error bars indicate the mean value and standard deviation, respectively. Asterisk (*)
indicates a significant difference between the symptomatic and asymptomatic groups
(P < .05). Dagger (y) indicates a significant difference between the asymptomatic and
healthy groups (P < .05).

Figure 4 Comparison of the strain ratio of the upper trapezius among the 3 groups.
The bars and error bars indicate the mean value and standard deviation, respectively.
Asterisk (*) indicates a significant difference between the symptomatic and healthy
groups (P < .05).

Figure 5 Comparison of the strain ratio of the levator scapulae among the 3 groups.
The bars and error bars indicate the mean value and standard deviation, respectively.
Asterisk (*) indicates a significant difference between the symptomatic and asymp-
tomatic groups (P < .05). Dagger (y) indicates a significant difference between the
symptomatic and healthy groups (P < .05).

Figure 6 Comparison of the strain ratio of the rhomboid major among the 3 groups.
There were no significant differences among the 3 groups.
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The present study also demonstrated that the symptomatic
group presented with significantly less scapular upward rotation at
90� of arm elevation as compared with the asymptomatic group. It
has been found that the minimum distance between the cor-
acoacromial arch and the rotator cuff insertion occurs near or below
90� of arm elevation.3,18,36,50 Some previous studies reported that
scapular upward rotation could change subacromial contact pres-
sure45 and space52 at a certain angle of arm elevation. Seitz et al52

demonstrated that the acromiohumeral distance at 90� of arm
elevation increased with manual assistance for scapular upward
rotation and posterior tilt. An increase in scapular upward rotation
at 90� of arm elevation could important for avoiding subacromial
impingement. Decreased scapular upward rotation at 90� of arm
elevation in patients with symptomatic rotator cuff tears might be
related to the development of pain by mechanical compression of
the rotator cuff.

We also attempted to compare the differences in activities of the
scapular upward and downward rotators among patients with
symptomatic and asymptomatic rotator cuff tears, and healthy in-
dividuals by using ultrasound RTE. The strain ratio of the upper
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trapezius in the symptomatic group was significantly lower than
that in the healthy group at 120� of arm elevation. This finding
means that the symptomatic group showed higher activity of the
upper trapezius, although there was no statistically significant
difference between the symptomatic and asymptomatic groups.
Consistent with our result, previous studies reported that higher
activity31,54 and longer duration of activity13 for the upper trapezius
during shoulder motion were presented in patients with symp-
tomatic rotator cuff tears. The higher activity of the upper trapezius
would increase upward rotation of the scapula. Nevertheless, no
statistically significant increase in scapular upward rotation was
showed in symptomatic group. This might be because the function
of the upper trapezius as an upward rotator was diminished by
increased activity of the levator scapulae in the middle range of
elevation (90� to 120� of arm elevation). Furthermore, the upper
trapezius is speculated to elevate the scapula by working together
with the levator scapulae. The abnormal motion elevating the
scapula during arm elevation, which is known as the “shrug sign”, is
a clinical finding commonly observed in patients with symptomatic
rotator cuff tears.4,25 The coactivation of the upper trapezius and
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levator scapulae could cause the “shrug sign” in patients with
symptomatic rotator cuff tears.

The strain ratio of the levator scapulae in the symptomatic
group was significantly lower than that in the asymptomatic group
at 90� of arm elevation. This finding means that the symptomatic
group showed higher activity of the levator scapulae at 90� of arm
elevation, which is the same angle as the angle where significantly
less scapular upward rotationwas observed. The levator scapulae is
generally believed to rotate the scapula downwardly on the basis of
anatomical location. Therefore, excessive activation of the levator
scapulae can impede normal scapular upward rotation during arm
elevation. In the present study, decreased scapular upward rotation
at 90� of arm elevation in patients with symptomatic tears might be
influenced by increased activity of the levator scapulae.

We assume that decrease in scapular upward rotation may be
associated with the pain in patients with symptomatic rotator cuff
tears. Further studies should determine the effect of interventions
to improve the decreased scapular upward rotation during arm
elevation. In addition, a highlight of this study is to compare the
different activation patterns of the scapular downward rotators
between patients with symptomatic and asymptomatic rotator cuff
tears while there is a lack of research evaluating these muscle ac-
tivities. In clinical practice, exercises to facilitate the activation of
the scapular upward rotators have beenwidely recommended with
the aim of improving decreased scapular upward rotation.9,47e49

Our findings suggest the need to focus more on minimizing
the activity of the levator scapulae to improve decreased scapular
upward rotation.

There were several limitations in the present study. First, the
asymptomatic group was not age-matched to the healthy group.
The age difference may have been a potential confounding factor
related to scapular kinematics. However, a previous study
demonstrated that there were no statistically significant differ-
ences in activities of the scapular upward rotators between young
and elderly adults.42 Second, the sample size was small. Although
post hoc power analysis indicated sufficient statistical power to
detect significant differences in scapular upward rotation and the
strain ratio of the levator scapulae at 90�, a study in large size of
subjects might reveal the difference which was not found in this
study. Third, the measurements in this study were conducted
during static arm elevation. A previous study reported that the
static measures favorably compared with dynamic measures using
an electromagnetic tracking device.27 However, the findings of this
study may be different if data are collected during dynamic arm
elevation. Fourth, scapular upward rotation might include other
joint motions such as the thoracic and lumber motions because the
inclination angle of the scapular spine relative to the horizontal
plane was measured. However, it has been validated that the
scapular measurement using this technique is comparable with
dynamic measurement using an electromagnetic tracking device in
a three-dimensional setting.27 Therefore, the influence of other
joint motions would be minimal. Fifth, other biomechanical factors
related to altered scapular kinematics such as pectoralis minor
length8 and posterior shoulder tightness7 were not considered in
this study. These confounding factors might affect the outcome of
this study. Sixth, the RTE measurement in the present study
analyzed only a limited area of the muscle on the B-mode image. It
may not completely represent the state of the entire muscle.
However, the EMG measurement, which is the gold standard
methodology for assessing muscle activities, has the same disad-
vantage as the RTEmeasurement. Finally, we did not investigate the
activity of the serratus anterior. The serratus anterior is one of the
important muscles that upwardly rotate the scapula during arm
elevation.14 However, it was difficult to do an ultrasound scan to
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accurately identify the location of the serratus anterior at each
angle of arm elevation in the RTE measurement.

Conclusion

In patients with symptomatic rotator cuff tears, scapular upward
rotation was significantly less at 90� of arm elevation as compared
with patients with asymptomatic rotator cuff tears. The decreased
scapular upward rotation might be influenced by increased activity
of the levator scapulae. These findings suggest that the alterations
in scapular upward rotation and activity of the levator scapulae
may be related to the development of pain in patients with rotator
cuff tears.
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