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Abstract

Objective: To characterize scapular kinematics and shoulder muscle activity in patients with subacromial impingement syndrome, with and
without visually identified scapular dyskinesis.

Design: Cross-sectional study.

Setting: Laboratory.

Participants: Participants with subacromial impingement syndrome (N=38) were visually classified using a scapular dyskinesis test with
obvious scapular dyskinesis (n=19) or normal scapular motion (n=19).

Interventions: Not applicable.

Main Outcome Measures: An electromagnetic motion capture system measured 3-dimensional kinematics of the thorax, humerus, and scapula.
Simultaneously, surface electromyography was used to measure muscle activity of the upper, middle, and lower trapezius; serratus anterior; and
infraspinatus during ascending and descending phases of weighted shoulder flexion. Separate mixed-model analyses of variance for the ascending
and descending phases of shoulder flexion compared kinematics and muscle activity between the 2 groups. Shoulder disability was assessed with
the Pennsylvania Shoulder Score (Penn).

Results: The group with obvious dyskinesis reported 6 points lower on Penn shoulder function (0—60 points), exhibited a main group effect of
less scapular external rotation of 2.1° during ascent and 2.5° during descent, and had 12.0% higher upper trapezius muscle activity during ascent
in the 30° to 60° interval.

Conclusions: Patients with obvious dyskinesis and subacromial impingement syndrome have reduced scapular external rotation and increased
upper trapezius muscle activity, along with a greater loss of shoulder function compared with those without dyskinesis. These biomechanical
alterations can lead to or be caused by scapular dyskinesis. Future studies should determine if correction of these deficits will eliminate scapular
dyskinesis and improve patient-rated shoulder use.
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Subacromial impingement syndrome (SAIS) accounts for 44% to
65% of all complaints of musculoskeletal shoulder pain.'™ The
mechanisms of this syndrome are not well understood because of
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the multifactorial nature and lack of a consistent identifiable tissue
pathology.* SAIS has been linked to altered scapular motion and
muscle activity.””’

The 3-dimensional kinematic general pattern of normal scap-
ular motion during active arm elevation is scapular upward rota-
tion and posterior tilting, along with clavicular elevation and
retraction.” Scapular external/internal rotation varies depending on
the plane and degree of arm elevation.”’ During sagittal plane
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Table 1  Participant demographics and characteristics

DYSK NO DYSK
Variable (n=19) (n=19) P
Age (y) 40.2£13.8  46.4£10.9 .13
Weight (kg) 80.2413.7 81.1+19.6 .88

Height (cm) 173.7£15.4 174.5£10.0 .85

Sex: male 12 (63.2) 11 (57.9) .50
Arm dominance: dominant 12 (63.2) 12 (63.2) .63
Duration of symptoms .15
6—12wk 0 (0) 2 (10.5)
>12wk 19 (100) 17 (89.5)
Penn
Total score (0—100, 59.8+10.8 68.9+8.7 .01"
100=no disability)
Penn pain subscale (0—30, 17.7+£5.7 19.7+4.6 .23
30=no pain)
Penn satisfaction subscale (0 3.6+2.3 4.6+£3.0 .26
—10, 10="fully satisfied)
Penn function subscale (0 38.546.4  44.54+6.2 .01"

—60, 60="full function)

NOTE. Values are mean =+ SD, n (%), or as otherwise indicated.
Abbreviations: DYSK, obvious scapular dyskinesis group; NO DYSK,
normal scapular motion group.

* Significant difference between groups.

flexion, initially scapular internal rotation occurs,” then the
scapula externally rotates toward the end range of flexion.® Pa-
tients with SAIS generally have a pattern of less upward rotation
and external rotation, along with greater clavicle elevation and
retraction compared with healthy controls.” Scapular motion is
controlled in part by the force couple between the trapezius and
serratus anterior muscles.'” Increased upper trapezius muscle ac-
tivity along with decreased lower trapezius and serratus anterior
muscle activity”''"'? have been reported in patients with SAIS.
Altered muscle activations associated with abnormal scapular
motion are theorized to contribute to SAIS.”

Visual alterations in scapular movement have been termed
scapular dyskinesis.'* The scapular dyskinesis test was devel-
oped to visually identify dyskinesis during active shoulder
elevation.'” Collegiate overhead athletes with dyskinesis identi-
fied by the scapular dyskinesis test have reduced scapular up-
ward rotation, reduced clavicular elevation, and greater
clavicular protraction compared with those with no dyskinesis.'®
It is unclear if these results generalize to patients with shoul-
der pain.

Defining the kinematic and muscle activity impairments
related to scapular dyskinesis in patients with shoulder pain can
provide foundational knowledge for treatment and understanding
of scapular dyskinesis. The purpose of this study was to charac-
terize scapular kinematics and muscle activity in patients with
SAIS with visually identified scapular dyskinesis compared with
those without dyskinesis.

List of abbreviations:

MDC minimal detectable change
Penn Pennsylvania Shoulder Score
SAIS subacromial impingement syndrome
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Patients with Subacromial
Impingement Syndrome

(n=60)
Excluded (n=7)
Did not meet inclusion
criteria (n=5)
Pain rating > 7/10 (n=2)
A
Scapular dyskinesis
test (SDT)
(n=53)
Excluded (n=15)
> subtle scapular
dyskinesis
SDT SDT
) O]
A A
Obvious scapular Normal scapular
dyskinesis group motion group
(DYSK) (NO DYSK)
(n=19) (n=19)
Fig 1 Flowchart demonstrating subject screening and group

assignment. Abbreviations: DYSK, obvious scapular dyskinesis group;
NO DYSK, normal scapular motion group; SDT, scapular dyskinesis test.

Methods

Participants

A convenience sample of 60 adults (18—70y) was recruited
consecutively from rehabilitation and physician offices to screen
for participation. SAIS was confirmed with inclusion criteria of 3
of 5 positive tests'”: painful arc,'® pain or weakness with resisted
external rotation,'” Neer test,”® Hawkins-Kennedy test,”' and Jobe
test.”” Exclusion criteria included adhesive capsulitis (25% limi-
tation of passive shoulder motion in >2 motions),17 pain >7 (out
of 10), history of upper arm fracture, systemic musculoskeletal
disease, shoulder surgery, active/passive cervical motion repro-
ducing shoulder pain,> or positive for a full thickness rotator cuff
tear (drop arm,”* lag sign,* lift-off>° tests). Participants were then
tested for scapular dyskinesis with the scapular dyskinesis test.
Those with obvious dyskinesis (n=19) and no dyskinesis (n=19)
were retained for kinematic and muscle activity testing. Partici-
pants signed an informed consent approved by the local institu-
tional review board. Table 1 describes participant demographics
and characteristics. Figure | depicts subject screening and group
assignment.”’

An a priori power analysis indicated that 32 participants
(assigned in a 1:1 group ratio) were needed. Sample size esti-
mation was based on a pilot test of 11 participants and on the
assumption that a 10% difference in muscle activity’ and a 4°
difference in scapular upward rotation”*® and a 2° difference in all
other kinematic variables™’ between groups would constitute
clinically meaningful differences.
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Table 2  Kinematics sensor and electromyography electrode placement
Kinematics

Segment Sensor Placement Bony Landmarks Used to Define the Rigid Segment
Thorax Spinous process of T3 e Spinous process of the C7

e Sternal notch

e Spinous process of the T7

e Xiphoid process
Scapula Posterior lateral acromion e Root of the spine

e Inferior angle of the scapula

e Posterolateral acromion process
Humerus Posterior distal humerus e Medial humeral epicondyle

e Lateral humeral epicondyle

o Humeral head center, not directly digitized”

Electromyography

Muscle Electrode Placement

Upper trapezius
Middle trapezius
Lower trapezius
Serratus anterior

Immediately lateral to a point midway between the spinous process of T1 and the acromion process
Immediately lateral to a point midway between the spinous process of T3 and the root of spine of the scapula
Immediately lateral to a point midway between the spinous process of T7 and the inferior angle of the scapula
Along the midaxillary line over the 6th rib

Infraspinatus e 2.54cm inferior to the spine of the scapula at a point midway between the root of the spine of the scapula and the

posterior acromion process

* The humeral head center is estimated by moving the arm through various small arcs of motion to define the center by the least-squares method.

Instrumentation and procedures

Participants completed a history and demographics form and the
Pennsylvania Shoulder Score (Penn).m The Penn has demon-
strated acceptable reliability and validity, with a standard error of
measurement of 8.5 scale points and a minimal detectable change
(MDC) of 12.1 scale points.*”

Scapular dyskinesis test
The scapular dyskinesis test' ” was used to assign participants to
the dyskinesis group or no dyskinesis group. Scapular motion was
observed during weighted shoulder flexion'>'® because scapular
dyskinesis is more prevalent during flexion.'®*! Participants per-
formed 5 consecutive repetitions of bilateral, active, and weighted
shoulder flexion using dumbbells according to their body weight:
1.4kg (31b) for those weighing <68.1kg (150Ib) and 2.3kg (51b)
for those >68.1kg (1501b).'*!°

Two examiners with standardized training to perform the
scapular dyskinesis test'” independently and simultaneously
categorized patients with visually obvious dyskinesis, subtle
dyskinesis, or normal scapular motion. Examiners were blinded
to each other’s assessment but were not blinded to which
shoulder was painful. Lack of evidence of scapular motion
abnormality was classified as normal motion. Subtle dyskinesis
was classified when only mild or questionable evidence of
scapular motion abnormality occurred not consistently present.
Participants with subtle dyskinesis (n=15) were excluded to
maximize the potential for detecting between-group differences.
Obvious scapular dyskinesis was present if there was striking,
clearly apparent abnormality evident on at least 3 out of 5
trials.'>'® Interrater reliability of the scapular dyskinesis test
between the 2 examiners was good (74.2% agreement; k=.58),
which is comparable with previous research.'” For the purpose
of group assignment, subjects were classified according to the
first examiner’s rating.

16

Kinematics and muscle activity

Participants were outfitted with electromagnetic motion sensors
for capture of 3-dimensional motion and surface electromyog-
raphy electrodes to measure shoulder muscle activity. Kinematics
and surface electromyography were collected during 5 consecu-
tive repetitions of bilateral weighted shoulder flexion (separate
from the scapular dyskinesis test), using the same weights as used
for the scapular dyskinesis testing. Each repetition of arm eleva-
tion was performed to a count of 6 seconds: 3 seconds each to
elevate and lower. MotionMonitor software” was used for data
acquisition to synchronize and store the data for future processing.
Data were exported and reduced with MATLAB."

Scapular kinematics

The 3-dimensional kinematics of the thorax, scapula, and humerus
were tracked using the Polhemus 3 Space FASTRAK electro-
magnetic motion capture system.” With participants in a quiet
standing position, sensors were attached to each bony segment
with adhesive tape or rubber straps. The local coordinate systems
for each bony segment were created by digitizing bony land-
marks®?** as described in table 2. Absolute sensor orientation
data were transformed to describe the relative positions of the
local coordinate system of each bony segment. Standard Euler
angle sequences were used to describe the orientation of the
segments.”* Scapular orientation relative to the thorax was
described as external/internal rotation, upward/downward rotation,
and posterior/anterior tilting. Two clavicular rotations were used
to describe the scapular position and were represented by the
angular motion of the clavicle: elevation/depression and protrac-
tion/retraction, which were derived from the location of the sternal
notch and the acromioclavicular joint and tracked with the
thoracic and scapular sensors, respectively. Scapular kinematics
was calculated at 4 arm angles (30°, 60°, 90°, 120°) during the
ascending and descending phases of shoulder flexion. The middle
3 of the 5 consecutive repetitions were used for data analyses. The
Polhemus system has reported an accuracy of 0.8mm and 0.15°.%
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A subsample (n=12) of the participants was retested within 1
week of their initial data collection to assess test-retest intrarater
reliability of the kinematic variables, and it was found to be fair to
excellent (table 3).

Muscle activity

Muscle activity was measured using dual 10-mm silver bar pre-
amplified surface electromyography electrodes,” with an amplifi-
cation factor of 10k and a common mode rejection ratio >92dB at
60Hz. Surface electromyography signals were collected from the
upper trapezius muscle, middle trapezius muscle, lower trapezius
muscle, serratus anterior muscle, and infraspinatus muscle of the
involved arm of each participant. Electrode placement sites were
first vigorously cleaned with alcohol. Then the electrodes were
placed as described in table 2 and held with adhesive tape.”” A
reference electrode was adhered with adhesive over the contra-
lateral olecranon process.

For normalization, surface electromyography data were
collected during 2 trials while participants performed a reference
contraction against resistance for 5 seconds at the midpoint of
the testing motion at —90° of flexion in the sagittal plane. A rest
period of 60 seconds was given between trials to avoid fatigue.
This reference contraction protocol was used because it was in
the same plane and at the midpoint of the dynamic testing and
was less demanding and painful for the participants compared
with a maximal voluntary isometric contraction normalization
test for each muscle.’® Raw surface electromyography data were
sampled at 960Hz, band-pass filtered (20—400Hz), and exported
to MATLAB, where a notch filter (59—61Hz) was applied.
Custom-written MATLAB code performed full wave rectifica-
tion and calculated the average rectified values from the middle
3 of 5 consecutive arm elevation repetitions. The average
rectified value was calculated for 3 arm elevation intervals (30°—
60°, 60°—90°, 90°—120°). For the reference contraction, a
3-second analysis window was used to calculate the normali-
zation value. Then, the average rectified values from the 2 trials
were calculated for each muscle. The average rectified values
during the 3 arm elevation intervals throughout the ascending
and descending phases of shoulder flexion were normalized to
the average rectified values of the reference contraction and
were expressed as a percentage of the reference contraction. A
subsample of the participants (n=12) was retested within 1
week of their initial data collection session to assess test-retest
intrarater reliability of surface electromyography; it was found
to be fair to excellent (see table 3). Absolute mean and mean
between-day differences of the surface electromyography mus-
cle activity (mV) during the reference contraction are reported
in table 4.

Data analysis

Demographic differences between groups were tested using ¢ tests
(continuous data) and chi-square tests (nominal data). Compari-
sons of scapular kinematics and surface electromyography muscle
activity were performed using separate mixed-model analyses of
variance for the ascending and descending phase of each depen-
dent variable, with group (dyskinesis group, normal scapular
motion group) as the between-subjects factor, the 4 arm elevation
angles (30°, 60°, 90°, 120°) as the repeated factor for scapular
kinematics, and the 3 arm elevation intervals (30°—60°, 60°—90°,
90°—120°) as the repeated factor for surface electromyography
muscle activity. Statistical significance was set at «=.05. In the
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case of interactions, effects of group at each repeated factor were
compared, and Bonferroni correction was used to adjust for
multiple comparisons. All statistical tests were performed with
SPSS version 21.°

Results

Descriptives are reported in table 1. There were no statistically
significant differences between the groups except the dyskinesis
group reported 9.1 points lower on the Penn total score and 6.0
points lower on the function subscale compared with the norma-
tive scapular motion group.

Scapular kinematics

Figure 2 depicts plots of scapular kinematics during arm elevation.
Significant group X arm elevation angle interactions were
demonstrated during the descending phase for upward rotation
(F336=2.89; P=.039) and clavicular elevation (F;36=4.19;
P=.012); however, there were no post hoc differences between
groups at any specific arm elevation angle. During the descent,
there were no significant group main effects for upward rotation
(F135=0.56; P=.457) and clavicular elevation (F;3,=0.25;
P=.618). During the ascending phase, there were no significant
interactions or group main effects, respectively, for scapular up-
ward rotation (F;35=1.01; P=.398; F,35=0.05; P=.833) and
clavicle elevation (F;36=2.28; P=.096; F,3,=0.19; P=.663).
Scapular external rotation demonstrated a significant main effect
for group during the ascending (F;3,=4.56; P=.035) and
descending phases (F; 36=5.41; P=.022); the dyskinesis group
had less external rotation in the ascending phase (mean difference,
2.1°; 95% confidence interval, 0.2°—4.1°) and descending phase
(mean difference, 2.5°; 95% confidence interval, 0.4°—4.6°)
compared with the normal scapular motion group. This difference
in scapular external rotation was not influenced by arm elevation
angle (no interaction) during the ascending (F; 35=0.25; P=.862)
or descending phases (F;34=0.42; P=.740). There were no sig-
nificant interactions or group main effects, respectively, for
scapular posterior tilt during the ascending (F53,=0.57; P=.640;
Fy134=0.01; P=.956) or descending (F333=0.09; P=.963;
F,34,=0.26; P=.615) phases and for clavicular protraction during
the ascending (F335=0.58; P=.633; F,3,=0.57; P=.454) or
descending (F;35=1.57; P=.201; F, 37=0.72; P=.402) phases.

Surface electromyography

Table 5 provides means + SEs for surface electromyography
expressed as percentage of the reference contraction. A significant
group X arm elevation interval interaction was found for the upper
trapezius surface electromyography muscle activity during the
ascending phase (F,35=3.91; P=.029). Post hoc differences
between groups demonstrated that the dyskinesis group had higher
upper trapezius surface electromyography muscle activity during
the 30°—60° interval (r=2.76; P=.009), with a 12.0% difference
between groups. There was no significant difference for upper
trapezius surface electromyography muscle activity between
groups during the other arm elevation intervals and no significant
group main effect (F, 3,=2.80; P=.104). During the ascending
phase, no significant group x arm elevation interactions or group
main effects, respectively, were found for the middle trapezius
(F235=1.24; P=.302; F,35=125; P=.271), lower trapezius
(Fr35=1.01; P=.370; F,3,=.09; P=.762), serratus anterior
(Fr36=221; P=.116; F,3=.29; P=.589), and infraspinatus
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Table 3  Intratest reliability for scapular kinematics and normalized sEMG muscle activity

Variables ICC SEM MDC ICC SEM MDC
Scapular Kinematics
Arm Elevation Angle Ascending Phase Descending Phase
External rotation
30° 0.22 3.87 5.47 0.39 4.94 6.98
60° 0.41 4.00 5.65 0.63 3.87 5.47
90° 0.68 3.42 4.84 0.77 3.49 4.93
120° 0.89 2.88 4.08 0.92 2.96 4.18
30°—120 0.55 3.84 5.43 0.68 3.79 5.36
Upward rotation
30° 0.90 3.87 5.47 0.89 4.79 6.77
60° 0.92 4.11 5.81 0.91 4.60 6.51
90° 0.90 4.35 6.15 0.91 4.25 6.01
120° 0.89 3.98 5.62 0.90 3.46 4.89
30°—120° 0.90 3.89 5.5l 0.90 3.76 5.32
Posterior tilt
30° 0.83 1.55 2.20 0.93 1.09 1.54
60° 0.84 1.81 2.56 0.92 1.24 1.76
90° 0.93 1.82 2.57 0.83 2.71 3.83
120° 0.95 2.29 3.23 0.78 4.74 6.71
30°—120° 0.89 2.32 3.28 0.86 2.38 3.37
Clavicular elevation
30° 0.84 2.23 3.15 0.93 1.46 2.06
60° 0.85 2.46 3.47 0.89 2.13 3.01
90° 0.91 1.90 2.69 0.82 2.45 3.47
120° 0.93 1.43 2.02 0.71 2.84 4.02
30°—120° 0.88 2.06 2.91 0.86 2.22 3.14
Clavicular protraction
30° 0.83 2.45 3.46 0.79 3.39 4.79
60° 0.79 3.08 4.35 0.83 3.35 4.74
90° 0.76 3.30 4.66 0.78 3.35 4.74
120° 0.75 2.75 3.89 0.72 2.79 3.94
30°—120° 0.78 2.93 4.15 0.80 3.12 4.41
SEMG Muscle Activity
Upper trapezius
30°—60° 0.70 9.91 14.01 0.81 7.35 10.40
60°—90° 0.42 7.59 10.73 0.56 6.66 9.41
90°—120° 0.76 8.78 12.42 0.40 8.50 12.02
Middle trapezius
30°—60° 0.58 8.43 11.93 0.53 2.05 2.90
60°—90° 0.74 3.59 5.08 0.83 1.22 1.73
90°—120° 0.61 7.50 10.61 0.72 2.64 3.73
Lower trapezius
30°—60° 0.67 6.86 9.70 0.66 5.82 8.23
60°—90° 0.71 8.63 12.21 0.55 4.72 6.68
90°—120° 0.70 10.41 14.72 0.86 5.92 8.38
Serratus anterior
30°—60° 0.67 10.91 15.44 0.30 11.70 16.54
60°—90° 0.85 8.27 11.69 0.85 6.54 9.25
90°—120° 0.74 17.27 24.42 0.43 15.07 21.32
Infraspinatus
30°—60° 0.23 9.64 13.63 0.77 3.38 4.78
60°—90° 0.70 4.41 6.24 0.30 5.02 7.09
90°—120° 0.58 6.46 9.13 0.66 4.11 5.81

NOTE. Scapular kinematics is expressed as degrees, and normalized sEMG muscle activity is expressed as percentage of the reference contraction.
Abbreviations: ICC, intraclass correlation coefficient; SEM, standard error of measurement; sEMG, surface electromyography.
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Table 4 Absolute mean and mean between-day differences in
surface electromyography muscle activity during the reference
contraction used for intrarater test-retest reliability

Mean
Muscle Activity (mV) Test Retest Difference
Upper trapezius 96162 1324102 36
Middle trapezius 83457 95476 12
Lower trapezius 70+60 71493 1
Serratus anterior 68+164 47467 21
Infraspinatus 46+19 52427 6
NOTE. Values are mean + SD.
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(F231=1.35; P=.275; F,34=.40; P=.533) surface electromy-
ography muscle activity. During the descending phase, a signifi-
cant group X arm elevation interval interaction was found for the
upper trapezius (F,35=3.57; P=.034), middle trapezius
(F235=3.47; P=.037), and infraspinatus (F3c=3.42; P=.044)
surface electromyography muscle activity. However, no post hoc
differences between groups were found at any specific arm
elevation interval. During descent, there were no significant group
main effects for the upper trapezius (F, 35=.09; P=.766), middle
trapezius (F;3,=2.34; P=.135), and infraspinatus muscles
(Fy 36=2.40; P=.130). There were no significant interactions or
group main effects, respectively, for the lower trapezius
(F236=1.59; P=.212; F,35=.01; P=.957) or serratus anterior
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Mean scapular kinematics expressed as degrees at 4 arm elevation angles of weighted shoulder flexion during the ascending and

descending phases in those with DYSK and NO DYSK. (A) Scapular external rotation (ER); (B) scapular upward rotation (UR); (C) scapular posterior
tilt (PT); (D) clavicular elevation (CE); (E) clavicular protraction (CP). The solid line indicates the mean values for the DYSK group; dashed line,
mean values for the NO DYSK group. Error bars indicate the SE. Positive directions are defined as scapular external rotation, upward rotation, and
posterior tilt and clavicular elevation and protraction. *P<.05, main effect of group. Abbreviations: DYSK, obvious scapular dyskinesis group; NO

DYSK, normal scapular motion group.
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Table 5

Normalized surface electromyography muscle activity during 3 arm elevation intervals of weighted shoulder flexion

DYSK (n=19)

NO DYSK (n=19)

DYSK (n=19) NO DYSK (n=19)

Arm Elevation Interval Ascending Phase

Descending Phase

Upper trapezius

30°—60° 29.6+3.1 17.64+3.17 16.5+2.9 13.0+2.9

60°—90° 23.4%3.7 16.5+3.6 12.14+2.9 10.6+2.9

90°—120° 25.11+4.0 26.7+4.0 12.24+2.9 20.1+2.9
Middle trapezius

30°—60° 9.14+2.3 13.14+2.3 5.0+1.6 6.1+1.6

60°—90° 11.943.2 11.443.2 5.54+1.6 5.1+1.6

90°—120° 11.443.3 18.8+3.3 6.6+1.6 13.0+1.6
Lower trapezius

30°—60° 15.943.6 20.7+£3.7 11.54+2.3 10.0+2.4

60°—90° 15.6+3.6 18.4+3.7 9.7+2.3 7.4+2.3

90°—120° 20.21+3.6 16.043.7 9.7+2.3 13.9+2.3
Serratus anterior

30°—60° 32.245.4 22.5+5.5 12.5+2.8 16.5+2.9

60°—90° 34.01+5.5 37.6+5.5 19.54+4.1 19.7+4.1

90°—120° 33.7+5.4 46.0£5.5 21.9+5.4 35.94£5.5
Infraspinatus

30°—60° 10.7+2.3 15.84+2.3 7.5+1.5 8.4+1.5

60°—90° 12.8+2.9 10.8+2.9 6.0£1.2 4.54+1.2

90°—120° 16.3+2.7 18.7+2.7 7.2+1.7 13.1+1.7

NOTE. Values are mean + SE. Values are expressed as percentage of the reference contraction.
Abbreviations: DYSK, obvious scapular dsykinesis group; NO DYSK, normal scapular motion group.
* P<.0125, post hoc difference between groups in the arm elevation interval.

(Fr36=1.59; P=.218; F,36=2.33; P=.135) muscles in the
descending phase.

Discussion

Patients with SAIS-related shoulder pain and scapular dyskinesis
have reduced scapular external rotation and increased upper trape-
zius muscle activity during arm elevation compared with those with
normal scapular motion. These differences may be compensatory
strategies or causative factors. We studied 5 muscles and 5 kinematic
variables but found only 2 deficits, which may be explained by the
variable patterns of dyskinesis and the transient nature of the dys-
kinesis during arm elevation. Obvious dyskinesis does appear to
adversely affect shoulder function; however, the 6.0-point lower
score on the Penn function subscale was less than the MDC of 8.6
points for the subscale.”” Because the groups differed on their Penn
scores for functional loss, we performed a secondary group com-
parison in which the Penn scores were entered as a covariate. The
results did not differ from those in which we did not control for the
Penn scores, indicating that the differences in scapular external
rotation and upper trapezius muscle activity were likely not caused
by the differences in self-report shoulder functional loss. Clinical
studies are needed to determine if correction of identified muscle
and movement deficits will abolish scapular dyskinesis and improve
patient-rated outcomes.

There was less scapular external rotation during arm eleva-
tion and descent in patients with obvious dyskinesis. Reduced
external rotation could contribute to the development and pro-
gression of subacromial impingement or pain or result from the
altered muscle activity. The motion of scapula external rotation
shows more variability across subjects, planes of elevation, and

degrees of arm elevation.”® Studies’*” have found an increase
in scapula internal rotation in patients with SAIS, whereas other
studies®~"** have found no differences in scapular external/in-
ternal rotation between patients with SAIS and asymptomatic
individuals. The original study'® reported that the scapular
dyskinesis test did not find scapular external rotation alterations
between those with and without visual dyskinesis. The mean of
2.1° to 2.5° less external rotation did surpass our threshold of 2°
of clinically meaningful differences,”® but it was lower than
our measurement error for the external rotation variable during
the 30° to 120° interval in both the ascending and descending
phases (standard error of measurement=3.8°, MDC=5.4°),
indicating caution. Prior studies have reported scapular internal/
external rotation deficits ranging from 2.0° to 5.2°"*° in patients
with SAIS compared with healthy controls. Our smaller differ-
ences may be clinically meaningful and may contribute to
reduced self-report shoulder function found in those with
obvious dyskinesis. This reduction of scapular external rotation
during arm elevation may be enough to impact the available
subacromial space and contribute to the symptoms of SAIS in
these patients.

The middle and lower trapezius muscles control and produce
scapular external rotation. Altered middle and lower trapezius
muscle activity would be expected to accompany the decreased
scapular external rotation if the changes in external rotation were
primarily caused by altered muscular control. We found no dif-
ferences in the middle and lower trapezius muscle activity.
However, there was greater upper trapezius muscle activity in the
obvious dyskinesis group during the 30° to 60° arm interval,
which may have reduced the magnitude of the scapular external
rotation in the obvious dyskinesis group.
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Patients with obvious dyskinesis had 12% greater upper trape-
zius muscle activity. This increased upper trapezius muscle activity
may be an attempt to control the dyskinesis or assist with arm
elevation. Increased upper trapezius muscle activity has commonly
been reported in patients with SAIS”'""'? who were not evaluated
for dyskinesis. Greater upper trapezius muscle activity may alter
the force couples among the scapula muscles necessary during arm
elevation and may contribute to muscle imbalance in patients with
SAIS and obvious dyskinesis. Restoration of scapular muscle bal-
ance should be emphasized in the rehabilitation of these patients.
With increased upper trapezius muscle activity, kinematic changes
of greater scapular upward rotation and clavicular elevation were
expected, but we not find any differences. Treatment interventions
of motor control and performance techniques to reduce the activity
of the upper trapezius muscle during arm elevation may serve to
reduce visual dyskinesis and improve function; however, clinical
trials are needed to verify this hypothesis. Differences in upper
trapezius muscle activity did surpass the threshold of 10% for
determining clinically meaningful differences,” but they were
lower than the MDC (14%) and should be interpreted with caution.
We found no differences for the other muscles studied. Given the
complex synergy that exists among the muscles of the shoulder,
future studies should consider other variables (eg, muscle onset
latency, muscle activation and deactivation times).

No differences between groups for the other 4 kinematic vari-
ables were found. This differs from the original validation study of
the scapular dyskinesis test,'® which found that the obvious dyski-
nesis group had less upward rotation and clavicular elevation and
greater clavicular protraction during the ascending phase of shoul-
der flexion. In the original scapular dyskinesis test study,'® partici-
pants were overhead athletes with subclinical levels of pain. The
difference in participant samples is likely a main reason for the
discordant findings between studies. We did not find differences
between groups for scapular upward rotation, which may be because
of the high variability of this measure. We expected greater clavicle
elevation during the ascending phase because of our findings of
higher upper trapezius muscle activity in the obvious dyskinesis
group. The magnitude of clavicle elevation was higher (approxi-
mately 20°) than those reported in previous studies (approximately
10°),%'° which could be associated with shoulder hiking, commonly
observed in patients to assist in elevating the arm to reduce shoulder
pain.'' Finally, no differences between groups were found for
scapular posterior tilt, which is consistent with prior studies.'®

Study limitations

The variability in pathologies that compromise the diagnostic
label of SAIS may have confounded our ability to detect between-
group differences. It is unclear if impingement is the sole mech-
anism. Rather, it is likely a complex of conditions involving a
combination of intrinsic and extrinsic factors. A more descriptive
label (eg, subacromial pain syndrome, anterior shoulder pain) may
be more appropriate.”” It is possible that there are subsets of
scapular dyskinesis with unique kinematic patterns and muscle
activity. Patients were not subgrouped for winging or
dysrhythmia'>?' because those classifications are unreliable.’’
Kinematics was assessed at only 4 arm elevation angles, which
may have failed to capture the transient nature of dyskinesis that
occurred at other elevation angles. Finally, the single reference
contraction used to normalize the surface electromyography
muscle activity may not represent the maximum level of muscle
activation for all muscles tested and may have increased
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variability in the surface electromyography. Using a reference
contraction that does not yield a maximal contraction may also
restrict the ability to compare between groups and individuals or
between percentage muscle activities within individuals. The use
of separate maximal contractions for each muscle is a common
normalization method, but it may be impractical'”> because of
increased pain and fatigue associated with maximal repetitive
testing. Specific positions for electing maximal contractions for
the trapezius and serratus anterior muscles have been previously
established.*' However, these prior studies using muscle tests
designated for maximum activation*'** have also found consid-
erable variability in trapezius and serratus anterior muscle activity.

Conclusions

Modest differences in scapular kinematics and muscle activation
were found in patients with SAIS and obvious scapular dyskinesis
compared with those with normal scapular motion. Specifically,
patients with obvious dyskinesis had less scapular external rota-
tion and higher upper trapezius muscle activity, along with greater
self-report shoulder functional loss. Further clinical studies are
needed to determine if correction of the identified deficits will
eliminate scapular dyskinesis and improve patient-rated outcomes.
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