Asymmetries in Bilateral Scapulothoracic Motion Used to Assess Scapular Dyskinesis
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Introduction

Scapular Dyskinesis (SD) refers to improper movement of
the scapulothoracic (ST) joint, manifesting secondary to or
causative of pathology.

Bone pins are the gold standard method to measure
scapular movement. However, invasiveness limits their
clinical application.

Motion capture (MOCAP) technology has shown that
accurate 3D measurements of scapular motion using an
Acromion Marker Cluster (AMC) is comparable to bone
pins up to 120° of arm elevation (limited to laboratory
setting).

MOCAP technology using inertia sensors, Inertial
Measurement Units (IMU), has been shown to be

a portable, less labor-intensive, suitable alternative for
clinical use?.

Clinical observational assessment of asymmetrical SD is
typically categorized based on upward/downward
rotation, internal/external rotation, anterior/posterior tilt
as well as scapular segmental prominence.

Currently, there is limited information delineating specific
parameters for typical scapular motion
asymmetry compared with pathological asymmetry.

Specific Aims

Utilization of IMU technology will provide clinicians with a
clinically feasible method for reliably and objectively
determining dyskinesis.

SpecificAim 1. Determine the reliability and validity of
IMU technology in assessing 3D scapular motion compared
to AMC in healthy adults.

Validated standards of what is considered pathological vs.
non-pathological asymmetry is critical when using IMU
technology in clinical settings.

SpecificAim2: Determine acceptable ranges for non-
pathological baselines for 3D ST motion and asymmetry.

Methods

Proposed Study Population: 15 male, right-handed, healthy participants with no shoulder pathologies.

Overview of Tasks

« Participants perform six simple and complex tasks while seated with feet flat on the floor, knees together and maintaining
proper trunk posture. Five trials of each task are performed, with five of the six tasks being weighted with dumbbells and
time given to rest between each trial. Unless instructed otherwise, participants perform each task with their thumb pointed
in the direction of motion. Each portion of the task (eccentric/concentric) takes approximately three seconds.

Simple Tasks

1. Shoulder flexion in the sagittal plane to maximum elevation
2. Shoulder abduction in the frontal plan to maximum elevation
3. Shoulder scaption in the scapular plane to maximum elevation

Complex Tasks

1. Flexion-Horizontal Abduction-Adduction Task: Starting with arms at sides and thumbs forward, the shoulder is
flexed in the sagittal plane to 90°. Next, arms are horizontally abducted in the transverse plane to the level of the frontal
plane. Finally, arms are adducted in the frontal plane, finishing in anatomical position. The task is then reversed to the
initial starting position.

2. Banded External Rotation Task: Starting with elbows static at sides and elbows flexed to 90°, an elastic-band is
secured around the participants wrists with Velcro straps. Participant then externally rotates arms to maximum
while maintaining proper form and then returns to the starting position.

3. Empty Can Test in Scapular Plane: Start with arms internally rotated at sides so that thumbs are pointing
posteriorly and in line with the scapular plane. Arms are then elevated in the scapular plane to maximum while
maintaining IR and then lowered back to starting position.

» The scapula 3D motion capture will be done relative to the torso (Scapulothoracic motion: Up / Down-ward rotation;
Anterior/Posterior tilt; and Internal / External Rotation). (Fig. 1)The MOCAP - AMC and IMU technology will be synchronized
and captured for all tasks (above).

Literature Findings

Fig. A: Scapulothoracic motion differences between dominant and non-dominant upward rotation, Internal/external rotation,

ﬁng posterior tilt. (Negative and positive values signify increased motion in dominant or non-dominant arm respectively.) &> 10

Fig. B: Total motion change of dominant and non-dominant ST motions from resting position to 120° of humeral elevation. > 10. 11,12

Fig. C: Differences in scapular position between dominant and non-dominant shoulders at resting position. 2 10 11, 12,13, 14
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Conclusion

Data has been collected from 9 out of 15 subjects and
will be compared to literature findings to validate the
IMU accuracy for the clinical setting and to determine
acceptable ranges for non-pathological baselines for 3D
ST motion and asymmetry.
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