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Introduction
• Wheelchair lacrosse is a rapidly growing and under-

researched adaptive sport [1]
• Shoulder pain and injury are common in wheelchair 

users [2] and overhead athletes [3]
• Approximately 24% of physicians, coaches, and 

players involved in wheelchair lacrosse are 
concerned with upper body injury [4]

• Previous research has examined upper extremity 
angular velocities during sport and potential 
implications for overuse injury [5,6], however, no 
research has assessed these metrics in wheelchair 
lacrosse players

Objective: To identify differences in upper extremity 
angular kinematics between able-bodied lacrosse 
players and wheelchair lacrosse players with spinal 
cord injury (SCI)
Hypothesis: Upper extremity joint angular velocities 
will be different between able-bodied lacrosse players 
and wheelchair lacrosse players with SCI

Methods
Data Collection
• Able-bodied (n=3) and wheelchair lacrosse players 

with SCI (n=3)
• Passive markers (31) were affixed to the participant 

and Vicon motion capture was used to collect 
kinematic data (240 Hz)

Experimental Protocol
• Each participant performed three maximal effort 

overhead throws
• Start – first frame of dominant hand movement
• End – end of trunk rotation

• Able-bodied participants performed throws 
standing and using a standardized sport wheelchair

• Participants with SCI performed three throws using 
their personal sport wheelchair

• Standardized lacrosse stick was used for all 
participants

Data Processing
• Bilateral upper extremity joint and thorax angular 

velocities during the throw were calculated using a 
previously validated inverse dynamics model [7].

• Group medians for all metrics were used to assess 
differences (Figure 1)

• Due to a small sample size and non-normally 
distributed data, non-parametric t-tests were used.
• Mann-Whitney U tests were used for 

independent samples comparisons (p<0.01)
• Wilcoxon signed-ranks test was used for 

dependent samples comparison (p<0.01)

Results

Figure 2: Median peak angular velocities for wheelchair lacrosse players with SCI and able-bodied lacrosse players 

sitting and standing. Bilateral (right; R and left; L) glenohumeral joint (GH) frontal (adduction/abduction), transverse 
(internal rotation/ external rotation), sagittal (flexion/extension), elbow joint sagittal (flexion/extension), wrist joint
frontal (ulnar deviation/radial deviation), and thorax transverse (counterclockwise rotation/clockwise rotation) plane 
angular velocities were measured.

Discussion
• Wheelchair lacrosse players with SCI tended to 

have lower peak angular velocities than able-
bodied lacrosse players standing and sitting

• Findings are similar to a study that found 
wheelchair tennis players had lower peak 
velocities of the GH joint compared to able-bodied 
players [6]

• Able-bodied standing players have the greatest 
peak angular velocity in the R GH Internal roation, 
L elbow flexion, and counterclockwise rotaion of 
the thorax, able-bodied sitting players have the 
greatest peak angular velocity in R elbow flexion, L 
wrist radial deviation, and clockwise rotation of 
the thorax, and wheelchair players with SCI have 
the greatest peak angular velocities in L elbow 
extension and R wrist ulnar deviation

• Wheelchair players with SCI have the highest peak 
angular velocities during dominant limb 
glenohumeral joint extension, dominant elbow 
extension, non-dominant elbow flexion, and 
dominant ulnar deviation which may be 
compensation for decreased thorax rotation 
velocity

• Differences in angular velocities between able-
bodied sitting and standing conditions suggest the 
wheelchair affects thorax and upper extremity 
angular kinematics.

Conclusion
• Differences in peak joint angular velocities were 

observed between wheelchair lacrosse players 
with SCI and able-bodied lacrosse players

• Decreased angular velocities may have injury-
related consequences

• Future research is underway to examine 
differences in percent muscle activation between 
wheelchair lacrosse players with SCI and able-
bodied lacrosse players
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