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Abstract: Musculoskeletal Disorders of the shoulder have a significant impact. Few ergonomic/biomechanical analysis 
methods exist that include the shoulder, and no methods exist that focus on the shoulder exclusively. The objective of this 
research was to develop a predictive equation that can estimate relative risk of shoulder injury for a single-handed lifting task 
based on the location of a load from the sternal notch. Five male participants were recruited to perform a series of right-handed 
lifting tasks throughout the working range of the right arm at 8” intervals (forward/backward, left/right, and up/down) from the 
sternal notch. After each trial, participants rated their perceived exertion on a 10-point Borg scale. Experimental trials were 
modeled in AnyBody Musculoskeletal Modeling System and the glenohumeral reaction force output was used as input into a 
previously developed strain index equation for the shoulder. Regression methods were used to develop regression equations 
that accurately predicted the strain index results with distances from the sternal notch to the load as predictors. These four 
regression equations were used to calculate predicted values for each trial and analyzed using correlation with strain index 
values and exertion rating and RMSE between the predicted values and the strain index values. The resulting predictive equation 
had 8 terms with an R2=75.68%, correlation with strain index of r=0.8783, correlation with perceived exertion rated or 
r=0.6244, and RMSE= 8.0029. 
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1. Introduction 
 

1.1 Impact of Work-Related Musculoskeletal Disorders of the Shoulder 
 
Workplace injuries and musculoskeletal disorders (MSDs) commonly affect the shoulders, resulting in considerable 

direct and indirect costs. According to data from the U.S. Bureau of Labor Statistics (2017), shoulder injuries represented 
14.9% of all work-related musculoskeletal disorders in 2016. Despite being less common than musculoskeletal disorders of the 
low back and knee, injuries to the shoulder tend to be the most severe, requiring a median of 25 days away from work compared 
to 7 and 15 days for the low back and knees, respectively. Several analyses have been performed to determine the prevalence, 
costs, characteristics, and outcomes of Work-related MSDs in different states. An analysis of Washington State Worker’s 
Compensation data from 1997-2005 revealed shoulder claims as having the highest per claim cost, with an average cost $16,092 
per claim and a median cost of $1,111 per claim over 46,479 claims, resulting in a total claim cost of $645 million (Silverstein 
and Adams, 2007). Similar analyses were performed with data from 2002-2010 (Anderson et al., 2015) and 2006-2015 (Howard 
and Adams, 2018) revealing an average per claim cost of $60,298 over 29,046 claims and $65,053 over 31,366 claims, 
respectively. 

 
1.2 Current Analysis Methods 

 
Due to the high medical costs, loss of productivity, and reduced quality of life due to shoulder MSDs, there is a drastic 

need for workplace job analysis to determine the risk for shoulder MSDs. Currently, very few methods exist that consider the 
shoulder. Rapid Upper Limb Assessment (RULA) is a qualitative task analysis tool where posture of the upper body, muscle 
use (repetitive vs. static load), and force/load are used to generate a grand score between 1 and 7 that is broken down into 3 
risk categories (McAtamney et al. 1993). Since the posture determinations are approximate ranges and the other scores are 
based on easy to determine criteria (e.g. “Add 1 if trunk is twisting”), RULA requires no special equipment and only a 
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