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Abstract: Musculoskeletal modeling software has the potential to open new pathways in biomechanics and human factors
analysis and research. However, the output of these models is only as good as the model itself. Decisions made when setting
up the model can drastically alter the results and output of the model. Musculoskeletal models rely on optimization algorithms,
called muscle recruitment strategies, to determine muscle activity required to perform the modeled task. In this research, five
participants were recruited to perform a static and dynamic task at 3 weight levels (2.5, 5, and 10 lbs) while upper body motion
capture data and electromyography data of muscles driving the shoulder were collected. Each trial was modeled in AnyBody
Musculoskeletal Modeling System with each of the six available recruitment strategies. Correlation analysis was performed
between the electromyography data for each muscle and the corresponding muscle activity output of the musculoskeletal model
to determine which muscle recruitment strategy resulted in the most accurate reproduction of the muscle activity of the
participants. Poly4 and Min/Max had the highest correlations for dynamic and static tasks, respectively.
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1. Background and Introduction
Linked-segment models of the human body are commonly used to quantify forces, moments, and torques at the body
joints to estimate the strain on the body. While linked-segment models are often used to estimate the resultant force at a joint,
they neglect the internal body forces caused by action of the muscles. The shoulder, for instance, is completely wrapped in
muscles, each with a different line of action that will influence the resultant force. Until recently, this was just an unavoidable
limitation. However, the conception of musculoskeletal modeling software, such as AnyBody Modeling System 6.0 (AnyBody
Technologies, Aalborg, DK), provides a pathway to avoid that limitation and opens doorways to new avenues of biomechanical
analysis with improved accuracy over linked-segment models.
AnyBody Modeling System software utilizes a scaled musculoskeletal model with bones, joints, and muscle-tendon
units that is capable of accounting for complex physiological properties during the analysis (AnyBody Tutorial, Chapter 5),
making it much more robust and flexible than simple linked-segment models.
In the model, muscles are represented with musculotendon units. Optimization algorithms, called muscle recruitment
strategies, are used to determine the activity of the musculotendon units that is required to perform the modeled task, i.e. to
move the body to the posture fitting the motion capture markers at each timeframe, accounting for body weight, dynamic
factors, and external forces. In most cases, multiple musculotendon units are used to represent a single muscle to more
accurately represent the muscles (Figure 1). Muscle activity in the model is computed as the percentage of the maximum force
capability of the musculotendon unit that was used to perform the task being modeled based on the optimization results for the
selected muscle recruitment strategy. The maximum force capability of each musculotendon unit is determined by multiplying
a set strength factor (115 N/cm2) by the cross-section of the musculotendon unit. Musculotendon unit cross-section, along with
body segment lengths and masses, are scaled based on the height and weight of the modeled participant.
Since the outputs of the model depend heavily on the muscle activity, it’s important to use the muscle recruitment
strategy that results in muscle activity that most closely resembles the muscle activity of the modeled participant while
performing the modeled task. The available muscle recruitment strategies in AnyBody modeling software are linear, quadratic,
polynomial, min/max, and composite muscle recruitment strategies that rely on optimization. Linear, quadratic, and polynomial
muscle recruitment minimize Equation 1, where the value for p determines muscle recruitment pattern. Composite muscle
recruitment uses a similar form, however with minimization of a quadratic term and an additional, weighted, linear term
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