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Engineers complete first comprehensive mesh-
free numerical simulation of skeletal muscle
tissue

Engineers at the University of California, San Diego, have completed the first comprehensive

numerical simulation of skeletal muscle tissue using a method that uses the pixels in an image

as data points for the computer simulation—a method known as mesh-free simulation.

The researchers, led by J.S. Chen, the William Prager Professor of structural engineering at the

Jacobs School of Engineering at UC San Diego, presented their findings on the development

of this method at the CompIMAGE’14 conference in Pittsburgh this month. Chen also gave a

keynote speech about the work.

Chen’s group has now expanded the use of mesh-free simulation methods to investigate aging

and disorders impacting muscle functions, such as muscular dystrophy. “Another area of

application for this framework would be the simulation of tissue injuries caused by extreme
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From left: Image showing muscle, fat and intramuscular

connective tissue; 3D human lower leg model constructed from

25 images, consisting of 73,659 nodes (pixel points).

From left: Outer contours and bone contours obtained from

segmentation of MRI; and points showing intramuscular

connective tissue and intra-muscular fat saturation.

events such as blasts, car crashes and sport collisions”. Chen said. This will require adding the

mechanics of tissue damage to the simulation model, including how tissue behaves and

functions under high velocity impact.

Traditionally, engineers rely on the reconstruction of

the geometry captured by from CT scans or MRI

images to create simulation models of biological

materials, such as muscle tissue. The reconstructed

3D geometry is then used to generate a mesh to

describe the material’s structure—this is known as

the conventional finite element method. This

procedure is extremely time consuming and labor

intensive.

Using the mesh-free method cuts back on the amount of time for the process of generating the

simulation model because researchers don’t have to build a mesh for the structure they’re

trying to simulate, said Ramya Rao Basava, the lead Ph.D. student on the study.

For this study, researchers in Chen’s group used

Magnetic Resonance and Diffusion Tensor images

for the mesh-free simulation. The images were

obtained through the Department of Radiology at

UC San Diego. The image data acquired was from

10 volunteers between the ages of 20 to 90. The

younger subjects were mostly in their 20s and 30s,

the older ones mostly in their 80s.

Chen’s research group used the simulation

techniques they developed to look at how much

force is generated from various muscle systems, and more specifically at how loss of force

relates to loss of muscle volume due to aging. They found that the loss of force is greater than

the loss of volume, which is consistent with prior physiological studies.

Chen is a leader in the field of computational mechanics, particularly mesh-free methods for

structures and materials subjected to large deformation and damages.

Chen’s research group has advanced mesh-free method research to achieve high accuracy

and efficiency in simulating a wide range of engineering and scientific problems that are

difficult or impossible to simulate via mesh-based methods, for example, fragment-impact



modeling for homeland security applications, landslide simulations in natural disaster

predictions, manufacturing processes and contact-impact modeling in the automotive industry,

multi-scale materials modeling in material science applications and modeling of DNA-protein

interaction, among others. Recently, his research group has started venturing into the field of

simulation for biological materials such as muscle tissue.

Chen is also the faculty director of UC San Diego’s new Center for Extreme Events Research,

which has been established to offer solutions to a wide range of challenges associated with

extreme events, such as blasts and landslides, and brings together unique experimental

technologies and advances in computational methods.
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