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Numerical Modeling of Anisotropic Mechanical Characteristics of
Human Muscles, Tendons, and Intervertebral Discs
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Numerical modeling for the mechanical properties of human muscles, tendons and intervertebral
discs are studied. These parts consist of fibrous tissues and mechanical properties under external
load and constriction of muscles are highly anisotropic. In this paper, these parts are modeled as
uniform elastic materials with elastic anisotropies and special attention is paid on the intervertebral
discs where fibrous tissues make up a structure like an ellipsoidal basket. Numerical models
developed are applied to our musculoskeletal model of a male adult and some simulations are made
on the anteflexion and lateral fold of its trunk. Results show that deformation of intervertebral discs
with the anisotropic character is more stiff against shear deformation and yet spinal column bend
smoothly.
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Fig.1 Musculoskeletal model of a male adult employed in
- this study.
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Fig.3 Cross-ply structure of fibrous ring.
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Fig.4 Numerical model of a vertebra and intervertebral
disk.
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Table 1 Material properties

Young’s  Poisson’s

Elements Density
modulus  Ratio

(histology) [MPa] [kg/m?]
Cortical bone"® 17,000 03 1800
Cancellous bone™® 200 0.3 860
Nucleus pulposus®™® 0.1 0.49 1000
Rib(bone)™? 5000 03 1800
Costovertebral joint"® 1.1 0.3 1000
Sternum ‘¥ 17,000 03 1800
Costal cartilage’® 500 0.3 1800
Ligament® 300 0.22 1100
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Fig.6 Deformation of (a) isotropic and (b) fibrous
intervertebral discs depicted on sagittal cross
section.
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Fig.5 Anteflexion of upper body by the constriction of
rectus muscle of abdomen obtained in the model
with (a) isotropic and (b) fibrous intervertebral discs.
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Fig.7 Distribution of equivalent strain in (a) isotropic
and (b) fibrous intervertebral discs depicted on
sagittal cross section.
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Fig.8 Lateral folding of the upper body due to the
constriction of inner oblique muscle of abdomen
in models with (a) isotropic and (b) fibrous
intervertebral discs.
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Fig.9 Detailed view of the spine and intervertebral discs
when the upper body is flexed sideways and the
intervertebral discs are assumed to be (a) isotropic
and (b) fibrous.
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