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Introduction
• Understanding the mechanobiology of the neuron is

integral to the prevention and treatment of injury and
neurodegenerative diseases.

◦ Microtubules provide the
primary structural support
in the axon projection
(Fig. 1).

• Discrete element modeling
is used to understand the
mechanics of the
microtubule and allows
simplication of protein
structure [1] (Fig. 2).

◦ Automated creation of
microtubule geometries
and connectivity will allow
for expedited analysis in
iterative and/or multiscale
simulations (Fig. 1).

Figure 1: Neuron abstraction
with possible multiscale
mechanical analysis of the
microtubule [2].

• The goal of this work was to create and test a
parametrized representation of axonal microtubules for
use in a discrete element modeling framework.

Methods
• Microtubule bundles

are constructed from
connected point masses
and cross-linking springs
(Fig. 2) [1].
◦ Cross-link spacing was

a critical parameter and
varies based on the type
and disease state of the
microtubule.

Figure 2: Nineteen microtubule
bundle at various scales.

• Numerous parameters and associated logic were
required to fully define the geometry of a given bundle
(Table 1).
◦ The number of microtubules, Hn in a given bundle was

defined as:
Hn = 3n2 + 3n+ 1 (1)

where n represents the desired number of microtubules
per side of the hexagon [3].

Methods, Continued
Table 1: Sample inputs for generating the microtubule geometry.

Parameter Input
Beads Per Hexagon Side 3

Bead Spacing, Cross Section (nm) 10
Bead Radius (nm) 12.5

Bead Spacing, Long Axis (nm) 35
Total Bundle Length (nm) 7,980

Average Cross-link Spacing, As A Multiple of Bead Spacing 3
Break Location (Middle Percent) 80

Results
• Model output consisted of

text based files for use in
dynamic simulations.

• Simple example geometries
were visualized at
constant lengths (Fig. 3).

◦ Varying cross-sectional
size shows consistency
with desired geometry.

• Cross-link spacing
realized results that
were consistent with the
prescribed parameters.

◦ Quartiles showed the
increasing range of
actual cross-link spacing
across 20 trials (Fig. 4).

Figure 3: Various hexagonal
bundle geometries.

Figure 4: Actual cross-link
distribution as a function of the
desired spacing.

Discussion
• Automated model creation performed as expected.

◦ Cross-sectional geoemetry was related to desired number
of microtubules (Fig. 3), while cross-link spacing was
distributed according to specifications (Fig. 4).

• Method may be used for dynamic modeling
of microtubules, stiffness matrix creation and
determination of stable time increments.

◦ Further work includes incorporation of irregular geometries
and connectivity.

• This verified approach compliments multiscale
simulation based study of nerve damage due to disease
and/or trauma.
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