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Editorial

Perspectives on the Role of Bioengineering
in Neurotrauma Research

Michelle C. LaPlaca, and David F. Meaney?

WE ARE VERY PLEASED to have served as guest editors for
this special issue on Bioengineering in Neurotrauma
Research. This assembly of articles was particularly chal-
lenging, as we tried to capture cutting-edge research across an
extremely diverse and broad engineering discipline. Accord-
ing to the online Merriam-Webster dictionary, bioengineering
is the “biological or medical application of engineering prin-
ciples or engineering equipment, also called biomedical engi-
neering.” The topics of the articles in this issue range from
novel studies of axon stretching and guided regeneration, to
computer modeling and new image processing techniques.
In introducing this issue, we thought it would be of interest
to put current research accomplishments in the context of
history, as well as to anticipate future innovations. Although
evidence of engineering influences in treating neurotrauma
can be found as early as Neolithic times in the surgical practice
of trephination to relieve symptoms of head injury (Levin
et al., 1982; Granacher, 2007), the Renaissance period brought
Galileo’s mathematics and measurement devices to physi-
cians, launching the beginning of medical engineering. The
first use of the term bioengineering was not until c. 1955, how-
ever, when there was a growing need for better medical in-
strumentation, surgical advancements, replacement organs,
and life support in space. This was also the era that witnessed
the beginning of tissue culture (Gey et al., 1952), and the pio-
neering human tolerance experiments of Colonel Stapp (Stapp,
1948; Stapp and Gell, 1951). Intracranial pressure monitoring
began during the 1950s as well, initiating modern neurocritical
care (Marion 1999; Marshall, 2000). Today, bioengineering in
neurotrauma research encompasses areas from biosensing to
intraoperative magnetic resonance imaging (MRI).
Engineering applications to neurotrauma research can be
seen in the use of cell and tissue preparations. Transection has
been a model of injury since Galen accidently cut laryngeal
nerves of a pig and Ramon y Cajal systematically cut axons
(Ramon y Cajal, 1928). Biomechanics began to influence the
field of cellular neurotrauma research in the 1990s (Ellis et al.,
1995, Lucas and Wolf, 1991; Shepard et al., 1991), and over the
next two decades, in vitro models became more sophisticated
(Morrison et al., 1998; Kumaria and Tolias, 2008; Chen et al.,

2009). In the present issue, Maguo and associates present a
novel axonal injury system, addressing the need for even
more high-throughput systems than most current systems can
provide. Cullen and colleagues show the differences between
loading mode of 3-D cultures, underlying the need to define
input biomechanics. Elkin and co-workers use in vitro brain
samples to study edema, lending mechanistic insight into the
complex phenomenon of brain swelling, a basic yet critical
physiological response to neural trauma. In addition to the
study of cellular biomechanics and the acute injury response,
cultures can be used to investigate regeneration of the dam-
aged nervous system. The last three articles in this issue
demonstrate different approaches to understanding growth
cues and exploiting axogenesis for regenerative therapies.
Voyiadjis and associates examine neurite outgrowth using
novel microengineered channels and compare neurite pref-
erence to simulations based on predictive modeling. From the
same group, Sundarataghavan and colleagues use micro-
fluidics to guide neurites through 3-D collagen cultures, re-
presenting in vivo-like architecture. Loverde and co-workers
present an innovative mechanical axon growth environment
to slowly stretch axons and image growth and retraction in
real time, providing a means to better understand tension-
induced growth of axons.

The application of mechanics and finite element modeling
to neural trauma has its roots in cadaver testing, from which
the Wayne State Tolerance Curve was derived (see McLean
and Anderson, 1997 for an account of the evolution of the
biomechanics of traumatic brain injury [TBI] in the 20th cen-
tury). In parallel, Denny-Brown and Russell proposed that a
change in velocity would be required to cause brain damage
(Denny-Brown and Russell, 1941). These and other studies led
to the development of initial tolerance criteria, such as the
Head Injury Criterion (HIC). Computer simulation capability
has become much more advanced over the last two decades,
and there is a need to use more accurate material properties
for both human and animal studies. To this end, in the current
issue Elkin and associates have measured the viscoelastic re-
gional properties of juvenile and adult rat brain. Finite ele-
ment models can also be used to better understand the
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relationship between stress/strain and tissue response. Plea-
sant and colleagues examined two different shaped impactor
tips in the commonly used controlled cortical impact rodent
model using both modeling and histology, correlating local
strains with damage. In a separate article, Mao and co-
workers use numerical analysis to map tissue strain for dif-
ferent cortical impact parameters, providing further me-
chanical explanation for the range of severities seen in
experimental models.

Several other areas of engineering have contributed to ad-
vances in neurotrauma research. Imaging technology, for
example, has come a long way since Roentgen developed
x-ray imaging in 1896. Computed tomography (CT) and MRI
were technological advancements that have led to improved
diagnosis and treatment, followed by functional MRI and
diffusion tensor imaging (DTI), advancements that are the
fruit of engineering, radiology, and imaging processing
progress. In this issue, a new application of multimodal seg-
mentation of MR volumes is presented by Irimia and associ-
ates, with specific examples of how these techniques can be
applied to human neuroimaging of bleeding, lesions, edema,
and axonal injury following TBL

As readers of neurotrauma research, we are acutely aware of
the expansion of blast injury research in the past decade that
has emerged from the higher survival rate among soldiers ex-
posed to blasts (Fabrizio and Keltner, 2010). Cullen and col-
leagues present a novel dosimeter for blast exposure that is
based on the structure and corresponding color changes of
photonic crystals, and relate these measurements to brain pa-
thology in the rat. Rafaels and co-workers use an animal model
of blast to determine a fatality risk function that can be used to
better understand blast modeling and brain tolerance.

In addition to studying injury mechanisms, neuror-
egenerative medicine is at the forefront of neurotrauma re-
search, and can benefit from the fields of tissue engineering
and neuroengineering. Since the first recorded brain graft in
1890 in a dog (Thompson, 1890), and encouraging results in
spinal nerve electrical stimulation following spinal cord injury
(SCT; Ellis, 1987), bioengineering has offered a myriad of ap-
proaches for neural regeneration. Aravamudhan and Bel-
lamkonda present a review of several different strategies for
repairing the damaged nervous system, and suggest that
pharmaceutical and cell replacement methods should be
considered along with interventions such as locomotor
rehabilitation. As an example of new techniques in neural
repair, Floyd and associates demonstrate that traditional
scaffolding approaches can be adapted on the nano-level for
improved control over repair following SCI.

As we have highlighted, bioengineering approaches influ-
ence nearly all areas of neurotrauma research, either directly
or indirectly. Most of the injuries falling under the neuro-
trauma umbrella include complex physical loading of a very
heterogeneous material, in both a morphological and func-
tional context, which can be studied using multiscale biome-
chanics. Diagnostic methods such as imaging can provide a
wealth of information about both structure and function. In
addition, chemically- and physically-directed growth, using
both in vitro and in vivo techniques, can assist with under-
standing regeneration and designing growth-promoting
substrates. With the adoption of these and future techniques,
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bioengineering can become a common means to better study
and control cells, validate diagnostics, and promote repair
and regeneration. There is a strong appreciation for bioengi-
neering within the neurotrauma community, and there is
value in this positive interdisciplinary atmosphere, as we all
move forward to solve problems facing patients, therapists,
physicians, and researchers.
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