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Abstract – A comprehensive definition of Rehabilitative Bio-
microsystems is presented from scientific, technological, clinical
and end-user perspectives. Rehabilitative Biomicrosystems are
those implanted or surface-mounted, biocompatible micro- or
nano- devices, techniques or concepts that 1) provide enhanced
functional capability to individuals with disability, or 2) enable
scientists and engineers to measure how various systems of the
body work in an intact situation, and how these systems miss-act
(or fail to) when impaired. Design goals, achievable through
rigorous in vitro, in vivo and clinical research, advance the
understanding of, and produce Rehabilitative Biomicrosystems
that are reliable, robust, safe, functionally transparent and
cosmetically acceptable. Educational programs at Louisiana
Tech University are described that integrate Rehabilitation,
Neural, and Biomicrosystems Engineering to form the field of
Rehabilitative Biomicrosystems.

I. INTRODUCTION
Rehabilitative Biomicrosystems are those implanted or

surface-mounted, biocompatible micro- or nano- devices,
techniques or concepts that 1) provide enhanced functional
capability to individuals with disability, or 2) enable scientists
and engineers to measure how various systems of the body
work in an intact situation, and how these systems miss-act
(or fail to) when impaired. Since the field is evolving so
rapidly, and since rehabilitative applications are just begin-
ning to be developed, the field of Rehabilitative Biomicrosys-
tems can be viewed in two ways — by the knowledge base
needed to be an effective practitioner, designer or researcher
in the field, or by the multidisciplinary approach needed to
insure an effective rehabilitative application. These two com-
plimentary views are illustrated in the opposite figure.

The ideal training for an individual in the field would be
to have an academic education that lends itself to life-long
learning of a rapidly changing field; a broad understanding of
clinical rehabilitation and the rehabilitation industry and its
regulation; and experience in either the clinical or industrial
sector; and appropriate applied or theoretical research expos-
ure in science or engineering. We describe here one example
of a multi-disciplinary approach that we have taken at Louis-
iana Tech University. Louisiana Tech is developing four sep-
arate but interlocking tracks and appropriate BS, MS and PhD
courses in rehabilitation engineering, neural engineering, bio-
microsystems engineering, and general biomedical engineer-
ing. Our goal is to strengthen and direct a major part of our
biomedical engineering research and education toward
Rehabilitation Engineering and related aspects of Neural

Engineering and Biomicrosystems Engineering. As such we
will employ a comprehensive, multi-disciplinary and experi-
ential approach to rehabilitation, neural and biomicrosystems
engineering education and their areas of intersection.

Rehabilitation Science is the development of a body of
knowledge, gleaned from rigorous basic and clinical research
that describes how a disability alters specific physiological
functions or anatomical structures and that details the under-
lying principles by which residual function or capacity can be
measured and used to restore function of individuals with
disabilities [1]. At Louisiana Tech, we study this field by con-
centrating mainly on neural engineering, with an additional
focus on biomicrosystems engineering. In an early definition
[2], Rehabilitation Engineering was considered the applica-
tion of science and technology to ameliorate the handicaps of
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individuals with disability. It is well worth noting here that
Rehabilitation Engineering is now receiving greater consid-
eration as a legitimate and serious field of engineering and
scientific inquiry, due in some measure to the IEEE Trans-
actions on Rehabilitation Engineering (TrRE). The fact that a
prestigious organization (the IEEE) has published it, that
there is a perceived high quality to the journal, and that it
received an early indexing in INDEX MEDICUS, all have
helped to achieve a redefinition of rehabilitation engineer-
ing within the scientific community. TrRE encompases basic
science (neuroscience, materials science, etc.), exceedingly
complex engineering analysis and synthesis, engineering
design (BioMEMS, etc.), human factors, clinical studies and
occasionally Assistive Technology — all focused on under-
standing and modeling normal function, how it fails after
injury, disease, or genetic error (and how we can measure and
model that failure), and how substitutions or augmentations
can be made (both theoretically and practically).

Neural Engineering is the reciprocal and highly interdis-
ciplinary marriage of the neurosciences and those of engi-
neering and computer science [3,4]. Neural engineering seeks
to tap directly into the nervous system to obtain sensory or
command and control signals, to activate specific outgoing

(efferent) neural signals, and/or to influence processing with-
in the central nervous system (e.g., deep-brain stimulation for
tremor control). Neural engineering models quantitatively
how the nervous system communicates, computes, processes,
stores, controls, and generates its activity in an intact nervous
system. Thus, neural engineering develops novel instrumenta-
tion and testing methods, sophisticated analytical tools, and
advanced visualization techniques to study and model how
large populations of nerve cells behave.

Biomicrosystems Engineering is the systems-level inte-
gration of engineering and life sciences necessary for the
design, production, and testing of biomedical microdevices.
It requires a multi-disciplinary knowledge of electrical, mech-
anical, chemical, physical and biological concepts. The train-
ing of students with strong theoretical and practical laboratory
experiences will produce graduates capable of designing and
fabricating devices with micron-sized features specifically to
interface with cells and biological tissue. We have within our
University, an Institute for Micromanufacturing (IfM) that
has eight major processing capabilities that are currently in
use to make integrated microelectromechanical systems. No
other U.S. academic institution has this range of capabilities.
IfM-produced prototypes are shown below:

         
Examples of micro-devices manufactured at the IfM. a two-turn micro-coil; a carbon micro-spire; a miniature oxygen electrode, and a microsurgical tool
tissue stabilizer

“Multi-modal” is the key word to describe how Louisiana Tech views its Rehabilitative Biomicrosystems niche in the
neural and rehabilitation engineering areas. “Multi-modal” means the simultaneous use of disparate technologies to attack the
problem at hand. Expertise and equipment to add optical, chemical, magnetic and/or biological technologies, singularly or
multiply, to current metallo-silico-interfaces is a must. We can thus simultaneously acquire measures of neuronal activity at a
particular locus, either on the surface or deep, via optical, metallic, silicon-based, biological and/or electrochemical means.
Expertise in multiple input, real-time data acquisition and analysis is also required.

Academically, our premise at the undergraduate level is that there is time only to provide an overview of rehabilitation
engineering, neural engineering or biomicrosystems engineering, and of their integration. Additions to the undergraduate BmE
curriculum are found in the following table:

Freshman Year Sophomore Year Junior/ Senior Year Senior Year
Applicable Course Core Curriculum Biomedical Principles I,II,III Overview Course(s) 2-term Design Class
Implementation Problem sets and vignettes 1 lecture/ 1 lab per course 1 (or 2) overview course(s) student mix/ client participation

We are developing three general didactic overview
courses that respectively cover rehabilitation, neural, and
biomicrosystems engineering, to be taken prior to the senior
design course. Students would choose one or more of these
three courses. The overview courses will be packaged for
multimedia presentation, and will provide scientific

background, examples of engineering analysis, synthesis and
design, and clinical or industrial insights. The overview
courses also have a lab component that reinforces concepts
and introduces research and clinical experiences.

The three courses, and an abbreviated list of topics, are:


