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Neuroengineering is a rapidly growing discipline that takes its lymph from 

the increasing cross-fertilization of many areas of technology and science. 

For example, by means of neuroengineering, advances in diverse 

technologies and in cellular and molecular biology converge into powerful 

tools to improve our understanding and treatment of neural (dis)functions. 

Recently such a discipline has gone beyond the concept of a simple 

application of engineering principles to central nervous system (CNS) 

comprehension, leading to the emergence of one of the more exciting 

interdisciplinary research fields in modern neuroscience. Neuroengineering 

applies novel approaches to the study of neuroscience by bringing together 

tools from computational neuroscience, information theory, electronics, 

electrophysiology, biomaterials, nanotechnologies and tissue engineering, 

towards understanding, repairing, replacing, enhancing, and exploiting the 

electrical properties of the nervous system. This cross-modality might be at 

times a source of confusion. To better clarify this research strategy let us 

take the example of computational neuroscience. In neuroengineering the 

use of computational neuroscience is explicit and aimed at consolidating 

quantitative tools for the reverse engineering of molecular, synaptic and 

cellular bases of neural systems. Computational tools are a key component 

of neuroengineering, as mathematics and construction theory are 

fundamental instruments for engineers to build machines. 

Understanding the brain is one of the grand challenges in neuroscience 

research. In neuroengineering such challenge extends from fundamental 

research on CNS computation to new frontiers in neural prosthetics. 

Neuroengineering benefits therefore of a unique intellectual position that 
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allows the use of experimental and theoretical tools to study issues ranging 

from memory formation or sensory encoding, brain injury and repair to 

diagnostic technology and prosthesis, or theoretical neuroscience. One of the

striking features of neuroengineering is that, this discipline although crucial 

in clinical strategies aimed at gaining functional recovery, easily shifts its 

sphere of opportunities to general issues, including understanding crucial 

questions in neuroscience, such as the translation of molecular events in the 

CNS into complex behaviors. More specifically, we can indicate the following 

as primary areas of interest of neuroengineering: i) to develop new 

(nano)technological tools to probe the brain at various scales (i. e. from 

genes to synapses; from cells to networks; from systems to artificial 

systems), ii) to design and implement novel devices to replace parts of the 

brain; iii) to consolidate a design-oriented approach to the understanding 

and development of new methods to provide brain stimulators (DBS, optical 

stimulation) as well as chemical repair and delivery/release systems. 

A general example of the leading role of neuroengineering in novel 

approaches to neuroscience is that of the microelectromechanical systems 

(MEMS), which exploits the technologies used by the integrated-circuit 

industry to design and fabricate new classes of micro- and nano-scale 

devices, such as microsensors, microactuators, and Microsystems. The 

increasing leadership of Neuroengineers in this technology is paving the road

for the development of devices for interfacing with the nervous system at 

unprecedented small scales and complexity. Within this framework, 

neuroengineering rapidly converged with novel disciplines such as 
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nanotechnology. Nanotechnology is an area of science and engineering that 

uses physical or chemical methods to manipulate and control materials and 

devices at the molecular level. Neuroengineering challenges nanotechnology

applications can significantly improve the understanding of how the nervous 

system works, how it fails in disease and how we can intervene at a 

molecular level. Such challenges include several ambitious goals to be 

pursued in the next decades, which can be categorized into three major 

objectives: 1) the design of new generation-interfaces between an artificial 

system and the nerve tissue, able to perform bidirectional communication at 

different levels: molecular, synaptic and cellular ones; 2) the achievement of 

computational descriptions of the performance of hybrid artificial-neural 

systems; 3) the design of smart materials triggering specific molecular, 

synaptic and cellular reorganization in a CNS network, aiming at an 

endogenous and material-driven accurate manipulation of the neural system.

Ultimately, the potential of neuroengineering endeavor includes the 

challenge of generating a novel unified scientific language that allows 

traditional and non-traditional scientific disciplines to work together. 
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