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Abstract

Axons within the adult mammalian central nervous system do not regenerate spontaneously after injury. Upon injury, the balance between

growth promoting and growth inhibitory factors in the central nervous system dramatically changes resulting in the absence of regeneration.

Axonal responses to injury vary considerably. In central nervous system regeneration studies, the spinal cord has received a lot of attention because

of its relatively easy accessibility and its clinical relevance. The present review discusses the axon-tract-specific requirements for regeneration in

the rat. This knowledge is very important for the development and optimalization of therapies to repair the injured spinal cord.

# 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

1.1. Outline of the review

In traumatic spinal cord injury (SCI), the impact on the

spinal cord induces a primary injury site which consists of

severed axons, dying neurons and glia, and a disturbed

microvasculature. This primary injury triggers a cascade of

pathological events referred to as secondary damage mechan-

isms including vascular and biochemical changes, hemorrhagic

necrosis, inflammatory processes and delayed demyelination.

As a consequence of the secondary injury mechanisms, the

primary lesion area is extended. The pathological events that

occur after the initial impact to the spinal cord render disturbed

signal conduction along the severed axon tracts. This results in

an impairment or loss of body functions mediated by these

tracts. The loss or impairment of body functions is mostly

permanent. This is mainly due to the environment of the adult

mammalian central nervous system (CNS), which is very

hostile to axon growth. In the adult CNS there is an optimal

balance between growth permissiveness and inhibition. After

injury to the CNS, this balance is disturbed resulting in the

absence of axon regeneration. Severed neurons make initial

attempts to regrow, attempts which are ultimately aborted.

Hence, the severed axons will not reconnect to their former

target cells. Consequently, functions that were mediated by the

severed tracts are impaired or completely lost, depending on the

severity of axon tract damage.

Functional recovery can be achieved by restoration of signal

conduction across the level of the lesion. There are two main

mechanisms by which this restoration of signal conduction can

occur: (1) regeneration of severed axons, and (2) the formation

of alternative pathways. The two mechanisms are illustrated in

Fig. 1. (1) Axon regeneration includes all the processes leading

to a functional reconnection of the severed axon to a specific

target area (Joosten, 1997). This specific target area of the

severed axon can be its original one or a distant area that is

functionally connected to the original target area of the severed

axon. Axon regeneration can be achieved in three ways:

reconnection, relay, or rerouting to the original target area. For

reconnection, a severed axon grows across the level of the

lesion, reconnects to the original target area and is functionally

active (Fig. 1A and A0). This implies that the original functional

connection is reestablished. For relay, a severed axon grows
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