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In two freestanding but linked volumes, Textbook of Neural Repair and

Rehabilitation authoritatively establishes a basic science of neurorehabilitation 

and applies this to the clinical setting.

Emphasizing the integration of basic and clinical knowledge, these books are 

edited and written by leading international authorities. Together they are an 

essential resource for neuroscientists and provide a foundation for the work of 

clinical neurorehabilitation professionals .

Volume 1 Neural Repair and Plasticity
covers the basic sciences relevant to recovery of function following injury to the

nervous system, reviewing plasticity in the normal CNS, mechanisms of neuronal

death, axonal regeneration, stem cell biology and current research strategies.

Volume II Medical Neurorehabilitation
provides authoritative guidelines on the management of disabling symptoms and

describes comprehensive rehabilitation approaches for the major categories of 

disabling neurological disorders.
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4.1 Introduction

In 1949, Donald Hebb (Hebb, 1949) introduced an
important model for the encoding of information in
the brain. It stated that the repetitive activation of a
presynaptic neuron together with the simultaneous
activation of its postsynaptic counterpart would lead
to a change in one or both neurons so as to produce
an increase in the synaptic strength between them.
Some 20 years after the introduction of this theory
Lømo (1966), studying evoked responses in the hip-
pocampus of anaesthetised rabbits, discovered that
high-intensity stimulation (tetanus) resulted in a
form of frequency-dependent potentiation. Further
detailed investigation confirmed that brief high-
frequency stimulation (HFS) induced long-lasting
(several hours) enhancement of the magnitude of
recorded extracellular field potentials (Bliss and
Gardner-Medwin, 1973; Bliss and Lømo, 1973). These
initial investigations were of major importance,
because for the first time they provided a potential
substrate for Hebb’s theory of memory formation.
Furthermore, this type of sustained synaptic strength-
ening was later demonstrated to possess properties
consistent with Hebb’s model. Long-term potentia-
tion (LTP) and long-term depression (LTD) are long-
lasting alterations in synaptic strength that have been
demonstrated at glutamatergic synapses throughout
the central nervous system (CNS) and are used as a
model for the biochemical and cellular processes
that may underlie learning and memory (Volume I,
Chapter 2).

Since those early studies, synaptic plasticity has
continued to be studied intensively in the rodent
hippocampus both in vivo and in vitro following the
development of the hippocampal slice preparation.
Its large cells and well-defined circuitry make the in
vitro hippocampal slice a particularly useful system
for studying synaptic physiology. A schematic figure
of the slice preparation is shown in Fig. 4.1. The hip-
pocampus is a bilateral structure divided into three
principal areas CA1, 2 and 3 (cornu ammonis) and
together with the dentate gyrus make up the hippo-
campal formation. Hippocampus afferents arising
from neighbouring layer II entorhinal cortex pass
via the perforant path and synapse on the dendrites
of granule cells in the dentate gyrus. From here, mossy
fibres pass to and synapse in area CA3 and the CA3
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Figure 4.1. Schematic diagram of the in vitro hippocampal

slice preparation showing the main regions: CA1, CA3, dentate

gyrus (DG), and excitatory pathways: perforant path (pp),

mossy fibres (mf) and Schaffer collaterals (Sc).
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neurones then synapse with the apical dendrites of
CA1 neurones via the Schaffer collateral/commis-
sural pathway.

Brain slices can be maintained in artificial cere-
brospinal fluid (aCSF) and synaptic plasticity 
studied by recording excitatory responses from 
neuronal populations (extracellular excitatory 
postsynaptic potentials; field EPSPs (fEPSPs)) or 
individual cells (excitatory postsynaptic currents
(EPSCs)). Measuring the response amplitude prior
to and after the conditioning stimulation allows
changes in synaptic transmission to be monitored.
It can be seen from Fig. 4.1 that the hippocampus
possesses three major sets of excitatory synapses: in
the dentate gyrus (entorhinal cortex to granule cells
of the dentate gyrus); at mossy fibre to CA3 pyra-
midal cells and from CA3 to CA1 cells (the Schaffer
collateral/commissural pathway). The majority of
investigations into synaptic plasticity have focussed
on the latter area, which will henceforth be referred
to as CA1 synapses.

L-glutamate mediates the majority of excitatory
neurotransmission in the CNS and acts on two classes

of receptor-ionotropic and metabotropic glutamate
receptors, illustrated in Fig. 4.2.

The ionotropic glutamate receptors are ligand-
gated cationic-selective channels classified into three
groups based on pharmacology and structural simi-
larity: N-methyl-D-aspartate receptors (NMDARs),
�-amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid receptors (AMPARs) and kainate receptors (KARs);
for a review see Dingledine et al. (1999). The ionotro-
pic glutamate receptors are multimeric assemblies
of four or five subunits, each encoded by a separate
gene. Different subunit combinations and post-
transcriptional modifications confer a vast degree of
functional diversity to these receptors. Each subunit
has three transmembrane domains, an extracellular
N-terminus and an intracellular C-terminus domain.

There are three NMDAR subunit gene families
containing one or more members: NR1, NR2A-D and
NR3A-B. The NR1 subunits determine Ca2� perme-
ability and are essential for a functional NMDAR
and the NR2 subunits form heteromeric receptors
with NR1 and determine many of the biophysical
and pharmacological properties of the receptor
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Figure 4.2. Glutamate

receptors in the CNS. See

main text for details.

Plate 5 (figure 6.1). Flurodapo–Position emission tomography FD–PET studies in a representative patient receiving bilateral

transplantation with 4 donors per side (top panels) and a patient receiving a sham procedure (lower panels). Scans were obtained

at baseline (left panels), 1 year (middle panels) and 2 years (right panels). Note the progressive increase in striatal FD uptake in the

transplanted patient in comparison to the progressive loss of striatal FD uptake consistent with continued disease progression in

the placebo treated patient. Olanow et al. (2003).

Plate 6 (figure 6.2). Tyrosine hydroxylase (TH)-immunostaining of striatum in patients receiving treatment with bilateral grafts

using four donors per side (left panel), one donor per side (middle panel), and a sham placebo procedure (right panel). Note

healthy appearing graft deposits and extensive striatal TH innervation with both four and one donors per side. Note also that grafts

in the four donor group are larger and have a cylindric appearance whereas in the one donor group they are smaller, more

concentric, and more densely packed. Olanow et al. (2003).

Plate 7 (figure 9.1). Implantable electrodes used 

in FES applications. The following electrodes are

pictured (from left to right): monopolar epimysial,

intramuscular, nerve cuff, and bipolar epimysial

electrodes.
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(b)

Plate 8 (figure 12.1). Rehabilitation robot modules during

clinical trials at the Burke Rehabilitation Hospital (White

Plains, NY). (a) and (b) show the shoulder and elbow robot

(MIT-MANUS) and the wrist robot, and (c) the anti-gravity

spatial module.


