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Consider the following aspects of myelination, which 
hint at something more than a developmental process. 1) 
There is substantial evidence that neural impulse activity 
can affect myelination (for review, see Zalc and Fields 
2000). The evidence is particularly well documented in 
the visual system, but this can also be reproduced in cell 
cultures of central (Demerens and others 1996; Stevens 
and others 2002) and peripheral neurons (Stevens and 
others 1998; Stevens and Fields 2000). 2) Myelination 
begins in late fetal development and early postnatal 
period, but it continues in the forebrain regions of 
humans through adolescence and into early adult life 
(Giedd 2004). 3) Development of white matter structure 
in children correlates with increased development of 
motor skills and reading ability and increased cognitive 
function (Paus and others 1999; Casey and others 2000; 
Yurgelun-Todd and others 2002; Schmithorst and others 
2005). Conversely, weaker decision-making skill and 
increased risk taking in adolescents has been associated 
with incomplete white matter development in the fore-
brain of adolescents (Beckman 2004). A recent study 
using diffusion-tensor MRI shows a correlation between 
development of white matter fiber tracts with cognitive 

ability (specifically, IQ) in children between the ages of 
5 and 18 years (Schmithorst and others 2005). The imag-
ing method cannot distinguish how much of this increase 
in white matter structure results from increased fiber 
organization or greater myelination, but further research 
will be necessary to analyze this interesting finding.

Much like synaptic plasticity, these aspects of myelina-
tion are suggestive of a process influenced by functional 
interaction with the environment. Changes in brain struc-
ture through experience are well documented (Bennett 
and others 1964), and this remodeling includes not only 
neuronal and vascular changes but also robust glial 
responses (astrocyte and oligodendrocyte) (Sirevaag and 
Greenough 1987). It has been known for 30 years that 
the number of oligodendrocytes increases 27% to 33% 
in the occipital cortex of young rats raised in an enriched 
environment (Szeligo and Leblond 1977), and this effect 
has been confirmed by Greenough and colleagues (see 
Sirevaag and Greenough 1987). The influence of envi-
ronment on oligodendrocytes is not limited to the visual 
cortex; raising rats in enriched environments increases 
the number of myelinated axons in the corpus callosum 
(Juraska and Kopcik 1988). It is not limited to rats: rhe-
sus monkeys reared in enriched environments develop 
greater white matter volume in the corpus callosum, 
and these differences correlate with improved cognitive 
performance on tests of learning and memory (Sanchez 
and others 1998). The evidence extends beyond animal 
studies: MRI scans show that childhood neglect is asso-
ciated with a 17% decrease in the corpus callosum area 
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(Teicher and others 2004). Similarly, several mental dis-
orders are associated with reduced white matter volume, 
including schizophrenia (Kubicki and others 2005) and 
depression (Steingard and others 2002).

Such facts have stimulated the Greenough laboratory 
to begin testing whether myelination remains sensitive to 
experience during adulthood. Their preliminary findings 
suggest that activity-dependent effects on myelination 
may not be limited to the visual system or early postna-
tal development (Markham and Greenough 2005), but 
further research will be necessary to draw firm conclu-
sions.

If the ability of oligodendrocytes and myelination to 
respond to features of the animal’s environment extends 
beyond the developmental time frame into the adult 
brain, Markham and Greenough (2005) suggest that this 
form of plasticity could increase synaptic efficacy by 
regulating the speed of conduction. Considering the long 
length of these axons, the timing of spike arrival among 
individual fibers could vary widely (Swadlow and others 
1978; Swadlow and others 1980). Poo has emphasized 
the importance of spike timing on synaptic plasticity 
(Dan and Poo 2004), and the degree of temporal summa-
tion of convergent inputs through incoming axons will 
have a significant effect on the amplitude and duration of 
the postsynaptic response. Indeed, in an electric fish, the 
synchronous arrival of action potentials to electrocytes 
from axons of widely different lengths is determined by 
differences in myelination (Bennett 1971). In another 
electric fish, the structure of the nodes of Ranvier dif-
fer to vary the series capacitance to regulate the time 
course of current flow rather than simply propagating 
the action potential at maximal velocity (Waxman and 
others 1972). Also, conduction velocity is regulated 
among axons to synchronize arrival of inputs from axons 
of different length in the retina (Stanford 1987) and cer-
ebellum (Sugihara and others 1993). Coordinating con-
duction time between different cortical regions is critical 
for higher level cognitive function. Timing deficits in 
information processing are associated with dyslexia 
(Kaminsky and others 2002) and deficits in learning 
language (Merzenich and others 1996).

In their recent studies, Ullén and colleagues compared 
white matter structure in professional concert pianists 
to age-matched controls by using magnetic resonance 
diffusion-tensor imaging (Bengtsson and others 2005). 
Professional pianists had more heavily myelinated white 
matter tracts than controls in one specific region, the 
posterior limb of the internal capsule, as judged by 
this imaging technique. This is not a direct measure of 
myelination, but rather a measure of anisotropy in water 
diffusion, which increases with myelination. Within the 
group of professional musicians, a positive correlation 
between white matter development and number of hours 
of piano practice was found. Comparing the effects of 
practice at different ages (based on the pianist’s recol-
lection of the number of hours he or she practiced as 
a child, adolescent, and adult), the investigators found 
significant increases in myelination as practice time 
increased for all ages, but these changes were evident in 

different fiber tracts, depending upon what age the piano 
practice occurred.

Practicing piano as a child increased myelination in 
the posterior limbs of the internal capsule bilaterally 
(Fig. 1), the corpus callosum, and the fiber tracts in the 
frontal lobe in proportion to the number of hours at the 
piano. These regions carry sensory motor information 
for independent finger movement and cross-connections 
between auditory regions and premotor cortex coordinat-
ing bimanual movement, respectively. In adolescence, 
increased myelin was seen in interhemispheric fibers 
from superior temporal and occipital cortical areas, 
which include auditory and visual processing regions, 
respectively. Practicing the piano as an adult increased 
myelination in the arcuate fasciculus, which connects the 
temporal and frontal regions. The long association fibers 
of the forebrain, which are increased by adult practicing, 
continue maturation into at least the third decade of life 
(Yakovlev and Lecours 1967).

If impulse activity increases myelination in the brain, 
how do myelinating glia detect neural impulses? Interest 
in activity-dependent interactions between neurons and 
glia is increasing, but this has focused primarily on peri-
synaptic glia (Fields and Stevens-Graham 2002; Fields 
2004). This is because neurotransmitter receptors on glia 
provide an obvious mechanism for glia to detect nervous 
activity via the spillover of neurotransmitter from the 
synaptic cleft. In recent years, it has been found that 
premyelinated axons release ATP when they fire a burst 
of action potentials, but the release mechanisms are not 
fully understood (Fields and Stevens 2000; Stevens and 
Fields 2000). Membrane receptors for ATP or its break-
down products, notably adenosine, on Schwann cells 
(Stevens and others 1998; Stevens and others 2004) and 
oligodendrocytes (Stevens and others 2002), enable pre-
myelinating glia to detect and respond to neural impulse 
activity. Through the activity-dependent activation of 
purinergic receptors, action potentials can regulate devel-
opment, proliferation, and myelination of Schwann cells 
(Stevens and others 1998; Stevens and Fields 2000) and 
oligodendrocytes (Stevens and others 2002). The effects 
differ in the CNS and PNS and operate through different 
cell-cell signaling molecules (Fields 2004b).

The field of activity-dependent plasticity, historically 
divided between those favoring a pre- or postsynaptic 
mechanism as preeminent, is expanding its scope to 
consider the role of perisynaptic glia in synaptic func-
tion and modulation. Now a further expansion may be 
required to consider a possible role for myelinating 
glia. A number of questions need to be addressed. The 
specific aspects of neural impulse activity that influence 
myelination are not well defined. However, there is some 
evidence that the effects on myelination can depend on 
specific frequencies of action potential firing, rather than 
the overall level of impulse activity (Stevens and others 
1998). Although myelinating glia can sense and respond 
to impulse activity, the type of functional feedback that 
would orchestrate the proper changes in myelination to 
optimize function is unknown. Purinergic signaling mol-
ecules (Stevens and others 1998, 2002, 2004; Stevens 
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and Fields 2000) and activity-dependent changes in cell 
adhesion molecules on axons (Itoh and others 1995; 
Stevens and others 1998) regulate myelination according 
to functional activity in axons, but what other cell-cell 
mechanisms of communication may be involved? The 
detailed anatomical changes in myelin thickness, inter-
nodal distance, or nodal structure, which could influ-
ence conduction, are not well studied in the context of  
activity-dependent plasticity. Further research is required 
to determine the degree to which brain imaging tech-
niques reflect changes in axonal organization or glial 
structure (astrocytes and myelination by oligodendro-
cytes).

Considering the difficult history of correlating struc-
tural changes in synapses with functional plasticity, it 
is not surprising that activity-dependent plasticity in 
myelination has become apparent only relatively recent-
ly, but collectively these studies suggest that conduction 
properties of axons should not be excluded as a mecha-
nism of modifying the nervous system in accordance 
with function.
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