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Damage to descending tracts from supraspinal structures impairs motor function below the level of the lesion, and efforts are being made to elucidate the
mechanisms promoting the recovery process. One approach to facilitate motor recovery after neurotrauma is to target intact or spared pathways. For example, in a
recent study published in The Journal of
Neuroscience, spared corticospinal axons
were chronically stimulated to strengthen
their connections with spinal circuits in
adult rats (Brus-Ramer et al., 2007). Results indicated that activity-dependent
mechanisms facilitate plasticity of spared
ipsilateral corticospinal axons after injury.
In the study by Brus-Ramer et al.
(2007), the left pyramidal tract of adult
rats was lesioned, abolishing corticospinal
projections to the ipsilateral and contralateral spinal cord. In some rats, an
electrode was placed over the right pyramidal tract to chronically stimulate spared
corticospinal axons after lesion. The intact ipsilateral corticospinal tract was subsequently examined using electrophysiological and anatomical techniques.
Comparisons were made between intact
rats, rats with lesion only, rats with corti-
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cospinal stimulation only, and lesioned
rats that underwent stimulation.
To compare the extent of axon collateral sprouting and synapse formation between groups, the anterograde tracers biotinylated dextran amine (BDA) and
Lucifer yellow– dextran amine were injected into “spared” and “lesioned” motor
cortices, respectively, 2 weeks before the
pyramidal tract lesion. The authors found
that total axon length, density of terminations, and boutons from spared ipsilateral
corticospinal axons increased in the cervical spinal gray matter with injury or stimulation alone, but the combined lesionplus-stimulation group displayed the
largest effect [Brus-Ramer et al. (2007),
their Fig. 3 (http://www.jneurosci.org/
cgi/content/full/27/50/13793/F3)]. A ventral shift in the topographic distribution
of the terminations and boutons from
spared ipsilateral corticospinal axons was
evident [Brus-Ramer et al. (2007), their
Fig. 4 (http://www.jneurosci.org/cgi/
content/full/27/50/13793/F4)] in all experimental groups, suggesting that more
direct synaptic contacts were made with
motoneurons.
High-resolution electron microscopy
would be necessary to show conclusively
what neurons the spared ipsilateral corticospinal axons synapse onto. Because
BDA labeling is revealed with diaminobenzidine, which precipitates into an
electron-dense reaction product, the
BDA-labeled ipsilateral corticospinal presynaptic terminals could be visualized di-

rectly and their postsynaptic partners
identified using retrograde tracers, immunocytochemical markers, or morphological criteria. The relative proportions of
ipsilateral corticospinal presynaptic terminals contacting different types of
postsynaptic partners could be determined and compared between groups.
More direct synaptic contacts with motoneurons could indicate that spared ipsilateral corticospinal axons are attempting
to form new and more direct spinal motor
circuits.
To determine whether structural
changes correlated with an increased
transmission efficacy of spared corticospinal axons, Brus-Ramer et al. (2007) stimulated the intact pyramid and recorded
the electroneurogram of the deep radial
nerves. This allowed them to determine
the motor thresholds (that is, the threshold of stimulation required to evoke a response in the nerve) of intact ipsilateral
and contralateral corticospinal projections in all groups of rats. In control animals, the ratio between the ipsilateral and
contralateral projections was relatively
high because the efficacy of the contralateral corticospinal projection is much
greater (i.e., has a lower motor threshold)
than that of the ipsilateral projection. This
is partly because of denser contralateral
projections. In contrast, the ratio of motor
thresholds between the intact ipsilateral
and contralateral corticospinal projections was decreased in injury-alone and
stimulation-alone groups. However, the
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largest reduction was observed in the
combined injury and stimulation group,
which the authors interpreted as indicative of increased transmission efficacy of
spared ipsilateral corticospinal axons
[Brus-Ramer et al. (2007), their Fig. 1 B, C
(http://www.jneurosci.org/cgi/content/
full/27/50/13793/F1)]. In other words, the
spared ipsilateral corticospinal projection
assumes more control after the loss of the
contralateral projection from the lesion
side. However, whether decreased ratios
resulted from increased ipsilateral efficacy, decreased contralateral efficacy, or
both is unclear. To more clearly show that
ipsilateral efficacy was increased after the
lesion and/or with stimulation, some absolute values of motor thresholds bilaterally would have to be provided. Another
option to further strengthen the authors’
conclusions would be chronic implantations of nerve cuff and intramuscular electrodes to record pyramidal tract-evoked
potentials in the same animal before and
after the lesion.
Although Brus-Ramer et al. (2007)
found a correlation between structural
changes and supposed increased ipsilateral corticospinal efficacy, it is unclear
whether new connections were functional. Increased ipsilateral efficacy could
simply result from disinhibition at a spinal level. The contralateral corticospinal
tract probably contacts several inhibitory
and excitatory interneurons that in turn
influence the excitability of ipsilateral
pathways (Schomburg, 1990). Consequently, removing contralateral corticospinal axons would shift the balance between excitation and inhibition, to favor
excitation. The resulting disinhibition of
the ipsilateral corticospinal tract would
thereby increase its efficacy. Whether supraspinal structures and/or the spinal
cord mediate changes in the efficacy of the
ipsilateral corticospinal tract should be investigated in the future.
The functional significance of the
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structural and physiological changes described by Brus-Ramer et al. (2007) requires investigation. For instance, increased efficacy of spared corticospinal
tracts could improve performance of
skilled movements, which could be assessed by specialized tests, such as reaching and grasping a reward or the ladderrung walking test (Whishaw and Metz,
2002). Additionally, enhanced axonal
sprouting and varicosities in dorsal layers
[Brus-Ramer et al. (2007), their Fig. 2
(http://www.jneurosci.org/cgi/content/
full/27/50/13793/F2)] might increase nociception. Increased sensitivity of sensory,
particularly pain-relaying pathways could
be tested with standardized withdrawal
reflex tests, such as the plantar heater and
Von Frey hair tests. Moreover, targeted
functional restoration should be tested in
studies in which a combination of structures involved in a given function is stimulated. For example, increased efficacy of
stimulated corticospinal pathways could
be further potentiated by “bottom-up”
interventions that involve direct stimulation of propriospinal pathways mediating
corticospinal excitation (Yakovenko et al.,
2007) or soleus H-reflex operant conditioning (Chen et al., 2006).
The acquisition and maintenance of
motor skills undoubtedly require modifications of supraspinal and spinal networks, and the paradigm of Brus-Ramer
et al. (2007) offers the possibility to investigate such changes. Inducing and/or
strengthening connections between supraspinal and spinal networks via chronic
stimulation could have important clinical
implications to promote recovery of motor functions after neurotrauma. However, the formation of specific synaptic
connections requires an appropriate pattern of activity between presynaptic and
postsynaptic neuronal elements. At the
level of interacting networks, inducing axonal growth in injured or intact animals
without proper behavioral conditioning

might subserve no role or might even have
detrimental effects by altering the optimal
balance required for normal motor function. For instance, what is the functional
significance of inducing axonal growth
and/or changing transmission efficacy of
ipsilateral corticospinal axons to the deep
radial nerves in the stimulation-only
group [Brus-Ramer et al. (2007), their
Fig. 1 B, C (http://www.jneurosci.org/cgi/
content/full/27/50/13793/F1)]? In a rehabilitative setting, chronic stimulation
paired with appropriate training would be
most effective in restoring specific motor
functions.
In summary, the paradigm of BrusRamer et al. (2007) offers promising
opportunities to restore motor function
using activity-dependent processes to
strengthen the connectivity between “topdown” and “bottom-up” pathways. Behavioral studies and further examination
of plastic changes will be critical for future
implementation of this approach in spinal
cord injury rehabilitation.
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