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We thank Behrman for her thought-
ful commentary1 on our case report.2

She raises a number of important
points to which we would like to
respond.

Distinction Between
Functional Recovery and
Functional Compensation
We fully agree with the distinction
between functional recovery and
functional compensation raised in
the commentary, and the different
levels at which compensation and
recovery occur (neuronal, perfor-
mance, and activity).3 We did not
attempt to distinguish between func-
tional recovery and functional com-
pensation in either form of training.
Our focus was on accomplishing the
task rather than the method by
which it was accomplished. The use

of braces was allowed in both types
of training, as was the use of walking
aids in skill training, both of which
involve functional compensation at
all levels. With the fairly severe inju-
ries sustained by the patients in this
study and the chronic state of these
injuries, we speculate that functional
compensation was necessary.

The distinction between encourag-
ing recovery versus compensation
would dictate different strategies of
retraining. As Behrman mentioned,
learning to walk with assistive de-
vices is likely a very different task
from learning to walk without assis-
tive devices. Would learning one as-
sist or interfere with the other? This
is a critical question for the future.
Moreover, it is important to keep in
mind that training in a way that facil-

itates functional recovery at the ac-
tivity level does not necessarily mean
that there will be functional recov-
ery at the performance and neuronal
levels. Grasso and colleagues4 dem-
onstrated convincingly that training
with body-weight–supported tread-
mill training (BWSTT) (ie, facilitating
functional recovery) in individuals
with incomplete spinal cord injury
resulted in improvement in kinemat-
ics of the walking, but the improve-
ments were a result of muscle activ-
ity that deviated substantially from
that of individuals without injury.

Research that focuses on the poten-
tial contribution of each process to
the restoration of walking will be
very important. We speculate that
the contribution of each process will
be different—due to the different
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forms of injury and the different
stages postinjury. Understanding
when recovery is possible and when
compensation is needed will be es-
sential to guide the prescription for
interventions.

Does Every Task Need to Be
Trained?
This is an important and practical
question to which there is no con-
clusive answer. Recent research in
motor learning, however, suggests
that training every task may not be
necessary. Computational theories
of motor learning suggest that our
nervous system is able to cope with
the vast and varied environment in
which we live by a modular ap-
proach to motor control.5 The idea is
that when we learn to do a specific
task, the memory of how to do this
task is stored in modular form, in
restricted regions of the nervous sys-
tem such as the cerebellum.6 Mem-
ory of different tasks or subtasks
would occupy different modules.
Thus, when we encounter a new sit-
uation, previously stored modules
can be used either on their own or in
combination to meet the new de-
mands.5

Some experimental evidence to sup-
port this idea has been obtained in
restricted upper-limb movements,7

but a great deal more research will
be needed to test this hypothesis.
Moreover, the concept has not been
tested in an injured system, which
may respond differently. For exam-
ple, there may be more limited re-
sources (ie, neurons and pathways)
after injury, which may restrict the
capacity for learning.8 If a certain
amount of neuronal “real estate” is
needed to support a range of learn-
ing, reduced “real estate” because of
injury may mean that less learning
can be supported. Some of these
questions, especially regarding in-
jury, would be useful to address in
animal models, in which mechanistic

questions can be answered more
easily.

If motor memory indeed does exist
in modular format, and if different
modules can be retrieved in different
combinations to meet new demands,
then it will be necessary to work out
the minimum number of modules or
learning situations needed in order
for an individual to cope with the
walking encountered in daily life.
This is an exciting—but not
trivial—problem.

Is There a Threshold Ability
Above Which Skill Training
Becomes Successful?
Defining the patient characteristics
that predict success for any rehabil-
itation intervention is of paramount
importance. A manuscript is in prep-
aration that addresses the ability of
clinical and electrophysiological
measures for predicting success with
BWSTT in our group of individuals
with chronic injuries. In time, we
hope to have similar answers for
other forms of training.

Improvement in Skill With
Both BWSTT and
Skill Training
We agree that both forms of training,
as implemented in our case series,
trained different aspects of walking
skills. The fact that no environmental
challenges (eg, obstacles, uneven
ground) were introduced during
BWSTT did not preclude improve-
ment in overground walking. Both
forms of training not only led to im-
proved walking speed overground,
but to reduced reliance on assistive
devices. We collected data on the
Walking Index for Spinal Cord Injury
II (WISCI II),9,10 but did not report
the data in the article. Both forms of
training resulted in improved Walk-
ing Index for Spinal Cord Injury II
(WISCI II) scores, indicating a de-
creased reliance on walking aids in
some patients. Patient 3 improved

during the first BWSTT phase (WISCI
II score changed from 6 to 9) and
improved further during skill train-
ing (WISCI II score changed from 9
to 12). Patient 1 showed improve-
ment during the skill training phase
(WISCI II score changed from 9 to
12). The other 2 patients did not
show changes in the WISCI II score.

In summary, there is much work
ahead of us, important work that will
inform practice. We hope our case
report and Behrman’s commentary
will stimulate thought and discus-
sion that eventually will lead to bet-
ter outcomes in mobility for individ-
uals with insults to the nervous
system.
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