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Successful community ambulation
should be the ultimate goal of loco-
motor rehabilitation. To this end,
Musselman and colleagues1 assess
the effect of rehabilitation to achieve
the very practical skills required to
walk daily in an individual’s home
and community after spinal cord in-
jury (SCI). The current case series1

is an important step in bringing the
topic of how to best retrain walking
to the forefront of discussion for
rehabilitation research and clinical
practice and provides several impor-
tant points toward developing effec-
tive rehabilitation strategies and
measures of walking recovery. The
diversity of outcomes across the 4
patients serves as a catalyst to ad-
dress several critical areas of inquiry
as researchers design studies with
the goal of guiding clinical practice
for walking recovery.

Physical rehabilitation targeting walk-
ing recovery after neurologic injury,
and specifically after SCI, is in its
infancy. Due to the emerging shift in
this field, it is critical to distinguish
functional recovery from functional
compensation. Functional recovery
means that the motor pattern is re-
stored to perform a task as per-
formed preinjury. Functional com-
pensation, though, means that the
task is accomplished but using alter-
native, new behavioral strategies.2

These definitions are not to indicate
that there cannot be a blending of
these responses within an individual.
Recovery of walking is a relatively
new goal for physical rehabilitation
after SCI, whereas compensation
for sensorimotor deficits (eg, use of
braces, assistive devices, or a wheel-
chair to compensate for sensori-
motor deficits) has been the main-
stay of rehabilitation for mobility
after SCI. With functional recovery
as a goal, a framework and under-

standing of the tasks required to
achieve restoration of the movement
patterns and specific tasks for daily
walking are needed.

Forssberg’s3 and Barbeau’s4 models
for walking control identify 3 neural
control tasks that contribute to suc-
cessful walking: (1) production of a
reciprocal stepping pattern, (2) dy-
namic stability during forward pro-
pulsion (steady-state walking), and
(3) the ability to adapt the locomotor
pattern in response to the demands
of the environment and the individ-
ual’s own behavioral goals (eg, step
over an obstacle, stop suddenly,
carry a backpack). The work by Mus-
selman et al1 is consistent with the
third neural control task, as their
goal is rehabilitation of locomotor
adaptability skills that are critical to
effective everyday walking. Collec-
tively, the work of Forssberg, Bar-
beau, Musselman and colleagues,
and others provides a framework
from which to develop: (1) thera-
peutic interventions for walking re-
covery and (2) measures to evaluate
walking recovery specific to each
control component.

Defining community ambulation and
the specific skills supporting it is of
value for rehabilitation of walking
after SCI, stroke, and other neuro-
logic disorders. Such definitions also
may be of value to the rehabilitation
of walking due to musculoskeletal
dysfunction (eg, after total hip re-
placement). The tasks selected for
training, in this instance, were based
on previous work that identified the
skills critical to community ambula-
tion for urban-dwelling adults and
people with incomplete SCI.5 This
was, as the authors note, a step to-
ward using empirical information as
a rationale for a training program.
This is an important step and contri-

bution. Complementary work by
Shumway-Cook et al6 also identified
8 dimensions of a necessary skill set
for community ambulation in the
geriatric population and contributes
to the evolving empirical basis for
skill training.5 Skill deficits should
be identified via evaluation and tar-
geted in therapy. Developing and
providing a systematic roadmap for
clinicians relative to retraining com-
munity ambulation tasks and pro-
gression is of tremendous importance.

A critical question in motor control
and learning is whether every dif-
ferent task must be trained (task-
specific training), or whether under-
lying, fundamental motor skills can
be learned, then generalized or trans-
ferred to other tasks. For instance,
stepping over a puddle requires that
an individual adequately push off
with the limb that will step over
the puddle, voluntarily increase the
length of his or her step, perhaps
prolong the time in single-limb sup-
port, maintain upright balance dur-
ing this event, and successfully load
the limb and maintain support upon
landing. This act may predominantly
require control of the spatial param-
eters of a step using proactive con-
trol. In contrast, suddenly seeing a
snake in your path may require a
large, quick diverted step to miss
the snake, followed by a rapid walk
forward on the path. This task re-
quires spatial-temporal adjustments
and postural control for successful
adaptation of the locomotor pattern.
Locomotor adaptation also is neces-
sary under reactive conditions such
as experiencing an unexpected jos-
tle from contact with another indi-
vidual walking on a crowded street.
Steps are quickly altered to locate
the body’s center of mass within its
base of support. Whether every skill
for community ambulation must be
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retrained is unknown. If so, the re-
training becomes incredibly burden-
some on therapist and patient. Thus,
it is critical to determine whether
fundamental motor skills common to
specific community skills can be
identified, retrained, and transferred.

Effective progression is an important
ingredient of training and is well-
defined and executed by Mussel-
man et al.1 The authors describe a
3-pronged, novel protocol for ad-
vancing the degree of difficulty and
challenge to the patient during “skill
training.” Task selection and goals
were set based on: (1) the patient’s
self-rating of task difficulty; (2) the
need to challenge attention and bal-
ance, including the integration of at
least one fall or near fall per training
session; and (3) achievement of per-
ceived cardiovascular load of “some-
what hard” according to the Borg
Rating of Perceived Exertion.

Knowing the patient’s own percep-
tion of task difficulty candidly directs
the next focal point of training. Chal-
lenging the patient’s balance during
walking to the point of falling or
near falls presents an opportunity to
knowingly attempt a difficult task
and learn to prepare or respond. Pro-
viding these opportunities to suc-
ceed and learn from “errors” may
enhance balance recovery and motor
planning. In addition, perceived
cardiovascular load provides insight
into the demands of the training ex-
perience and, thus, how to progress
with increasing load.

Interestingly, the patients used assis-
tive devices and braces overground
and were given the option to use
parallel bars on the treadmill during
training. Thus, the lower extremities
were not “full weight bearing,” as
the upper limbs also bore weight
through assistive devices. As the au-
thors suggested, this is likely to have
interrupted development of effective
responses to imbalance or task de-

mands without the aid of external
support. It is critical to consider the
training environment and appreciate
that skill training with assistive de-
vices may advance walking skills
with a compensatory, assistive de-
vice and not independent unassisted
walking. Walking with an assistive
device and walking without an assis-
tive device are likely 2 different skills
and, thus, 2 distinct goals. Although
not used in the current case series,
the authors propose the use of an
overhead body-weight support (BWS)
system during training overground,
based on the benefits of BWS. Such
a system may enhance the individu-
al’s ability to develop appropriate
neuromuscular preparation and re-
sponses for dynamic balance during
advanced locomotor tasks. In this en-
vironment, skill training without and
with assistive devices may be incor-
porated. In addition, and as noted by
the authors, an overground BWS sys-
tem may provide a sense of safety
and comfort, allowing greater risk
taking during challenging skills that
typically produce errors or near falls.

The 2 interventions used by the au-
thors are described as: (1) “skill train-
ing” and (2) body-weight–supported
treadmill training. Both environ-
ments, though, support skill training.
Expanding the description to in-
clude the skills addressed in each
distinct environment may more
clearly distinguish the 2 interven-
tions. In contrast to the skill training
overground, skill training in the
treadmill environment focused on in-
creasing speed and decreasing BWS
during walking bouts (up to 10 min-
utes) that require exertion. From the
descriptions, it appears that training
on the treadmill may more effec-
tively promote rapid step transition,
increased step length, greater lower-
extremity load bearing, and more
postural control during steady-state
walking. As identified by the au-
thors,1 other possibilities for skill
training, such as speed changes and

stepping over obstacles, could occur
on the treadmill, although they were
not included in this work. Thus,
“body-weight–supported treadmill
training” is not a uniform term for a
therapeutic intervention, but more
appropriately designates the equip-
ment being used.7 Alternatively, the
article title distinguishes skill train-
ing simply based on the location
of the intervention. The differences
in the 2 settings and types of train-
ing also are readily distinguished
by the inclusion of task-specific train-
ing relative to everyday demands
on walking overground with assis-
tive devices during the training
overground.

The difference in training protocols
overground and on the treadmill
with BWS suggests that the focus of
training using the treadmill to date
has been on retraining stepping and
somewhat steady-state walking bal-
ance. What is the role of the tread-
mill and BWS in rehabilitation for
walking recovery? Dobkin et al8 and
Behrman et al9 used these tools for
retraining the capacity to step and
balance upright, as well as to transfer
training guidelines and improved
skills to overground and community
ambulation. Van Hedel et al10 and
Visintin et al11 focused on the tread-
mill with BWS as the sole environ-
ment for retraining walking. Other
researchers9,12 Behrman et al9 and
Field-Fote et al12 also used the tread-
mill to introduce locomotor adapt-
ability training, and other research-
ers13 have used it predominantly to
address aerobic training and endur-
ance. The particular goal is impor-
tant to drive the specific training pro-
tocol. Musselman et al1 chose to
focus on stepping capacity in the
treadmill environment and, thus, to
compare and contrast this approach
with a protocol of training specific
community-derived skills for home
and community ambulation in the
overground environment with assis-
tance. The distinction is valuable in
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comparing interventions in this arti-
cle and those already published in
the literature, noting the active in-
gredients of each and the specific
aims of the defined interventions.

The authors1 selected standardized,
clinic-based outcome measures for
balance and walking ability. The
measures represent the best of what
is currently available clinically, with
some specific to SCI and with pub-
lished data of clinically meaningful
differences. Standardized measures
of dynamic walking stability that
have reliability and validity remain
lacking in our toolbox of clinical as-
sessments. The Dynamic Gait Index
(DGI)14 may offer some advantage
over the Berg Balance Scale (BBS) in
that the patient walks during the test
and, for example, is asked to change
speed, step over an obstacle, and
turn. The BBS typically is conducted
without an assistive device and may
assess an individual’s true balance ca-
pacity in standing, sitting, and tran-
sitional movements. As the authors
comment, the BBS, however, does
not address dynamic stability spe-
cific to walking. For DGI testing, a
patient may use his or her assistive
device. Testing the patient with and
without an assistive device, though,
may readily distinguish between com-
pensation and recovery of balance
function.

Although timed walking tests have
significant merit, such tests also may
mask improvements in balance and
overall walking control. For exam-
ple, a patient progressing from a
rolling platform walker to a rolling
walker has certainly gained in overall
walking control. However, a change
in the device also may be accompa-
nied by a decrease in gait speed as
the individual recalculates balance
strategies specific to the new device.
The Modified Emory Functional Am-
bulation Profile was an appropriate
task-specific outcome comparable to
the skills trained overground. Perfor-

mance tested with a device indicates
the benefit of skill training relative
to a device. Improvements in skill
that resulted in a change in device
or greater balance or control also
would be valuable, indicating recov-
ery of neuromuscular function.

Outcomes for the 4 individuals var-
ied and were associated specifically
with task-specific training, with 2 pa-
tients improving ambulatory status
to: (1) walking in the home (began at
0.11 m/s with a 2-wheeled walker)
and (2) part-time ambulation in the
community (began at 0.61 m/s with
bilateral crutches). Use of a device to
quantify and analyze community-
based stepping activity, such as a
step activity monitor or other moni-
toring apparatus, may be helpful in
understanding the specific gains mea-
sured in the clinic and their meaning-
fulness relative to actual home- and
community-based ambulation.15

The 4 patients began their rehabili-
tation programs with different start-
ing points represented by their self-
selected gait speed, ranging from
0.07 m/s (nontherapeutic range) to
0.61 m/s (consistent with home-
based ambulation),16,17 and used dif-
ferent types of assistive devices
(ie, 2-wheeled walkers, bilateral fore-
arm crutches, or a 4-wheeled walker
with physical assistance). This
heterogeneity of ability is certainly
reflective of the population with in-
complete SCI and is a result of many
factors. Is there, however, a neuro-
motor control threshold or capacity
upon which “skill training,” as
defined here, is a prerequisite? Al-
though challenging the nervous sys-
tem is necessary throughout locomo-
tor training, do the components of
stepping and dynamic balance in a
controlled walking environment—
without environmental challenges—
preclude training highly skilled tasks
of locomotor adaptability for com-
munity ambulation? Improvements
while training in the BWS and tread-

mill environment also were ob-
served, indicating the ability to walk
at faster speeds with decreasing
BWS. Do such improvements trans-
fer to diminished reliance on assis-
tive devices overground (improved
Walking Index for Spinal Cord Injury
scores) and the capacity to change to
a more-permissive assistive device
(less-stable device) as greater lower-
extremity load bearing or better up-
right postural control is achieved?

The potential value of task-specific
therapy is brought into focus by this
case series with 2 of the 4 patients
with chronic SCI improving their
functional ambulation status relative
to the home and community, respec-
tively. Sustained improvements in 3
of the 4 patients for walking speed,
endurance, and balance confidence
may point to necessary achievement
of critical thresholds of behavior
for long-term training effects and
self-training beyond the clinic. Pro-
longed training (3–6 months) with
continued gains challenges our
(United States) current state of acute,
time-limited rehabilitation. Rehabili-
tation for walking would benefit
from application of a framework to
guide clinical decision making that
delineates the goal of functional re-
covery from the goal of functional
compensation. Outcome measures
similarly require distinction as to
whether functional change is based
on recovery of neuromuscular func-
tion or use of more-effective com-
pensation strategies. The case series
by Musselman et al1 challenges us, as
clinicians and researchers, to system-
atically address rehabilitation of skill
development specific to community
ambulation. This goal is valuable for
clinicians working with individuals
after SCI, stroke, or other central ner-
vous system injuries to regain walk-
ing function. This case series ad-
vances our thought and stimulates
progress by providing the ground-
work for hypothesis building and
testing to develop the best practice

Training of Walking Skills in Incomplete Spinal Cord Injury

614 f Physical Therapy Volume 89 Number 6 June 2009



for rehabilitation and recovery of
walking.
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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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