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Background and Purpose. Walking in the home and community is an im-
portant goal for individuals with incomplete spinal cord injury (iSCI). Walking in the
community requires various skills, such as negotiating curbs, doors, and uneven
terrain. This case report describes the use of a method to retrain walking overground
that is intensive, variable, and relevant to daily walking (skill training). The aims of
this case series were to determine the effectiveness of skill training in a small group
of people with iSCI and to compare skill training with body-weight–supported
treadmill training (BWSTT) in the same individuals.

Case Description. Four individuals who were a median of 2.7 years (interquar-
tile range [IQR]�12.8) after iSCI participated in alternating phases of intervention,
each 3 months long. All patients started with BWSTT. Two patients subsequently
engaged in skill training while the other 2 patients engaged in BWSTT, after which
a third phase of intervention (opposite to the second) was repeated.

Outcomes. The Modified Emory Functional Ambulation Profile, the 10-Meter
Walk Test, the 6-Minute Walk Test, the Berg Balance Scale, and the Activities-specific
Balance Confidence Scale were administered before training, monthly throughout
training, and 3 months after training.

Discussion. Overall improvements in walking speed met or exceeded the mini-
mal clinically important difference for individuals with iSCI (�0.05 m/s), particularly
during the skill training phase (skill training: median�0.09 m/s, IQR�0.13; BWSTT:
median�0.01 m/s, IQR�0.07). Walking endurance, obstacle clearance, and stair
climbing also improved with both types of intervention. Three of the 4 patients had
retained their gains at follow-up (retention of walking speed: median�92%,
IQR�63%). Thus, the findings suggest that skill training was effective in this small
group of individuals.
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There has been considerable in-
terest in body-weight–supported
treadmill training (BWSTT) af-

ter incomplete spinal cord injury
(iSCI).1 The ultimate goal of gait re-
training after iSCI is successful ambu-
lation in the home and community.
Walking in the real world encom-
passes a variety of walking skills,
such as negotiating doors, uneven
surfaces, slopes, curbs, and obsta-
cles.2 Few studies have investigated
whether BWSTT is effective practice
for this diverse set of walking skills.
The only study that considered func-
tional walking status suggests that
BWSTT does not transform individu-
als with a chronic, American Spinal
Injury Association (ASIA) C iSCI into
community walkers.3

Greater improvements in walking
ability are seen when the training
closely resembles the functional task
of walking (ie, is task specific).4

Body-weight–supported treadmill
training is a very constrained task of
repetitive stepping with little varia-
tion. Work in animals suggests that
repetitive training of one specific
task results in improved perfor-
mance of that task, but at the ex-
pense of related, untrained tasks.5,6

Thus, it is unclear how specific walk-
ing training should be. Perhaps a
highly constrained task is not opti-
mal for community walking.2 Inten-
sive training of a variety of relevant
walking skills may better prepare in-
dividuals for community walking.

A small number of studies have com-
bined BWSTT with overground train-

ing for individuals with iSCI, either
concurrently1,7–9 or as a training pro-
gression.10 None of the overground
training has been based on compre-
hensive, empirical information of
what is required for community liv-
ing. Here, we report the findings
from a case series involving 4 indi-
viduals with iSCI who participated in
alternating blocks of BWSTT and
overground training of walking skills
(henceforth called skill training).
The tasks practiced in skill training
were known to be important for
community ambulation.2 The tasks
were varied daily to approximate the
situation in daily life. The training
was intensive—about 1 hour a day, a
minimum of 3 times per week, over
3 months. The tasks were challeng-
ing (ie, rated as difficult by the pa-
tients and could induce falls). Our
aims were to determine the effective-
ness of skill training and to com-
pare its effectiveness with the
method of BWSTT in a small group
of individuals.

Patient History and
Review of Systems
Volunteers were recruited through
the Edmonton branch of the Cana-
dian Paraplegic Association and reha-
bilitation clinics in Edmonton, Al-
berta. To be included, the patients
must have been: (1) �10 months
postinjury and (2) able to walk 5 m
overground with or without walking
devices or physical assistance. Pa-
tients were asked not to begin a new
exercise or rehabilitation program or
to change medications during the in-
tervention. Informed written con-
sent was obtained from the patients.

Patient characteristics are shown in
Table 1. Medical histories were note-
worthy only for iSCI, with the excep-
tion of patient 3, who also had a mild
brain injury. Initial walking ability
varied among the patients, as indi-
cated by a range of 6 to 12 on the
Walking Index for Spinal Cord Injury
II (WISCI II). The WISCI II is a 21-

point ordinal scale that rates an indi-
vidual’s ability to walk 10 m based
on the braces, devices, and assis-
tance needed.11 The WISCI II has
concurrent validity and good reliabil-
ity in the population with spinal cord
injury.12

Prior to training, patient 2 could
walk at least 100 m independently
with devices and was a home ambu-
lator (ie, he walked at home and
used a wheelchair in the commu-
nity). In contrast, patients 1, 3, and 4
were able to walk short distances
only and used a wheelchair for mo-
bility in all environments. The pa-
tients were considered good candi-
dates for skill training because they
all could walk short distances over-
ground. Moreover, all 4 patients
were community dwelling, but did
limited or no walking in the commu-
nity. Skill training might enhance
their participation and indepen-
dence in community walking.

Two additional patients were re-
cruited, but dropped out after the
first phase (BWSTT) of training for
reasons unrelated to the training.
One patient left because of severe
pain, which was present prior to the
training and was not made worse or
better by the training. The other pa-
tient fell at home and sustained a
dislocated shoulder. This individual
was a community ambulator prior to
training.

Intervention
All patients completed �9 months of
training. They received 3 months of
BWSTT and then were allocated to 1
of 2 treatment groups using a ran-
dom permuted blocks method. The
allocation to treatment group was
not concealed from the experi-
menters. Patients 1 and 2 received 3
months of skill training followed by
3 months of BWSTT. Patients 3 and
4 received the training in the reverse
order. Patient 4 was involved in an
additional 2 blocks of training, also
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presented in an alternating order.
There were no breaks between the
blocks. The single-case, alternating
treatment design allowed each pa-
tient to act as his or her own control.
We randomly allocated patients to
treatment groups to offset any
carryover effects.13

Training Programs
Skill training and BWSTT lasted
about 1 hour a day (including rest
breaks), with a target frequency of
5 days per week for 3 months. The
programs were administered by a
physical therapist, with the assis-
tance of a volunteer, as needed.
Braces were worn during both types

of training to increase comparability.
Rest breaks were taken as needed.

Skill training. The researchers and
2 physical therapists developed the
aim and principles of skill training.
The aim was to engage patients in
challenging walking tasks. Skill train-
ing was based on 3 principles. First,
tasks practiced were those known to
be important for daily walking.2 Sec-
ond, a variety of environments and
conditions was used to approximate
the situation in daily life. Third, the
tasks practiced were sufficiently
challenging to induce errors because
learning is augmented in situations
where errors are induced rather than
suppressed.15,16 The tasks practiced
in skill training were grouped into
5 categories, with the frequency of
training specified a priori (Tab. 2).
The proportion of time spent train-
ing each of the categories was deter-
mined by the therapist and varied
from day to day. Walking aids were
permitted during skill training.

Three measures were used to gauge
how challenging the training was.
First, patients rated how difficult
they found each training task on a
visual analog scale, from 0 (“very
easy”) to 10 (“extremely difficult,
would fall without assistance”). Our
target was a difficulty rating of �7.
This target was based on the thera-
pist’s observation that a rating of 7
was associated with a need for sig-

Table 1.
Characteristics of Patientsa

Variable

Patient

1 2 3 4

Age (y) 42 61 24 47

Sex Female Male Female Male

Injury level T2 L1 T10 C5

Years postinjury 1.0 4.4 0.9 23.0

Mechanism of injury Surgery Fall Car accident Hockey

Medications Baclofen
Diovanb

Tegretolb Baclofen None

ISCSCI C C C C

WISCI II 9 12 6 9

Walking aid 2WW 2 FCs 4WW/1PA St.W

Braces 2 AFOs 2 AFOs 2 AFOs 2 AFOs

Comfortable walking
speed (m/s)

0.07 0.61 0.18 0.11

6-minute walk (m) 25 191 50 39

Living situation House, family House, family House, family House, family

Employed? No No No Yes

a Injury level�neurological level of injury as defined by the International Standards for Neurological
Functional Classification of Spinal Cord Injury14 (ISCSCI), WISCI II�Walking Index for Spinal Cord Injury
II, 4WW� 4-wheeled walker, 2WW�2-wheeled walker, St.W�standard walker, FC� forearm crutches,
1PA�assistance of one person required, AFO�ankle-foot orthosis. Values for comfortable walking
speed and 6-minute walk represent scores at the beginning of training on the 10-Meter Walk Test and
6-Minute Walk Test, respectively.
b Novartis Pharmaceuticals Corp, One Health Plaza, East Hanover, NJ 07936.

Table 2.
Skill Training Categories

Skill Training Category Examples of Tasks Training Frequency

Walking balance Walking on different surfaces/in different directions/in windy conditions
Walking and reaching

5 times/week

Skilled walking tasks Negotiating obstacles, stairs, curbs, sloped surfaces, crowded environments,
narrow spaces, doors

5 times/week

Walking with secondary task Walking and looking/reaching/talking/carrying an object/pushing an object 5 times/week

Endurance Walking long distances (ie, �100 m) indoors/outdoors 2–3 times/week

Speed Walking short distances (ie, �25 m) at fast pace indoors/outdoors
Crossing intersections

2–3 times/week
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nificant concentration or resulted in
a loss of balance that the patient
could self-correct. Second, the ther-
apist recorded the number of near
falls (ie, unable to recover balance
and the fall was prevented by the
therapist) experienced during each
session. Our target was �1 near fall
per training session. Third, the Borg
Rating of Perceived Exertion (RPE)17

was used to gauge the perceived
cardiovascular load (target: Borg
RPE of 13/20 [“somewhat hard”] or
higher) because endurance was one
of the categories of tasks in the train-

ing (Tab. 2). During training, if the
difficulty ratings were above or be-
low the target level, the therapist ad-
justed the task accordingly (eg, change
walking aid or size of obstacle).

Parameters for each skill training ses-
sion were documented with a stan-
dardized table. Table 3 summarizes
this information for each patient.
Four main categories of tasks were
targeted (Tab. 3). Skill training varied
somewhat among the patients be-
cause of each individual’s abilities.
For example, patients 1 and 4 did not

practice crossing traffic intersections
because their walking speeds were
not sufficiently high to attempt the
task safely.

To further verify that the skill train-
ing administered by the therapist
was meeting the expectations of the
study, a researcher videotaped a full
training week for patients 1, 3, and
4. An independent reviewer identi-
fied from the videotape: (1) the num-
ber of times per week each of the
skill training categories was prac-
ticed, (2) the number of different

Table 3.
Description of Skill Training by Patienta

Variable

Patient

1 2 3 4i 4ii

No. of sessions/week 4.5�0.7 4.1�0.6 3.2�1.1 3.0�1.0 2.9�0.8

Session time (min) 33�8 44�7 31�8 39�12 32�7

% time

Balance 19�10 24�8 24�13 26�11 29�10

Skilled walking 24�10 28�10 20�9 25�12 27�14

Secondary tasks 19�13 25�9 30�13 25�13 21�11

Endurance and speed 38�12 23�9 26�15 25�19 23�15

Difficulty

Balance 5.7�1.2 8.9�1.0 7.3�2.6 6.9�1.4 8.6�1.3

Skilled walking 5.4�1.0 9.1�0.9 7.1�2.1 7.0�1.8 8.4�1.0

Secondary tasks 5.1�1.2 8.6�0.9 8.1�2.2 6.6�1.5 7.5�2.0

Borg RPE 14.9�1.0 17.6�2.6 13.0�2.5 13.0�0.9 12.5�2.3

No. of near falls 1.7�1.2 2.8�1.5 7.4�3.2 2.1�1.8 1.4�1.1

No. of walking surfaces/tasks negotiated 2.6�1.3 3.5�1.6 2.6�1.2 2.4�1.3 3.1�1.3

Curbs 10.7 63.5 20.9 11.1 15.0

Stairs 73.2 53.8 62.8 47.2 50.0

Slopes/ramps 19.6 69.2 32.6 30.6 37.5

Doors 23.2 75.0 39.5 44.4 22.5

Crowded places 5.4 15.4 16.7 11.1 5.0

Narrow spaces 12.5 71.2 16.7 33.3 22.5

Carrying objects 41.1 73.1 61.9 52.8 32.5

Obstacles 26.8 57.7 25.6 50.0 60.0

Intersections 0 13.5 4.7 0 0

a Patient 4i and patient 4ii refer to the first and second blocks of skill training, respectively, for patient 4. The number of sessions/week, session duration
excluding rests, percentage of time spent on each category, difficulty ratings, Borg Rating of Perceived Exertion (RPE), number of near falls, and number of
surfaces encountered per session are expressed as mean�standard deviation. Difficulty ratings were measured at the midpoint of the training category.
Encounters with the remaining tasks (ie, curbs, stairs, slopes/ramps, doors, crowded places, narrow spaces, carrying objects, obstacles, and intersections)
are expressed as a percentage: (number of training days encountered/total number of training days) � 100%. Balance refers to the training category
walking balance.
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environments within which training
occurred each day, and (3) which of
the important walking skills2 were
targeted in that training week. The
independent review indicated that
the criteria of skill training were met
with respect to the target frequency
for training categories and environ-
ments. The majority of relevant walk-
ing tasks2 were practiced during the
week, but walking in a crowded en-
vironment and walking on a slippery
surface were consistently missed.

BWSTT. A standard treadmill
equipped with an overhead counter-
weight system (custom made) was
used. Training criteria were deter-
mined as follows: (1) training speed
was the maximum speed tolerated
by the patient and always was
greater than a patient’s overground
walking speed, (2) amount of body-
weight support was the lowest pos-
sible without a patient’s knees and
hips collapsing into flexion during
stance, and (3) the body-weight sup-
port and speed selected had to allow
a bout duration of at least 3 minutes.
Manual assistance was provided to
the lower extremities or trunk as
needed. Patients were permitted to
hold side rails for stability while
walking. The rails were positioned at
about chest height to prevent weight
bearing through the arms.

The BWSTT was progressed when
one of the following criteria was
met: (1) a Borg RPE of �13 or (2) the
ability to walk for more than 10 min-
utes with minimal physical assis-
tance. Progressions involved increas-
ing the speed or decreasing body-
weight support. If the speed reached
1.0 m/s, body-weight support was
reduced rather than increasing the
speed further. Otherwise, the thera-
pists and patients decided whether
to increase speed or decrease body-
weight support. For patient 2, who
required no body-weight support,
progressions involved increasing
speed and duration of walking and
adding arm swing. The Borg RPE was
monitored during each BWSTT ses-
sion. The parameters of BWSTT are
summarized in Table 4 for each pa-
tient. There was a trend toward
longer walking times for skill train-
ing than for BWSTT (compare Tabs.
3 and 4).

Patient 2 completed his second
block of BWSTT in his own home
because he lived 150 km from Ed-
monton, and he did not require
body-weight support. The therapist
visited his home prior to this second
bout of BWSTT to set up the training
program, and she maintained daily
telephone or e-mail contact with him
to ensure training quality and to rec-

ommend progressions. Patient 2 re-
corded the training parameters and
Borg RPE for each training day.

Outcome Measures
Testing of clinical measures was
done prior to the beginning of train-
ing, monthly during training, and at
the end of training. Follow-up assess-
ments were conducted 3 months af-
ter training, and an additional assess-
ment at 6 months after training was
conducted for patient 2. A therapist
who was blind to group allocation
assessed all of the patients. This was
possible because the assessing ther-
apist worked at a different institution
and carried out all assessments in
the evenings. The assessor and pa-
tients were instructed regarding the
blinding. There were no breaches to
the blinding. Patients used the same
walking aids in all assessments ex-
cept the Modified Emory Functional
Ambulation Profile (mEFAP) (see be-
low), which accounts for changes in
walking aids. The clinical measures
were assessed in the following order:

1. The Berg Balance Scale measures
static and dynamic standing bal-
ance.18 Its measurement proper-
ties have been established in indi-
viduals with iSCI.19 Both BWSTT
and skill training could affect bal-
ance. The best possible score is

Table 4.
Description of Body-Weight–Supported Treadmill Training (BWSTT) Parameters for All Patientsa

Patient Time (min) Days/Week BWS Treadmill Speed (m/s) Borg RPE

1i 31�8 3.9�0.9 41�3 0.64�0.09 15.0�1.2

1ii 25�4 4.0�1.2 24�6 0.85�0.07 14.0�0.6

2i 23�5 3.8�1.1 0 0.99�0.08 18.3�0.7

2ii 37�6 4.3�1.0 0 1.26�0.25 19.9�0.2

3i 22�5 3.1�1.0 30�7 0.77�0.17 12.2�1.2

3ii 25�7 3.0�1.0 18�4 1.08�0.08 12.4�1.4

4i 37�7 3.5�0.8 36�8 0.5�0 14.5�1.5

4ii 29�4 2.9�0.9 30�0 0.72�0.23 15.0�0.0

4iii 25�6 3.0�0.6 22�12 0.5�0 13.3�0.6

a Patients 1, 2, and 3 received 2 training blocks of BWSTT (denoted by subscripts i and ii), and patient 4 received 3 blocks of BWSTT (denoted by subscripts
i, ii, and iii). Time�average duration of one session, excluding rests. Days/week�average number of sessions attended per week. BWS�body-weight support
expressed as a percentage of the patient’s body weight. Borg RPE�Borg Rating of Perceived Exertion. Values are expressed as mean�standard deviation.
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56, with a score of less than 45
being associated with a risk for
falls in elderly people.20 The min-
imal clinically important differ-
ence (MCID) is 6 points in indi-
viduals with stroke,21 but it is not
known for the iSCI population.

2. The mEFAP evaluates walking
ability based on timed perfor-
mance of 5 walking tasks (walk-
ing 5 m on a smooth floor and on
carpet, the Timed “Up & Go”
Test, negotiating obstacles, and
stair climbing).22,23 The total
score reflects the total time (in
seconds) needed to complete the
tasks. Ambulation aids and physi-
cal assistance are accounted for
by a multiplication factor. The re-
liability and validity of scores for
this scale have been established.22

An option for forearm crutches
was added to the scoring of the
mEFAP (multiplication factor�7)
because they are a common aid
used by individuals with iSCI.
This was the most quantitative
measure of walking skill available
that suited the abilities of our pa-
tients. The MCID for this measure
is not known.

3. The 6-Minute Walk Test measures
walking endurance.24 The score
is the total distance (in meters)
traveled in 6 minutes. The test
yields scores that are valid and
reliable for individuals with iSCI.25

This measure was used because
endurance was one of the aims of
our training. The MCID was esti-
mated to be 54 m for individuals
with chronic obstructive lung dis-
ease26 and is unknown for those
with SCI.

4. The 10-Meter Walk Test was used
to measure comfortable and fast
walking speeds. For fast walking
speed, patients were instructed
to walk as fast as they could with-
out losing their balance. The 10-m
walk test yields scores that are

valid and reliable for individuals
with iSCI.25 The MCID was esti-
mated to be 0.05 to 0.06 m/s for a
group of community-dwelling in-
dividuals with iSCI.27

5. The Activities-specific Balance
Confidence (ABC) Scale requires
patients to rate their confidence
(from 0% [“no confidence”] to
100% [“complete confidence”])
in their ability to maintain balance
during 16 functional activities.28

The ABC Scale was shown to have
acceptable psychometric proper-
ties in individuals with stroke.29 It
provided a measure of each pa-
tient’s opinion, independent of
the objective measures of perfor-
mance. The MCID is not known,
but a score of 67% was a thresh-
old that separated “fallers” from
“nonfallers” among community-
dwelling older people.30

Findings
Figure 1A shows mEFAP scores dur-
ing training and follow-up for each
patient. The change scores are
shown above or below the trace for
each phase of training (ie, score at
end of phase � score at beginning of
phase). Patients 1 and 3 showed im-
provement during skill training and
BWSTT, whereas there was a ten-
dency for patients 2 and 4 to show
greater improvement with skill train-
ing than with BWSTT. Retention of
gains was estimated as follows:
[(follow-up score � score at begin-
ning of training)/(score at end of
training – score at beginning of train-
ing)] � 100%. Gains on the mEFAP
were maintained after training, with
the exception of patient 4 (reten-
tion of gains 3 months after training:
median�99.5%, interquartile range
[IQR]�51%).

Changes in comfortable walking
speed (Fig. 1B) and fast walking
speed (not shown in the figure) were
very similar. The change scores are
shown above or below the trace for

each phase of training for compari-
son with the known MCID (�0.05
m/s) for people with iSCI.27 Patient 4
showed the smallest overall change
and the least retention of gains at
follow-up. The other 3 patients
showed improvements (greater
MCID) during the skill training
phase. Patients 1 and 3 also showed
gains (greater MCID) for one of the
BWSTT phases. Retention of gains at
follow-up was good except for pa-
tient 4 (median�92%, IQR�83%).

Qualitatively, changes in perfor-
mance of the 6-minute walk test (not
shown in Fig. 1) were similar to
those seen for comfortable walking
speed (Fig. 1B). The improvement in
measurements from beginning to
end of all training was 75, 47, 85, and
8 m for patients 1 through 4, respec-
tively. Two change scores exceeded
the MCID reported for individuals
with chronic obstructive pulmonary
disease (change of 54 m26). Reten-
tion of gains was good for patients 1,
2, and 3 (median�103%, IQR�98%).

Results from the Berg Balance Scale
varied among the patients, but, for
the most part, minor gains were
made. Total improvements over the
entire training period were 9, 0, 10,
and 5 for patients 1 through 4, re-
spectively. Results from the ABC
Scale also varied among the patients.
Interestingly, increases in balance
confidence were consistently seen
during skill training (median�11%,
IQR�9%), but such increases were
seen much less frequently during
BWSTT (median��2%, IQR�14%).
In all cases, however, the scores on
the ABC Scale remained below 67%,
scores that suggest a risk for falling in
older people.30

Functional Walking Status
Training led to changes in functional
walking status in 2 patients. Patient 2
was walking for short distances
(ie, �100 m) in the community after
training. Patient 1 was walking within
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the home (including going up and
down stairs) after training, but con-
tinued to use her wheelchair in the
community. Functional walking sta-
tus did not change for patients 3 and
4, although patient 3 walked daily
within her home for exercise.

Group Data
The median value (and range) of the
change in clinical scores is shown in
Figure 2. In Figure 2A, the data are
collapsed across each block of train-
ing, regardless of the type of train-
ing. The scores shown are change
scores (ie, change score�score at
end of training � score at beginning
of training). For most patients,
greater improvements were made in
the latter blocks of training (ie,
months 4–9 of training). In Figure
2B, the data are collapsed across
each type of training, regardless of
when it occurred. With the excep-
tion of the Berg Balance Scale, all

measures tended to show greater
gains with skill training than with
either block of BWSTT.

Discussion
We show that an intensive program
to retrain walking skills overground
may be as effective as BWSTT in this
small group of patients. Clinically im-
portant changes were seen in walk-
ing speed for all patients over the
whole duration of the training and
during the skill training portion
alone for 3 of the 4 patients. The
same 3 patients also showed good
retention of gains 3 months after
training terminated.

Effectiveness of Skill Training
and BWSTT
Overall, the findings suggest that
skill training resulted in gains in
walking speed, endurance, balance
confidence, and performance of sev-
eral walking skills (ie, as assessed

with the mEFAP) in our patients
(Fig. 2B). Patient 2 showed consider-
ably greater gains on all outcome
measures, except for the Berg Bal-
ance Scale, during skill training com-
pared with BWSTT. Because patient
2 completed the second block of
BWSTT in his home, we cannot rule
out the possibility that this training
was different from the training that
the other patients received in the
laboratory. This is unlikely, however,
as he also showed minimal improve-
ment during the first block of
BWSTT. To determine whether his
results biased the findings in favor of
skill training, the analysis was redone
without his data. The median and
range of scores changed very little
for the ABC Scale and Berg Balance
Scale (Fig. 2B, black dots show me-
dian). The median scores on the
mEFAP, 6-Minute Walk Test, and 10-
Meter Walk Test, however, were
generally more similar across train-

Figure 1.
Modified Emory Functional Ambulation Profile (mEFAP) scores (A) and comfortable walking speeds (B) during training and follow-up
for each patient. Each plot shows the data from one patient (patient number shown on far left). Numbers above/below the traces
indicate the change in score from the beginning to the end of a training phase (black lines�body-weight–supported treadmill
training [BWSTT], blue lines�skill training). A decrease in score on the mEFAP indicates an improvement because the mEFAP is a
timed measure.
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Figure 2.
Median values (horizontal lines) and ranges of scores (blue boxes) for the Berg Balance Scale, Activities-specific Balance Confidence
(ABC) Scale, walking speed, 6-Minute Walk Test, and Modified Emory Functional Ambulation Profile (mEFAP). (A) Scores were
collapsed for each type of training, regardless of when the training occurred (training phase: A�first, B�second, C�third). (B) Scores
were collapsed for each block of training, regardless of the method of training (training phases: TT1�first phase of body-weight–
supported treadmill training, TT2�second phase of body-weight–supported treadmill training, ST�skill training). Black dots show
median when patient 2 is removed.
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ing methods once patient 2’s data
were removed. For example, the
change in score from TT1 (first phase
of BWSTT) was more similar to ST
(skill training) for the mEFAP when
data from patient 2 were removed
(ie, dots closer together than median
lines in Fig. 2B), and change scores
for TT2 (second phase of BWSTT)
were more similar to ST for the
6-Minute Walk Test and the 10-Meter
Walk Test.

Skill training and BWSTT, as imple-
mented in this case series, are quite
different. The only similarities are
that both require a training fre-
quency of 3 to 5 times per week and
a moderate cardiovascular load (ie,
Borg RPE �13/20). The BWSTT in-
volved repetitive practice of forward
stepping movements, typically with
little variation except changes in
speed and amount of body-weight
support. Body-weight–supported
treadmill training, as reported by
other authors, has not always been
confined to stereotypical stepping
on the treadmill. For example, some
authors have included overground
training as soon as possible (re-
viewed in Behrman et al31). In all
forms of BWSTT, however, patients
wear a harness that supports some of
their body weight and provides
trunk stability, likely reducing bal-
ance demands in comparison with
overground training.

Although the amount of body-weight
support is reduced as the patient
progresses, the demands on balance
were likely still less than walking
overground in our patients, as the
handrails were available for stability
if needed. In contrast, skill training
requires full weight bearing and chal-
lenges balance well beyond walking
on level ground. It encompasses
practice of more than 10 walking
tasks frequently encountered in daily
life,2 such as negotiating obstacles,
doors, stairs, curbs, and crowded en-
vironments, in varying situations and

environments. We speculate that the
incorporation of varied walking situ-
ations facilitates the patient’s ability
to adapt, which is necessary for com-
munity and household walking.2 The
degree of challenge (ie, near falls)
and the use of tasks similar to those
in daily life may have contributed to
the increase in patient confidence
and skill. Therefore, we suggest, as
other authors have suggested,32 that
BWSTT may not be sufficient for
training balance and adaptability dur-
ing walking. Perhaps skill training
should be considered a progression
of BWSTT for walking retraining be-
cause BWSTT can be implemented
when walking ability is low.

It was difficult to equate the intensity
of the 2 forms of training because
they are very different in nature. The
patients judged the 2 forms of train-
ing to be equally intensive (Borg
RPEs in Tabs. 3 and 4). There was,
however, a trend for the sessions to
be longer during skill training than
during BWSTT (Tabs. 3 and 4). Thus,
we cannot discount the possibility
that the longer session durations of
skill training contributed to the out-
comes reported here. In retrospect,
other measures of dosage, such as
step count or distance covered,
would have been useful to include.

There are surprisingly few reports
comparing walking outcomes with
BWSTT and overground training. In a
study of people with acute iSCI, no
differences in a number of walking-
related outcome measures (ie, Func-
tional Independence Measure for Lo-
comotion, walking speed, 6-Minute
Walk Test, Berg Balance Scale, and
WISCI II) were reported between in-
dividuals who trained using BWSTT
and those who trained overground.9

That study, however, remained
under-powered statistically, despite
the impressive recruitment of 117
subjects. Similarly, BWSTT and over-
ground training (both with electrical
stimulation) were found to be

equally effective at improving walk-
ing speed, step length, and step sym-
metry in individuals with chronic
iSCI,33 but that study also was statis-
tically under-powered. In our case
series, when training was begun
early (ie, patients 1 and 3, both about
1 year postinjury), gains in walking
were seen regardless of the type
of training. In contrast, patients 2
and 4 (4.4 and 23 years postinjury,
respectively) tended to show more
improvement with skill training
(Fig. 1). The possibility that skill
training may be especially effective
for individuals who were injured
some time previously would be valu-
able to explore with a large number
of patients in the future.

Relationship Between Long-term
Training and Ongoing
Improvement in Walking Ability
The patients continued to show im-
provement with long-term training
(ie, �6 months). For example, im-
provements were seen in mEFAP
scores and walking speed for at least
6 months of training in patient 2 and
up to 9 months or more for the other
patients (Fig. 1). These findings are
consistent with those of Hicks and
colleagues.34 They reported that
about half of their subjects with SCI
showed improved ability to walk
overground, as measured with a
modified version of a scale by
Wernig et al,35 throughout 12
months of BWSTT.34 Thus, there are
benefits to extending the length of
walking retraining for iSCI beyond
the typical 3 months. Indeed, both
patients 2 and 4 required �3 months
to show initial improvements. For
some individuals with iSCI, �3
months of training is needed to bring
about meaningful change.

Practice and Minimum Ability
Needed for Retention of Gains
The 3 patients who showed good
retention of gains after training con-
tinued to walk at home. Regular
walking is necessary to retain func-
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tion.33–36 Skill training may have fa-
cilitated retention of walking ability,
as it allowed practice of relevant
walking skills in an appropriate envi-
ronment. Perhaps this type of prac-
tice provided our patients with the
confidence to perform these skills on
their own (as shown for the ABC
Scale in Fig. 2B). Patient 4 was the
exception. Not only did patient 4
report no walking after training, but
he also had the lowest walking speed
at the end of training (0.15 m/s).
Thus, there may be a minimum walk-
ing speed, below which walking is
not realistic in the home.

Limitations
Two difficulties were identified in
the implementation of skill training.
First, individuals differed in their
willingness to take risks (Tab. 3,
number of near falls). Ways to in-
crease the patient’s confidence to
take risks during training should be
sought. Second, 2 tasks—walking in
a crowded environment and walk-
ing on a slippery surface—were
frequently omitted. Both tasks are
difficult to simulate in a clinical en-
vironment. Innovative ways to in-
corporate these tasks into training
would be useful in the future.

There was surprisingly little change
in Berg Balance Scale scores with ei-
ther form of training (Fig. 2). At the
beginning of training, scores on the
Berg Balance Scale were low (11 for
patient 1; 8 for patients 2 and 3; and
22 for patient 4); thus, there may
have been a floor effect. The Berg
Balance Scale does not permit the
use of walking aids, which all of our
patients required for standing and
walking activities. Furthermore, the
Berg Balance Scale score may not
reflect the dynamic balance needed
for walking.

This is a small-scale, single-case se-
ries. Thus, we cannot generalize be-
yond our group of patients. The case
series describe a systematic, over-

ground training program that could
be used for study with a larger co-
hort of patients. Such future studies
would benefit from a better measure
of the skills needed for community
walking. We used the mEFAP, which
includes some skilled walking tasks,
but does not consider other walking
tasks known to be commonly per-
formed in everyday life, such as ne-
gotiating ramps, curbs, doors, and
uneven surfaces and walking while
carrying objects.2 Unfortunately, this
is also true of other gait-related
scales for the iSCI population.37

There is a great need for better walk-
ing scales to evaluate skillful aspects
of walking.

Conclusions
The promising results of this case
series suggest that skill training may
be an effective method for individu-
als with iSCI who have some pre-
existing ability to walk. Future stud-
ies could modify skill training to
include individuals who do not have
adequate strength (force-generating
capacity), endurance, postural con-
trol, or balance to stand upright and
step. For example, other authors
have described systems to support
body weight while walking over-
ground that could be used for train-
ing.33,38,39 Such a system would al-
low variable, overground practice of
many of the walking tasks needed for
daily life.2 Likewise, some skilled
tasks, such as obstacle clearance,
have been executed on a treadmill
with body-weight support.40,41 It
may be feasible to practice other im-
portant walking tasks on the tread-
mill, such as negotiating different
walking surfaces and carrying ob-
jects while walking. Either approach
would enable individuals with lim-
ited walking ability to participate in
variable practice of relevant walking
skills.
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