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Validity of the Walking Scale for Spinal Cord
Injury and Other Domains of Function in a
Multicenter Clinical Trial

John E Ditunno Jr, MD, Hugues Barbeau, PhD, Bruce H. Dobkin, MD, Robert Elashoff, PhD,
Susan Harkema, PhD, Ralph J. Marino, MD, Walter W. Hauck, PhD, David Apple, MD,
D. Michele Basso, EdD, Andrea Behrman, PhD, Daniel Deforge, MD, Lisa Fugate, MD,
Michael Saulino, MD, Michael Scott, MD, and Joanie Chung, MPH,
for the Spinal Cord Injury Locomotor Trial (SCILT) Group

Objective. To demonstrate criterion (concurrent and predictive)
and construct validity of the Walking Index for Spinal Cord
Injury (WISCI) scale and other walking measures in the Spinal
Cord Injury Locomotor Trial (SCILT). Design. Prospective mul-
ticenter clinical trial of a walking intervention for patients with
acute traumatic spinal cord injury (SCI). Participants/Methods.
Body weight—supported treadmill training was compared to
overground mobility training in 146 patients with incomplete
SCI (C4 to L3) enrolled within 8 weeks of onset and treated for
12 weeks. Primary outcome measures were the Functional
Independence Measure (FIM), 50-foot walking speed (50FW-S),
and 6-minute walking distance (6MW-D), tested 3, 6, and 12
months after entry. Secondary measures were the Lower
Extremity Motor Score (LEMS), Berg Balance Scale (BBS),
WISCI, and FIM locomotor score (LFIM), assessed at 6 centers
by blinded observers. Data for the 2 arms were combined since
no significant differences in outcomes had been found. Results.
Correlations with WISCI at 6 months were significant with BBS
(r=.90), LEMS (r=.85), LFIM (r=.89), FIM (r=.77), 50FW-S
(r=.85),and 6MW-D (r=.79); similar correlations occurred at
3 and 12 months. Correlations of change scores from baseline
WISCI were significant for change scores from baseline of
LEMS/BBS/LFIM. Correlation of baseline LEMS and WISCI at
12 months were most significant (r = .73). The R* of baseline
LEMS explained 57% of variability of WISCI levels at 3 months.
Conclusion. Concurrent validity of the WISCI scale was sup-
ported by significant correlations with all measures at 3, 6, and
12 months. Correlation of change scores supports predictive
validity. The LEMS at baseline was the best predictor of the
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WISCI score at 12 months and explained most of the variance,
which supported both predictive and construct validity. The
combination of the LEMS, BBS, WISCI, 50FW-S, and LFIM
appears to encompass adequate descriptors for outcomes of
walking trials for incomplete SCI.

Key Words: Spinal cord injuries—Ambulation—Qutcome

assessment—Validity.
I injury (SCI) for individuals with incomplete
injuries is one of their primary goals' and has
become a major focus in the design of recent clinical
trials** and outcome studies.>® Outcome studies to deter-
mine the effects of rehabilitation and regeneration inter-
ventions must examine improvement in impairment
(neurological examination), functional capacity (activity
in a standardized environment), and function at home
and in the community (participation/disability).

The use of global disability scales in large databases’
characterizes mobility outcomes as they are performed
in the person’s current environment. The testing envi-
ronment is probably fairly standardized during inpa-
tient assessments but more likely to mimic real-life
situations such as different terrains and walking condi-
tions during outpatient evaluations. While a disability
scale is necessary to plan an appropriate rehabilitation
program, results may vary for the same impairment or
functional capacity because the environment and the
testing conditions are not standardized. Walking func-
tional capacity scales, walking speed,® and walking effi-
ciency, however, test ambulation under standardized
environmental conditions and, for SCI, correlate with
recovery of lower extremity strength.®’

The Walking Index for Spinal Cord Injury (WISCI),
which was developed as a 21-level functional capacity
scale, integrates the level of physical assistance with the
need for braces and walking aids.”® The distinction
between a walking functional capacity scale and a

he recovery of walking function after spinal cord
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disability scale that tests individuals in the environment
is important to clinical trials that attempt to demon-
strate improvement in neurological recovery, because a
functional limitation/capacity measure may be more
sensitive to changes in improvements of strength. A
recent prospective randomized clinical trial to evaluate
the effect of locomotor training following SCI' utilized
multiple endpoints (outcome measures) to assess the
improvement in walking function. The SCILT is the first
prospective study to correlate gains in the domains'' of
impairment, functional capacity, and disability for
walking. These endpoints reflect changes in physical
impairment (increased strength), functional capacity in
terms of balance (Berg Balance Scale [BBS]), functional
capacity for walking (WISCI, walking speed, walking
distance), and disability related to walking (Functional
Independent Measure [FIM], FIM Locomotor Scale
[LFIM], and FIM Motor Scale).

The purpose of this article is to demonstrate concur-
rent and predictive validity of the WISCI scale in relation
to improvements in physical impairment and other mea-
sures of walking function, taking advantage of the lack of
assessment bias provided by a prospective multisite clin-
ical trial with blinded observers. We hypothesized that
the concurrent, predictive, and construct validity of the
WISCI scale would be supported by this study.

METHODS
Design

The Spinal Cord Injury Locomotor Trial (SCILT)
was a single-blinded, parallel-group, multicenter ran-
domized clinical trial that compared 2 interventions for
walking. Participants from 6 regional SCI inpatient
rehabilitation centers, who had sustained an incomplete
(American Spinal Injury Association [ASIA] B, C, or D)
upper motor neuron (UMN) lesion (C4-T11) or lower
motor neuron (LMN) lesion (T11 to L3 with no UMN
neurological signs), were assigned to either treadmill
training with partial body weight support plus a defined
program of overground walking therapy (BWSTT) or
only overground standing and walking therapy (CONT)
at a similar intensity of practice time.” Inclusion and
exclusion criteria have been reported.’ Institutional
review board approval was obtained from each site, and
written informed consent was obtained from each
patient prior to inclusion.

Outcome Measures

All outcomes were assessed by trained observers who
were blinded to treatment arm. The main outcome

540

measures (primary) in the SCILT were the LFIM and
the overground walking speed for patients who
regained the ability to perform this task. The LFIM, a
subset of the motor FIM,>"*!" describes the assistance
needed for walking 50 to 150 feet on a 7-point scale.
Walking speed (50-foot walking speed [50FW-S]) was
calculated for the faster of two 50-foot (15.2-meter)
walks in patients who were able to walk that distance
with moderate or less assistance. Patients were asked to
walk as fast as safely possible. The speed of the 50-foot
distance was converted to meters per second.

The secondary measures included the Lower Extremity
Motor Score (LEMS), BBS, WISCI, and 6-minute walk-
ing distance (6MW-D). LEMS motor scores (range 0 to
50; maximum of 5 for each of 5 key muscles of each leg)
were obtained by a trained physician or physical thera-
pist following the guidelines of the ASIA scale.”” The
blinded observer administered the BBS by scoring the
patient’s level of balance during 14 balance activities.
The tasks are performed in increasing level of difficulty
by asking patients to change positions and challenging
the limits of their base of support. Scores are based on
the ability to maintain positions, speed in performing
movements, and the need for supervision or assistance.
The test assesses functional coordination, strength, flex-
ibility, and balance. Patients were evaluated on the
WISCI scale during the 15.2-m walk using the 21-level
scale (Appendix A). Walking distance in 6 minutes
(6MW-D) was assessed in patients who could walk with
moderate or less assistance with turns on a 30-m walk-
way. The LFIM, 50FW-S, LEMS, BBS, WISCI, and
6MW-D were obtained at entry, if feasible for the
patient; 12 weeks (end of treatment); and 6 and 12
months after entry.

Participant Characteristics

Table 1 lists the characteristics of the entire sample
studied for this report. The data for the BWSTT and
CONT patients have been combined, since no differ-
ences were found between groups at entry or in any of
the outcomes obtained at 3, 6, and 12 months.!>> These
patients were entered within 8 weeks of onset of SCI
and within 1 week of admission for rehabilitation. The
majority of excluded patients had a complete SCI,
onset beyond 8 weeks prior to admission for rehabilita-
tion, or LFIM > 3. Eight UMN patients (BWSTT n =6,
CONT n = 2) and 5 LMN patients (BWSTT n = 4,
CONT n = 1) dropped out prior to completing 6 weeks
of intervention, mostly within the first week, so no 3
months or longer data were available. All participants
received their center’s standard inpatient and outpa-
tient rehabilitation therapies for mobility and self-care
skills in addition to the hour of mobility treatment
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Table 1. Baseline Data for All Randomized Upper and Lower
Motor Neuron Participants

Gender %

% Male 78

% Female 22
Level %

% Cervical 58

% Thoracic 18

% Lumbar 24
ASIA N

B 36

C 90

D 20

N Mean Median Range

Age 146 32 16-69
LFIM (1-7) 141 1.48 1.00 1-5
LEMS (0 to 50) 143 15.81 14.00 0-50
Walking speed, m/s 20 0.39  0.39
6-min walking

distance N/A N/A  N/A N/A
Berg Balance (0-56) 142 4.85 4.00 0-42
WISCI (0-20) 142 1.49  0.00 0-17

N = number of participants; ASIA B,C,D refers to the American
Spinal Injury Association Impairment Scale; and NA refers to partici-
pants unable to walk at baseline. LFIM = Functional Independence
Measure locomotor score; LEMS = Lower Extremity Motor Score;
WISCI = Walking Index for Spinal Cord Injury.

defined by the study protocol for a mean of 45 com-
pleted sessions (range, 35-60). One entry criterion was
that the patients had to have a score on the LFIM for
walking of <4 on entry. In 16 randomized participants,
this was violated. Fourteen of the 16 patients were not
able to walk well enough to obtain a measurable walk-
ing speed or distance at entry, however. These patients
are included in this study but were not included in the
report of the primary outcomes analysis for the trial."?
No baseline, preintervention WISCI was obtained
because almost none of the patients were able to walk
without maximal assistance.

STATISTICAL METHODS

In choosing statistical methods, we sought to treat all
our outcome measures as ordinal to the extent possible.
For correlations of WISCI to the other measures at 3, 6,
and 12 months, we thus used Spearman correlations.
We deviated from complete ordinality in 2 ways. First,
we did compute differences from baseline for WISCI,
FIM, LFIM, BBS, and LEMS. Correlations of changes
from baseline were computed using Spearman correla-
tions. Spearman’s correlation coefficient was interpreted
according to the following guidelines: poor (r < .3),

moderate (.3 < r<.6), good (.6 < r < .8), and excellent
(r > .8) correlation.'® Second, to obtain some sense of
the extent to which WISCI values at later testing inter-
vals could be predicted by WISCI, LEMS, and BBS at a
prior time, we estimated the regressions with WISCI
scores as the dependent variable and WISCI, LEMS, and
BBS at prior times as independent variables. As a check
on the reasonableness of the normality assumption,
residuals were checked by histogram and normal prob-
ability plots. All plots suggested reasonable symmetry of
the residuals, even though the distribution of the mea-
sures is skewed. Since these regression analyses treat
these 3 measures as ratio rather than ordinal, they
should not be overinterpreted. They are intended to give
a general sense of the extent to which variability in
WISCI values are predictable from patients’ status at
earlier times. R’ shown are sample-size adjusted (unbi-
ased). All analyses were done with SAS 9.1 (SAS Inc,
Cary, NC) on a Windows-based PC.

Some of the x-y plots show a trend line that is a non-
parametric smoother (lowess). The nonparametric
smoother is a means of suggesting the trend, if any, of
the relationship without a priori specification of a
model. As will be seen, a more traditional linear trend
line would not have been appropriate. Many data points
in these data will overlap and show as a single point on
standard x-y plots. To avoid this and show the actual
number of points, the plots were done with added “jit-
ter.” That is, points are offset a small random amount in
order to not overlap, with the consequence that they
appear to be plotted at points that are not possible val-
ues of the measures. Figures 1 to 3 were done in Systat
11 (Systat Software Inc, Richmond, CA).

RESULTS

Results are presented for correlations between
WISCI and impairment measures (LEMS), between
WISCI and functional capacity measures (BBS, 50FW-S,
6MW-D), and between WISCI and disability measures
(LFIM, FIM). Subsequently, variance as examined by
regression analysis, and finally correlations among the
measures other than the WISCI are reported.

Relationship Between WISCI (Functional
Capacity Measure) and LEMS (Impairment
Measure)

Table 2 shows an excellent correlation between
WISCI and LEMS at 3 months, 6 months, and
12 months. The relationships between changes from
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Figure 1. Comparison of baseline lower extremity motor
scores (LEMSOWK) and Walking Index for Spinal Cord Injury
(WISCI) scores at 3 (r = .80), 6 (r =.74), and 12 (r = .73)
months. Many data points in these data will overlap and show
as a single point. To avoid this and show the actual number of
points, the plots were done with added “jitter.” That is, points
are offset a small amount from their actual values in order to
not overlap. The trend line is a nonparametric smoother to
show trend without an a priori assumption as to the form of
the trend.

542

20

N
(6))

WISCI 6 Months
)

a1
T
|

0 ! ! !
0 1 2 3 4

Walking Speed (m/sec) 6 Months

Figure 2. Comparison of Walking Index for Spinal Cord
Injury (WISCI) levels to the speed of the 50-foot walk at 6
months (r =.73), demonstrating a ceiling effect of the WISCI
scale. Many data points in these data will overlap and show as a
single point. To avoid this and show the actual number of points,
the plots were done with added “jitter.” That is, points are offset
a small amount from their actual values in order to not overlap.
The trend line is a nonparametric smoother to show trend with-
out an a priori assumption as to the form of the trend.
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Figure 3. Comparison of Walking Index for Spinal Cord
Injury (WISCI) levels to Functional Independence Measure
(FIM) locomotor scores at 3 months (n = 121).

baseline of LEMS and change from baseline of WISCI at
3 months, 6 months, and 12 months show generally
moderate correlations at each time period. The LEMS at
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Table 2. Spearman Correlations of WISCI With Other Endpoints at 3, 6, and 12 Months and on Change From Baseline

Outcome Measure

LEMS Speed 6MW-D LFIM Total FIM BBS

N (n=107-121)  (n=80-88) (n=76-78) (n=104-121)  (n=106-117)  (n=107-120)
At 3 months 0.85 0.78 0.76 0.92 0.73 0.91
At 6 months 0.85 0.85 0.68 0.89 0.77 0.89
At 12 months 0.88 0.77 0.69 0.88 0.74 0.92
Change baseline:

to 3 months 0.55 * * 0.87 0.54 0.85
to 6 months 0.60 * * 0.88 0.48 0.87
to 12 months 0.64 * * 0.87 0.51 0.85

N is sample size. All correlations are statistically significantly different from 0 (P <.001). WISCI = Walking Index for Spinal Cord Injury; LEMS =
Lower Extremity Motor Score; 6MW-D = 6-minute walk distance; FIM = Functional Independence Measure; LFIM = FIM locomotor score;

BBS = Berg Balance Scale.

*Insufficient data; only 14 participants had any ability to walk at baseline; none could complete 6MW.

baseline shows good correlations to WISCI level (Figure
1) at 3 months, at 6 months, and at 12 months (12-
month data shown, Table 3). The trends in Figure 1 are
monotone but not linear, with increasing nonlinearity
as the number of weeks for the WISCI measurement
increases. Change in baseline to subsequent WISCI
could not be correlated with changes in 50FW-S or
6MW-D because few patients could walk at baseline.

Relationships Between WISCI and Other
Functional Capacity Measures

The relationship between the BBS and the WISCI at
3, 6, and 12 months was also excellent (Table 2). In addi-
tion, the correlations between the change from baseline
of the BBS and change from baseline of the WISCI at 3
months, at 6 months, and at 12 months were excellent,
and higher than those of change in LEMS and change in
WISCI. However, in comparison to the LEMS, the BBS
at baseline was a poor predictor of the WISCI at 12
months (Table 3). This may be due to the fact that the
baseline BBS falls within a narrow low range of scores
since most patients had cervical lesions and were quite
impaired initially. The predictive relationship of the
BBS with the 12-month WISCI did improve at 3 and 6
months along with the other measures (Table 3).

Correlations between the WISCI and the 50FW-S (a
speed measure) were in the good to excellent range (Table 2)
at 3 months, at 6 months, and at 12 months. The plot of
walking speed in meters/second against the WISCI at 6
months shows a linear trend to the point of 1 to 1.5
meters/second, and subsequently, a ceiling effect on the
WISCI (Figure 2), with walking speed continuing to improve
after WISCI, was at or near its maximum possible value.
The 50FW-S at 3 and 6 months was a good predictor of
12-month WISCIL, but not as good as LEMS or BBS (Table 3).

Neurorehabilitation and Neur,
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Table 3. Best Predictors of the Walking Index for Spinal
Cord Injury at 12 Months (Spearman rho)

Baseline 3 mos 6 mos
Lower Extremity Motor Score  0.73 0.81 0.86
Berg Balance Scale 0.47 0.84 0.89
FIM Locomotor 0.30 0.79 0.85
FIM Total 0.12 0.63 0.69
Speed 0.71 0.81
Distance 0.77 0.80

FIM = Functional Independence Measure.

Correlations between the WISCI and the 6MW-D (a
distance measure) were good at 3, 6, and 12 months,
but somewhat lower than that of the other measures
(Table 2). As a predictor of the WISCI at 12-months, the
6MW-D is poorer than the other measures tested,
although the correlations were still in the good range
(Table 3).

Relationships Between WISCI and
Disability Measures (Locomotor FIM,
Total FIM)

Frequency data from baseline values of the WISCI
illustrate that 97/140 patients were in a wheelchair
(WISCI = 0) and only 3/140 patients were above a
WISCI = 10. At 12 months, however, 18/106 patients
had still not progressed above WISCI = 0, but 67/106
were above WISCI = 10. As expected, 112/140 patients
were at LFIM = 1 at baseline, but 75/100 achieved an
LFIM = 6/7 at 12 months. Thus, there is a strong rela-
tionship between the WISCI and the LFIM at 3 months,
at 6 months, and at 12 months. However, the relation-
ship between the WISCI and the total FIM was not as
strong. As a predictor of 12-month WISCI levels, the
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LFIM does better than the total FIM at both 3 months
and 6 months (Table 3).

Although the correlations are strong between the
WISCI levels and LFIM levels, Figure 3 reveals that at 3
months, there are multiple WISCI levels (range 8-19) for
an LFIM of 6 and a range of 6 to 18 for an LFIM of 5. The
clustering of scores at 0 and 20, however, should be noted.

A general sense of variability is shown by calculation
of R? for the set LEMS, BBS, and prior WISCI. The com-
bination of WISCI, Berg, and LEMS at baseline explains
57% of variability of the WISCI levels at 3 months, with
LEMS being the only statistically significant predictor
(P <.001). The 3-month values of these 3 explain 78%
of the WISCI at 6 months, with LEMS (P = .043) and
WISCI (P < .001) being significant. Similarly, the 3 pre-
dictors at 6 months explain 85% of the 12-month
WISCI, with again LEMS (P = .020) and WISCI (P <
.001) being significant. The baseline WISCI, when ana-
lyzed together with the BBS and LEMS, is not a signifi-
cant predictor of the 12-month WISCI.

Interrelationships of BBS, Speed and
Distance, LEMS, LFIM, and FIM

The BBS correlated with the 50FW-S at 3 months
(r=.81, P < .001), at 6 months (r = .86), and at 12
months (r =.78). The BBS also had excellent correla-
tions with the disability measures: the LFIM at 3
months (r = .89), at 6 months (r = .86), and at 12
months (r=.86). Good correlations were found for the
total FIM at these times (r = .76 at 3 months, r=.72 at
6 months, and r=.77 at 12 months).

At 3 months, speed correlated with the LFIM (r=.80),
BBS (r=.81), the 6MW-D (r=.95), LEMS (r=.64), and
total FIM(r = .57). It continued to have strong correla-
tions with LFIM, BBS, and 6MW-D at 6 months (r>.80),
but at 12 months, the strong correlation only existed with
the 6MW-D (r = .92), whereas a moderate correlation
existed with the LFIM (r=.66) and the BBS (r=.78).

At 3 months, the distance measure (6MW) corre-
lated with speed (r = .95), the LFIM (r =.78), and the
BBS (r =.79). The 6MW maintained similar correla-
tions at 6 and 12 months with the LFIM (r = .69, 6
months; r = .62, 12 months). The correlations with
LEMS at each of the time periods was rather consistent
but moderate (r=.56-.63).

DISCUSSION

The results of this prospective multicenter clinical
trial (MCT) support the construct validity of the WISCI
scale based on several analyses. First, the very high

correlations of the WISCI to impairment (LEMS); the
other functional capacity measures of balance (BBS),
speed (50FW-S), and distance (6MW-D); the disability
scale for walking (LFIM); and global disability (FIM) at
3, 6, and 12 months support concurrent validation
(Table 2). In addition, this study represents the first
prospective MCT in acute SCI that has demonstrated
improved impairments (ASIA LEMS score) that corre-
lated with functional capacity and disability assessments
of walking. The correlation over time of predictors of
the 12-month WISCI levels shows that the LEMS
(impairment) is the best predictor at baseline. The find-
ing that LEMS is the most important determinant for
outcome of WISCI supports the predictive validity of
LEMS and supports that muscle strength is highly
related with walking ability. In addition, the high corre-
lations of the other walking measures with the WISCI
are further evidence of construct validity.

One reason for the superiority of the baseline LEMS
over the other measures in predicting WISCI outcome
may be due to the inclusion criteria of the study, which
limited enrollment to poor walkers. As a result, base-
line values of BBS, LFIM, total FIM, and WISCI tended
to cluster at the lower range (Table 1), and walking
speed and distance could not be measured on most
participants. In a sample with a wider range of baseline
values, these other measures may be better predictors
of walking outcome. However, given the generally
good outcomes of participants in the SCILT trial, trials
of interventions to improve walking function would
be likely to enroll patients with even poorer baseline
function than seen here. In such studies, the LEMS
may be the only measure with enough baseline vari-
ability to be useful for predicting walking outcome and
may provide a better cutoff value for enrollment than
LFIM or BBS.

In the NASCIS 3 Trial, Bracken'” showed a significant
improvement in the experimental arm for both the
impairment of the upper extremities (motor scores)
and disability (FIM self-care), but the study did not
report an improvement in the disability for walking
(LFIM). The lower extremity motor score, which was
derived from the International Spinal Cord Society
(ISCoS)/ASIA Standards for Neurological Classification
of SCL" represents the one measure that has become
the standard neurological outcome measure for use in
clinical trials for SCL.**® The BBS, the 6SMW-D, and the
50FW-S are measures that had not been previously used
in SCI clinical trials but had served studies of the elderly
and trials in stroke and musculoskeletal disorders.
During and following this trial, a number of studies
were reported regarding the validity of several of these
measures, including the WISCL" walking speed, and
the 6-minute walk®>* for SCI, which will be discussed
in more detail below.
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The National Center for Medical Rehabilitation
Research of the National Institute of Child Health and
Human Development (NICHD of the National Institutes
of Health) has established an important “terminology in
disability classification” that permits clinicians to study
human disease within 5 domains of analysis:
Pathophysiology, Impairment, Functional Limitation,
Disability, and Societal Limitations.'" Therefore the out-
come measures will be discussed utilizing the NICHD
classification.

Impairment Measures: Lower
Extremity Motor Scores

The ISCoS/ASIA  International — Neurological
Standards have been utilized in part'”* or in whole****¢
for most randomized clinical trials to date for SCL
Marino and Graves” demonstrated the superiority of
LEMS over the total motor score and that a separation
of the upper from the LEMS more accurately reflects the
impairment. The Lower Extremity Motor Scores have
been shown to correlate with ambulatory capacity in
several studies®>*® and is further validated in this trial.
Not only was the LEMS highly correlated with the other
outcome measures for each time period in this study
(Table 2) and was the best predictor of the WISCI level
at 12 months (Table 3), but it offered the best “sense of
variance.” Although calculations of variance (R?) are
usually applied to parametric data, the LEMS at baseline
explained 57% of the variance of the WISCI at 12
months, and calculations of previous WISCI scores
improved this to 85%. This analysis must be interpreted
with caution, but it gives a sense of variance and has
some value for explaining the relationship of the mea-
sure of impairment with WISCI levels and adds further
support to the construct validity of the WISCI scale.

Functional Limitation/Capacity Measures:
The BBS, the 50FW-§, the 6MW-D,
and the WISCI

The BBS showed excellent correlations with all other
measures for each time period and, as a change from
baseline, correlated more highly than the LEMS with
the 12-month WISCI (Table 2). It did not, however, at
baseline predict the WISCI at 12 months very well as
compared to the LEMS. The BBS is a functional capac-
ity scale, which measures balance and strength indi-
rectly. The BBS was developed to test balance in a
geriatric population and has been validated for this pur-
pose”* and vestibular dysfunction.’>** It subsequently
was applied to stroke patients in a clinical setting.”® A

change score of 5-7/56 in this measure of 14 actions was
considered clinically significant. It has been shown to
correlate with improvements in ambulation speed and
walking with less assistance in clinical populations and
trials.’* Stroke patients, however, may manifest a number
of impairments that may not be operable in the geriatric
population that Berg tested, such as impaired position
sense and/or numbness plus neurological weakness and
spasticity. Perry” reported that active extension of the
knee while standing by stroke patients with or without
balance assistance was highly correlated with ambulatory
outcomes, which suggests that strength in certain mus-
cles may be important by itself. While it is not the pur-
pose of this article to report on the correlations of the
BBS with walking tests in stroke patients, of which there
is a substantial literature, it appears prudent to examine
the role of muscle weakness, which may contribute to
balance but does not represent a test of balance when
performed in a static position by SCI patients. It is inter-
esting to note that of the 14 categories tested for balance
in the BBS, the strength of at least 1 extremity appears
to be required in 50% of the tasks. No instructions
appear on whether braces or brace substitutes (ace ban-
dages at the ankle or knee stabilizers) should be
included in the assessment as are indicated in the
WISCI assessment.”

Walking speed and walking endurance have been uti-
lized in clinical trials for stroke,”?® cardiac,’**’ and res-
piratory training” but have had limited use in SCI
trials.*? Previous studies in individuals with chronic SCI
show that muscle strength is an important component
of walking function.”*¢ A recent study® examined the
6MW-D and lower extremity muscle strength in
chronic SCI patients and found a high correlation for
both the more and less affected side hip flexors, hip
extensors, and hip abductors.

The 50FW-S has been most often used in muscu-
loskeletal disorders** and is included in a current stroke
trial,” but it had not been used in an SCI trial prior to
this study. Speed and velocity for other distances than a
50-foot walk have been reported in SCI populations,
including velocity over courses of 10, 50, and 100 meters™
in chronic SCI patients. The 10-meter walk usually
includes a 2-meter warm-up and cool-down span on
either end, but the speed is calculated for the middle 10
meters. It therefore requires a similar distance of 14
meters or 46 feet to the 50-foot walk. In the SCILT,
patients started their walk 2 strides behind the start line
and the speed was calculated from the time the lead foot
crossed the start line until the lead foot crossed the finish
line. While there are no studies that compare the 2
measurement techniques, it appears that they are quite
similar. van Hedel examined the validity and reliability of
the timed-up-and-go with walking speed measured in
a 10-meter walk test and the 6-minute walk test in
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hospitalized patients. Both acute and chronic patients
showed a high correlation between the various measures,
and a moderate correlation with the WISCI I1.” Wirz used
the same measures to study automated locomotor train-
ing in chronic SCI patients.® Both studies used the
WISCI as the standard for assessing walking function.
The walking speed used over 10-15 m has been shown to
be very similar to the velocity used by patients with stroke
who perform a 6-minute walk.'” Although the speeds
may differ for patients with SCI, the differences do not
appear to be clinically significant.** Recently, van Hedel*
reported on the responsiveness of walking speed and
found it to be superior to the WISCI II used alone. This
is consistent with the ceiling effect of the WISCI as com-
pared to speed (Figure 2) in this study. The emerging data
support the need for measures of speed, distance, and
efficiency to be added to the WISCI scale to more fully
characterize improved walking function.>**!

The 6MW-D was used as a secondary endpoint in the
randomized MCT on locomotor training in SCI'* and
correlated well with improvement in Lower Extremity
Motor Scores, balance, speed, the WISCI, and the LFIM
in ASIA C/D patients (N = 75), which supports criterion
validity of the measure and would rank as Class I evi-
dence. The 6MW-D was originally developed and has
been very well studied as a measure for patients with
chronic obstructive pulmonary disease (COPD).*! It has
also been utilized in studies of heart disease™ and stroke
in addition to SCI. The 6MW-D was first reported in
acute/subacute patients™ and chronic patients with
SCI*® following the report of the methodology of this
trial in 2003, but this is the first RCT to report its use.
Although the American Thoracic Society has recom-
mended several distances of 20 to 30 meters with turns
or use of an oval track, only 2 studies® of SCI defined an
18.5-meter® and 30.0-meter* distance with turns. It may
be necessary to standardize the distance/turns/use of
oval tracks in the future to permit comparison between
studies and for improved reliability.

It is also important to recognize that while the 6-
minute walking distance is purported to be a measure of
“endurance,” it evaluates the integrated response of pul-
monary, cardiovascular, and circulatory systems, plus
level of motor control, functional neuromuscular units,
and muscle metabolism involved during exercise, and it
does not provide specific information of the function of
each of the organs/systems.*" Although it has no sub-
scales, it is often used with several other timed tests such
as walking speed.®>>*° The sensitivity to change has only
been reported for COPD in the American Thoracic
Society Guidelines*—a 70-meter increase is associated
with clinical improvement for COPD, and a 43-meter
increase for heart failure patients. There have been no
studies reporting the amount of change in the 6-minute
walk, which indicates clinical improvement in SCI.
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In a recent study,” the responsiveness of the 6MW-D
to change from 3 to 12 months in 22 patients with
incomplete SCI showed continued improvement after
the WISCI had reached maximum improvement in
most patients at 12 months. These findings suggest the
need to combine measures of distance and speed with
the WISCI in patients who have rapid recovery or high
LEMS at initial assessment. The patients chosen for our
study, however, differed from this trial in regard to base-
line walking capacity. In the current study, the correla-
tion of change from baseline at 3 months to the WISCI
was strongest in the BBS and LFIM, but most of the
patients were unable to perform the 6MW-D, and only
14/124 were able to do the 50-foot walk due to severity
of paralysis. Since all 22 patients in the van Hedel study
were required to walk at 3 months, as an inclusion cri-
terion, a comparison is not possible.

Although the 10MW-S and the 6MW-D may appear
redundant in that nearly the same velocity is used by
patients for both,* the WISCI may require additional
components*”' of speed, distance, and efficiency, since
no one measure appeared superior to the others in this
trial. The WISCI scale, as a functional capacity measure,
enables assessment at baseline, because it integrates
devices with assistance and a distance less than 10
meters, which is not possible with most other capacity
measures. In addition, it emerges in this trial as a well-
validated functional capacity measure and highly corre-
lated with other measures and domains. The SCILT
could not determine whether one measure of efficacy
would be more useful than another because the 2 arms
of the trial had rather dichotomous outcomes—patients
either could not walk or walked well at each assessment.

Disability Measures: Functional
Independence Measure, FIM
Locomotor Score

The FIM is a well-validated disability measure that
determines burden of care but has several limitations
when applied to SCI.>* The motor FIM* utilized in
this trial includes the domains of self-care, mobility,
bladder and bowel function but does not include cogni-
tive elements, which were included in the original global
FIM. The global FIM was validated as a measure of bur-
den of care for the rehabilitation field, but the cognitive
items were not responsive to change in SCI and were
therefore excluded. As would be expected, it showed mod-
erately good correlation (r=.78) but was the lowest of all
other functional capacity/disability measures to the
WISCI in this trial.

The LFIM is a subset of the motor FIM and has been
examined in stroke'” and SCL>* It measures walking

bilitation ag’clogeural Repair 21(6); 2007

. N I
Downloaded from http://nnr.sagepub.com at Scott Memorial Library @ Thomgs'fl.)gg)ers%n niversity on]January


http://nnr.sagepub.com

Validity of the WISCI

on a 7-point scale ranging from complete dependence (1)
to maximal assistance (2) to complete independence
without devices (7). Although used in clinical practice to
test the assistance required for walking in any type of
environment, as a disability measure, it was employed in
a standardized environment, as were all other measures
in this trial. The correlations (Table 2) of the LFIM were
very strong with the WISCI at all time periods and com-
parable to BBS and LEMS. The results may be partially a
reflection of the standardized measurement technique.
The comparison of the tests of the WISCI and the FIM
performed at the same time, however, showed multiple
WISCI levels for 1 FIM level (Figure 3). An LFIM = 6 is
defined as independent for walking with devices, and
Figure 3 shows a range of WISCI = 9 (walks indepen-
dently with a walker and braces) to WISCI = 19 (walks
independently with a cane and no braces) in patients
tested at an LFIM of 6. The very large difference between
the use of a walker and braces compared to only 1 cane to
walk is intuitively obvious to any patient or clinician but
reveals the limitation in specificity of the LFIM. It has
also been suggested that use of different devices by
patients with incomplete SCI may result in different
forces, cadence, velocity, and energy requirement.”®*

A new disability scale developed specifically for spinal
cord lesions (traumatic and nontraumatic causes), the
Spinal Cord Independence Measure (SCIM), has been
reported as more precise than the FIM and has been val-
idated in a multicenter study of more than 400 patients.”
Morganti® reported a high correlation (r=.97) with the
WISCI from retrospective analysis of more than 200
patients but suggests the SCIM may lack the same level of
precision for walking function as the WISCI, because it
lacks one of the levels commonly seen at discharge. The
purpose of the SCIM and its development and validation,
however, differ from the WISCL."* The WISCI was devel-
oped for SCI clinical trials in an effort to reflect most of
the factors such as walking aids, braces, and physical
assistance utilized for restoration of upright mobility
with a reciprocal gait. The SCIM™ also reflects the use of
devices in the walking subscales, but it is a global disability
scale that has not been validated in the same way as the

WISCI. The WISCI scale integrates the use of walking
aids, braces, and physical assistance. For several levels of
the WISCI scale (levels 14 and 17; Appendix A), walking
with the physical assistance of one person is ranked
higher with fewer devices than lower levels with no phys-
ical assistance, because the scale is driven by the severity of
the impairment rather than level of physical assistance.
Independence from physical assistance, however, is always
a clinical priority in a disability scale and ranks highest in
the LFIM and SCIM. A similar difference is seen in the
assessment of braces, where the SCIM always ranks no
braces as higher than the use of a device, which is not the
same in the WISCI scale. The differences in these mea-
sures do not indicate that one is better than the other but
suggest that they measure different domains and possibly
will serve different applications.

The high correlations of the functional capacity and
disability measures with motor recovery of the lower
extremities revealed by unbiased assessors in the SCILT,
a randomized clinical trial that included multiple cen-
ters, provides strong support for their concurrent vali-
dation as outcome measures. They all showed a
significant response to change at 3, 6, and 12 months.
The specificity of their response in a clinical trial must
await interventions that produce differences in efficacy.
It appears prudent to use multiple measures to test
strength, balance, speed, distance, and disability, as well
as the need for assistive devices, because they apparently
reflect different domains of mobility.
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APPENDIX A
Walking Scale for Spinal Cord Injury Levels

Level Devices Braces Assistance Distance
0 Unable
1 Parallel bars Braces 2 persons Less than 10 meters
2 Parallel bars Braces 2 persons 10 meters
3 Parallel bars Braces 1 person 10 meters
(continued)
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APPENDIX A
(Continued)

Level Devices Braces Assistance Distance
4 Parallel bars No braces 1 person 10 meters
5 Parallel bars Braces No assistance 10 meters
6 Walker Braces 1 person 10 meters
7 Two crutches Braces 1 person 10 meters
8 Walker No braces 1 person 10 meters
9 Walker Braces No assistance 10 meters
10 One cane/crutch Braces 1 person 10 meters
11 Two crutches No braces 1 person 10 meters
12 Two crutches Braces No assistance 10 meters
13 Walker No braces No assistance 10 meters
14 One cane/crutch No braces 1 person 10 meters
15 One cane/crutch Braces No assistance 10 meters
16 Two crutches No braces No assistance 10 meters
17 No devices No braces 1 person 10 meters
18 No devices Braces No assistance 10 meters
19 One cane/crutch No braces No assistance 10 meters
20 No devices No braces No assistance 10 meters

Level assigned

Ditunno PL, Ditunno JE Spinal Cord 2001. Scale revision.®

APPENDIX B
THE SCILT GROUP

Principal Investigator: Bruce H. Dobkin, MD (UCLA
Department of Neurology)

Statistical Coordinating Unit: Robert Elashoff, PhD
(co-I), Joanie Chung, MPH, and Xiaohong Yan (UCLA
Department of Biomathematics)

Trainers Group: Susan Harkema, PhD (co-1, UCLA),
Andrea Behrman, PT, PhD (co-I, U Florida), Lisa
Fugate, MD, and Michele Basso, PT, EdD (co-Is, OSU)

Safety and Data Monitoring Committee: Carolee
Winstein, PT, PhD, and Ann Xiang, PhD (University of
Southern California), Patricia Nance, MD (VAMC Long
Beach), Beth Ansel, PhD (NIH/NICHD)

Clinical Unit Sites: Magee Rehabilitation Center/
Jefferson University: Michael Saulino, MD (co-I), John
Ditunno, MD (co-I), Amy Bratta, MPT, Mary Schmidt-
Read, PT, MS; McGill University/Institut de Read-
aptation de Montreal: Hugues Barbeau, PhD (co-I),
Brigitte Bazinet, MD, Christiane Garneau, PT, Michael
Danakas, PT

The Ohio State University: Lisa Fugate, MD, Michele
Basso, PT, PhD, Rachel Botkin, PT

University of Ottawa Rehabilitation Hospital: Dan
Deforge, MD (co-I), Jennifer Nymark, PT, Michelle
Badour, PT

Rancho Los Amigos Rehabilitation Center: Michael
Scott, MD (co-I), Jeanine Yip-Menck, PT, Claire Beekman,
PT
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Shepherd Rehabilitation Center: David Apple, MD
(co-1), Gary Dudley, PhD (co-I, U Georgia), Leslie van
Hiel, PT, Scott Bickel, PT, PhD
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