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Walking ability at discharge from inpatient rehabilitation
in a cohort of non-traumatic spinal cord injury patients
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Study design: Prospective, observational study.

Objectives: To determine the proportion of patients with non-traumatic spinal cord injury (NTSCI)
who regain the ability to walk and to describe walking outcomes with reference to three commonly
used clinical measures of walking capacity.

Setting: Spinal Rehabilitation Unit specializing in NTSCI, Melbourne, Australia.

Methods: Demographic, clinical and mobility data collected from a consecutive cohort of patients
admitted to the spinal rehabilitation unit between March 2006 and December 2007. Main outcome
measures were the Timed Up And Go (TUG), the 10-m walk test (10mWT) and the 6-min walk test
(6MWT). Logistic regression analysis was conducted to explore predictors of walking ability after NTSCI.
Results: Of 62 patients, 30 (48%) regained some capacity to walk during inpatient rehabilitation.
Initial ASIA grade was the strongest predictor of walking. Twenty-seven patients regained the ability to
perform functional tests (TUG, T0mWT and 6MWT) of walking at ~2 months after injury. Their
performance at discharge remained low compared with normal scores but were similar to those
measured in some studies of subjects with traumatic spinal cord injury (TSCI).

Conclusion: Three simple clinical tests of walking suggest that half of all NTSCI patients are able to
walk at discharge from inpatient rehabilitation. Their gait speed, however, remained impaired and not

compatible with safe and efficient community walking.
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Introduction

Recovery of walking is a patient priority after spinal cord
injury (SCI).! Walking ability during rehabilitation deter-
mines patient goals and affects costly equipment required for
discharge, such as wheelchairs and home modifications.?*
A number of studies have investigated walking outcomes
after traumatic SCI (TSCI)>™ but have either excluded or not
described the walking outcomes of patients with non-
traumatic spinal cord injury (NTSCI). One study in NTSCI
patients reported that 58% regained the ability to walk 10 m
or better at discharge from inpatient rehabilitation.'® To date,
however, more detailed information regarding functional
walking ability has not been available in this population.
Studies of NTSCI patient outcomes are important because
the incidence of NTSCI is reported to be greater than that of
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TSCI, and it is predicted to increase further as the population
ages.!! There may also be differences in walking outcomes in
this patient group compared with those with TSCI. Individ-
uals with NTSCI are, on average, older, have more comorbid-
ities, are more likely to have an incomplete SCI and are more
likely to be paraplegic, when compared with those with a
TSCL'%1213 These factors may all affect ambulatory outcomes.

The primary aims of this study were to determine the
proportion of patients with NTSCI who regain some capacity
to walk and to describe their walking outcomes with reference
to three commonly used clinical measures of walking ability:
the Timed Up And Go (TUG),* the 10-m walk test (10 mWT)*®
and the 6-min walk test (6MWT).!® The secondary aims were
to explore the predictors of walking, the time frames for the
achievement of functional walking and compare the walking
outcomes with normal age-adjusted values.

Methods

Data were collected prospectively from consecutive inpati-
ents admitted to the SCI rehabilitation unit at Caulfield
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Hospital between March 2006 and December 2007. This
unit in Melbourne, Australia, is a 10-bed sub-acute inpatient
rehabilitation wunit located within a public hospital
that is funded by the state government. The unit provides
specialist interdisciplinary rehabilitation for patients
with SCI, but predominantly to adults with NTSCI. Patients
are usually residents of metropolitan Melbourne, but
patients who live elsewhere in the State of Victoria are also
accepted.

Patients are referred from either public or private hospitals
after acute medical or surgical treatments of their NTSCI.
Patients are admitted into the unit when they are medically
stable enough to be managed in the sub-acute ward.
Admission decisions are based on the perceived ability of
patients to benefit from and participate in the programme.
Discharge decisions are made with the involvement of the
patient and family. No third-party payment source has
influence over LOS (length of stay) or discharge destination.
The team aims for the shortest LOS that will allow patients to
be discharged to an appropriate, safe environment, with
necessary equipment and modifications for safe functioning.
The unit aims to achieve controlled faecal continence,
optimal bladder management and necessary patient and
carer education as part of the discharge process.

Patients were included if they were undergoing their first
admission for rehabilitation after the onset of NTSCI. NTSCI
was defined as the onset of paralysis secondary to any
conditions causing damage to the spinal cord, including the
cauda equina, not because of trauma. Typically, this included
diagnoses such as tumours (primary and secondary); infec-
tions such as epidural abscesses; vascular events such as
spinal cord ischaemia or haemorrhage; degeneration of the
spinal column causing canal stenosis or osteoporosis-related
fractures; and inflammatory conditions such as transverse
myelitis. All patients consecutively admitted to the unit
during the study period were considered for the study;
however, patients who sustained a TSCI or who had a pre-
existing SCI were excluded. The demographic and clinical
details were recorded for each subject. These included: age,
gender, cause of NTSCI, neurological level, admission ASIA
score and date of onset of SCI. Patients were considered
‘walkers’ if, at any time during their admission, they were
able to take consecutive steps with minimal assistance of one
physiotherapist in a set of parallel bars 5 m long. Any patient
requiring more than minimal assistance of one physiothera-
pist to walk (in or out of parallel bars) was defined as a ‘non-
walker’. Minimal assistance was defined as the patient
requiring physical assistance, where the physiotherapist
was providing no more than 25% of the effort.

The TUG, 10mWT and 6MWT were undertaken in all
patients who were able to do so on the basis of protocols
described previously.'*'® The TUG measurements included
the time taken to complete the test and the seat height. The
10 mWT measurements included the time taken to complete
the test and the number of steps taken. A digital stopwatch
was used to time the subjects as they walked in a straight line
between two markers 10m apart within a 14m course.
Subjects began walking at a point 2m before crossing the
first marker and continued walking for 2m beyond the
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second marker. For both the TUG and 10 mWT, patients were
instructed to walk at a comfortable and safe speed.

The 6MWT measurements included the distance the
subject could complete in 6 min and the number of rests
during testing. Patient instructions were based on the
American Thoracic Society Statement (2002).'® The 6MWT
course consisted of a long internal hallway with ‘start’ and
‘turn’ markers 60 m apart. Subjects could rest during the test
by either leaning against the wall or sitting down. Timing
commenced once the subject began walking from the ‘start’
marker until the end of the 6-min time period.

Initial testing took place as soon as a patient was
considered physically capable of completing the test.
Patients were deemed able to perform these tests when they
required no physical assistance throughout the testing
procedures; however, close supervision from a physiothera-
pist may have been required for safety reasons. The tests were
repeated within 72 hours before discharge from rehabilita-
tion. All tests were conducted by physiotherapists according
to standardised testing procedures. Tests were conducted
with patients in comfortable appropriate footwear. The gait
aid used for each test was noted, as were any orthoses the
patients may have needed.

Length of stay in rehabilitation and discharge destination
were recorded. LOS was defined as the total number of days
the subjects spent in rehabilitation excluding any days spent
at an acute hospital because of readmission for medical
complications.

Data were analysed using SPSS version 14.0 (SPSS Inc.;
Chicago, IL, USA). Differences in baseline demographic
characteristics between walkers and non-walkers were
examined using the y*-test for categorical variables and the
Mann-Whitney test for continuous variables. Logistic regres-
sion analysis was conducted to explore predictors of walking
ability after NTSCI. It was determined a priori that indepen-
dent variables with P<0.1 on univariate analysis were
included in the model. The Hosmer and Lemeshow test
was used to evaluate the model fit.

We certify that all applicable institutional and govern-
mental regulations concerning the ethical use of human
volunteers were followed during the course of this research.

Results

Seventy patients were admitted and completed their rehabi-
litation during the study period. Eight patients had SCI of
traumatic cause and were excluded from the study. The
remaining 62 patients met the inclusion criteria. Of these
patients, 29 (47%) were male. The median age (interquartile
(IQR) range) of the group was 67 (55-78) years. Demographic
characteristics of the study sample are presented in Table 1.
The most common causes of NTSCI were tumours and
degenerative conditions, accounting for over 65% of cases. A
thoracic level of SCI was present in over half of the cases and
only 15% of subjects were tetraplegic. On admission, the
majority of patients were classified as either ASIA C or ASIA
D. The median LOS in rehabilitation was 52 days (IQR
35-91). There was a median of 35 days from the onset of the



Table 1 Summary of the demographic characteristics at admission and
proportions of patients in the study sample able to walk at any time
during rehabilitation (N=62)

Total number n (%) Able to walk n (%)

Gender
Male 29 (47) 11 (38)
Female 33 (53) 19 (57)
Cause
Tumor 22 (35) 11 (50)
Degenerative 19 (30) 13 (69)
Infective 5(8) 3 (60)
Vascular 11(18) 3(27)
Other 5(8) 0 (0)
Level of SCI
Cervical 8 (13) 5 (62)
Thoracic 34 (55) 11 (32)
Lumbar 20 (32) 14 (70)
Initial ASIA diagnosis
A 8 (13) 0 (0)
B 11 (18) 2 (18)
C 27 (43) 13 (48)
D 16 (26) 15 (94)
Abbreviation: SCI, spinal cord injury.
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patients’ NTSCI to admission to the rehabilitation unit (IQR
22-63 days).

During their inpatient admission, 30 (48%) patients
regained some capacity to walk. There was no significant
influence of the following on the likelihood of regaining
walking ability: age (P=0.47), gender (P=0.12), length of
inpatient stay (P = 0.48) or the number of days from injury to
rehabilitation (P=0.24).

The relationship between baseline demographic character-
istics and walking ability is seen in Table 1 and Figures 1 and
2. Patients with a degenerative cause of their SCI were more
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Figure 2 Numbers of walkers and non-walkers according to level of
injury.

Table 2 Logistic regression equation of walking ability and predictors

Covariate Model
Estimate Standard error P-value Odds ratio
Cause
Tumor Reference category 0.99
Degenerative 0.06 0.99 0.95 1.06
Infective 0.30 1.21 0.80 1.35
Vascular -0.39 1.02 0.70 0.68
Other -19.84 17038.30 0.99 0.00
ASIA category
A -23.2 13653.65 0.99 0.00
B -3.5 1.38 0.01 0.29
C -2.5 1.15 0.03 0.08
D Reference category 0.08
Level
Cervical Reference category 0.53
Thoracic —0.98 0.94 0.30— 0.48
Lumbar 0.25 1.12 0.83 1.28
R? 0.58

likely to walk than those with other causes (P =0.04, Table 1).
Patients with ASIA D grade on admission were more likely to
walk (P<0.001), with 15 out of 16 patients in this category
achieving ambulation (Figure 1). Those with a lumbar spine
level injury were more likely to walk than those with
thoracic or cervical injuries (P=0.02, Figure 2). In a logistic
regression model that included the cause of NTSCI, the
admission ASIA grade and the level of injury, only the
admission ASIA grade was a significant predictor of walking
(Table 2). Patients classified as ASIA C had a 92% reduction in
the odds of walking compared with those classified as ASIA
D. Patients classified as ASIA B had a 97% reduction in the
odds of walking compared with those classified as ASIA C.
This model explained 58% of the variance in walking ability.
The Hosmer and Lemeshow test indicated good model fit
(1>=4.69, P=0.79).
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Table 3 Mobility outcomes with comparative norms

Initial Discharge Normals
TUG (N=27) 57 (31)s 33(21)s 8.5s
14-120s 9-79s Podsiadlo and Richardson'*
TO0mWT (N=27) 51 (35)s 29 (26)s 1.35ms~' (for men)
11-136s 7-105s 1.29ms™" (for women)
0.19ms™" 0.33ms™' Bohannon'”
6MWT (N=20) 129 (94) m 220 (145) m 659+62m
12-300m  10-540m Camarri et al.'®

Abbreviations: TUG, timed up and go; T0mWT, 10-m walk test; 6MWT,
6-min walk test.
Data are mean (s.d.) and range.

Of the 30 patients who regained some capacity to walk, 27
(90%) were able to perform the TUG and the 10 mWT. The
three subjects unable to perform these tests were able to walk
between parallel bars but required more than minimal
assistance from a physiotherapist to take steps and maintain
balance. Those who could perform the TUG did so at a
median of 18 days after admission to rehabilitation (IQR
4-71), and at a median of 67 days (IQR 35-126) from their
injury. There was a significant improvement in the TUG
scores from admission to discharge (P<0.001, Table 3). The
discharge results, however, still remained significantly
reduced compared with the values seen in community-
dwelling elderly.'*

The 27 patients able to perform the 10mWT did so at a
median of 20 days (IQR 4-62) into their inpatient rehabilita-
tion stay and 68 days (IQR 34-123) from the onset of their
SCI. There was a significant improvement in this test of gait
speed over the course of the admission (P<0.001, Table 3) as
well as a significant reduction in the mean number of steps
taken (37-27, P<0.001). Walking speed at discharge
averaged 0.33ms~!. This was considerably below the
1.29-1.35m s ! reported in healthy adults aged in their sixties.!”

Only 20 patients were able to perform the 6MWT. They
were able to perform this test at a median of 13 days (IQR
6-53) into their rehabilitation stay, and at a median of 57
days (IQR 28-132) after injury. The 6MWT distance increased
significantly over the course of admission (P<0.001, Table 3);
however, the walking distance at discharge remained well
below that of normals.'®

On the initial tests, the most commonly used gait aids
were gutter-frames, two wheel-frames, pick-up (Zimmer)
frames or walking sticks. At discharge, more patients were
using four-wheel-frames (37%), forearm crutches (15%) or
no gait aid (15%) to ambulate, whereas 7% used walking
sticks, 22% were using two wheel-frames and one patient
walked with a pick-up frame. Six subjects required one ankle-
foot orthosis at initial testing and five of these same patients
required an ankle-foot orthosis at discharge. No patient used
a reciprocal gait orthosis or a knee-ankle-foot orthosis to
perform the tests.

Those patients who were able to walk during inpatient
rehabilitation were more likely to be discharged home.
Seventy-seven percent of walkers were discharged home,
compared with 52% of non-walkers (P=0.04). The remain-
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ing discharge destinations were low-level care (7% walkers
and 0 non-walkers), high-level care (7% walkers and 19%
non-walkers), other rehabilitation facilities (7% walkers and
3% non-walkers), acute hospitals (3% walkers and 22% non-
walkers) and other (0 walkers and 3% non-walkers).

Discussion

To our knowledge, this is the first study to quantify, using
three common clinical tests, the walking capacity of NTSCI
patients at discharge from inpatient rehabilitation. We have
described time frames for the commencement of walking
and shown that although half the patients regain some
ability to walk, their functional performance remained well
below normal age-adjusted values.'”-'®

Our study is also the first that we know of to report the
time frames in which patients with NTSCI can perform
functional measures of walking. Our results suggest that
patients who were able to perform these tests did so at a
median of ~2 months after injury. This information may
prove especially relevant for the multidisciplinary team faced
with the challenge of predicting functional outcomes and
time frames for patient goals during inpatient rehabilita-
tion."?

Prediction of walking capacity is an important issue during
rehabilitation after SCI.? Initial ASIA grade has been reported
elsewhere as a major predictor of gait in SCI patients.**!
Our study supports this with 58% of the variance in walking
outcome being explained by a logistic regression model that
included initial ASIA grade. The level of injury in our study
was also related to walking, which is supported by other
authors.?®

The demographic characteristics of our sample are similar
to those of an earlier cohort from our centre'® and other
publications detailing the demographic characteristics of
NTSCI patients.?*?3 This increases the generalisability of our
findings.

Comparison to traumatic SCI
Compared with one study in TSCI, a greater proportion of
our NTSCI patients with initial ASIA B, C or D grades
regained some capacity to walk at discharge from rehabilita-
tion. It has been reported that 0.9% of TSCI subjects with an
ASIA A or B initial grade of SCI walked at rehabilitation
discharge, whereas 28.3% of ASIA C and 47.2% of ASIA D
diagnosed subjects regained some capacity to walk.?> This
compares with 18% (ASIA B), 48% (ASIA C) and 94% (ASIA D)
in our NTSCI patients. In contrast to this study and our
results, a recent multicentre randomised trial, investigating
the effects of overground training versus body-weight
supported treadmill training (in addition to routine physical
therapy) after TSCI, reported that 92% of ASIA C and 100%
of ASIA D patients achieved minimal assisted ambulation at
~16 weeks after SCL° It is possible that the additional
physical intervention in this trial accounted for the im-
proved result in patients with ASIA C and D grades of SCI.
An age of greater than 50 years has been reported to have a
negative effect on the likelihood of walking in TSCI,? and



one study®? that included both TSCI and NTSCI patients also
found that age affects the independence and performance of
gait. However, an earlier study in NTSCI found that age had
no effect on walking outcomes,?* and this study supports
this finding. Although these findings should be confirmed in
a larger cohort, currently available data also suggest that the
provision of rehabilitation should not be influenced by age
at the onset of NTSCIL.

Our patients’ walking outcomes at discharge were similar
to those reported in two studies predominantly involving
traumatic SCI populations.®**® However, these studies
included subjects who were at least 1 year after injury. Few
studies have examined walking outcomes after early rehabi-
litation. Our patients’ results are lower compared with one
study of mostly TSCI subjects in which their 10 mWT and
6MWT results at 12 weeks after injury were 8s and 473 m,
respectively.?® Similarly, in a large multicentre study,’
10mWT speeds reported in subjects with ASIA C and D at
~3 months after TSCI (~11s or 0.85ms~ ') exceeded our
patients’ mean score at discharge. The inclusion of two ASIA
B patients in our results may explain the lower mean scores
in our study. Interestingly, this same study” reported 6MWT
scores of 250m, which is comparable to our NTSCI group’s
mean result (220m). Further research is required to clarify
these differences and the long-term walking outcomes after
NTSCI.

Comparison to normals

Although there were significant improvements during
inpatient rehabilitation in the TUG, 10mWT and 6MWT
scores in our patients, the functional performance at
discharge remained poor compared with normal age-
adjusted scores. The average TUG at discharge (33.255s) of
our subjects is more than twice as slow as that reported in
community-dwelling older people.?” Gait speed at discharge
from inpatient rehabilitation was one-fifth to one-quarter of
normal scores.!” Given that the safe negotiation of pedes-
trian crossings has been calculated at a walking speed of
1.22ms ',?® the patients in our study, on average, would be
unlikely to safely negotiate community environments. The
6MWT at discharge (mean 220 m) was less than a third of
that reported in normal subjects aged 55-75 years,'® and
thus reduced endurance could also be a significant barrier to
practical community ambulation after NTSCI. Taken to-
gether, these results suggest that the rehabilitation team
should use caution in describing NTSCI patients as ‘com-
munity walkers’ after rehabilitation, and access to manual
and power wheelchairs may remain a priority for aiding
community access for these patients. These results also
suggest that NTSCI patients may require access to ongoing
outpatient therapy services to address goals of improving
gait speed and endurance related to community mobility.

Utility of the TUG, 10mWT and 6MWT

These tests of walking capacity have good test-retest and
interobserver reliability*® and have established concurrent
validity in a traumatic and ischaemic SCI population.?® The
10mWT and 6MWT also have good construct validity and
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responsiveness when used in SCI populations. They are
clinically simple to conduct and require minimal equip-
ment.'>° The tests could be performed in 27 out of 30 of our
walking patients, suggesting that they are also highly feasible
to conduct in an NTSCI population.

It has been argued that the 6MWT and 10 mWT provide
similar information about walking speed after SCI.3! How-
ever, we found that only 20 of the 27 patients able to
perform the 10 mWT were also assessed using the 6MWT. In
seven patients, physiotherapists did not undertake the
6MWT as they deemed it was not safe for these patients
with very limited mobility, a finding that suggests that these
tests do not measure identical constructs. The 6MWT may
better reflect sensorimotor deficits rather than cardiovascular
limitations after SCI,*° and the ability to perform this test
may provide additional information that is not available
from the 1I0MWT.

Limitations

The sample was drawn from one Australian centre and may
not be representative of NTSCI in other centres and
countries. Patients’ gait aids were not controlled, so initial
and discharge measures were taken with patients using
different gait aids (for example, two wheel frame vs four
wheel frame). This difference, however, reflects a clinically
relevant progression and the pragmatic approach taken
during this study. Although the sample size is relatively
small, which may affect generalisability, the demographic
and clinical characteristics compare favourably with other
studies in NTSCI'*'*!323 and include patients with a similar
range of aetiologies and severity. It is possible that the small
sample size may have affected our ability to identify
predictors of walking after NTSCI. This aspect of our study
was exploratory and should be confirmed in larger samples.

Implications and further research

Although this study provides new information about walk-
ing outcomes at discharge from rehabilitation, little is
known regarding the longer-term functional mobility out-
comes in the NTSCI group. Given that these patients tend to
be significantly older than those with a traumatic injury and
have comorbidities that could affect function, it is possible
these individuals continue to face significant mobility
challenges over time. Further research in this area is
required.

Although we have shown that the initial ASIA grade of SCI
is related to walking after NTSCI, a notable amount of the
variation in walking ability remains unexplained. Larger
studies are required to explore other factors that may
influence walking outcomes such as body anthropometry,
comorbidities and patterns of recovery in muscle strength. In
addition, given the relatively poor ambulation outcomes of
NTSCI patients at rehabilitation discharge compared with
community-living age-matched norms, research exploring
the potential benefits of treatments such as functional
electrical stimulation and partial body-weight-supported
treadmill training on gait outcomes is warranted.
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In summary, nearly half of our NTSCI patients could

perform functional tests of walking at ~2 months after
injury. The results of these tests improved significantly
throughout inpatient rehabilitation. Despite this improve-
ment, the discharge outcomes for gait speed remained
impaired and not compatible with safe and practical
community walking. This information may inform inpatient
rehabilitation teams in planning the care, equipment needs
and ongoing support for this under-represented but signifi-
cant subgroup of SCI individuals.
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