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Comparison of gait performance on different environmental
settings for patients with chronic spinal cord injury
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Study design: Observational cross-section study.
Objectives: The objective of our study was to determine if the influence of a community environment
would impact on ASIA D spinal cord injured (SCI) gait performance patients. Our main hypothesis is
that an outdoor community environment may influence gait speed and endurance on community
ambulating patients.
Methods: Ten-Meter Walking (10MWT) and Six-Minute Walking (6MWT) tests were performed on
community ambulating SCI research participants (n¼18) in two different environmental conditions: (1)
Experimental (indoors Gymnasium) and (2) Natural (community setting). Average gait speed and
endurance values were obtained for the two different conditions and analyzed for statistical significance
on the nonparametric two-tailed Wilcoxon signed rank test.
Results: While no difference was observed on the 10MWT we found an improvement on gait
performance on the 6 MWT on a community setting.
Conclusions: Our study showed mixed results on environmental influence on gait speed and endurance
on ASIA D patient population. While there is no difference on the 10 MWT, there is an improvement on
gait performance on the communitary 6MWT.
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Introduction

Gait recovery is one of the most relevant objectives to all

patients suffering from a spinal cord injury (SCI). Depending

on the type of injury and rehabilitation program most

patients can recover some degree of gait capability.1–3 In

recent years many studies have focused on the design of gait

improvement programs for this patient population.4 Some of

these training strategies include partial weight support on a

treadmill, driven gait orthosis (Lokomat), ambulatory ther-

apy, functional electrical stimulation (FES) or conventional

indoor techniques.5 Two of the most important factors in

achieving community ambulation are gait velocity and

endurance.6,7 Gait speed is often measured in a clinic setting

but it is unknown whether clinic-measured gait speed can

predict community performance on individuals with SCI.8,9

To the best of our knowledge there are no publications

focusing on the impact of the environment on gait

performance of SCI patients. In addition, there are no

evaluation tools to correlate the validity of indoor values

to community ambulating values in this group of patients.

The objective of our study was to determine if the external

influence of the community environment would impact on

ASIA D SCI patient gait performance. Our main hypothesis is

that an outdoor community environment may improve gait

speed and endurance on community ambulating patients

with ASIA D SCI.

Materials and methods

Eighteen community ambulating chronic ASIA D SCI

patients were included in the study. All the patients had

recovered some degree of gait speed and endurance. The

participants were randomly selected from a pool of commu-

nity ambulating patients who use independent gait as their

primary locomotion method and had regular access to the

community. Inclusion criteria were: age between 16 and 75

years; more than 6 months from injury; community

ambulation according to the 1997 Spinal Cord Medicine

Consortium guideline, walking at a speed of at least

0.25ms�1, no significant cognitive deficit and approved
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consent for the study. Exclusion criteria were: active cardiac

or pulmonary pathologic conditions, Parkinson’s disease,

peripheral neuropathy in the lower extremities, associated

TBI, stroke, alcohol or drug abuse, psychiatric history or any

other active clinical conditions. Lesion type, age distribu-

tion, time frame from the lesion, use of assistive devices and

level of the injury are detailed on Table 1.

Interventions

The Timed Ten-Meter Walking Test (10 MWT) and the Six-

Minutes Walking Test (6MWT)10 were performed on the two

selected environmental conditions: (1) Experimental (in-

doors Gymnasium) and (2) Natural (community setting). 10

MWT measures the time (in seconds) that it takes a patients

to walk 10m; it assesses the short-duration walking speed.

This test has been used in gait studies of patients with

neurological diseases.11 6 MWT measures the distance (in

meters) walked within 6min. This test is useful in assessing

cardiovascular exercise capacity in elderly patients with

congestive heart failure or chronic lung disease and walking

ability in patients with acquired brain injury.10,11 Validity

and reproducibility of these timed tests on patients with SCI

has been well documented by van Hedel et al.11

The Experimental environment gymnasium consists of a

53m straight hallway with a single 90 1 direction change.

The natural environment consisted of a public walkway in a

local community. Both environmental settings maintained

equivalent geographic characteristics (distance, curves,

straight lines).

All participants were tested three times for each test, the

same day with an interval of 60min between test runs. Test

assignment was randomized to eliminate fatigue bias from

test to test. All tests were performed by the same team of

three therapists who also supervised patient safety at the

outdoor setting. The participants were not informed about

the study hypothesis to avoid an individual bias. Individual

results were recorded as the average value of three runs for

each test for every given patient. The values obtained were

analyzed in search of statistical significance (Po0.05). We

certify that all applicable institutional and governmental

regulations concerning the ethical use of human volunteers

were followed during the course of this research.

Results

While no significant difference was found when comparing

the mean values of 10 MWT, there was a significant

difference for 6 MWT in both environmental settings.

(Tables 2 and 3).

Table 1 Patient demographics

Participant Age Sex Lesion level ASIA type Wisci II

1 37 M C4 D 20
2 71 M T5 D 19
3 38 M C4 D 20
4 20 F T8 D 12
5 39 F L3 D 12
6 19 M T11 D 20
7 37 M C4 D 20
8 72 M C4 D 16
9 24 F T4 D 16

10 40 M C4 D 18
11 42 M C6 D 20
12 48 M C4 D 15
13 59 M C3 D 20
14 60 F C4 D 20
15 40 F L3 D 16
16 67 M C5 D 20
17 35 M C4 D 16
18 24 F C6 D 20

Table 2 Results for the 10-m walking test

10 MWT
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Table 3 Results for the 6min walking test

6 Minutes Walking Test
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Ten-Meter Walking Test (m s�1)

10 MWT – gym 10 MWT – community

Mean 1.3706 1.3567
Median 1.3400 1.3150
SD 0.39251 0.39079
Min 0.52 0.51
Max 2.12 1.91
Percentiles 25 1.1325 1.0975

75 1.7050 1.7350

d¼0.035.
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The nonparametric two-tailed Wilcoxon signed rank test

showed no significance when comparing both settings on 10

MWT.

The nonparametric two-tailed Wilcoxon signed rank test

showed a slight trend in favor of the community subset

when comparing both settings on the 6 MWT.

Discussion

SCI patients can recover some gait capability depending on

the type and level of the lesion and the quality of the

rehabilitation program. 6 MWT and 10 MWT, developed for

the study of gait speed and endurance, have been recently

validated.10

It is estimated that 95% of ASIA D patients will be

community ambulating at two years from the injury.1,3,12

To be considered as a community ambulator, a patient

should be able to use his gait as his primary means of

mobility (Consortium for Spinal Cord Medicine). Speed and

endurance though are crucial to further define community

ambulating. Lerner-Frankiel et al.7 reported that a commu-

nity ambulator should be able to walk on irregular surface at

least 300m. In spite of this definition there is little

information regarding gait performance on patients with

medullary compromise. On several studies on stroke patients

there is a general agreement that a basic community

ambulating gait and minimal daily community involvement

are poor stimulating factors for the active reinsertion of the

patient in the community.8,13–16

The International Functionality Classification (ICF) remarks

the role of environmental factors on a patient’s positive

relationship with the community.17,18 Unfortunately only a

few classifications include real life community environments

like crossing a street, mall walking and so on.19,20 Our main

hypothesis was that an outdoor community environment

could have a better performance on gait speed and endurance

on ASIA D patients. Our results point out some of the existing

limitations on the current gait performance evaluation

methods. While there were no differences when walking

10m (10MWT) we found that at 6min (6MWT) participants

performed better at the community setting under the same

condition. Reasons for this findings may involve multiple

causes ranging from boredom factor, perception of danger

and individual fitness.8

Conclusions

Our study shows that the community 6MWT is more

representative of the maximal capabilities of the patient

and that the gym 6MWT may underestimate the real

performance. In spite of these differences we propose that

10 MWT is the most feasible test for the evaluation gait speed

since 6 MWT can be influenced by the environment.

Limitations of our study include a small number of

participants and that all our participants had regular access

to the community. In addition, only ASIA D patients were

included, therefore these results cannot be applied to the

whole SCI patient population. Further studies are needed to

better design an optimal test to study gait performance on

SCI patients.
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