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ASIA impairment scale conversion in traumatic SCI:
is it related with the ability to walk?

A descriptive comparison with functional ambulation
outcome measures in 273 patients

JJ van Middendorp', AJF Hosman', MH Pouw', EM-SCI Study Group and H Van de Meent?

ISpine Unit, Department of Orthopaedics, Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands and
2Department of Rehabilitation Medicine, Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands

Study design: Prospective multicenter longitudinal cohort study.
Objectives: To determine the relationship between improvements of the American Spinal Injury

Association/International Spinal Cord Society (ASIA/ISCoS) neurological standard scale (AIS) outcome
measure and improvements of functional ambulatory outcome measures in patients with traumatic
spinal cord injury (SCI).

Setting: European multicenter study of human SCI (EM-SCI).

Methods: In 273 eligible patients with traumatic SCI, acute (0-15 days) and chronic phase (6 or 12
months) AlS grades, timed up and go (TUG) test and 10-m walk test (10MWT) outcome measurements
were analyzed. Subanalysis of those patients who did have AIS conversion was performed to assess its
relation with functional ambulatory outcomes.

Results: Studied population consisted of 161 acute phase AlS grade A patients; 37 grade B; 43 grade
C and 32 acute phase AIS grade D patients. Forty-two patients (26%) converted from AIS grade A, 27
(73%) from grade B, 32 (75%) from grade C and five patients (16%) from AIS grade D. The frequencies
of AlS conversions and functional ambulation recovery outcomes were significantly different (P<0.001)
in patients with motor complete SCI. The ratio of patients with both recovery of ambulatory function
and AIS conversion (n=101) differed significantly (P<0.001) between the acute phase AIS grade
scores; AlS grade A (6/40 patients, 15%), B (9/27 patients, 33%), C (23/29 patients, 79%) and D
(5/5 patients 100%).

Conclusions: The AIS conversion outcome measure is poorly related to the ability to walk in traumatic
SCI patients. Therefore, the authors recommend the use of functional ambulation recovery outcome
measures in prognosticating the recovery of walking capacity and performance of patients with SCI.
Spinal Cord (2009) 47, 555-560; doi:10.1038/5c.2008.162; published online 23 December 2008

Keywords: ASIA impairment scale; prediction; neurological outcome measure; functional ambulatory

outcome measures; walking

Introduction

Recovery of walking is one of the most important
aspects during rehabilitation in patients with spinal cord
injury (SCI)." To quantify the recovery of walking, several
functional ambulation outcome parameters have been
introduced in past decades.> Nowadays, consensus exists
concerning the importance of evaluation and validation of
clinical trial outcome measures within the field of SCI
research. In this field, three main classes of outcome
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measures have been postulated: (1) anatomical or neuro-
logical, (2) functional and (3) quality of life outcomes.?

The American Spinal Injury Association (ASIA)/Inter-
national Spinal Cord Society (ISCoS) neurological standard
scale (AIS) is currently regarded as the standard measure for
neurologic outcomes.>* Although the AIS is regularly used to
classify the severity of initial SCI, the conversion rate of the
AIS has also frequently been used as neurological outcome
measure in clinical trials.>™

Functional outcomes are regarded as the outcome mea-
sures of choice in clinical trials.®> In a systematic review,
Lam et al.? divided functional ambulation outcomes in two
categories: timed and categorical measures of ambulation.
Two of the timed measures are the timed up and go (TUG)
test’ and the 10-m walk test (IOMWT),'° both having an
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excellent construct validity and reliability.*>'' Two of

the categorical measures are the functional independence
measure'? and the walking index for SCI (WISCI I/110), 3
with the latter showing an excellent construct validity and
reliability.> 14

In clinical practice, the relation between neurological and
functional outcome measures is a very interesting one. In
several reports reviewing the prediction of neurologic
recovery in traumatic SCI, the AIS conversion rates reported
in studies have been extrapolated to and interpreted as the
ability to walk in a pragmatic way.'>!¢ To our knowledge,
statistical relations between neurological (AIS) and ambula-
tion outcome measures have not been reported in literature.
It was our objective to determine the relationship between
AIS conversion outcomes and improvements of functional
ambulatory (TUG test and 10MWT) outcome measures in
patients with SCI. We hypothesized that the AIS conversion
rate is a relatively insensitive measure to determine the
functional improvement compared with the functional
ambulation outcome measures.

Methods

From January 2002 to December 2007, patients with
traumatic SCI were enrolled within the framework of the
European Multicenter Study on Human Spinal Cord Injury
(EM-SCI; www.emsci.org). Data of neurological and func-
tional status were prospectively collected at the acute phase
(that is, within the first 15 days after the injury), and 1, 3, 6
and 12 months after the injury. Patients with a nontraumatic
spinal cord lesion, severe cognitive impairment, peripheral
nerve lesion, polyneuropathy or craniocerebral injury were
not included in the EM-SCI database. In addition, patients
with a central cord syndrome, conus medullaris or cauda
equina injury were excluded from the analysis. Central cord
syndrome was defined as an injury with a total lower
extremity motor score of 10 or more points higher than
the total upper extremity motor score. Conus medullaris
syndrome or cauda equina injury was defined as a neurolo-
gical level of injury at level T11 or below.

In patients with absent chronic phase (1-year) follow-up
measurements, the 6-month follow-up measurement was
used for analysis. The study protocols were approved by the
local ethics committees and the subjects gave their written
informed consent before entering the study protocol.

Physical examination

Neurologic examinations were conducted according to the
ASIA standards.*'” All patients with completely conducted
acute phase examinations, that is, ASIA motor score, ASIA
pin prick score, ASIA light touch (sensory score of all levels
and anal examination, were included for the analysis. Acute
phase AIS grades of included patients were used for the
analysis. On the basis of the ASIA sensory and motor scores,
the level of injury and AIS grade were computed by a
software program. This software program was used to
exclude possible systematic errors in the AIS grading.
Clinical assessments were conducted by certificated neuro-
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logical and rehabilitation physicians having at least 1-year
experience in examining patients with SCI.

Neurological and functional outcomes

The AIS improvement between the acute and chronic phases,
the AIS conversion, was defined as primary neurological
outcome. Two validated functional outcomes, both repre-
senting ambulatory capacity, were also assessed in each
patient during follow-up. Ambulatory capacity was exam-
ined with TUG test’” and 1T0MWT.'® The TUG test measures
the time it takes a patient to stand up from an armchair, walk
3m, return to the chair and sit down.® Assessing short-
duration walking in patients with SCI, the I0MWT measures
the time it takes to walk 10m.'® The TUG test and 1I0MWT
have both been validated in an SCI population.!'"'® How-
ever, in this study, the TUG test and 10MWT outcomes were
not applied as continuous but as dichotomous (completed
the test or not) variables. All patients who were able to
complete either the TUG test or the 10MWT were defined as
able to walk, regardless of the use of assistive devices or
duration.

Statistics

Statistical analysis of data were performed with SPSS software
package version 16.0. (SPSS, Chicago, IL, USA), and basically
included a descriptive analysis of the investigated patient
population. Incidence and frequency of both acute phase AIS
grade and chronic phase neurological and ambulation
outcomes were determined. Subanalysis, including y?
analysis, of those patients who had an AIS conversion was
performed to assess the clinical improvements in terms of
functional ambulatory outcomes.

Results

Among the 1170 trauma patients within the EM-SCI
database, 377 (32%) met all of the study criteria (see Figure 1).
The mean patient age at time of injury was 43 years (range:
15-92), 77% were men, 69% suffered tetraplegia and 31% of
the patients suffered paraplegia. One-year follow-up of AIS
measurements were available in 204 (54%) patients. In the
absence of 1-year follow-up measurements, 6-month follow-
up measurements were used for the analysis in 69 cases
(18%). In total, 273 patients (72%) completed the follow-up
(see Figure 1).

Mean time between injury and first ASIA assessment at
admission was 7.3 days + 4.8 (range: <24 h-15 days). Eighty-
two patients (30%) were examined within 72h after injury.
Acute phase AIS grades of patients with complete follow-up
are presented in the right column of Table 1. Most of these
patients had a complete SCI (n=161, 59%). Chronic phase
AIS grades of patients with complete follow-up are presented
in the lower row of Table 1. Although 42 of the acute phase
complete SCI patients (26%) improved to incomplete injury
in the chronic phase, AIS grade A remained the major type of
injury (n=122, 45%), see Table 1.

The majority of patients (n=27, 73%) with an acute phase
AIS grade B injury improved neurologically to chronic phase
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Flowchart: EM-SCI database, subsets of
eligible and included patients.
Period: January 2002 - December 2007

Traumatic SCI
patients
n=1170

Exclusion criteria:

- Neurological level of injury T11

l > - Central cord syndrome: n = 115

Eligible patients for

or below: n =314

analysis
n =741
No complete ASIA
———Pp measurements at
admission: n = 364

Included for analysis

n=2377

Patients without 6 and Patients with 12

Patients with only 6

12 months FU months FU months FU
measurements: measurements measurements:
n=104 n =204 n =69
| | Abbreviations:
+ FU: Follow-up.
ASIA: American
Analyzed patients Spinal Injury

n =273
(Follow-up 72%)

Figure 1

Table 1 Acute phase AIS measures versus chronic phase AIS measures in
included and eligible patients (n=273)

Chronic phase AlS grade

Acute phase AlS grade

A B C D E Total
A 119 23 9 10 0 161
B 2 8 13 13 1 37
C 1 0 10 32 0 43
D 0 0 0 27 5 32
Total 122 31 32 82 6 273

Abbreviation: AlS, neurological standard scale.

AIS grade C (n=13, 35%), D (n=13, 35%) and E (n=1, 3%;
(see Table 2). Thirty-two patients (75%) with acute phase AIS
grade C improved to chronic phase AIS grade D. Although 27
patients (84%) with acute phase AIS grade D did not
improved neurologically in the chronic phase, five patients
(16%) recovered completely from the SCI (AIS grade E).
The joint distribution of the acute phase AIS grades and
equal or improved chronic phase neurological and func-

Association4:17

Flowchart of patients in the EM-SCI database with subsets of patients eligible and included for analysis.

tional ambulatory outcomes are displayed in Table 2. Only
6 out of 42 patients (14%) who converted from complete
SCI to incomplete injury were able to complete the chronic
phase TUG test and/or 10MWT. All of these six patients
scored chronic phase AIS grade D. Nine out of twenty-seven
patients (33%) who improved neurologically from AIS grade
B to AIS grade C (n=1), grade D (n=7) and grade E (n=1)
completed the chronic phase ambulatory tests. In patients
with motor complete SCI, the frequencies of AIS conversions
and functional ambulation recovery outcomes were signifi-
cantly different (P<0.001).

Twenty-three out of thirty-two patients (72%) who con-
verted from AIS grade C to AIS grade D were able to walk 6 to
12 months after the injury. Ten acute phase AIS grade C
patients did not improve neurologically according to the AIS
grade scale. Yet, two patients within this group were able to
walk and to complete the chronic phase TUG test. Within
the acute phase AIS grade C patients, frequencies of AIS
conversions and functional ambulation recovery outcomes
were significantly different (P<0.001). All 32 patients with
acute phase AIS grade D were able to walk and to complete
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Table 2 Acute phase AIS measures versus chronic phase neurological (AlS) and functional ambulation (TUG test and TOMWT) outcome measures in included and eligible patients (n

Chronic phase measurements: AlS grade, TUG test and 1T0MWT

Acute phase

Number of patients completed Number of patients completed Number of patients completed

Number of patients completed
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Abbreviations: AlS, neurological standard scale; TUG, timed up and go; TOMWT, 10-m walk test.

?One patient with missing chronic phase TUG test and 1T0MWT measurements.

POne patient with missing chronic phase TUG test measurement and one patient with missing chronic phase 10MWT outcome measurement.

“Three patients with missing chronic phase TUG test and 1T0MWT measurements.
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Table 3 Recovery of ambulatory function in patients with AIS
conversion of at least one grade and available chronic phase functional
ambulation measurements (n=101)

Patients with both AIS conversion and
recovery of ambulatory function (%)

Acute phase  Number of AlS
AlS grade  conversion patients

A 40 6(15)
B 27 9(33)
C 29 23 (79)
) 5 5 (100)

Abbreviation: AlS, neurological standard scale.

the chronic phase ambulatory tests. Five of these thirty-two
AIS grade D patients (16%) improved neurologically to
chronic phase AIS grade E.

Out of those 106 patients with chronic phase AIS grade
improvement, 101 patients (95%) did also have available
chronic phase functional ambulation measurements (see
Table 3). In this subgroup, the ratio of patients with the
recovery of ambulatory function and AIS conversion differed
significantly (P<0.001) between the acute phase AIS grade
scores; AIS grade A (6/40 patients, 15%), B (9/27 patients,
33%), C (23/29 patients, 79%) and D (5/5 patients, 100%).

Discussion

Until now, the relation between AIS conversion and func-
tional ambulation recovery outcomes has not been investi-
gated in patients with SCI. In this study, we found that
the percentage of patients with both AIS conversion and
recovery of ambulatory function during the first year after
SCI differed significantly between the initial AIS grade
groups (P<0.001). This confirms that the AIS conversion
outcome measures reported in clinical trials should not be
extrapolated to and interpreted as the ability to walk in a
pragmatic way.

Acute phase AIS grade A patients improving to chronic
phase grade B remain motor complete injured. Despite of
their sensory recovery, they basically are not able to walk
with or without assistive devices. In contrast, all patients
with an initial AIS grade D without AIS conversion were able
to walk 1 year after injury. This means that an AIS conversion
is not necessarily associated with an ability to walk, and vice
versa, a l-year post-injury ability to walk does not always
reflect an AIS conversion.

This study also shows remarkable differences in the ability
to walk in patients improving to chronic phase AIS grade D.
Approximately 50% of those patients having no acute phase
motor function below the level of injury (AIS grade A or B)
and who improved to chronic phase AIS grade D were able to
walk after 1 year. Approximately 80% of acute phase AIS
grade C patients who improved to grade D were able to walk.
In addition, all of the acute phase AIS grade D patients
without AIS conversion completed the functional ambula-
tion tests. This pattern also confirms that AIS conversion to a
specific grade is not necessarily associated with the ability to
walk 1 year after injury.

Limitations of using the AIS as an outcome measure have
been discussed in earlier studies. Instead of using the



standard AIS grades to assess neurological improvements,
Jaeger et al.'® proposed the use of the ‘more than two motor
or sensory points improvement’ methodology. To date,
however, this meticulous approach indicating the presence
of functionally meaningful recovery has not been validated.

Recently, the clinical guidelines panel of the International
Campaign for Cures of Spinal Cord Injury Paralysis (ICCP)
articulated the importance of using more sensitive neurolo-
gical outcome measures like the upper and lower extremity
motor scores.*>?° Comparing to the total ASIA motor score,
Marino and Graves?' showed that applying these separate
neurological subscales for the degree of impairment, results
in an improved prediction of functional abilities. Primary
outcome of choice was the motor functional independence
measure instrument score.”’ In another study, the SCI
locomotor trial group concluded that the baseline lower
extremity motor score was the best predictor of the WISCI
score at 12 months.??> However, with use of the same
outcome measure, Wirz et al.?® did not find a significant
relation between lower extremity motor score improvement
and recovery of ambulatory capacity. Neither improvements
in impairment’s severity (WISCI),'* nor the dependency of
assistance in daily care (functional independence mea-
sure),'? but recovery of walking, is one of the prior
preferences during rehabilitation in patients with SCL!
Therefore, we consider (the capability of finishing) timed
functional ambulation outcome measurements to be more
relevant in quantifying and predicting the recovery of
ambulatory function. Nonetheless, applying the TUG test
and 10MWT as dichotomous variables has not been
validated and does not discriminate between household
and community walkers. Further research is needed to
categorize continuous ambulatory outcome measures in
patients with traumatic SCI.?

Within the EM-SCI database, analysis was performed in a
relatively large group of eligible patients. Seventy-two
percent of patients completed the follow-up. The 6-month
follow-up measurement was used in case of the absence
of 1l-year follow-up measurement. A highly significant
correlation was observed in patients with both 1-year and
6-month follow-up AIS measurements (n=174, Spearman
correlation=0.907, P<0.001). Therefore, replacement of
missing 1-year follow-up measurement by 6-month measure-
ment is regarded as a valid approach.

Patients with a central cord, conus medullaris or cauda
equina syndrome were excluded from analysis because these
syndromes have been associated with a favorable neurologi-
cal improvement compared with classic tetra- and paraplegic
recovery patterns.?#?> As current central cord syndrome
definitions lack specific quantified criteria, this injury was
arbitrarily defined as an injury with a total lower extremity
motor score of 10 or more points higher than the total upper
extremity motor score. We also considered the recovery
patterns of conus medullaris and cauda equina syndromes as
potentially different from C1-T11 spinal cord injuries as
these neurological syndromes are principally lesions of
the peripheral nervous system. Although the exclusion of
patients with a neurologic level of injury at level T11 or
below resulted in a homogeneous SCI population, this
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approach was rather conservative and resulted in a relatively
large proportion of tetraplegic patients.

Although timing of examination have been discussed
frequently in literature, no consensus exists about the
difference between the prognostic value of immediate
and subacute (>72h) examinations.'>?%?” As most of the
EM-SCI centers are referral clinics, most acute phase ASIA
measurements have not been performed within 72h after
injury. In this study, 30 out of 82 patients (37%) with an
examination within 72h after injury improved at least one
AIS grade during follow-up. This rate was not statistically
different (P=0.618) compared with the conversion rate in
patients with an assessment after 72h and within 15 days
after injury (76 out of 191 (40%)).

Some limitations warrant consideration. The number of
recorded baseline demographic characteristics does not
include all putative confounders. Treatment regimens,
including administration of methylprednisolone, bloodpres-
sure augmentation and urgent spinal cord decompression,
are not standardized within the EM-SCI consortium. In
addition, details concerning spinal fractures and disloca-
tions, comorbidities, rehabilitation programs and walking
aids have not been registered within the EM-SCI database.
Furthermore, different AIS grade scales within the subgroup
analysis resulted in relatively small patient numbers per
group. Therefore, these results will require confirmation in
another large sample population.

In conclusion, the AIS conversion outcome measure is
poorly related to the ability to walk in patients with
traumatic SCI. An AIS conversion is not necessarily asso-
ciated with an ability to walk and vice versa (that is, a 1-year
post-injury ability to walk does not always reflect an AIS
conversion). Therefore, we recommend the use of investi-
gated functional ambulation recovery outcomes in prognos-
ticating the recovery of walking capacity and performance of
patients with SCI.

Acknowledgements

This study was supported by ‘Acute Zorgregio Oost’ and the
‘Internationale Stiftung fiir Forschung in Paraplegie’ (IFP).
We thank all the members of the European Multicenter
Study of Human Spinal Cord Injury (EM-SCI), especially Mrs
Henny Janssen and Christian Schuld for their assistance in
data collection and data processing.

References

1 Ditunno PL, Patrick M, Stineman M, Ditunno JF. Who wants to
walk? Preferences for recovery after SCI: a longitudinal and cross-
sectional study. Spinal Cord 2008; 46: 500-506.

2 Lam T, Noonan VK, Eng JJ. A systematic review of functional

ambulation outcome measures in spinal cord injury. Spinal Cord

2008; 46: 246-254.

Steeves JD, Lammertse D, Curt A, Fawcett JW, Tuszynski MH,

Ditunno JF et al. Guidelines for the conduct of clinical trials for

spinal cord injury (SCI) as developed by the ICCP panel: clinical

trial outcome measures. Spinal Cord 2007; 45: 206-221.

4 American Spinal Unjury Association. International Standards for
Neurological Classification of Spinal Cord Injury, revised 2002.
American Spinal Injury Association: Chicago, IL, 2002.

w

559

Spinal Cord



-

AIS conversion outcome measure in traumatic SCI
JJ van Middendorp et al

560

10

11

12

13

14

15

16

17

Geisler FH, Coleman WP, Grieco G, Poonian D. The Sygen
multicenter acute spinal cord injury study. Spine 2001; 26 (24
Suppl): S87-598.

Kirshblum S, Millis S, McKinley W, Tulsky D. Late neurologic
recovery after traumatic spinal cord injury. Arch Phys Med Rehabil
2004; 85: 1811-1817.

Marino RJ, Ditunno Jr JE, Donovan WH, Maynard Jr F. Neurologic
recovery after traumatic spinal cord injury: data from the Model
Spinal Cord Injury Systems. Arch Phys Med Rehabil 1999; 80:
1391-1396.

McKinley W, Meade MA, Kirshblum S, Barnard B. Outcomes of
early surgical management versus late or no surgical intervention
after acute spinal cord injury. Arch Phys Med Rehabil 2004; 85:
1818-1825.

Podsiadlo D, Richardson S. The timed ‘Up & Go’: a test of basic
functional mobility for frail elderly persons. ] Am Geriatr Soc 1991;
39: 142-148.

Salbach NM, Mayo NE, Higgins J, Ahmed S, Finch LE, Richards
CL. Responsiveness and predictability of gait speed and other
disability measures in acute stroke. Arch Phys Med Rehabil 2001;
82: 1204-1212.

van Hedel HJ, Wirz M, Dietz V. Assessing walking ability in
subjects with spinal cord injury: validity and reliability of 3
walking tests. Arch Phys Med Rehabil 2005; 86: 190-196.

Keith RA, Granger CV, Hamilton BB, Sherwin FS. The functional
independence measure: a new tool for rehabilitation. Adv Clin
Rehabil 1987; 1: 6-18.

Dittuno PL, Dittuno Jr JE Walking index for spinal cord
injury (WISCI II): scale revision. Spinal Cord 2001; 39: 654-656.
Morganti B, Scivoletto G, Ditunno P, Ditunno JF Molinari M.
Walking index for spinal cord injury (WISCI): criterion valida-
tion. Spinal Cord 2005; 43: 27-33.

Kirshblum SC, O’Connor KC. Predicting neurologic recovery in
traumatic cervical spinal cord injury. Arch Phys Med Rehabil 1998;
79: 1456-1466.

Scivoletto G, Di Donna V. Prediction of walking recovery after spinal
cord injury. Brain Res Bull 2008 (e-pub ahead of print 16 July 2008).
American Spinal Injury Association. Standards for Neurological
Classification of SCI Worksheet, Revised 2006. Available at

Spinal Cord

18

19

20

21

22

23

24

25

26

27

URL: http://www.asia-spinalinjury.org/publications/2006_Classif_
worksheet.pdf (accessed on August 2008).

van Hedel HJ, Wirz M, Dietz V. Standardized assessment of
walking capacity after spinal cord injury: the European network
approach. Neurol Res 2008; 30: 61-73.

Jaeger R, Brechtel K, Schluesener HJ, Conrad S, Kaps HP, Schwab
JM. A simple methodology to improve AlS-based assessment
of recovery after acute spinal cord injury. Spinal Cord 2005; 43:
61-63.

Graves DE, Marino RJ. Metric properties of the International
Standards for Neurological Classification of Spinal Cord Injury,
implications for research use. In: Neurological Standards Com-
mittee of the American Spinal Injury Association (ed). Reference
manual for the International Standards for Neurological Classification
of Spinal Cord Injury. American Spinal Injury Association: Chicago
IL, 2003, pp 68-88.

Marino RJ, Graves DE. Metric properties of the ASIA motor score:
subscales improve correlation with functional activities. Arch
Phys Med Rehabil 2004; 85: 1804-1810.

Ditunno Jr JF, Barbeau H, Dobkin BH, Elashoff R, Harkema S,
Marino RJ et al. Validity of the walking scale for spinal cord injury
and other domains of function in a multicenter clinical trial.
Neurorehabil Neural Repair 2007; 21: 539-550.

Wirz M, van Hedel HJ, Rupp R, Curt A, Dietz V. Muscle force and
gait performance: relationships after spinal cord injury. Arch Phys
Med Rehabil 2006; 87: 1218-1222.

Ishida Y, Tominaga T. Predictors of neurologic recovery in acute
central cervical cord injury with only upper extremity impair-
ment. Spine 2002; 27: 1652-1658;(discussion 8).

Thongtrangan I, Le H, Park J, Kim DH. Cauda equina syndrome
in patients with low lumbar fractures. Neurosurg Focus 2004;
16: e6.

Blaustein DM, Zafonte R, Thomas D, Herbison GJ, Ditunno JF.
Predicting recovery of motor complete quadriplegic patients.
24 v 72h motor index scores. Am | Phys Med Rehabil 1993; 72:
306-311.

Brown PJ, Marino RJ, Herbison GJ, Ditunno Jr JE. The 72-h
examination as a predictor of recovery in motor complete
quadriplegia. Arch Phys Med Rehabil 1991; 72: 546-548.



	ASIA impairment scale conversion in traumatic SCI: is it related with the ability to walk? A descriptive comparison with functional ambulation outcome measures in 273 patients
	Introduction
	Methods
	Physical examination
	Neurological and functional outcomes
	Statistics

	Results
	Discussion
	Acknowledgements
	References




