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Abstract

Study design: Cross-sectional study.

Obijective: To identify the physical impairments and walking function required for
community ambulation in patients with cervical incomplete spinal cord injury (1ISCI).
Setting: Chubu Rosai Hospital, Nagoya, Japan.

Methods: Forty patients with cervical ISCI (mean age: 49.9 years, American Spinal
Injury Association Impairment Scale D) were included. The primary outcome measure
was community ambulation based on Spinal Cord Independence Measure outdoor
scores for a distance of >480 m. We measured the upper and lower extremity motor
scores (UEMS and LEMS), sensory and spasticity. The walking tests included 10 m of
walking at a comfortable and maximum walking speed (CWS and MWS; m/s), 6 min
walking test (6MWT; m), and the Walking Index for Spinal Cord Injury Il (WISCI II).
Multivariate logistic regression models were used to assess the physical impairments
associated with community ambulation. Receiver operating characteristic curves were
analyzed to determine the cut-off points for physical impairment and walking function.
Result: The LEMS (B = 0.71) and UEMS (B = 0.41) were independently associated with
community ambulation in patients with cervical ISCI. The cut-off points of the LEMS,
UEMS, CWS, MWS, 6MWT, and WISCI Il were 41.5, 36.5, 1.00 m/s, 1.32 m/s, 472.5
m, and 17.5, respectively, which suggests moderate to high accuracy.

Conclusion: The LEMS and UEMS were the most important factors affecting
community ambulation in patients with cervical ISCI. The cut-off points of the walking
function tests were highly accurate; therefore, these points can serve as targets for

walking training in the future.
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Introduction

Walking is an important human activity that enables us to be productive, participating
members of a community. Recent statistics indicate that the proportion of cervical
injuries and neurologically incomplete is increasing in patients with spinal cord injury.*
A large number of patients with initial motor incomplete spinal cord injury (ISCI)
regain some form of walking function.?  Therefore, recovery of walking has become a
target of several rehabilitative approaches, and a precise evaluation of walking in these
patients has become crucial.*® In recent years, this emphasis has been extended to
include the attainment of community ambulation as an important mobility and social

outcome.’

Community ambulation has been defined as “independent mobility outside the home,”
which includes the ability to confidently negotiate uneven terrain and curbs, visit a
supermarket, a shopping mall, and other public venues.® The American Spinal Injury
Association Impairment Scale (AIS) D patients have a good prognosis for walking, but

not all AIS D patients can achieve community ambulation.’



Attempts to evaluate community ambulation are currently underway.
Physical impairment is an important determinant of community ambulation. Previous

studies have shown a correlation between walking function and age®™*, muscle

10, 13,14 10, 11, 15

strength'®*2, spasticity , Sensory , and balance® in patients with ISCI.
However, there are few comprehensive studies on physical impairment required for

community ambulation in patients with cervical ISCI.

On the other hand, previous studies have already reported that walking speed and
endurance are good indicators of community ambulation in patients with stroke and
elderly people.® *"-*® Walking function in patients with ISCI is commonly characterized

by slower walking speed and poor efficiency.” **

van Hedel et al. suggested that a
minimum walking speed of 0.44 m/s using a walking device resulted in independent
community ambulation in patients with ISCI.** Brotherton et al. reported that patients
with ISCI who were independent community ambulation used one cane or crutch.?
However, few studies have examined the cut off point of walking function required for

community ambulation comprehensively, including walking endurance and the use of

walking devices or braces, in patients with cervical ISCI.



For returning to living in the community after cervical ISCI, achieving community
ambulation has significant implications for social participation. Maintenance of
independent community ambulation can be integral to quality of life and participate in
society.”® Many different types of physical therapy interventions are routinely provided
to patients with cervical ISCI as part of their rehabilitation programs. Physical therapy
interventions often target specific impairments such as poor strength, joint mobility,
poor sensory, pain or spasticity. However, we have not enough information for decision
making which physical impairments are the most debilitating for community
ambulation and the cut off point of walking function required for community
ambulation in patient with cervical ISCI. Identification of the most debilitating physical
impairment required for community ambulation can help guide an effective intervention
in patients with cervical ISCI. Furthermore, determination of the cut off point of
walking function required for community ambulation can help setting clear clinical

goals for these patients.

Therefore, the objectives of this study were as follows: (1) to identify the physical
impairments associated with community ambulation, and (2) to determine the cut off

points of physical impairments and walking function for community ambulation in



patients with cervical ISCI.

1. Methods

Patients

Inclusion criteria were inpatients with cervical ISCI who were graded according to the

AIS D and were able to walk independently (with or without assistive devices) over

10-m on a level surface. We also included patients who were at the age of 16 to 70 years.

Exclusion criteria included severe cognitive impairment, brain injury, and orthopedic or

neurological conditions in addition to ISCI. Patients were recruited from April 2010 to

December 2012. Forty patients with cervical ISCI were recruited (including 3 women),

with a mean age of 49.9 years. The median time since injury was 142 days (range,

7-277 days). All patients had levels ranging from C4 to C8. In accordance with the

Declaration of Helsinki, the patients were informed of the experimental procedure, and

each provided written informed consent before participation in the study. The

experimental procedure was approved by the local ethics committee (Graduate School

of Medicine, Nagoya University, approval no. 10-513).



Community ambulation

The ability to community ambulation was the primary functional outcome. The Spinal
Cord Independence Measure (SCIM)?* is the only comprehensive ability rating scale
that has been designed specifically for patients with spinal cord injury. We applied a cut
off SCIM mobility score to distinguish between individuals who could walk
independently and those who could not as previously reported.* Scores of 0-3 were
grouped and defined as unable to walk or required assistance, whereas grouped scores
of 4-8 were defined as able to walk independently. van Hedel et al. used SCIM outdoor
mobility score to examine community ambulation.?* This score was assessed by the
ability to walk >100 m, although Robinett et al. found that distances required to
ambulate in the community are often greater than distance benchmarks in clinical
measurements, such as the Functional Independence Measure. These authors suggested
that individuals may have to ambulate as much as 480 m when visiting supermarkets.”
Therefore, our study defined community ambulation on the basis of SCIM outdoor
scores 4-8, which indicate an ability to walk independently for a distance > 480 m.
Because among the public venues at a distance > 480 m there was a supermarket 500 m

away from our hospital, we assessed whether it was possible for patients to



independently visit the supermarket along a route that included uneven terrain and

curbs.

Walking function

Patients were subjected to a 10-m walking test (LOMWT)? and a 6-min walking test
(6MWT; m)®’. Patients wore sneakers that fitted individually and were used in their
daily life, and used whatever assistive and/or orthotic devices they preferred. 10MWT
was performed at both a comfortable and maximum walking speed. The test was
performed with a dynamic start to allow 2-m acceleration, a timed 10-m distance and
2-m deceleration. Speed is only calculated for the 10-m distance between the “end
zones”. 6BMWT is a measure of distance and represents the maximum distance walked in
6 min. During the test, patients walked up and down a 46 m rectangular walkway. A
licensed and well-trained physical therapist assessed all physical performance tests.
Walking level also was assessed using the Walking Index for Spinal Cord Injury |1

(WISCI 11)%,



Physical impairment

Neurological examinations were performed according to the international standards for
classification of SCI.?° A trained examiner assessed the upper and lower extremity
motor scores (UEMS and LEMS), light touch scores (LTS) and pin prick scores (PPS).
Lower extremity spasticity was measured using the composite Modified Ashworth

Scale (CMAS).*® As published, this is scored 0-4, with a 1+ grade, but for data analyses,
the scores were adjusted to give a 0-5 score range (1+ became 2, 2 became 3, and so
on). This scale was applied to the knee and ankle flexors. The scores of both sides were

added, giving a CMAS from 0 to 20.



Statistical analysis

Descriptive analyses were used to calculate percentages, mean and median values for

demographic variables including age, sex, and time since injury. Normality of

distribution was tested with the Shapiro-Wilk test. The differences between independent

and dependent community ambulation groups were analyzed with Student t-test (for the

data with a normal distribution) and with Mann-Whitney U-test (for the data with a

non-normal distribution). The relationship between patients’ characteristics and SCIM

outdoor mobility scores was examined using Spearman’s correlation. A linear

regression analysis was performed to describe the relationship between LEMS and

walking speed, 6MWT. The multivariate logistic regression model using a forward

stepwise selection method was used to select the final set of independent factors for

community ambulation. Independent variables included age, time since injury, UEMS,

LEMS, LTS, PPS and CMAS. A significance level of P less than 0.05 was used for all

statistical analysis. Curves for receiver operating characteristics were inspected to

determine cut-off points for the UEMS, LEMS, LTS, PPS, CMAS, 6MWT, WISCI 11,

and comfortable and maximum walking speed that best discriminated between

independence and dependence in community ambulation. Cut off points for maximizing



the sensitivity and specificity for each test were determined using the Youden index.*
Data were analyzed using the Statistical Package for the Social Sciences for Windows

(version 19.0, Chicago, IL, USA).



IV. Results

Table 1 shows the demographic and physical factors of 40 patients with cervical ISCI.

Thirty-seven patients were men (92.5%). Five walked with one ankle-foot orthosis

(AFO); 1 walked with double AFO; 34 walked without lower extremity devices.

Thirty-seven of 40 patients were able to stand unsupported, and 3 patients were able to

stand with a hand for support.

Table 2 shows the differences in demographic factors, physical impairments and

walking function between the independent and dependent community ambulation

groups. Twenty-two patients (55%) were independent, and 18 patients (45%) were

dependent. Table 3 shows the differences in WISCI 11 between the independent and

dependent community ambulation groups. In the independent group, patients used 1

cane, 1 crutch, or no device.

Figures 1-4 show that there were significant correlations between age, time since injury,

UEMS, LEMS, and SCIM outdoor mobility score (age and SCIM outdoor, r = -0.32, P

= 0.044; time since injury and SCIM outdoor, r = -0.31, P = 0.048; UEMS and SCIM

10



outdoor, r = 0.54, P < 0.01; LEMS and SCIM outdoor, r = 0.68, P < 0.01). There were
no significant correlations between sex, LTS, PPS, CMAS, and SCIM outdoor mobility
score. The significant correlations existed between LEMS and walking speed and

6MWT (r>= 0.57 and 0.63, respectively; P < 0.01).

Logistic regression analyses revealed that LEMS [odds ratio (OR) 2.03; 95%
confidence interval (Cl) 1.20-3.43; beta coefficient () = 0.71; P = 0.008] and UEMS
(OR 1.51; 95% CI 1.08-2.10; B = 0.41; P = 0.015) were independently associated with
community ambulation. Age, time since injury, LTS, PPS and CMAS did not show a

statistically significant relationship.

The ROC curve analyses are included in Tables 4 and 5. The areas under the curve
(AUC) of LEMS, comfortable and maximum walking speed, 6MWT, and WISCI Il
ranged from 0.90 to 0.96, suggesting high accuracy. The AUC of UEMS was 0.85,
which suggests moderate accuracy. The AUC of CMAS, LTS and PPS suggested low
accuracy. Figure 5 shows the relationship between dependent and independent
community ambulation at different LEMS and UEMS. Our cut off point for LEMS was

greater than 41.5, and 20 of 22 subjects achieved independent community ambulation.
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V. Table

Table 1 Descriptive statistics of demographic and physical factors

Variables Range

Age (years)® 499 ( 130 ) 23 - 70
Time since injury (days)® 139.0 ( 659 ) 7 - 277
Upper extremity motor score (points)” 415 ( 105 ) 29 - 50
Lower extremity motor score (points)” 43.0 ( 8.0 ) 32 - 50
Composite Modified Ashworth Scale (points)” 8.0 ( 4.0 ) 0o - 11
Light touch score (points)® 795 ( 265 ) 12 - 112
Pin prick score (points)® 805 ( 245 ) 30 - 112
Comfortable walking speed (m/s)? 1.04 ( 032 ) 051 - 174
Maximum walking speed (m/s)? 143 ( 043 ) 0.71 - 259
6-minute walking test (m)? 4410 ( 1355 ) 189 - 713
Walking index for spinal cord injury 11° 19.0 ( 7.0 ) 9 - 20
SCIM outdoor (points)” 60 ( 6.0 ) 1 - 8
SCIM total (points)® 830 ( 18.0 ) 39 - 100

®Values are shown as the mean (standard deviation) for normal distribution.

®Values are shown as the median (interquartile range) for non-normal distribution.

Abbreviations: SCIM, spinal cord independence measure.
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Table 2 Comparison of demographic factors, physical impairments and walking

function between the independent and dependent community ambulation groups

Group P-value

Variables Independent, N = 22 Dependent, N = 18
Age (years)? 459 (120 ) 547 ( 128 ) 0.031°
Sex

Men 21 16

Women 1 2
Time since injury (days)® 1227 ( 572 ) 1588 ( 719 ) 0.085°
Upper extremity motor score (points)” 460 ( 70 ) 35 ( 80 ) <0.001°
Lower extremity motor score (points)” 470 ( 40 ) 395 ( 50 ) <0.001°
Composite Modified Ashworth Scale (points)® 80 (40 ) 90 ( 40 ) 0.410°
Light touch score (points)® 81.0 ( 230 ) 775 ( 220 ) 0.670°
Pin prick score (points)® 785 ( 260 ) 805 ( 210 ) 0.947°
Comfortable walking speed (m/s)? 123 ( 025 ) 081 ( 022 ) <0.001°
Maximum walking speed (m/s)? 169 ( 036 ) 111 ( 027 ) <0.001°
6-minute walking test (m)? 529.8 ( 1028 ) 3324 ( 798 ) <0.001°
Walking index for spinal cord injury I1° 200 ( 1.0 ) 130 ( 00 ) <0.001°

®Values are shown as the mean (standard deviation) for normal distribution.

®Values are shown as the median (interquartile range) for non-normal distribution.

°P-value from Student t-test

p-value from Mann—Whitney U-test.

13



Table 3 Comparison of WISCI Il between the independent and dependent community
ambulation groups

Group
WISCI Il Independent, N =22  Dependent, N = 18

9 2

12 1

13 11

15 2

16

19 7 2

20 13

Abbreviations: WISCI I, Walking index for spinal cord injury I1.

14



Table 4 Cut off points of physical impairments for community ambulation

Variables Cut-off point  Sensitivity  Specificity AUC
Upper extremity motor score (points) 36.5 0.91 0.67 0.85
Lower extremity motor score (points) 415 0.91 0.89 0.92
Composite Modified Ashworth Scale (points) 105 0.05 0.94 0.39
Light touch score (points) 77.5 0.44 0.56 0.52
Pin prick score (points) 83.5 0.50 0.67 0.45

Abbreviations: AUC, areas under the curve.

15



Table 5 Cut off points of walking function for community ambulation

Variables Cut-off point ~ Sensitivity ~ Specificity AUC
Comfortable walking speed (m/s) 1.00 0.86 0.89 0.90
Maximum walking speed (m/s) 1.32 0.91 0.83 0.91
6-minute walking test (m) 4725 0.91 0.89 0.94
Walking index for spinal cord injury 1l 175 0.91 0.89 0.96

Abbreviations: AUC, areas under the curve.

16



VI. Figure
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Figure 1 Relationship between SCIM outdoor mobility score and age.
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VIL. Discussion

The main findings were that LEMS and UEMS were independently associated with
community ambulation in patients with cervical ISCI, but LTS, PPS and CMAS did not
show a statistically significant relationship. Buehner et al. suggested that changes in
LEMS do not capture the full extent of functional recovery because weak but significant
correlations exist between LEMS and walking speed, SMWT (r*= 0.24 and 0.25,
respectively; P < 0.05).3 However, our study found that moderate but significant
correlations existed between LEMS and walking speed, SMWT (r*= 0.57 and 0.63,
respectively; P < 0.01). We suggest that this difference arose from the fact that the
patients in our study included only persons capable of walking, whereas the group in the

Buehner et al. study included patients incapable of walking.

The cut off point of LEMS in this study was 41.5, which is higher than the value of 30
reported in a previous study™®. This may be because this study included only patients
with tetraplegia, whereas in that previous study, 24 of 36 patients had paraplegia.
Tetraplegia is difficult compared to paraplegia, and to compensate for LEMS in UEMS,

the cut off point of LEMS was higher in this study. In another previous study, patients

22



who achieved community ambulation had LEMS of 36.9 + 7.6.%* Twenty-three of 50
patients were able to ambulate in the community in another previous study; of which, 13
walked with lower extremity devices. In contrast, 22 of 40 patients were able to show
community ambulation in this study, and only 3 walked with a lower extremity device.
Generally, if LEMS is higher, patients do not require lower extremity devices. This may
be because patients in this study had higher LEMS than patients in previous study did.
Only 1 study reported the relationship between UEMS and community ambulation.>*
The cut off of value UEMS in this study was 36.5, which was higher than that in that
previous study (30.3 £ 10.8). This may be because our patients were only graded
according to the AIS D, whereas in that previous study, patients were graded according
to the AIS C and D. Furthermore, the level of our patients (from C4 to C8) was different

from the level of those in that previous study (from C3 to C7).

Our cut off point for LEMS was greater than 41.5, and 20 of 22 subjects achieved
independent community ambulation. Two patients could not achieve community
ambulation, and had LEMS of 43 and 49, with UEMS of 29 (under our cut off point).
However, 2 out of the 18 patients who had LEMS less than 41.5 achieved community

ambulation. These 2 patients had UEMS of 46 and 48, which was over our cut off point

23



(Figure 5). These results suggest that successful community ambulation of patients with
cervical ISCI depends on LEMS as well as UEMS. Therefore, both the cut off points for
LEMS (41.5) and UEMS (36.5) are important; this provides new information for

community ambulation in patients with cervical ISCI who are graded by AIS D.

CMAS did not show a statistically significant relationship with community ambulation
in this study. This may be because the degree of spasticity in this study was lower than

that in the previous study®.

The cut off point of comfortable walking speed in this study was 1.00 m/s. This speed
was faster than the speed mention by van Hedel et al. (minimum 0.44m/s).?* To us, this
difference arose from the difference in walking distance of defined community
ambulation. The cut off point for maximum walking speed in this study was 1.32 m/s.
One study found that the speed required to cross a street safely was 1.22 m/s.* In this
study, the cut off point for comfortable walking speed was slower than 1.22 m/s, but the
cut off point for maximum walking speed was faster. Therefore, people can increase
their walking speed as required, so we can consider that it is possible to live in local

communities. The cut off point for WISCI 11 was 17.5 in this study. Similarly,

24



Brotherton et al. also reported that patients who were independent in community
ambulation used one cane or crutch in patients with ISC1.?> Therefore, it is clinically
useful to know the cut off point for WISCI 1l necessary for community ambulation. The
cut off points for walking function in this study were highly accurate and should

provide useful information.

The median time since injury of this study was 142 days, which was estimated in the
sub-acute phase after ISCI when recovery was far from completed. However, Spiess et
al. reported that approximately 90% of patients with ISCI who were classified within
the first 15 days as AIS D did not convert to AIS E at 12 months post-injury.®” This was

one of the reasons we were limited to AlS D patients.

Our findings suggest the importance of upper and lower extremity muscle strength,
rather than spasticity and sensory, for community ambulation in patients with cervical
ISCI who are graded according to the AIS D. Therefore, resistance training® and
electrical stimulation training® have been identified as successful intervention tools that
can load the paralyzed skeletal muscles are recommended for physical therapy

intervention to achieve community ambulation in these patients. The cut off points of

25



walking function were also useful in assessing community ambulation. Longitudinal

studies are required to assess the applicability of these findings as a motivational tool to

achieve community ambulation.
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VII. Conclusion

LEMS and UEMS were the most important factors for community ambulation in

patients with cervical ISCI. The cut off points of UEMS, LEMS, 6MWT, WISCI II, and

comfortable and maximum walking speed were 36.5, 41.5, 472.5 m, 17.5, 1.00 m/s, and

1.32 m/s, respectively. These cut off points were of moderate to high accuracy, and we

will target these points for walking training in the future. In order to make general

conclusions, further studies examining a larger sample including other parameters, such

as balance and upper extremity spasticity, are warranted.
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