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Do ambulatory patients with spinal cord injury walk
symmetrically?

M Kumprou1,2, P Amatachaya2,3, T Sooknuan2,4, T Thaweewannakij1,2, L Mato1,2 and S Amatachaya1,2

Study design: Cross-sectional study.
Objectives: To explore the levels of walking symmetry in ambulatory participants with spinal cord injury (SCI), and compare levels of
walking symmetry among those with different degrees of lesion severity and those who walked with various types of walking devices.
Setting: A tertiary rehabilitation center and many communities in Thailand.
Methods: Forty-six participants were assessed for their demographics, SCI characteristics and types of walking device used. Then they
were recorded for the ability of walking over a 10-m walkway using a digital camera. The levels of walking symmetry were analyzed
using a method of manual digitization and reported in terms of percents of step length ratio.
Results: Although the participants had bilateral sensorimotor impairments, they showed some degrees of walking asymmetry (~90%),
particularly those with American Spinal Injury Association C (AIS C) (85%) and those who walked with a standard walker (78%).
Their levels of walking symmetry also significantly differed from those with AIS D (92%; Po0.05) and those who walked without a
walking device (95%; Po0.01).
Conclusions: Walking symmetry has been reported as an important variable for the ability of well-controlled walking. Therefore, apart
from levels of independent walking, rehabilitation professionals need to emphasize improvements in walking symmetry among these
individuals.
Spinal Cord (2017) 55, 204–207; doi:10.1038/sc.2016.149; published online 8 November 2016

INTRODUCTION

Sensorimotor impairments following spinal cord injury (SCI) reduce
the walking ability of patients, and most ambulatory individuals can
walk non-functionally (i.e., they are able to walk only within their
house, or short distances, and require external assistance from persons
or devices).1,2 Thus, improved quality and ability of ambulation is a
common rehabilitative goal among these individuals.3,4

Among many variables relating to walking, walking symmetry
has been emphasized as an important index for the ability of
well-controlled walking in many groups of patients such as stroke and
amputee.5–7 With unilateral impairments, these patients commonly
walk with a short step length of the non-affected side, to minimize the
task demands on the affected limb during a single-support phase and
quickly return to a more stable double-support phase.8 On the
other hand, impairments in the affected limb also require a greater
contribution from the non-affected limb (i.e., increased single-support
time, weight-bearing ability and propulsive demands), which
subsequently elevates the risk of musculoskeletal injury and articular
joint degeneration. Additionally, the reduced use of the affected limb
enhances the risk of muscular atrophy and bone density loss.9–11 Such
asymmetrical walking manners require high metabolic demands, and
they closely link to motor impairments that further affect important
variables associated with the ability of community ambulation, such as
walking speed and distance covered.9,12 Therefore, rehabilitation

strategies by which to improve walking symmetry are important for
these individuals.8

On the other hand, ambulatory patients with SCI likely have various
degrees of bilateral, and sometime asymmetrical, sensorimotor
impairments below the neurological level of the injury, depending
on the site and severity of the lesion.3 With traditional concepts, some
patients are trained to use a compensatory strategy and may require a
walking device to compensate for the consequences of neurological
deficits that may affect their levels of walking symmetry.13 However, to
our knowledge, no evidence specifically reports levels of walking
symmetry in ambulatory individuals with SCI. A study in this area
would illustrate the pervasiveness of the problem and provide
important clues as to how to improve rehabilitation strategies for
these individuals. Thus, this study assesses levels of walking symmetry
using percents of step length ratios in ambulatory patients with SCI,
and compares the findings among those with various degrees of lesion
severity and those who used various types of walking devices.

MATERIALS AND METHODS

Participants
Participants were cross-sectionally recruited from a tertiary rehabilitation center
and from many communities in Thailand during the period of August
2015–April 2016. The inclusion criteria were having an incomplete SCI, with
the American Spinal Cord Injury Association (ASIA) Impairment Scale or AIS
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C or D, and the ability of independent walking with or without a walking device
for at least 15 m (Functional Independent Measure Locomotion (FIM-L)
score= 5–7). The patients were excluded if they had any other condition that
might affect walking, such as muscular or joint pain with a pain score of at least
5 out of 10 on a visual analog scale, an obvious leg length discrepancy or
inflammation in the joints of the lower limbs.14–16 The sample size
was estimated based on that required for a major study on the importance
of walking symmetry in ambulatory patients with SCI, with the α set to 0.05
and the power of the test set to 0.1.17 The participants needed to read and sign
written informed consent documents approved by the ethics committee of
Khon Kaen University (HE581392) before taking part in the study.

Research protocol
The eligible participants were interviewed and assessed for their demographics
(i.e., age, gender, weight and height), SCI characteristics, including
causes (traumatic and nontraumatic), stages of SCI (subacute (postinjury time:
PITo12 month) and chronic (PIT ⩾ 12 months), severity and level of injury as
determined using the sensorimotor scores and criteria from the standard ASIA
protocol18 and baseline walking ability (ability to walk with or without a
walking device for at least 15 m).

Outcome of the study
A recent review article on poststroke walking asymmetry suggested the use of
spatiotemporal data (such as step length, swing time and stance time ratios) to
quantify levels of walking symmetry.19 Many studies also applied these
spatiotemporal parameters to report levels of walking symmetry because the
findings were related to motor control and compensatory strategies during
walking.8,10,11,19,20 Balasubramanian et al.20 further reported the importance
of step length symmetry as it associated with variables relating to the ability
of well-controlled walking. Consequently, the present study quantified levels of
walking symmetry using percents of step length ratios.
A digital camera (Nikon D5300 with a 60-Hz frame rate) was used to record

a step length of participants while walking over a 10-m walkway. before the test,
the system was calibrated using an object of known length, and the three
consecutive step lengths of each lower extremity were recorded over the 4 m in
the middle of the walkway. Then the data were analyzed using a method of
manual digitization by counting the pixels between the distance from the heel
of one leg to the heel of the other leg and scaling with respect to the calibration
object. This method showed high correlation with the PEAK motion analysis
(r= 0.99, ICC3, 1= 0.99),21 and it is practical to be applied in a rehabilitation
ward and community. A value of 100% represents perfect walking symmetry,
in which a participant might walk with either relatively longer less-affected or
more-affected steps.20 Thus, the average step length of each lower extremity was

subsequently calculated using the following formula to minimize artificial
inflation of denominator:10,14–16,19,21,22

Walking symmetry %ð Þ ¼ Average data of the shorter step length

Average data of the longer step length
´ 100

Participants were assessed when they walked without shoes, to minimize the
effects of their shoes on the outcomes. To ensure their safety, they needed to
fasten a lightweight safety belt around their waist and have an assessor walking
or standing alongside them.

Statistical analysis
Descriptive statistics were used to explain the demographics, SCI characteristics
and findings of the study. As the data were not normally distributed, the
Mann–Whitney U-test and Kruskal–Wallis tests were used to compare the
findings of those with different degrees of lesion severity (AIS C and D), and
those who walked with various types of walking devices. A P-value o0.05 was
considered statistically significant.

RESULTS

Participant characteristics
Forty-six ambulatory participants with SCI were involved in this study.
Most of them were men at a chronic stage of SCI, and with rather
good walking ability (i.e., able to walk without a walking device for at
least 50 m, or FIM-L score= 7; Table 1). Most participants had
bilateral asymmetrical sensorimotor deterioration, in which the
significant difference between the more- and less-affected sides was
found only in the lower-limb motor scores (P= 0.005; Table 2).

Percents of walking symmetry among the participants
The median walking symmetry among all the participants was ~ 90%
(interquartile range (IQR): 79–96%) when they walked at a preferred
speed. When they walked at the fastest speed, the participants could
increase the length of their shorter step by 12.05% and that of the
longer step by 7.8%, and they could increase levels of walking
symmetry to ~ 93% (IQR: 83–97%). At the fastest speed, participants
with AIS C and D, and those who walked with various types of
walking devices also increased the levels of walking symmetry, but this
increment was not a significant difference (P40.05). Exceptionally for
those who did not use a walking device, these participants showed
significantly increased levels of asymmetry when they walked at the
fastest speed (P= 0.049; Figure 2).
In subgroup analysis, the data illustrated that participants with AIS

C (median= 85% (IQR: 59–91%) at the preferred speed, and 85%
(IQR: 52–96%) at the fastest speed) walked with a significantly greater

Table 1 Demographics and SCI characteristics

Variable SCI participants (n=46)

Age (years), mean± s.d. (95% CI) 50.0±14.6 (45.6–54.3)

Postinjury time (months), mean± s.d. (95% CI) 40.5±44.3 (27.4–53.7)

Gender: malea, n (%) 35 (76.1)

Cause: traumatic SCIa, n (%) 23 (50.0)

Level of injury: incomplete paraplegiaa, n (%) 34 (73.9)

Severity of injury: AIS Da, n (%) 32 (69.6)

Stage of injury: chronica, n (%) 39 (84.8)

Using a walking device, n (%)

Walker 13 (28.3)

Crutches 5 (10.9)

Cane 7 (15.2)

None 21 (45.7)

Abbreviations: AIS, American Spinal Injury Association (ASIA) impairment scale; CI, confidence
interval; n, number; SCI, spinal cord injury.
Gender: male/female; cause of injury: traumatic SCI/nontraumatic SCI; level of injury:
incomplete paraplegia/incomplete tetraplegia; severity of injury: AIS C or D; stage of injury:
chronic/subacute.
aNote: These variables were categorized according to the following criteria.

Table 2 Sensorimotor scores of participants (according to ASIA

protocol)

Variablea More-affected side Less-affected side P-valueb

Motor UE (25 scores) 23.67±2.65 24.26±1.76 0.214

Motor LE (25 scores) 15.96±5.62 19.35±5.58 0.005c

Light-touch UE (38 scores) 35.26±6.10 35.41±6.09 0.905

Light-touch LE (18 scores) 11.83±7.10 12.33±7.24 0.739

Pinprick UE (38 scores) 35.37±6.09 35.41±6.09 0.973

Pinprick LE (18 scores) 11.83±7.10 12.26±7.22 0.771

Abbreviations: ASIA, American Spinal Cord Injury Association; LE, lower extremity; UE, upper
extremity.
Note: The data are mean± s.d.
aAssessed using criteria from the ASIA international standards for neurological classification of
the five key muscles of the UE, five key muscles of the LE and 28 dermatomes of UE, LE and
trunk.18
bP-value derived from independent-sample t-test.
cIndicates a significant difference.
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level of asymmetry compared with those with AIS D (median= 92%
(IQR: 83–97%) at the preferred speed, and 94% (IQR: 88–97%) at the
fastest speed) (Po0.05; Figure 1). In addition, asymmetrical walking
was obvious among those who walked with a standard walker
(median= 78% (IQR: 59–90%) at a preferred walking speed, and
85% (IQR: 51–93%) at the fastest speed), followed by those who used
a single cane (median= 90% (IQR: 79–92%) at a preferred speed, and
97% (IQR: 92–98%) at the fastest speed), crutches (median= 92%
(IQR: 85–95%) at a preferred speed, and 96% (IQR: 82–97%) at
the fastest speed) and those who did not use a walking device
(median= 95% (IQR: 85–98%) at a preferred speed, and 94%
(IQR: 84–96%) at the fastest speed) (Figure 2). At a preferred walking
speed, the significant differences were found between those with AIS C
and D (Po0.05; Figure 1) and those who walked with a standard
walker and did not use a walking device (P= 0.009; Figure 2). At the
fastest speed, levels of walking symmetry of those who used a standard
walker were also significantly different from those who used a single
cane (Po0.05; Figure 2).

DISCUSSION

Healthy individuals are considered to walk symmetrically, with a
normative range for spatiotemporal symmetry is assumed to
be 0.9–1.1 (90–110%), or the interlimb differences are o6%.10,23

However, the existing evidence on asymmetrical walking is commonly
involved in individuals with unilateral impairments such as stroke
and amputee.7,8,20,23–25 The current findings confirm asymmetrical
walking found in ambulatory participants with SCI who had bilateral
sensorimotor impairments (78–94%; Figure 2). The levels of their
asymmetrical walking were at approximately the same levels as those
seen in patients with stroke (79–93%)9,20,23 and amputees (93.5%).7

A possible explanation for the findings may be that although the
participants had bilateral involvements, most of them had some
degrees of asymmetrical lower-limb motor functionality and required
a walking device (Po0.01; Table 2). The different impairments
between the lower limbs and use of a walking device are important
causes of asymmetrical walking in patients with neurological
disorders.23 If participants were to persist in using such a walking
manner, they would learn to use the limbs asymmetrically, which
could subsequently increase their risk of musculoskeletal pain and
joint damage in the limb of greater use, along with an increased risk of

muscular weakness and atrophy, as well as bone density loss, in the
limb of lesser use.9,10

Further analysis indicated that the degrees of asymmetrical walking
were obviously demonstrated in those with AIS C and those who
walked with a standard walker (Figures 1 and 2). Having AIS C
infers that the participants had severe sensorimotor deterioration
(i.e., more than one-half of the key muscles below the neurological
level have a muscle grade of o3). Thus they had poor prognosis
for walking ability and needed alternative or compensatory strategies
to execute a task, which further adversely affected the development of
normal walking.1,3,26–28 In addition, a high proportion (54%) of these
participants needed a walking device to compensate for some of the
impairments underlying the disability. The use of a walking device can
adversely affect spatiotemporal variables relating to walking (i.e., step
length, velocity and symmetry), particularly a more support device.28

With a wide base of support, a standard walker enhances stability, a
sense of security and the ability to bear more weight on the upper
extremities.29,30 However, the four-legged walker considerably limited
a step dimension, and a patient likely adopted a step-to pattern that
promoted asymmetrical step length.29 These could possibly explain the
obvious asymmetrical manner among participants with an AIS C and
those who used a standard walker (median= 78% (IQR: 59–90%);
Figure 2). For a single cane, it is often prescribed in a patient with
rather good walking ability with the major aim of promoting
self-confidence while walking. However, it allows for asymmetrical
use of the upper extremities, which may affect levels of walking
symmetry to a greater extent than that seen among those who used
crutches (Figure 2).
When walking at the fastest speed, however, participants

(except those who walked without any devices) could modify their
step dimension and improve the level of walking symmetry. The
findings may suggest the influence of the use of a walking device on
the levels of walking symmetry and imply that these participants had
residual capacity. With increased walking speed, the participants were
facilitated to use their optimal ability, in particular, the more-affected
limb that helped them improve the level of walking symmetry
(Figure 2). Nonetheless, increased walking speed significantly reduced
levels of walking symmetry among those who did not use any walking
device. These findings align with those found in healthy individuals,
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Figure 1 Percents of step length symmetry of participants with different
levels of severity of SCI, assessed using the preferred and fastest walking
speed. Note: Comparisons were analyzed using the Mann–Whitney U-test.
*Po0.05.
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Figure 2 Percent of step length symmetry of the participants with
different types of walking device, assessed using the preferred and
fastest walking speed. Note: Comparisons were analyzed using the
Kruskal–Willis test. *Po0.05, **Po0.01.
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and they suggest the effects of inherent neuromuscular asymmetry
among the participants.31

Nonetheless, some limitations need to be considered when inter-
preting the findings. First, this study was cross-sectionally conducted,
and there were only a few participants who walked with crutches
(11%) and a cane (15%). Each group with different lesion severity and
type of walking device used also contained participants with
heterogeneous characteristics. Although the proportion of walking
device used was coherent with the nature of ambulatory patients with
SCI reported in a previous study,28 such characteristics may affect data
comparisons among the groups and limit the generalizability of the
findings. Furthermore, the findings illustrate the magnitude, but not
impact, of asymmetrical walking for these individuals. Therefore, a
further study should be undertaken in a greater number of
participants, and examine the impacts of asymmetrical walking or
effects of intervention to promote symmetrical walking to strengthen
the importance of this variable for these patients.

CONCLUSION

The current findings confirm problems of asymmetrical walking
among ambulatory individuals with SCI who have bilateral
sensorimotor impairments, particularly those with AIS C (85%) and
those who use a standard walker (78%). As walking symmetry is
important for the ability of efficient and well-controlled walking, apart
from the ability of independent walking, rehabilitation professionals
may need to emphasize improving walking symmetry in these
individuals.
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