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Abstract

Gait and balance is a significant issue for the majority of ambulatory patients with incomplete spinal cord injuries.
Indeed, they are at greater risk of falling. Direct or indirect damage to the central or peripheral nervous system can
reduce an individual's ability to perform activities of daily living. In a significant number of spinal cord individuals,
incomplete injury to the spinal cord may spare their descending motor control pathways and allow their ability to retain
the ability work. However most of them can walk non functionally walking at slow speed, short distance or within the
house. The ability to functionally ambulate is decreased. Seventeen patients with SCI (ASIA impairment scale C and D)
who were able to walk independently with or without walking devices or braces were recruited for the study. Participants
received 10 sessions of obstacle crossing training and conventional over ground walking training in a randomized
controlled trial. Pre and post scores after each training program, functional ability of all participants was measured. The
outcome measures used were Five Times Sit to Stand Test (FTSST), Timed Up and Go (TUG), 10 Meter Walk Test
(1OMWT), Walking Index For Spinal Cord Injury (WISCI Il).Results showed that the experimental group demonstrated
a significant differences in WISCI Il, FTSST, TUG, 1OMWT than the control group in in-between comparison within the

groups.
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Introduction

Spinal cord injury (SCI) is one of the most devastating conditions
possible [1]. Spinal cord injury (SCI) is possibly the most disruptive
and traumatic event that can occur in anyone’s life. SCI poses huge
challenges in the form of coping process as well as rehabilitation [2].A
multidisciplinary approach is required to restore their life and expe ct
the opportunity for an independent and productive future, shown to
be beneficial with lower mortality, decreased pressure sores, slightly
greater chance of neurologic recovery [3,4]. The annual incidence of
spinal cord injury (SCI) worldwide has been reported to be between
11.5 and 57.8 cases per million population [3].

As per report of the International conference (spinal injuries
management), the incidence of spinal injury was estimated at 15 new
cases per million per year in India. Walking is one of the principal
goal after a spinal cord injury and is considered the most important
objective by patients and is the principal target of rehabilitation
approaches. Depending on the severity of the lesion, most patients have
the potential to recover walking.

Independent walking is an ultimate goal that patients with spinal
cord injury (SCI) want to achieve. However the patients can improve
walking ability after participation in a rehabilitation program, the
majority of them do not recover functional walking [5]. Approximately
70% of patients with incomplete spinal cord injury can become
ambulatory after participation in a rehabilitation program. However,
most of them walk only within the house, walk only at a short distance,
require assistance from person or walking device and fail to walk
over small obstacle of sizes that are commonly found in homes and
communities.

Previous studies indicate that 39% to 75% of independent
ambulatory patients with SCI have experienced at least 1 fall during
a 6 to 12 month follow up period, with most of the falls occurring as a
result of stumbling over an obstacle while walking [6].

To successfully walk over a high obstacle, patients must use a flexor
strategy to increase foot clearance, whereas a wide obstacle requires
them to lengthen their step length. In addition, to effectively walk over
obstacles, patients must be able to balance themselves on double limb
support when lifting the walking devices off the ground [7].

It has been seen that obstacle crossing training immediately
enhanced functional ability related to walking of ambulatory patients
with spinal cord injury. However, randomized controlled trial is needed
to support benefits of incorporation of obstacle crossing training into
rehabilitation practice [5]. Therefore, purpose of this study is to find
out the effectiveness of Obstacle Crossing training and conventional
over ground walking training on functional ability among ambulatory
patients with spinal cord injury.

Material and Methods

A pre and post-test experimental design was used in our study. A
sample of 17 spinal cord subjects who met the inclusion criteria and
willing to participate in the study voluntarily were recruited in the
study. Out of a total of 17 patients, 1 subject was dropped out from
study.

Inclusion criteria were as follows: Subjects with sub acute
incomplete spinal cord injury (ASIA C, D), having age of 18-65 years,
gender: both male and female, subjects should have ability to walk
independently with or without walking device or braces, ability to rise
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from a chair independently with or without the use of hands.

Exclusion Criteria were as follows: Patients with SCI from
progressive disease, any neurological or medical disorder that could
have negative impacts on ambulatory ability, any sign or symptom
that might face participation in study such as pain in musculoskeletal
system (>5 on VAS) having any condition in which patient cannot
communicate effectively such as head injuries, cognitive issues, active
cardiac or pulmonary conditions, Parkinson’s disease, peripheral
neuropathy in lower extremities, stroke, psychiatric history or any
other active clinical conditions.

All the subjects were given a detailed explanation of the procedure
and a written content was obtained. Participants were assessed for
their baseline demographics and neurological deficits, that is, motor
and sensory scores, level of injury and severity using the American
Spinal Injury Association (ASIA). Baseline measurements and post
intervention scores are taken after 2 weeks (5 sessions per week).
Participants were then randomly divided into two groups by computer
generalized randomization and undergo training.

Group 1: (Experimental Group) Obstacle crossing training with
conventional over ground walking training.

The test was conducted in a 10 meter walking space. Wooden
obstacles (0.5cm wide and 360 cm long) were in 3 heights (1 cm, 4
cm, and 8 cm) to represent obstacles likely found in homes and
communities. To provide a high obstacle, each obstacle was placed
vertically, to present a wide obstacle, each obstacle was placed flat
on the floor. A physiotherapist walked alongside the participant
throughout the test [7].

During training, participants were instructed to walk continuously
over every obstacle at their self-determined walking speed with
or without a walking device, and not to attempt any obstacle that
might pose a risk of injury for them. During taking part in the study,
participants still received routine treatments from other rehabilitation
professionals as needed. They were able to take a period of rest as
required [5].

During testing, participants used walking devices, orthosis (e.g.,
ankle-foot orthosis), and the glasses or corrective lenses that they
normally wore during walking [7]. Progression of the task included
increasing obstacle frequency, varying rates of obstacle delivery, and
increasing obstacle size.

Group 2: (Control Group) conventional over ground walking
training.

Different types of walking in parallel bar-forward walking, backward
walking, straight line walking, heel to toe walking, sit to stand activity.
Rocker board training, unsupported sitting, unsupported walking.
Participants were instructed to walk at a self-determined walking speed
along a 10-m walkway with or without a walking device continuously
as good and as long as they could.

Outcome measures

10 Meters walk test: Participants were instructed to walk a set
of distance (10 meters). To minimize acceleration and deceleration
effects, the time required over the middle 6m of walkway was recorded.
The average time for the three trials was recorded [8]. Five times sit to
stand test: Participants sat on an armless chair with their back upright
against the backrest of chair, placing their feet flat on the floor, while
their arms at the side or on the walking devices. The test measured the

time taken to complete five repetitions of the sit to stand maneuver [8,
9].

Timed up and go test: Participants sat against the backrest of the
chair and their arms on the arm rest or on the walking device. They
were instructed to stand up from the chair, walk at a fast speed for 3m,
turn around a cone, walk back and sit down with or without walking
device. The average of three trials was recorded [8, 10].

WISCI II- It assess the amount of physical assistance needed, as
well as devices required, for walking following paralysis that results
following spinal cord injury. They are more precise measure of
improvement in walking ability specific to SCI. Rank orders the ability
of a person to walk 10m after a spinal cord injury from most to least
severe impairment.

Statistical analysis: The Statistical Package of Social Science (SPSS)
for windows, version 20.0. The normality of the distribution of the data
was tested using the Shapiro-Wilk test. As a result of SW test (p<0.05),
the parametric test analysis used to determine statistical significance
between and within the groups. Analysis was done for 16 subjects who
completed the study.

Independent t-test was also used to analyze the age, time since
injury to check the homogeneity of the subjects in both the groups.
Independent t-test was used to analyze the difference between group
1 and group 2. Within group analysis between pre intervention and
post intervention was performed using and paired t-test. A significance
level of p<0.05 was fixed the value of confidence interval was set at 95%.

Discussion

This study was done to compare the effectiveness of obstacle
crossing training on gait performance in ambulatory patients with
spinal cord injury. The results obtained after 10 treatment sessions
over a period of 2 weeks between two groups were compared. The
subjects in both the groups were compared with respects to their age,
time since injury and ASIA grading from each other pre-intervention.
On comparison between both the groups there was no statistically
significant different in Walking Index of Spinal Cord Injury (WISCI
1I), Timed Up and Go Test (TUG) and 10 Meter Walk Test (10MWT)
except Five Times Sit to Stand Test (FTSST). Our result are in consensus
with the P Wattanapann et al (2013) who quoted that obstacle crossing
training may not replicate its results on extrinsic factors like functional
ability and fall. Therefore, further studies can be designed to train the
patients in community environment where they get hands on exposure
to extrinsic factors.

However FTSST has found to be significant between two groups.
The potential reason can be attributed to be because of good quadriceps
muscle strength of some patients which is the main component to
make a patient stand from sitting. As we did not measure strength
objectively before intervention so we cannot justify improved FTSST
scores was due to our intervention. The potential reasons for not
getting the significant difference in majority of the outcome measures
might be attributed to various factors. One might be the small sample
size, which may have attribute to type-II statistical error and less
duration of treatment. As walking and balance are broader domains
to be achieved in rehabilitation of spinal cord injury patients. These
outcome in depends upon too many factors like age, ASIA grading,
time since injury, functional ability and rehabilitation time. Since in
our study we only emphasized on obstacle training for 2 weeks due to
time constraints which was insufficient to bring significant changes in
domains.
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On the contrary our results are not in consensus with the W
Pramodhyakul et al [5] who found significant difference immediately
after obstacle crossing training. To overcome the limitation of
immediate effects and better generalization of results we proposed
an intervention of 2 weeks and planned for RCT. However at the end
we found a longer duration (4weeks or more) of obstacle crossing
might yield positive result. Majority of the studies on obstacle crossing
training were focused on ASIA D. In our inclusion criteria we added
ASIA C as it was as unexplored facet till date.

On comparison within both the groups, the pre and post
intervention scores of Walking Index of Spinal Cord Injury, Five
Times Sit to Stand Test , Timed Up and Go Test and 10 Meter Walk
Test of Obstacle Crossing Training along with conventional over
ground walking training (Group 1) have shown statistically significant
improvement as compared to their pre intervention scores. The
pre and post intervention scores of Walking Index of Spinal Cord
Injury, Five Times Sit to Stand Test, Timed Up and Go Test and 10
Meter Walk Test of control group (Group 2) have no statistically
significant improvement. This means that there was an improvement
in experimental group.

W pramodhyakul et al [5] (2013) studied the immediate effect of
obstacle crossing training in independent ambulatory patients with
spinal cord injury and conventional over ground walking on functional
ability among independent patients with Spinal cord injury and
concluded that Obstacle Crossing. Training immediately enhanced
functional ability related to walking of ambulatory participants with
SCL

Emily J, et al. [10] (2017) studied the effect of adapt locomotor
training including the obstacle training and basic locomotor training
and concluded that adapt locomotor training was feasible for chronic
spinal cord injury individuals. S Amatacharya et al. [6] (2015) stated
that patients failed to walk over an obstacle so incorporation of obstacle
crossing in walking training would help patients to successfully manage
hazardous environment or make them aware that they are at risk of
injury.

However, the statistical analysis between the group showed that
the result was significant only for Five Times Sit to Stand Test, but
the functional ability gait measures was improved in obstacle crossing
training group than the conventional over ground walking training
group when examined clinically.

Conclusions

The result shows that there was no significant difference in between
the group comparisons, but within group comparisons showed
significant improvement in Walking Index of Spinal Cord Injury, Five
Times Sit to Stand Test, Timed Up and Go Test and 10 Meter Walk
Test, the mean difference in all domains were more in the experimental

group as compared to the controlled group. The study concluded that
Obstacle Crossing Training shall be incorporated for gait and walking
training with other rehabilitation procedures on functional ability and
gait performance in individual with incomplete spinal cord injury.

Limitations of the study

. The sample size was small to establish the effectiveness of
Obstacle Crossing Training statically. Future research with a large
sample may help to establish the effectiveness of obstacle crossing
training on functional ability among patients with spinal cord injury.

. The duration of the obstacle crossing training could have
been long to show the significant change. Also, no follow up measures
were taken to assess the retention of the gait and functional ability
improvement over a longer period of time.
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