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Abstract

This case report describes the immediate
effects of a new rehabilitation tool on gait in a
chronic stroke patient. Specifically, we meas-
ured step length symmetry and gait velocity in
a 47 year-old male stroke patient who was cur-
rently receiving outpatient physical therapy.
Objective gait measurements were taken
using the GAITRite before, during, and after a
5 minute training session. Step length symme-
try improved 26% during the first minute of
training, 71% by the fifth minute of training,
and 72% after a 5 minute rest period post-
training. Gait velocity increased by 5.5% after 5
minutes of training. Clinical research is war-
ranted to validate this new training tool as a
useful adjunctive rehabilitation activity for
improving spatial and temporal aspects of gait
after stroke.

Introduction

According to the American Heart
Association,! the number of stroke survivors in
the United States is nearly 6.5 million people
with approximately 795,000 strokes occurring
annually. This is equivalent to 1 stroke occur-
rence every 40 seconds.! Ambulation after
stroke is a primary functional limitation and in
many cases, gait abnormalities contribute to
falls.>* Some of the abnormalities contributing
to hemiparetic gait include reduced gait speed
and step length asymmetry.*> Asymmetrical
step length is a very common occurrence post-
stroke, resulting from one side of the body
being affected more than the other.27 A typical
gait pattern after stroke includes a slower cir-
cumductive step with the hemiparetic limb fol-
lowed by a shorter quick step with the sound
limb.2 Circumduction results from difficulty
clearing the functionally longer limb during
swing limb advancement. The hemiparetic
limb is considered ‘functionally longer’
because the patient often lacks adequate hip
flexion, knee flexion, and ankle dorsiflexion
during swing limb advancement.? Stroke
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patients also take slower, longer steps with the
hemiparetic limb because they are more com-
fortable in single limb stance on the unaffect-
ed limb.2 On the contrary, they often take
quick, short steps with the unaffected limb in
order to spend less time in single limb stance
on the hemiparetic side.?

In addition to the asymmetrical step length,
gait velocity is reduced and increased risk for
falls has been attributed to reduced gait
speeds.’ Falls are caused by a complex interac-
tion between intrinsic and extrinsic factors.?
Extrinsic factors include floor surfaces, light-
ing, obstacles in the path of walking, etc.’
Intrinsic factors for falls include abnormal gait,
which is reported to be the second most com-
mon problem for falls in older persons.!®!! It is
estimated that between 14% and 65% of stroke
survivors experience falls while in the hospital
and up to 73% of stroke survivors experience a
fall in the first 6 months after discharge.?

Several successful post-stroke gait interven-
tions have been reported in the literature
including elliptical training," body-weight sup-
ported treadmill training, locomotor imagery
training,”” auditory cueing,'®” and robotic
assisted gait.!® The Tib Trainer® (TT) (Bright
Ideas 4 Therapy, LLC, Oxnard, CA, USA) is a
new clinical training tool intended to improve
gait in patients with neurologic pathologies
such as stroke (Figure 1). It provides resist-
ance from the ground up through a hook fas-
tener strap system and provides auditory cues
with each step as it is pulled off the carpet.”
Anecdotal clinical sessions using the TT on
stroke patients suggest that improvements in
temporal and spatial aspects of gait occur. This
case report describes the immediate effects of
the TT on gait parameters in a chronic stroke
patient who was currently receiving outpatient
physical therapy.

Case Report

The patient was a 47 year-old male chronic
stroke survivor who was currently receiving
physical therapy at the Loma Linda University
Outpatient Rehabilitation Center. The TT was
not previously used as part of his physical ther-
apy program. The patient suffered a right
ischemic cerebral vascular accident approxi-
mately 14 months prior. He was independent
with community ambulation using an articu-
lating ankle foot orthosis (AFO) and did not
require the use of a cane. We used GAITRite
(CIR Systems Inc., Havertown, PA, USA) tech-
nology to objectively measure the spatial and
temporal parameters of his gait.? The
GAITRite is a 61 cm wide and 237 cm long elec-
tronic walkway or “electric carpet” that is con-
nected to a Windows® 95/98/ME (Microsoft
Corp., Redmond, WA, USA) personal computer
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Figure 1. Tib Trainer” device.

and measures the spatial and temporal param-
eters of gait. Individual footfalls (steps) were
measured with 13,824 sensors embedded in
the carpet.?? In order for the TT to effectively
adhere to the surface, we fastened a strip of
carpet to the top of the GAITRite walkway.
Procedures included the patient walking
across the GAITRite 2 times at a customary
pace without the use of the TT in order to cap-
ture the spatial and temporal parameters of his
normal gait. We then attached the TT to each
of his shoes and he walked independently
across the GAITRite for a period of 5 minutes.
The patient stopped and turned around after
each pass on the GAITRite. He alternated turn-
ing towards his left and right sides with each
pass. During the 5 minute walking period, data
was collected during 2 consecutive passes
across the GAITRite during the beginning of
the first and fifth minutes. The TT was then
removed and the patient rested for 5 minutes.
After the 5 minute rest, he walked across the
GAITRite 2 more times without wearing the TT.
All possible strides were used in the analysis
for each of the eight total data collection pass-
es on the GAITRite. The only verbal instruc-
tions given to the patient throughout the train-
ing session were to walk at a customary pace.
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Results

Step length symmetry improved 26% during
the first minute of training, 71% by the fifth
minute of training, and 72% after the 5-minute
rest period. Gait velocity increased by 5.5% after
5 minutes of training (Figure 2; Tables 1 and 2).

Discussion

Stroke survivors represent the largest group
of people in the United States living with long-
term disability.'? Auditory biofeedback rehabil-
itation has been shown to improve gait in
patients with a variety of neurological injuries
and/or diseases, including stroke.!6.172125 Thaut
et al's investigated the effects of rhythmic
auditory stimulation (RAS) on gait parameters
in sub-acute stroke patients. Subjects were
treated 2 times daily for 6 weeks. Gait velocity
and stride length was significantly improved in
the traditional physical therapy plus RAS group
(N=10) compared to a control group (N=10)
receiving traditional physical therapy only.
Thaut et al.'" also reported significant impro-
vements in gait velocity, stride length,
cadence, and symmetry in sub-acute stroke
patients using RAS (N=43) compared to an
NDT/Bobath approach (N=35). Both groups
were treated one time daily for 3 weeks.

Research has included open-loop and
closed-loop sensory input strategies. During
open-loop systems, sensory cues are generated
independent of the patient's own motion.?2
Although improved walking speed has been
demonstrated, open-loop strategies have been
subject to disturbances and are inherently
unstable.??? In contrast, closed-loop feedback
signals generated by the patient's own motion
have been found to stimulate, stabilize and
regulate gait.”

The patient in this case report made
improvements in both spatial and temporal
aspects of gait utilizing a closed-loop auditory
rehabilitation approach. The patient’s step
length asymmetry began improving during the
first minute and by minute 5 his step length
had almost normalized. This improvement
remained even after a 5-minute rest period
while walking without the TT. We theorize that
this was the result of the auditory cueing pro-
vided by the TT as the hook fastener strap sys-
tem pulled away from the carpet with each
step. Because the TT was placed on both the
left and right shoes of the subject, an audible
sound was produced with each step. The con-
tinued improvement in step length after the
rest period, despite not wearing the TT, sug-
gests a short-term carryover effect of the train-
ing session.

We also observed a 5.5% gait velocity
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Table 1. Step length and gait velocity measured over time.

Step length (cm difference) 10.2
Velocity (cm/second) 79.8

75 3.0 2.9
66.9 75.1 84.5

Table 2. Step length in centimeters and standard deviations between right and left sides.

Step length left 56.61 50.09 49.64 54.79
Step length right 46.44 42.62 46.65 51.90
Standard deviation 7.19 5.29 2.11 2.04

increase after training with the TT. Initially,
the patient’s gait velocity was predictably
decreased during the 5 minutes of training
with the TT given the resistance provided by
the hook fastener system. However, after
removing the TT, the patient reported that
post-training walking was comparatively easi-
er allowing for increased velocity. Gait velocity
was measured simultaneously with step length
and the increase in gait speed occurred along-
side improved step length symmetry. Schmid et
al % reported that gait velocity gain that results
in a transition to a higher class of ambulation
results in better function and quality of life. As
stated previously, the patient did not receive
any verbal instructions other than to walk at a
customary pace throughout the training ses-
sion. The measured changes in step length
symmetry and gait velocity were entirely self-
generated by the patient.

Future studies should include independent
testing of the effects of the hook fastener sys-
tem versus auditory cues on gait speed. It is
possible that one or the other was independ-
ently responsible for the observed changes in
this case report. Also, a control trial of the
same protocol without the TT should be used to
better substantiate potential benefits of gait
training with and without the TT device over
time.

Conclusions
This case report suggests that the TT may be
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a useful adjunctive rehabilitation tool for
improving spatial and temporal aspects of gait
in stroke patients and future validity studies
using randomized clinical trials are warranted.
The results of this single patient case report,
while encouraging, cannot be generalized at
this time.
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