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Letter to the editor

Late recovery of walking ability in a person with chronic )

stroke after an individualized rehabilitation program e
Dear Editor,

Gait is a vital function for realizing independence in activities
associated with daily living and for maintaining general health [1-
3]. Therefore, regaining the ability to walk after a stroke is an
important goal of neurorehabilitation. Generally, 70% to 80% of
stroke patients are able to walk eventually, and the gait recovery
phase after a stroke occurs within 3 to 6 months of stroke onset [3-
5]. Regaining gait ability after a stroke requires postural control,
power and tone of leg and trunk muscles, visuomotor coordination,
and motor execution [3,6,7]. Many studies have reported on stroke
patients who regained gait ability after a gait recovery phase
following a stroke [7-12]. Among these studies, a few have
demonstrated the importance of determining the patient’s
neurological potential for regaining gait ability in the chronic
stage [8,9].

Diffusion tensor tractography (DTT), derived from diffusion
tensor imaging (DTI), enables 3-D reconstruction of various neural
tracts related to motor function including the corticospinal tract
(CST) and corticoreticulospinal tract (CRT) [13,14]. Recent studies
have demonstrated that stroke patients with complete injury of
the CST in the affected hemisphere but preserved CST and CRT in
the unaffected hemisphere were able to walk [15,16]. These
observations suggest that elucidating the status of the CST and CRT
in the unaffected hemisphere could be important in determining
whether stroke patients can walk or not.

In this study, we report on a patient with late recovery of gait
ability who had neurological potential to walk independently
confirmed in the CST and CRT by using DTT. The patient regained
the ability to walk after 3 months of individualized rehabilitation
that began 3 years after intracerebral hemorrhage (ICH).

A 55-year-old female underwent external ventricular drainage
at the neurosurgery department of a local hospital for spontane-
ous ICH on the right putamen. Three weeks later she was
transferred to a specialized local rehabilitation hospital. Although
she underwent rehabilitation with specialist physical and
occupational therapists mainly for recovery of motor weakness
and alleviating spasticity and contracture for 3 years after her ICH,
she was unable to stand independently. After the 3-year period,
she was admitted to the rehabilitation department of our
university hospital. She did not show cognitive impairment,
attaining a full score (30 points) on the Mini Mental State
Examination. However, she had the following problems that
affected her gait independence: severe motor weakness of the left
leg (Manual Muscle Test: hip flexor, 1-; knee extensor, 0; and
ankle dorsiflexor, 0); severe plantarflexion contracture of the left
ankle (—20 degrees); increased muscle tone of the trunk and
severe spasticity of the left leg (ankle plantar-flexor muscles:
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Modified Ashworth Scale: 3+ grade); poor postural control ability:
she could not stand because of poor standing balance.

As a result, she was unable to walk (Functional Ambulation
Category: 0 points, non-ambulatory) [17].

To determine her neurological status, DTI scans were obtained
and revealed two motor neural tracts (CST and CRT) imaged by
using DTT [14,18]. Although discontinuations at the subcortical
white matter were observed in the right (ICH-affected side) CST
and CRT, we concluded that the patient had the neurological
potential to walk independently because the unaffected (left-side)
CST and CRT, tracts closely related to gait potential, showed mostly
intact configurations (Fig. 1B).

On that basis, we designed an individualized intensive
rehabilitation program to resolve the above problems. The
program entailed:

e movement therapy in a physical and occupational therapy
session (twice per day, 40 min per time) to recover walking
ability, including stretching exercises for spasticity and contrac-
ture of the left leg, muscle strengthening for motor recovery of
the trunk and left leg, exercises for trunk stability and postural
control, and static and dynamic balance training on sitting and
standing positions;

e alcohol motor-branch blockage of the tibial nerve to relieve
muscle spasticity of the left gastrocnemius muscle [19] and
intramuscular alcohol wash to relieve muscle spasticity of the
left tibialis posterior muscle [20];

e neuromuscular electrical stimulation of the left knee extensor
and ankle dorsiflexor muscles;

e increasing doses of antispastic drugs (baclofen: 10 to >40 mg,
and tizanidine: 1 to > 4.5 mg);

e other bedside rehabilitation programs (twice per day, 30 min
per time) including standing balance training and ankle
stretching by using a manual method and an ankle stretcher
[21-24].

The patient provided written informed consent for use of the
data.

After 3 months of this rehabilitation program, the patient was
able to walk independently on an even floor with verbal
supervision (Functional Ambulation Category: 3, requirement
for verbal supervision only). Moreover, spasticity of the plantar-
flexor muscles of the left ankle was alleviated (Modified Ashworth
Scale: grade 1) and lower motor function was improved (hip flexor:
3, and knee extensor: 3). As a result, the caregiver’s level of
assistance in daily living activities related to dressing, transfer, and
bathing was reduced.

In the current study, we report on a patient who regained gait
ability after 3 months of intensive individualized rehabilitation
that was started 3 years after her ICH. The status of the CST and CRT
in the unaffected side is reported to be closely related to gait ability
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Fig. 1. A. T2-weighted brain MRI at 3 years after intracerebral hemorrhage in a 55-year-old woman shows leukomalactic lesions in the right cerebral cortex and subcortical
white matter. B. The right corticospinal and corticoreticularspinal tracts show discontinuations at the subcortical white matter, whereas the left corticospinal and

corticoreticularspinal tracts show almost normal configurations.

after stroke: Ahn et al. [2006] reported that stroke patients could
walk after complete injury of the affected CST, and Jang et al.
[2013] demonstrated that activation of the unaffected CRT was
related to gait ability when the affected CST was completely
injured [15,16]. These study results suggest that the presence of
preserved CST and CRT in an unaffected hemisphere is required for
gait ability. Before starting individualized rehabilitation at our
hospital, we confirmed that our patient had the neurological
potential to walk independently by confirming the presence of
preserved CST and CRT in the unaffected hemisphere on DTT. The
CST and CRT on the unaffected (left) side were mostly intact.

We identified 4 main problems associated with her gait
inability: severe motor weakness of the left leg; plantar-flexor
contracture of the left ankle; severe spasticity of the left leg; poor
postural control ability.

We implemented an individualized intensive rehabilitation
program to resolve these problems. After 3 months of rehabilita-
tion, the patient was able to walk independently on an even floor
with supervision.

In conclusion, our patient regained gait ability after 3 months of
individualized intensive rehabilitation beginning 3 years after
stroke onset. We believe our results and those from previous
studies suggest the following take-home messages to physiatrists

and therapists. First, regardless of post-stroke duration, the
neurological potential for gait ability should be determined in
stroke patients who cannot walk after expiry of the gait recovery
phase [8,9]. For that purpose, analysis of neural tracts related to
motor function, such as the CST and CRT based on DTT, is helpful.
Second, physiatrists and therapists should try to determine the
precise causes of the patient’s gait inability (physical problems
such as motor weakness, contracture, spasticity, postural control,
etc.) and use those findings to design individualized intensive
rehabilitation programs for patients who cannot walk despite
being past the gait recovery phase. However, studies of larger
numbers of stroke patients who cannot walk after the gait recovery
phase are needed.
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