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» Abstract

Objective: To ascertain whether rehabilitation interventions improve locomotion beyond 6 months post stroke.
Site: The Neurological Rehabilitation Department of a university tertiary research hospital.

Study Design: Prospective, repeated-measure study.

Patients: Patients with first episode of supra-tentorial stroke of more than 6 months duration.

Intervention: Twenty sessions of task-specific interventions consisting of lower limb resistive exercises and
treadmill gait training to locomotor abilities (90 min/day, 5 days/week for 4 weeks). Evaluations were performed
at the beginning and end of training and at a follow-up of 3 months.

Outcome Measures: Stroke severity (Scandinavian Stroke Scale - SSS), balance (Berg Balance scale - BBS),
ambulation (Functional Ambulation Category), walking ability (speed 10-m walk test - WS) and functional
ability (Barthel Index - BI).

Results: Forty patients (32 men and eight women; age range: 22-65 years; mean post-stroke duration of 18.90 -
12.76 months) were included in the study. Thirty-two (80.0%) patients completed their training and 28 (70.0%)
patients reported at a follow up of 3-months. At the beginning, the end of training and at follow-up, the mean
SSS scores were 41.71, 44.09, and 43.96; the BBS scores were 36.28, 46.75 and 46.82; the WS scores were 0.41.
0.53 and 0.51: and the BI scores were 77.34, 89.06 and 92.32, respectively. All outcome measures showed
statistically significant improvement (P < 0.001) at the end of training and at follow-up.

Conclusion: Rehabilitation interventions significantly improve locomotor outcome even in the chronic phase
following a stroke.
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» Introduction r

Stroke is a major cause of locomotor disability in adults. Rehabilitation interventions aim to optimize the
performance of activitics of daily living (ADL) in chronic stroke survivors; however, on discharge, many

individuals are still significantly disabled. H2] Most stroke survivors can walk independently, but only a small
proportion can walk with sufficient speed and endurance to enable them to function within the community. The
persistent disability and handicap experienced by them arises not only from the impairments resulting from
stroke but also from the deleterious neural, muscular, psychological and cardiovascular adaptations that

accompany disuse as well as the use of maladaptive behaviors. 2

The absence of ongoing activity programs after discharge from the stroke unit may be a major limitation of
stroke management that may exacerbate disability and handicap. It has been found that most recovery of function

occurs in the first 3 months following a stroke. LL5LL6] There js growing evidence to demonstrate that, with
supervised training, chronic stroke survivors can improve performance of functional tasks; LlleL‘)_l however, the
improvements gained are not sustained after cessation of treatment, HLOLLLL Locomotor training that incorporates
high repetitions of task-oriented practice may be a useful intervention in improving walking capacity in chronic
stroke survivors, U2LLL3LUALUSL6L71U8][191,[20),211,[22],[23),124] Some earlier studies have suggested
improvement in gait parameters with other measures like over ground training, [231(26],[27].128],[29] treadmill
training LO0LI311I32] g transcranial magnetic stimulation, 133 Majority of the these studies were focused
primarily on improvement in gait parameters; LZH8LIOLU2)LI3L 4] L1516, [17).[18], 121120}, [21],[22] however,

there is a need to simultaneously evaluate multiple dimensions of locomotion such as functional disability,
balance and qualitative and quantitative measures of walking, and independence in performance of ADL.

The objective of this study was to investigate the efficacy of rehabilitation interventions aimed at improving the
performance of locomotor-related tasks in chronic stroke survivors discharged from stroke units on multiple
outcome measures of walking ability, balance, functional disability and independence in performance of ADL.

» Materials and Methods o

This prospective study was conducted in the Department of Neurological Rehabilitation of a university fertiary
care research hospital. Recruitment was performed through the outpatient service of the department and all
chronic stroke survivors attending the outpatient clinics were screened. Those fulfilling the inclusion criteria and
willing to participate were included in the study.

Patients with first-cver supra-tentorial stroke, with an age range of 16-65 years, with more than 6 months of post-
stroke duration, with an ability to follow three-step commands, and having an impaired balance and gait with an

intact ability to walk with or without support (Functional Ambulation Category, FAC: II-1V), B3] were included

Training strategy

All patients underwent rehabilitation interventions focused on improving the performance and endurance of
functional tasks involving the lower extremities: Lower limb strengthening with resistive exercises, treadmill
training, spasticity reducing exercises, reaching in sitting and standing, balance and gait training, stair ascent and
descent functional abilities, and ADL training. Training was conducted for a total of 20 sessions (90 min/day, 5
days/week for 4 weeks).

Data analysis
Data were collected at the beginning of the study (pre-training), at the end of 20 training sessions (post-training)

and at 3 months of follow-up. Trained physicians, who were not part of the treating team, carried out
assessments. The analysis was performed on SPSS 13.0 using paired ¢ test for continuous variables and

http'/x’www.neurologyindia.com/article.asp?issn=0028-3886;year=201 5;volume=63;issue=3;spage=347;epage=352;aulast=Srivastava 217

e NG T 1



Cemerh ETariiation interventions to improve locomotor outcome in chronic stroke survivors: A prospective, repeated-measure study Srivastava A. ..

Wilcoxon's Sign Rank test for ordinal variables at the end of training and at 3 months of follow-up.
Outcome measures

Socio-demographic and clinical information were obtained in a pre-designed format. Effects of training were
evaluated on primary outcome measures of walking ability and secondary measures of balance, disability and
independence in ADL. The primary quantitative measure of walking ability was over ground walking speed

(WS) and the qualitative measure of walking was FAC, B4LL35] e secondary measures used were Berg Balance
Scale (BBS) for balance, L261.37] Scandinavian Stroke Scale (SSS) 138! for severity of stroke and Barthel Index
(BD) [391.140] gor independence in ADL.

FAC

It distinguishes six levels of support required during gait without taking into consideration any aid used, It is
41

based on a walking distance of 15 m. This has been validated for classifying walking handicap after stroke. 134!
The test is performed with a cane but without orthosis. Levels are defined as:

Level 0, the patient cannot walk at all or requires the help of two or more people; Level 1, the patient needs
continuous support from one person who helps to carry the patient's weight and helps with balance; Level 11 the
patient is dependent on the continuous or intermittent support of one person to help with balance and
coordination; Level I11, the patient needs only verbal supervision; Level TV, help is required for stairs and uneven
surfaces; and Level V, the patient can walk independently anywhere.

WS

WS was measured in meters per second as the patient walked across a 10-m walkway. 131 Patients were allowed
to use the walking aids they required, and necessary assistance to compensate for the loss of balance was
provided.

BBS

It evaluates 14 sitting and standing activities, each on a graded 5-point scale (0-4). 22 The maximum score is 56,
Higher scores indicate better balance: 0-20, wheelchair bound; 21-40, walking with assistance; and 41-56,
independent. It can be sub-divided into nine balance and five motor activities. It has been tested on patients with

stroke and has a good inter-rater and intra-rater reliability of 0.98 and 0.99, respectively, BZ!
SSS

Impairment after stroke was assessed on the SSS. It consists of eight parameters, including consciousness,
cognitive deficits, motor power and walking ability on a graded score of 0-12. The maximum score is 58, and
higher scores indicate better outcome, 1381

BI

The functional level of independence was assessed with the BI, which can be sub-divided to measure discrete
functions of self-care and mobility with an overall score of 100, B2 This index has been widely used for stroke
patients and has high reliability and validity and moderate responsiveness to changes in the functional ability
over time.

» Results &

Two hundred and forty-five stroke patients were screened during the study period, of whom 65 patients fulfilled
the inclusion criteria. Of these patients, 40 patients gave informed consent and were included in the study [Figure
1]. The clinic-demographic profile of these patients is given in [Table | J.

[Frote st

Figure 1: Flow chart of the study

Click here to view

Table 1: Demographic and clinical profile of the patient population (1=40)

Click here to view
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The pre-training and post-training scores were compared among patients (n = 32) who completed the training as
per protocol. The analysis revealed statistically significant differences at the end of training for all primary and
secondary outcome measures [Table 2]. It is important to note that at the end of training, all patients were able to
walk without support of any other person (FAC grade 111-V) as compared with eight patients at the beginning of
the training who required support to walk (FAC grade II).

Table 2: Improvement in mean walking speed (m/s), Functional Ambulation
Category. Berg Balance Scale, Scandinavian Stroke Scale and Barthel Index at
the completion of training (D/20) and follow-up (F/U) compared with baseline
(D/0)

Click here to view

Four patients (10.0%) dropped out during the follow-up phase, leading to a total dropout rate of 12 (30.0%) at the
end of the study. Patients completing the training as per protocol were evaluated at 3 months of follow-up. When
patients who completed the study were compared with those who dropped out during the training or follow-up
phase, it was noted that patients who dropped out were older with more post-stroke duration but with a
comparable level of disability (P > 0.05).

Follow-up results

Twenty-eight patients (70.0%) reported for the follow-up evaluation. The patients were re-evaluated on all
outcome measures. The analysis revealed statistically significant differences for all primary and secondary
outcome measures at follow-up as compared with the pre-training scores [Table 21. It is important to note that all
patients were able to maintain the improvement to a statistically significant level even at 3 months of follow-up.

» Discussion ¥

The results of this prospective repeated-measure study indicate that chronic stroke survivors with impaired
balance and gait who received 4 weeks of locomotor training showed better walking, balance and functional
abilities both at the end of training and at 3 months of follow-up. This implies that the improvements achieved
during training can be maintained, resulting in better functional abilities and improved performance of ADL.

According to the specificity of learning hypothesis, ! the best motor learning occurs if performance during
practice is well matched to the performance required for retention and transfer conditions. Motor learning reflects
a neural specificity of practice because motor learning involves the integration of motor and sensory information
that is available during practice. 42 The specificity of the learning hypothesis is consistent with recent advances
in neurorecovery and neuroplasticity, which have shown that task-specific activity results in changes in the
nervous system that correlate with improvements in motor behavior. Recently, a human study %3] has shown that
neurorecovery and functional performance are enhanced when training incorporates motor tasks of greater
complexity and may induce changes in corticomotor excitability. The enhanced performance among the chronic
stroke survivors in our study suggests that the greatest gains in locomotion after stroke may be associated with
training interventions that are task specific and have high intensity demands.

The patients recruited in this study had moderate functional disabilities as profiled by the clinical measures of
walking and functional ability. In general, they presented with attributes typical of chronic stroke patients
undergoing a late-phase rehabilitation program, especially to improve their walking ability to achieve maximal
functional independence. In stroke rehabilitation, the use of task-specific training is increasingly mentioned, L2\
LL3LL41 56 731811911201, [211,22].[23],[24] although it has yet to be widely used in the chronic phase. A
relevant finding from this study is that majority (80.0%) of these patients were able to complete the 4-week
training protocol. This suggests that task-specific locomotor training is well tolerated by chronic stroke survivors.

The present study differs from earlier studies with respect to the outcome measures studied, 22431 Thig study
evaluated the effect of task-specific locomotor training not only on walking ability but also on balance, overall
disability and independence in performing the ADL. It is also important to note that the effect of training was
evaluated only on over ground outcome measures, which represent actual improvement for the patients. The high
degree of variability in outcome from previous studies may be attributed to differences in time since stroke.
locomotor impairment severity, duration of intervention and variations in training protocols across the studies.
uil’lé—(ll

The positive results of this study contribute to the growing research that chronic stroke survivors are able to
improve the performance of everyday tasks with supervised locomotor training. Z-ELE Thig suggests that to
maximize potential, stroke rehabilitation needs to continue in the long term rather than cease within few months
to 1 year post stroke. Accessible ongoing programs focused to improve independency in ADL will not only
improve quality of life but also reduce dependency on caregivers, and the duration and need for institutional care.
One way to monitor performance after discharge from the stroke unit is to expand routine medical follow-up by
including assessment of physical function, 44

One of the major challenges of stroke rehabilitation is the provision of ongoing programs that maintain and/or
improve performance rather than allowing secondary disuse and adaptive behaviors to increase the disability

after primary discharge from the stroke unit, 144! Many factors such as location, cost, intensity, frequency and
duration of such programs warrant further investigations. The high compliance indicates that chronic stroke
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The major limitation of this study was the absence of a contro| group. However, the primary purpose of this study
as to demonstrate the efficacy of a particular type of intervention and to determine its feasibility in chronic
stroke survivors, A randomized, controlled trial with a large number of participants is needed to verify the
benefits of this intervention for people with this type of stroke population. A study that includes measures of
quality of life, community participation and handicap will give better insight of the relationship between
impairment levels, functional changes and handicap. Another limitation of the study is that it involves stroke
survivors with moderate disability, but that is typical of any chronic stroke rehabilitation program that consists

training and at 3-month follow-up. That would have provided better insight about retention of rehabilitation
intervention benefits over a period of time.

» Conclusion ¥

with moderate disabilities. The stroke population that participated in this task-specific training program gained
and maintained improvements in walking and functional abilities. Improvements in ambulation provide the
chronic stroke survivor with the opportunities to participate in the community and reduced burden on caregivers.
Future research should focus on the development and provision of efficient and effective long-term rehabilitation
programs that optimize performance and reduce disability and handicap after stroke.
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