Manual Therapy, Posturology
& Rehabilitation Journal
- formerly REVISTA TERAPIA MANUAL

(.
)

http://dx.doi.org/10.17784/mtprehabjournal.2017.15.530

Effects of Treadmill Training in chronic hemiparetic:
a randomized, double-blind clinical trial

Wildja de Lima Gomes', Luciara Irene de Nadai Dias?, Rachel Paes Guimaraes?, Cinthia Mara Stivali?,
Gisele da Rosa Faria? Ana Carolina Nunes Bovi3, Enio Walker de Azevedo Cacho', Roberta de Oliveira Cacho!,
NUbia Maria Freire Vieira Lima'

4 N

ABSTRACT

Background: It is estimated that the prevalence of cerebrovascular accident (CVA) increases significantly as a result of the increase in
the elderly population, leading to dependence and care. Interventions with physical exercises are essential for patients with chronic CVA
and hemiparesis to contribute to functional motor recovery. The gait of the hemiparetic patients is very impaired, including decreased
speed, unipodal supportin the abbreviated paretic limb, increased step length, decreased hip flexion, increased knee flexion and plantar
flexion and involves compensatory strategies to deal with deficits of the affected limb. Rehabilitation programs of patients with CVA
should focus on the restoration of the individual’s independence and ability to move. Objective: To analyze the effects of the addition
of a load on a lower limb not affected in the discharge of weight and motor function of paretic lower limb. Method: Experimental,
randomized, double-blind study conducted at the Physiotherapy and Occupational Therapy Outpatient Clinic of the Hospital das Clinicas
(HC) - UNICAMP. Participants were assessed by the Confidence and Balance Scale, Fugl-Meyer Assessment of Physical Performance
(FMA), Modified Ashworth Scale (MAS), Postural Stroke Scale for post-stroke patients (PSS), Time up and go test (TUG), 10-Meter gait
test, Stroke Scale Barthel and weight transfer in the affected lower limb. Participants were treated in 12 walking training sessions on the
treadmill with 1 kg added to the ankle of the lower limb. Results: There were variations between the 3 times for gait time (p= 0.005),
FMA (p=0.002), Activities-specific Balance Confidence Scale (ABC scale) (p=0.007) and EAPA (p= 0.042). Conclusion: Treadmill therapy
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and weight addition in the healthy limb revealed improvement in motor function, balance in orthostatism and walking speed.

INTRODUCTION

It is estimated that the prevalence of cerebrovascular
accident (CVA) increases significantly as a result of the increase
in the elderly population, leading to dependence and care.
Of the subjects with CVA, only 12% are independent to perform
the daily activities in the acute phase of the disease, and in the
chronic phase from 25 to 74% require assistance for activities
such as food, self-care and mobility'*?. Peoples with CVA have
decreased physical fitness and worse cardiovascular health
due to the decrease in their activities®. Interventions with
physical exercises are essential for patients with chronic CVA
and hemiparesis to contribute to functional motor recovery®.
The gait of the hemiparetic patients is very impaired, including
decreased speed, unipodal support in the abbreviated paretic
limb, increased step length, decreased hip flexion, increased
knee flexion and plantar flexion and involves compensatory
strategies to deal with deficits of the affected limb®.
Rehabilitation programs of patients with CVA should focus on
the restoration of the individual’s independence and ability to

move®. The gait training is an effective strategy to improve
the gait pattern of these patients, with treadmill training being
considered therapy that optimizes the interpretation of the
normal sensory input of gait”®. Rehabilitation techniques
based on the principle of repetitive exercises and oriented
tasks can significantly improve lower limb motor and functional
skills in hemiparetic®. Gjellesvik et al. in their study, used
exercise on the treadmill and demonstrated improvement
of the cardiovascular conditioning and functional gait
improvements, evaluated through the 6-minute walk test
(6MWT), 10m test and Time Up and Go test (TUG)*. Lam at
al.,also used the 6MWT and 10m test, in 52 participants who
performed aerobic exercises on a treadmill, demonstrating that
there was an improvement in walking speed™. Tyrell et al.,
in their randomized clinical trial, with 20 patients with
CVA who underwent treadmill training at three times:
their walking speed, faster speed and intermediate speed,
showed significant improvements in the length of the step of

Corresponding author: Wildja de Lima Gomes. Address: Rua Vila Trairi, s/n, Bloco 2, Gabinete 2 — Centro. Faculdade de Ciéncias da Saude do Trairi da Universidade Federal
do Rio Grande do Norte (UFRN). CEP: 59200-000 - Santa Cruz — RN, Brazil. Phone: +55 84 98821-4705. E-mail: wildjalima@hotmail.com

'. Faculdade de Ciéncias da Saude do Trairi (FACISA), Universidade Federal do Rio Grande do Norte - UFRN - Santa Cruz (RN), Brazil.

Full list of author information is available at the end of the article.
Financial support: The authors declare that there was no financial support.

Submission Date: 12 October 2017; Acceptance Date: 08 December 2017; Publication Date: 28 December 2017.

Manual Therapy, Posturology & Rehabilitation Journal. ISSN 2236-5435. Copyright © 2017. This is an Open Access article
distributed under the terms of the Creative Commons Attribution Non-Commercial License which permits unrestricted non-
BY NC commercial use, distribution, and reproduction in any medium provided article is properly cited.



Treadmill running on chronic hemiparetics (

both lower limbs, in the extension of the paretic hip, better
positioning in the paretic limb and more knee flexion in the
balance phase*?. In the scientific literature there are still
guestions about treadmill training in hemiparetic patients
due to CVA, which need to be listed and discussed. So the
purpose of this study is to investigate the effects on motor
function of the paretic lower limb with load placement in the
not affected lower limb.

METHODS

It’s an experimental, randomized, double-blind study
conducted at the Physiotherapy and Occupational Therapy
Outpatient Clinic of the Hospital das Clinicas (HC) - UNICAMP.
Volunteers, aged between 20 and 70 years, victims of single
event of chronic CVA (more than six months post-CVA),
ischemic or hemorrhagic, capable of independently walking
for 10 meters without any type of assistance were included in
this study. Those who presented comprehension disorders or
orthopedicand / or neurological comorbidities were excluded.
All participants signed a Free and Informed Consent Term
previously approved by the Research Ethics Committee of
the UNICAMP. (CAAE 0872.0.146.000-08, protocol 1103/08)

Measuring Instruments

Participants were assessed by the following instruments.
The Modified Ashworth Scale (MAS) was used to evaluate the
degree of muscular resistance to passive movement, being
used only the lower section member. The score of each item
ranges from 0-4, with O representing normal tone and 4 rigidity
due to hypertonia®?,

Fugl-Meyer Assessment of Physical Performance (FMA)
is a scale designed to evaluate hemiplegic patients after CVA
and measures the motor function of upper and lower passive
mobility, pain, sensitivity and balance. Each item is scored
from 0 to 2, and the lower the score the worse the patient’s
functional capacity. Only the parts related to the lower limbs
were used in this study™. In the TUG test, the subjects are
instructed to get up from a chair, walk for 3 meters, turn
around, return to the chair and sit back on it. The time required
to perform this task was measured with a stopwatch®® Postural
Stroke Scale for post-stroke patients (PSS) — is composed of
12 items divided into two subscales, with five items evaluating
the maintenance of the posture (MAP) and the remaining
seven items evaluating the posture change (MUP) (in sitting,
lying and standing postures). Each item can be scored from
0 to 3, being 3 when the task is performed independently
and declining the score as the patient would need more help
from the therapist. The maximum scores of the MAP and MUP
subscales are 15 and 21 respectively. The PSS minimum total
score is 0 (worst) and the maximum is 36 (best function)®®,
In the 10-meter gait test, the participant is asked to walk for
10 meters and the therapist evaluates the cadence, step length
and gait speed using a stopwatch. The test is performed 3 times
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considering the mean values'”. The Barthel Scale measures
the degree of care required in 10 activities, i.e. the level of
independence in self-care activities such as food, personal
hygiene, dressing, bladder, bowel control, walking, climbing
stairs and chair transfer to bed. The score is 0, 5, 10 and 15.
The note is proportional to the independence, so the higher
the score the more independent the patient. The maximum
score is 100, and below 50 means dependency'*®. Confidence
and Balance Scale - Consists of a 16-item questionnaire that can
be completed by the patient or administered by the therapist.
Patient confidence in performing 16 activities in the home is
scored from 0 (no trust) to 100 (total trust). Points closer to
100 are the best on this scale™. Body Mass Measurement
was measured using a digital scale during the initial and final
evaluation, in order to verify if there was a change in body
mass. Weight Discharge Measure was measured through two
conventional digital scales. The participant was asked to step
up with one foot on each scale and the therapist observed
the weight discharge in each limb. Two simple digital scales
(brand Britania®, electronic model BE3 and capacity for 150 kg
or 330 pounds each scale) were used, which were calibrated
for use.

Procedures

The simple randomization was performed according
to the participants’ entry in the research and the subjects
were randomly allocated in the experimental group and in
the control group, respectively. They were evaluated by all
the above instruments and the evaluator did not participate
in the treatment (blind). The volunteers underwent a total
of 12 sessions performed 2 times a week for 6 weeks.
The experimental group performed gait training on the
treadmill for 20 meters with the addition of a shinguard
to its unaffected lower limb (ankle - shin region), with
a load of 1 kg for women and 3 kg for men. The control
group performed conventional treatment twice a week
for 6 weeks. When patients were unable to support both
hands on the treadmill as a result of the deficits, a sling on
the upper limb was used in order to avoid compensatory
movements. If necessary, participants were allowed to rest
for 1min, not altering the total time of the 20-minute walking
training. The same evaluator performed the final evaluation,
post-treatment, at the end of the proposed sessions and the
follow-up after 45 days of the end of the sessions using the
same instruments previously mentioned.

STATISTICAL ANALYSIS

A descriptive analysis of the demographic data and initial
variables was performed. There was no normal distribution
of variables (Shapiro-Wilks test). To compare the results of
the evaluations (pre-treatment, post-treatment and follow-
up) the Wilcoxon test was used for related samples. Values of
p <0.05 were used as statistically significant. It was used the
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statistical software SPSS 17.0, Windows version (SPSS Inc.,
Chicago, IL, USA).

RESULTS

In this study, 13 patients with CVA diagnosis were
randomly assigned to treatment group (TG, n=7) and control
group (CG, n= 6). Demographic data are shown in table 1.
Tables 2 and 3 show the scores of the measuring instruments
in the pre-treatment, post-treatment and follow-up periods.
Figure 1 shows the PSS scores in the different periods.

DISCUSSION

Chronic hemiparesis has a negative impact on mobility and
many factors contribute to post-CVA functional disability, such
as reduction of cardiovascular fitness, increased energy spent
during locomotion, poor motor control, deficiency in lower
limb stretching, disuse atrophy, and abnormal biomechanics of
gait. The gait variations caused by hemiparesis commonly imply
activity intolerance, promoting sedentary habits and physical
deconditioning®. In the randomized clinical trial of Yen et al.?
with 14 subjects, experimental group (n=7) and control group
(n=7), used a protocol that included stretching strengthening,
balance training, ground walking training for both groups and
for the experimental group was added gait training on treadmill
with partial weight support for 30min, 3 times a week for 4
weeks, being observed that the experimental group presented
better motor performance, with the increase of the speed,
step length of both limbs and induction of greater cortico-
motor excitability. They further recommended the use of
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Table 1- Demographic data

Treatment group (n=7) Control group (n=6)

Variables

Medi 12 3% Medi ‘ 32
edian quartile quartile edian quartile quartile

Gender s
(F/M) % 2/
Age (years) 47 23 51 45 25.5 54.25
Injury time 2 8 35 25 6.75
(years)
Height 17 1.48 173 1.69 161 172
Weight (kg) 80.9  71.6 949 739 5735 883
NA Weight 0, 3456 557 353 2793 423
(kg)
?kFg;Ne'ght 39.5 215 465 401 2485 4433

Note: F= female; M= male; NA= Non-affected; AF= affected.

Table 2 - Variation of weight discharge values of the lower limb per group.

Treatment group (n=7) Control group (n=6)

Variables

. 1° 32 ) 1° 30

LD quartile quartile Ll quartile quartile

Pre AF 395 215 465 401 2485 4433
weight
Post AF 392 242 481 3665 2868  44.15
weight
Follow-up ), o 367 4538
AF weight ) ’ '

Note: AF= affected
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T
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Figure 1. Postural Stroke Scale for post-stroke patients scores for groups. ¥*p=0.042 for repeated measurements.
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Table 3 - Evolution of measurement instrument scores for both groups
Treatment group (n=7) Control group (n=6)
Variables
Median 12 quartile 32 quartile Median 12 quartile 32 quartile p-value

Pre-treatment gait time 13 9 20 13 9.8 18 0.731
Post-treatment gait time 12 6 15 12.3 7.5 20 0.945
Follow-up gait time 9 9 13 *
No. of steps - pre-treatment 24 16 29 16.7 12 19.8 0.101
No. of steps - post-treatment 20 14 27 15.8 15 17.3 0.234
No. of steps - follow-up 17 15 28 - --- --- ---
ABC Scale - pre-treatment 119 66 134 69 55.3 90 0.138
ABC Scale - post-treatment 121 86 145 63.2 515 72 0.05
ABC Scale - follow-up 126 98 145 * - — — -
PSS - pre-treatment 33 31 35 335 30.8 36 0.731
PSS - post-treatment 34 31 36 335 30.8 36 1
PSS - follow-up 34 31 35*
FMA - pre-treatment 23 14 26 24.8 18.8 31 0.295
FMA - post-treatment 25 18 28 27.3 22.5 333 0.445*
FMA - follow-up 27 19 29 * - --- --- ---

Note: ABC= Activities-specific Balance Confidence ; PSS= Postural Stroke Scale; FMA= Fugl-Meyer Assessment of Physical Performance; No.= Number; *p-value<0.05 between

repeated measures.

treadmill training in subjects with chronic CVA to improve the
abnormal gait and balance pattern. Our results showed that
the experimental group presented a significant improvement
in walking speed, especially in the follow-up period, while the
control group practically maintained the same median time.
Supporting with the result obtained by Yen et al.?% that the
treadmill training in fact promotes improvement in the gait of
the subject with CVA.

Westlake and Patten®” conducted a double-blind
randomized clinical trial with 16 patients with chronic CVA and
were divided into two groups, one receiving robotic assistance
through exoskeleton (n=8) and the other performing treadmill
walking training with partial weight support (n=8). The groups
received 12 sessions 3 times a week for 4 weeks, divided
into slow training (<2.5 km/h) and fast training (>3 Km/h).
They used FMA, a short physical performance battery (SPPB),
the balance scale of Berg (BSB) and the 6m walk test. The final
finding revealed significant gains for both groups, however,
there was a significant difference in the pre and post-test
for the walking speed on the ground, gait symmetry, in the
FMA, SPPB and BSB scores in the group that made use of
the exoskeleton while the group that carried out treadmill
training presented improvement only in the BSB scores.
In the present study there was an improvement in the motor
performance evaluated through the FMA and improvement
in gait performance portrayed by the smaller number of steps
required to perform the TUG course and greater gait speed

from the experimental group to the follow-up phase, however
there was no significant difference between the groups.

Middleton, et al??in their simple and randomized control
study with 50 patients with chronic CVA divided into a control
group (n = 23) and experimental group (n = 27) that received
3 hour of intervention daily for 10 days, were preformed
balance, strength and movement amplitude exercises for
both groups, but for the control group was added gait training
and for the experimental group was added the training on
the treadmill. They used the 3-meter walk test, 6m test,
BSB, Activities-specific Balance Confidende (ABC), TUG, FMA
and the dynamic gait index. As a result, both groups showed
improvement in gait, balance and mobility and there was no
significant difference between them, demonstrating that gait
training is as efficient as treadmill training. Franceschini et al.?¥
in their randomized, blinded trial, the experimental group
(n=52) underwent gait training on the treadmill and the
control group (n=45) performed the conventional gait training,
with sessions of 1 hour, 5 times a week during 4 weeks and
a 6 months follow-up; used the Barthel Index, Functional
Ambulatory Categories and 10- and 6-minute Walk Tests.
The result corroborates with the finding of Middleton, et al.l??,
because both groups showed improvement in all measures
performed at the end of therapy and in the follow-up period,
i.e. the treadmill training is as effective as conventional walking
training.

In our study for the experimental group, which used
additional load on the non-affected limb, there was an
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improvement in the ABC, TUG and 10m walk test indices,
represented by the improvement in walking speed and in
balance. The literature reports the benefits of restricting
compensatory movements of the trunk and the healthy
upper limb of hemiparetics. On the other hand, similar
changes or changes in lower limb movement are poorly
described®, Regnaux et al.?® reported the use of load on a
non-affected lower limb and gait training on the treadmill by
ten hemiparetics capable of walking for ten meters without
assistance. They walked on the treadmill at a comfortable and
steady speed during a single session, with an external load of
2 or 4 kilograms fixed to the ankle of the non-affected lower
limb. Such loads have been chosen because they are suitable
to restrict the use of the non-paretic lower limb without
abruptly modifying or discontinuing gait. Patients achieved a
significant improvement in gait velocity, step length, cadence
and increase in weight gain in the paretic lower limb, as well
as increased range of motion of the hip and knee. The results
were maintained for at least 20 minutes after the removal
of the load, which suggests that there was a change in gait
pattern to compensate for the imposed situation during
the treatment. In the literature it is widely known that
trunk control contributes to a better seated balance, allows
the standing position and walking. In the randomized and
controlled study of Verheyden et al.?®, with a group of patients
with CVA, conventional therapy was performed for the control
group (n=16) and the experimental group (n=17) received, in
addition to conventional therapy, 10 hours of individual trunks
exercises and supervised for 30 minutes, 4 time a week for
5 weeks using the trunk performance scale (TPS). This study
concluded that there was a significant improvement in the
experimental group, that specific trunk exercises bring positive
effects of the selective performance of trunk movements.
In the present study, we used the Postural Assessment Scale
(PAS), which showed significant improvement only in the
follow-up period for the experimental group, while the control
group remained stable, however, in a general setting, both
groups presented the maintenance of posture preserved
during the performance of the proposed activities.

CONCLUSION

Treadmill therapy and weight addition in the healthy limb
did not alter weight loss in the uninjured lower limb, but
showed improvement in its motor function, balance in standing
position and walking speed in the CVA patients.
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