reViSta braSIIEi ra de Revista Brasileira de Fisioterapia

ISSN: 1413-3555

. 0 L]
rbfisio@ufscar.br
ISl 0 e ra pla Associac¢éo Brasileira de Pesquisa e Pds-

biaziian journal of phisical therspy Graduacao em Fisioterapia
Brasil

Prado-Medeiros, Christiane L.; Sousa, Catarina O.; Souza, Andréa S.; Soares, Marcio R.; Barela, Ana
M. F.; Salvini, Tania F.
Effects of the addition of functional electrical stimulation to ground level gait training with body weight
support after chronic stroke
Revista Brasileira de Fisioterapia, vol. 15, nim. 6, noviembre-diciembre, 2011, pp. 436-444
Associagdo Brasileira de Pesquisa e Pés-Graduacao em Fisioterapia
S&o Carlos, Brasil

Available in: http://www.redalyc.org/articulo.0a?id=235021132010

How to cite € &\_,/‘ Y

Complete issue - .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=2350
http://www.redalyc.org/articulo.oa?id=235021132010
http://www.redalyc.org/comocitar.oa?id=235021132010
http://www.redalyc.org/fasciculo.oa?id=2350&numero=21132
http://www.redalyc.org/articulo.oa?id=235021132010
http://www.redalyc.org/revista.oa?id=2350
http://www.redalyc.org

ISSN 1413-3555
Rev Bras Fisioter, Sao Carlos, v. 15, n. 6, p. 436-44, Nov./Dec. 2011

“Revista Brasileira de Fisioterapia OHIG INAL AHTI cLE

Effects of the addition of functional electrical
stimulation to ground level gait training with
body welight support after chronic stroke

Efeitos da adicao da estimulacao elétrica funcional ao treino de marcha em piso
fixo com suporte parcial de peso apds acidente vascular encefalico crénico

Christiane L. Prado-Medeiros', Catarina O. Sousa', Andréa S. Souza', Méarcio R. Soares', Ana M. F Barela?, Tania F Salvini'

Abstract

Background: The addition of functional electrical stimulation (FES) to treadmill gait training with partial body weight support (BWS)
has been proposed as a strategy to facilitate gait training in people with hemiparesis. However, there is a lack of studies that evaluate
the effectiveness of FES addition on ground level gait training with BWS, which is the most common locomotion surface. Objective: To
investigate the additional effects of commum peroneal nerve FES combined with gait training and BWS on ground level, on spatial-
temporal gait parameters, segmental angles, and motor function. Methods: Twelve people with chronic hemiparesis participated in
the study. An A -B-A, design was applied. A, and A, corresponded to ground level gait training using BWS, and B corresponded to
the same training with the addition of FES. The assessments were performed using the Modified Ashworth Scale (MAS), Functional
Ambulation Category (FAC), Rivermead Motor Assessment (RMA), and filming. The kinematics analyzed variables were mean walking
speed of locomotion; step length; stride length, speed and duration; initial and final double support duration; single-limb support
duration; swing period; range of motion (ROM), maximum and minimum angles of foot, leg, thigh, and trunk segments. Results: There
were not changes between phases for the functional assessment of RMA, for the spatial-temporal gait variables and segmental angles,
no changes were observed after the addition of FES. Conclusion: The use of FES on ground level gait training with BWS did not provide

additional benefits for all assessed parameters.
Article registered in the ClinicalTrials.gov under the number NCT 01106755.

Keywords: stroke; physical therapy; rehabilitation; intervention; kinematics.

Resumo

Contextualizagdo: A adigéo da estimulagéo elétrica funcional (EEF) ao treino de marcha em esteira, com sistema de suporte parcial
de peso corporal (SPPC), tem sido proposta como estratégia para melhorar a marcha em hemiparéticos. Entretanto, nenhum estudo
verificou a eficacia da adi¢cdo da EEF ao treino de marcha com SPPC em piso fixo, a superficie mais habitual de locomogéo. Objetivo:
Investigar os efeitos da adigdo da EEF do nervo fibular comum, ao treino de marcha com SSPC, em piso fixo, sobre os parametros
espago-temporais da marcha, angulos segmentares e fungdo motora. Métodos: Participaram do estudo 12 hemiparéticos crénicos.
O sistema adotado foi o A-B-A,. A, e A, corresponderam ao treino em piso fixo com SPPC, e B, a0 mesmo treino, associado a
EEF. As avaliagbes foram realizadas por meio da Escala de Ashworth Modificada (EAM), da Categoria de Deambulagdo Funcional
(CDF), da Avaliagdo Motora de Rivermead (AMR) e de filmagens. As varidveis cinematicas analisadas foram: velocidade média de
locomogé&o; comprimento do passo; comprimento, velocidade e duragdo da passada; duracao dos periodos de apoio duplo inicial e
final, apoio simples e balango; &ngulos méximos e minimos e amplitude de movimento (ADM) dos segmentos pé, perna, coxa e tronco.
Resultados: Na AMR, ndo houve alteragdes entre as fases. Para as variaveis espaco-temporais e dngulos segmentares, ndo houve
nenhuma alteragdo apds a adicdo da EEF. Conclusdo: A adi¢cdo da EEF ao treino de marcha em piso fixo com SPPC n&o promoveu

melhora adicional nos parametros mensurados.
Artigo registrado no ClinicalTrials.gov sob o nimero NCT 01106755.

Palavras-chave: acidente vascular encefdlico; fisioterapia; reabilitagéo; intervengéo; cinematica.
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Gait training and functional electrical stimulation in hemiparesis

Introduction

Stroke is a global public health problem'? Stroke patients
present difficulties in performing functional tasks, which
impairs their independence on daily activities. Among those
tasks, gait is the most impaired one. For that reason, the major
goal in a post-stroke rehabilitation program is the walking abil-
ity recovery®.

The use of a harness attached to a body weight support
(BWS) has been used to assist gait training. BWS has been
combined with a treadmill, which stimulates rhythmic and
repetitive steps in attempt to provide symmetry between limbs
and spatial-temporal gait improvements*’. BWS supports a
percentage of body weight, allowing patients to endure the rest
of their weight easily; therefore, knee collapse or excessive hip
flexion during the affected single-limb stance are avoided®*.
BWS also provides better balance control, and reduces the risk
of falls®. Recently, the BWS on a treadmill has also been used
combined with functional electrical stimulation (FES), show-
ing gait improvements®**.

The first FES system was implemented by Liberson et al."
to promote the drop foot correction. Electrical signs activate
peripheral nerves and control voluntary movements. This
technique makes use of afferent feedback during muscle
contraction, a process in which the patient’s help may maxi-
mize motor relearning during active training of repeated
movements™. Thus, the FES of the common peroneal nerve
would be able to favor dorsiflexion and eversion movements of
the paretic ankle.

In a recent study, Lindquist et al."® evaluated gait training
on a treadmill combining BWS and FES of the common per-
oneal nerve in people following stroke. This study presented
advantages in using that combination as improvements in
motor skills, in spatial-temporal variables (stride duration,
stance phase, cadence and gait symmetry), and the patients’
preference due to the facilitation of the affected foot placement
during walking.

However, the type of training surfaces used by patients is
crucial, and this consideration may facilitate skills to be trans-
fered into daily life activities'*"”. Ground level is the most com-
mon locomotion surface and there are differences in several
aspects between walking on treadmill and on ground level'®. For
example, the requirements for walking on treadmill differ from
the requirements for walking on ground level in terms of pro-
pulsion and balance control®™. In addition, the speed adopted
to walk on treadmill is not self-selected as when walking on
ground level™*#, Thus, walk on ground level could be more
functional than on a treadmill, and presents a lower cost.

Considering these aspects, a recent study showed that
the BWS system can also be used on ground level in stroke

patients®. Moreover, similar to studies using a treadmill, a
previous study conducted in our laboratory showed that
the ground level gait training with BWS was also effective
to improve some gait parameters®. Thus, it would be also
interesting to evaluate the effect of a gait training con-
ducted on ground level, combining BWS with FES in people
with hemiparesis.

Therefore, the study hypothesis is that adding FES to a
ground level gait training with BWS would promote additional
gait improvements. Thus, the aim of this study was to investi-
gate the effects of the addition of FES on the common peroneal
nerve to a ground level gait training with BWS, on spatial-tem-
poral gait parameters, segmental angles, and motor function in
chronic stroke patients.

Methods
Participants

Twenty-nine chronic stroke patients were contacted, and
21 agreed to be evaluated. After the initial assessment, 16 sub-
jects had conditions for inclusion in the study. Four of them
did not complete the training protocol due to orthopedic com-
plications (n=3) and drop out (n=1). Thus, 12 participants (4
women and 8 men, mean age: 53.8 (SD=7.5) years, time since
injury: 41.7 (SD=34.3) months) have completed the study. Five
subjects had right hemiparesis and 7 had left hemiparesis, due
to ischemic (n=10) or hemorrhagic (n=2) brain injury from the
median cerebral artery.

The study was approved by the Human Research Ethics
Committee of Universidade Federal de Sdo Carlos (UFSCar),
Séo Carlos, SP, Brazil, and all subjects signed an informed con-
sent form (approval number 364/2008-CEP/UFSCar).

Clinical assessment

Spasticity was examined by the Modified Ashworth Scale
(MAS)*, which levels ranged from 0 to 4; 0 represents no
increase in muscle tone (velocity-dependent resistance to
stretch), and 4 indicates a rigid joint in flexion or extension.

The walking capacity was assessed by Functional Ambula-
tion Category (FAC)¥, which is based on a walking distance of
10 m, and ranged from 0 to 5. Level 0 describes people unable
to walk or requiring the help of 2 or more people. At level 1,
people need continuous support of 1 person to help them carry
their weight and maintain their balance. At level 2, people are
dependent on continuous or intermittent support of 1 person
to help with balance or coordination. At level 3, people need
only verbal supervision. At level 4, help is required on stairs
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and uneven surfaces. Level 5 describes people who can walk
independently in any given place.

Motor function was assessed through Rivermead Motor As-
sessment (RMA)*, This scale mixes impairments (on the arm,
leg and trunk) and disabilities (gross function). The assessor goes
through the items in order of difficulty and allows three attempts
for each item. The score ranges from 0 to 13 for the gross func-
tion, 0 to 10 for the leg and trunk, and 0 to 15 for the arm.

The following inclusion criteria were considered: elapsed
time since stroke longer than 6 months; spasticity classified
under level 3 according to the MAS; ability to walk classified
over level 1 according to the FAC. Patients with heart failure,
angina pectoris, arrhythmias and other cardiovascular dis-
eases, severe lung disease, orthopedic disorders, and severe
cognitive or communication impairments were excluded.

Participants were submitted to clinical and gait evaluation
protocols in the pre-training, and one day after the end of each
training phase. Clinical evaluations through RMA and gait ki-
nematics were performed on the same day, and the scale was
applied before filming. The MAS and FAC was assessed only as
an inclusion criterion. All scales were applied by the same as-
sessor, who had a two-year experience in performing the tests.

Gait assessment

The gait kinematics assessments were conducted by two
assessors at the Human Movement Analysis Laboratory, De-
partment of Physical Therapy and Department of Physical
Education and Human Motricity, UFSCar.

The participants were videotaped by 4 digital cameras (Pa-
nasonic, AG-DVC7P) at 60 Hz, walking without BWS, at a self-
selected comfortable speed, on a 10-meter rubberized walkway.
They walked with shoes and without the assistance of orthesis
or other devices. When necessary, they walked with the as-
sistance of a physical therapist. The cameras were positioned
bilaterally in order to allow kinematics measurements simul-
taneously in both directions of motion, and were synchronized
by light shots. Passive reflective markers were attached by the
same assessor in all evaluations, on the paretic and non-paretic
body sides, at the following anatomical locations®: head of the
fifth metatarsal, lateral malleolus, lateral femoral epicondyle,
greater trochanter, and acromion in order to define the foot,
shank, thigh, and trunk segments, respectively.

Thereafter, the markers were digitized by using the software
Ariel Performance Analysis System—-APAS (Ariel Dynamics,
Inc.) to acquire “x”, “y”, and “z” coordinates. Data were pro-
cessed using Matlab software (version 6.5, Mathworks, Inc.).
The data analysis was processed by four assessors, which
always performed the same task for all evaluations and were
previously trained.

Gait training

An A -B-A, study design was used, which A and A, corre-
sponded to a ground level gait training with BWS, and B cor-
responded to the same training combining FES. Each training
phase was performed during 45 minutes, three times a week,
on alternate days, for six weeks. Only one physical therapist
trained the patients. They walked on a 10-meter rubberized
walkway, only with the harness, and without the assistance of
bars or other devices.

Gait training with BWS (Phase A)

The BWS system consisted of a harness' with adjustable
belts. The weight suspension was performed using a metal
structure with a 10-meter tread with a pulley system and a
steel cable. The engine drive regulated the cable length, low-
ering or raising the harness, which changed the body-weight
relief percentage accordingly (see below).

The percentage of BWS was based on the participants’ body
mass (kg). All participants started training with a 30% body-
weight relief’, which had been reduced along the training pe-
riod. The criterion used to reduce the percentage of BWS was
participants’ ability to maintain the trunk alignment as well as
to transfer the weight to the paretic imb*.

Verbal and manual corrections were made throughout the
training: trunk vertical alignment, symmetrical weight bearing,
lower-limb adequate movement, and upper-limb reciprocal
oscillation. Participants were allowed to rest for some periods
during each training session, according to their needs. In all
sessions, heart rate and blood pressure were checked®. None of
the patients received any other physical therapy intervention
during the training period.

FES (Phase B)

A portable neuromuscular stimulator (Dorsiflex, AACD, SP,
Brazil) was used to stimulate the common peroneal nerve of the
paretic limb. The parameters of FES were symmetric biphasic
square waves, with 150 microseconds, frequency of 25 Hz, and
intensity from 60 to 150 V. The pulse intensity was regulated ac-
cording to the participant’s tolerance and the stimulation level
needed to elicit effective muscle contraction.

The portable stimulator consists of a self-adhesive electrode
pair that was placed on the motor point of the common per-
oneal nerve and on the paretic limb anterior tibialis muscular
belly. A sensory insole, connected to the stimulator, was placed
on the affected foot heel while a strap kept the stimulator at-
tached to the paretic leg (Figure 1). FES was activated only
in the swinging gait phase every time the individual started
changing steps and it stopped every time the participant’s foot
touched the ground, avoiding muscle fatigue.
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Data analysis

RMA data were presented as a percentage of the total score
for each domain. Regarding the kinematics variables, intermedi-
ate cycles of three gait repetitions were analyzed. The average
of these cycles was calculated to obtain the mean cycle of each
participant. The stride was determined from a foot contact to the
floor until the next contact of the same foot to the floor along the
progression line, and was defined visually. The following variables
were analyzed: mean walking speed locomotion; step length;
stride length, speed, and duration; initial and final double sup-
port duration; single-limb support duration; swing period; Range
of Motion (ROM), maximum and minimum angles of the foot, leg,
thigh, and trunk segments of both paretic and nonparetic limbs.

The “x” coordinate data (defined as movement progression
plan) of the marker attached to the paretic and non-paretic

(A) Electronic stimulator. (B) Stimulation electrode placed at the motor point of the
common peroneal nerve in the area between the popliteal fossa and the head of the
fibula. (C) Electrode placed on the anterior tibialis belly. (D) Sensory insole located at
the heel of the affected foot, inside the shoe.

Figure 1. Electrode positioning.

lateral malleolus were used to calculate step and stride length,
stride speed and duration, and support and balance duration.
The step length was determined as the distance between the
lateral malleolus markers of both limbs. The data of the same
“x” coordinate of the greater trochanter marker were used to
calculate the mean walking speed.

The segmental angles were calculated from the angle
formed between a distal segment and an external horizontal
plane, and the difference between the maximum and minimum
values of the angles defined the ROMs.

Statistical analysis

Regarding RMA, Friedman and post hoc Dunn tests were
applied. Regarding kinematics data, a two-way analysis of
variance (ANOVA) and five multivariate analyses (MANOVA)
were performed, using the two hemispheres (non-paretic and
paretic) and the four assessments (pre-training, post-A,, post
B, post-A,) as factors treated as repeated measures. The de-
pendent variables were: mean walking speed of locomotion
for the first ANOVA, step length for the second ANOVA, stride
length, speed, and duration for the first MANOVA, initial and
final double support, single-limb support, and swing period
durations for the second MANOVA; foot, leg, thigh, and
trunk ROMs for the third MANOVA, and the minimum and
maximum angles of these segments for the fourth and fifth
MANOVAs, respectively. When necessary, post hoc Tukey test
was applied. All tests were performed using the Statistical
Package for the Social Sciences software (SPSS, version 10.0).
A 0.05 alpha level was set.

Results :::.

All participants were able to perform the required tasks in
all experimental conditions. None of the participants required
the use of orthesis during the training and the evaluations.
Three of them needed help of a physical therapist to maintain
balance during the data collection. In the pre-training evalu-
ation, only one participant presented FAC at level one; eight
participants presented FAC at level 2; one presented level 3;
and two presented level 4. After the A, phase, four participants
improved one level. Three of them reached level 4, and one
reached level 2. After the B phase, only one of them improved
one level, reaching level 4. After the A, phase, one participant
increased one level, reaching level 3.

The relief percentage could be reduced in 10% of the
body weight in relation to the previous phase. Only one of
the subjects did not reach 0% of BWS at the end of training
keeping it up to 10%.
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RMA

Regarding RMA, although data presented a significant p
value at Friedman test (p=0.019) for trunk and lower limbs
domain, the Dunn post hoc test did not identify differences
among the assessments (Table 1).

Spatial-temporal gait parameters

The spatial-temporal gait parameters did not change after
B phase, when compared to the A and A, phases. However,
there was an increase in the mean walking speed after A,
phase, from 0.39 m/s to 0.55 m/s, when compared to the pre-
training (P=0.02). The stride length increased for both paretic
and nonparetic limbs after the A, phase (P=0.03) and after
the end of the A, (P=0.03). The stride speed also increased for
both limbs when comparing the pre-training to the A, phase
(P=0.02). Differences between the paretic and nonparetic limbs
were observed in the swing period (P<0.001) and in the single-
limb support (P<0.001), which persisted until the training final
phase (Table 2).

Segmental angles

The segmental angles parameters did not also change after
B phase, when compared to the A and A, phases. However,
regarding the ROMs, the leg showed an increased ROM when
comparing the pre-training to the A phase (P=0.03). For the
thigh, the ROM increased when comparing the pre-training to
the A, (P=0.003) and the A, phases (P=0.008). Paretic and non-
paretic limbs were different for foot (P<0.001), leg (P<0.001),
and trunk segments (P<0.001) in the pre-training evaluation,
which lasted until the end of the A phase (Table 3).

Regarding the maximum segmental angle, the thigh seg-
ment showed differences between the paretic and nonparetic
limbs in the pre-training evaluation (P=0.006), which lasted
until the A, phase. The thigh maximum segmental angle
increased only in the paretic limb when comparing the pre-
training to the A phase (P=0.04). Regarding the minimum
segmental angle, the paretic and nonparetic limbs were dif-
ferent for foot (P=0001), leg (P=0.001), thigh (P=0.04), and
trunk (P=0.002) in the pre-training evaluation, which lasted
until the A, phase (Table 3).

Table 1. Gait and functional activities evaluation before and after the three phases of ground level gait training combining BWS and FES.

Pre-training Post-phase A, Post-phase B Post-phase A,
Rivermead general function (%) 84.62 (23.08) 84.62 (15.39) 84.62 (15.39) 84.62 (15.39)
Rivermead trunk and lower limbs (%) 60 (80) 60 (80) 70 (60) 70 (50)
Rivermead upper limbs (%) 6.67 (86.67) 6.67 (86.67) 6.67 (86.67) 6.67 (86.67)

Values are reported as median percentages range. A, e A, = ground level gait training with BWS; B = ground level gait training combining BWS and FES.

Table 2. Spatial and temporal gait parameters of the paretic and non-paretic limbs before and after the three phases of ground level gait training

combining BWS and FES.
Outcome measures Limb Pre-training Post-phase A, Post-phase B Post-phase A,
Mean walking speed (m/s) 0.39(0.2)2 0.52 (0.3) 0.52 (0.3) 0.55 (0.3)
Step length (m) Nonparetic 0.33(0.1) 0.39(0.1) 0.38(0.1) 0.38(0.1)
Paretic 0.32(0.1) 0.35(0.1) 0.35(0.2) 0.36 (0.2)
Stride length (m) Nonparetic 0.62 (0.1) 0.75(0.2)2 0.73(0.2) 0.74 (0.2)°
Paretic 0.63 (0.1)® 0.76 (0.2) 0.74(0.2) 0.75(0.2)°
Stride speed (m/s) Nonparetic 0.38 (0.2)2 0.50 (0.3) 0.50 (0.3) 0.53 (0.3)
Paretic 0.39(0.2) 0.51(0.3) 0.51(0.3) 0.54 (0.3)
Stride duration (s) Nonparetic 1.8(0.7) 1.8(0.7) 1.7 (0.6) 1.6 (0.5)
Paretic 1.9(0.8) 1.8(0.7) 1.7(0.6) 15(0.4)
Initial double support (%) Nonparetic 25.6 (8.5) 23.5(9.3) 23.4(9.3) 22.8(7.9)
Paretic 222 (13.1) 21.1(11.8) 21.3(11.9) 19.6 (9.1)
Single support (%) Nonparetic 32.9(8.3) 33.6(9.0) 32.9(10.1) 34.4(8.7)
Paretic 18.6 (6.6)* 21.1(7.6)* 21.1(7.1)" 21.5(5.9)
Final double support (%) Nonparetic 21.8(10.2) 20.9 (11.2) 21.8(12.1) 19.9 (9.6)
Paretic 25.4(8.7) 23.3(9.3) 23.6(9.9) 23.1(7.9)
Swing period (%) Nonparetic 19.6 (6.4) 21.9(7.6) 21.8(7.3) 22.8(6.2)
Paretic 33.8(9.3) 34.4(9.5)* 33.9 (10.0)* 35.7 (8.6)*

Values are reported as mean and standard deviation: M (SD); * Represent significant differences between limbs; same letters (a, b) indicates significant differences between evaluations;
A, e A, =ground level gait training with BWS; B = ground level gait training combining BWS and FES.
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Figure 2 shows the mean (SD) stride cycle of segmental an-
gle patterns in the four evaluations. Qualitatively, the segments
showed a similar pattern throughout the four evaluations,
having marked temporal differences between limbs. The non-
paretic foot showed greater and later posterior displacement in
the cycle when comparing to the paretic limb in all evaluations.
The same behavior was observed for the leg segment.

Discussion

In general, an improvement on functional gait was ob-
served after 18 weeks of training. The present study did not find
improvements for the RMA score. The lack of positive findings
could be attributed to a gait training specificity, which could
not be able to transfer the gains to the daily activities.

Regarding spatial-temporal variables and segmental angles,
the addition of FES did not change these parameters. The lack of
positive findings differs from a series of studies. Pomeroy et al.*'
reported findings in favor of FES in comparisons between people
with hemiparesis that were not receiving any other treatment.
Moreover, according to Yavuzer et al.*2 thereisnot arecommended
standardized consensus about FES duration or daily stimulation
time, that could have also explain the lack of positive findings.

On the other hand, Lindquist et al." evaluated FES combin-
ing treadmill training with BWS in chronic stroke patients. Their
research design was the same (A -B-A,); however they identified
gait functional benefits. Their training duration was three weeks
in each phase, whereas in the present study the training took
place during six weeks. Perhaps the grater training volume in
the A, phase had been enough to lead participants to reach a
gait adaptation plateau. Moreover, gait training on a treadmill
requires different demands regarding the propulsion and bal-
ance controls, compared to walking on ground level. Although
the participants's functional level in the present study is more
heterogeneous than the study of Lindquist, we do not think that
FES benefits only patients with similar functional levels.

In the present study, it was possible to verify that 18 weeks of
training changed some gait parameters as mean walking speed,
stride length and speed, probably due to the reduction of BWS
relief, which requires more voluntary propulsion. These findings
may also be attributed to an accumulated training effect.

The mean walking speed of locomotion is widely used to
analyze the functional ability, and it is an important indicator
of motor recovery**. The increase in the mean walking speed
of locomotion may be attributed to an increased stride length
and speed for both limbs. This probably may have occurred by
an improvement in the hip flexor muscle activation pattern

Table 3. Segmental angles of the paretic and non-paretic limbs before and after the three phases of ground level gait training combining BWS and FES.

Segment Outcome measures (°) Limb Pre-training Post-phase A, Post-phase B Post-phase A,
Foot Maximum angle Nonparetic 9 0(4.2) 11.3(7.6) 10.6 (7.1) 11.3(6.5)
Paretic 7.1(5.5) 9.0(5.1) 9.2 (6.8) 9.2(5.9)
Minimum angle Nonparetic -49 1(9.5) -54.6 (11.6) -54.1(10.9) -54.0 (10.3)
Paretic -31.3 (14.6)" -35.3 (12.8)* -34.4 (11.3)* -34.4(12.1)*
ROM Nonparetic 58.2 (12.9) 65.9 (16.5) 64.7 (16.5) 65.3 (15.1)
Paretic 38.6 (15.8)* 44.3 (14.9) 435 (15.1)* 43.6 (13.1)"
Leg Maximum angle Nonparetic 13.4(5.7) 15.6 (6.2) 14.8 (8.0) 14.6 (7.5)
Paretic 126 (4.9) 135 (4.8) 12.8 (5.7) 12.7 (5.6)
Minimum angle Nonparetic -36.6 (6.5) -39.3(5.9) -39.6 (6.3) -40.2 (5.9)
Paretic -21.4(10.5)* -25.9(9.2) -25.4(9.9) -26.4 (8.7)"
ROM Nonparetic 50.1(8.1)2 54.9 (9.7 54.4(10.9) 54.8(9.9)
Paretic 33.9 (11.7) 394 (11.5)* 38.3 (12.5)* 39.1(10.7)"
Thigh Maximum angle Nonparetic 274 (42) 29.1(31) 27.8(3.3) 29.1(1.8)
Paretic 19.4 (6.0)* 243 (5.7)" 25.0 (6.3)* 246 (4.3)*
Minimum angle Nonparetic -3.5(4.8) -57(5.2) -54(5.7) -5.4(4.7)
Paretic -8.3 (5.6) -8.8 (5.4) -7.1(6.2)* -1.7(7.2)*
ROM Nonparetic 30.9 (4.8) 35.1(6.8) 34.2 (6.8) 34.5(5.2)°
Paretic 27.7 (6.4 33 1(8.6) 322(9.2) 32 4(1.7)°
Trunk Maximum angle Nonparetic -0 6(4.9) 0(5.4) -O 6 (4.0) 05(4.1)
Paretic .0(3.6) 5(3.9) 2.2(3.1) 39(3.4)
Minimum angle Nonparetic -8 8(4.2) -8 1(4.5) -8. 9 (3.8) -7 3(4.2)
Paretic —10 7(42)" —12 0(5.6) —12 3 (4.5)" —10 5(4.8)
ROM Nonparetic 8.2 (2.4) 1(3.1) 8.3(2.4) 7.8(2.1)
Paretic 127(25) 146(3 7)* 146(32) 144(3 6)*
Values are reported as mean and standard deviation: M (SD); * Represent significant differences between limbs; same letters (a, b) indicates significant differences between evaluations;

A, e A, =ground level gait training with BWS; B = ground level gait training combining BWS and FES.
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Figure 2. Foot, leg, thigh, and trunk segmental angles during the stride cycle. Mean (SD) stride cycle of foot, shank, thigh, and trunk segmental
angles for the people following chronic stroke in the pre-training, post-phase A,, post-phase B, and post-phase A, of the nonparetic (gray area) and
paretic (line) body sides. A, e A, = ground level gait training with BWS; B = ground level gait training combining BWS and FES. Positive values
denote counter-clockwise (backward) rotation of segments and negative values denote clockwise (forward) rotation of segments.




Gait training and functional electrical stimulation in hemiparesis

and the energy generation in the paretic limb, especially in the
final supporting period, which is essential to lead the limb for-
ward and to control the displacement speed®. These changes
are clinically important because they reflect and contribute to
the patients’ autonomy.

The 18 weeks of training also provided a better lower-limb
voluntary motor response, since the training increased the
thigh segmental ROM. This result is important since the lower
limb proximal control has been considered to be determinant
for a comfortable gait speed®. However, it is important to
reduce the percentage of BWS relief in order to increase the
lower-limb distal muscle activation® and to improve motor
control®.

Aside from these improvements, the training protocol did
not change the gait cycle temporal organization asymmetry
and segmental angles, which is a discriminating factor in pa-
tients with stroke®. Harris-Love et al.**found that patients with
chronic stroke presented different durations of single stance
and stance/swing ratios between paretic and nonparetic limbs
even during treadmill walking.

Regarding the temporal series qualitative analysis, the
study showed that the FES was not able to change the seg-
ments behaviors. The nonparetic foot showed greater and
later posterior displacement in the cycle when compared to
the paretic limb throughout the four assessments. The same
behavior was observed for the leg segment, which impaired the
knee flexion during the swinging phase. That occurred prob-
ably due to anticipation in the paretic limb propulsion phase
as a consequence of the support positive reaction activation, a
common reflex mechanism in stroke patients®. Thus, the addi-
tion of FES was not able to avoid the support positive reaction,
or to promote the paretic limb dorsiflexion.

This asymmetric pattern may be considered a compen-
satory strategy to propel the paretic limb forward. Thus, the
participants did not improve these gait characteristics because
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