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ABSTRACT | We compared the effect of gait training on
treadmill versus deep water on balance and gait in 12 ischemic
stroke chronic survivors randomly sorted to the Pool or
Treadmill Groups. Berg Scale (BBS) and timed up and go test
(TUG) were applied before and after the interventions. Just
one person applied all tests and she was blinded for the aims
of the study. Surface EMG of the paretic and non-paretic (NP)
side muscles were recorded during walking on a treadmill.
Three 100-ms epochs were extracted from the EMG related
to gait phases: weight acceptance; propulsion; and pre-strike.
For each epoch, we calculated the RMS of the EMG signal.
Participants did gait training for 9 weeks (3 times/week,
40 minutes/session). The Pool group did the deep-water
walking with a swimming belt. The Treadmill group walked
on the treadmill at the maximum speed they could stand. The
Manova group compared the effect of training, group, side,
muscles, and gait phase into the EMG. Anova was used to
test the effect of training, group side, and gait phase into BBS,
TUG and EMG variables. Pool and Treadmill had increased
balance and agility. The highest EMG RMS occurred at the
paretic side, for the Treadmill and after training. The mm.
tibialis anterior, gastrocnemius lateralis, vastus lateralis, and
biceps femoris presented the highest RMS for the NP side;
while for mm. rectus femoris and semitendinosus, the paretic
side presented the highest RMS. Thus, the both types of
exercise lead to similar functional adaptations with different
muscular activations during walking.

Stroke; Gait; Electromyography; Aerobic Training.

RESUMO | Comparamos o efeito do treinamento de marcha
em esteira versus piscina no equilibrio e na marcha em
12 sobreviventes crénicos de AVC isquémico separados
aleatoriamente nos grupos piscina ou esteira. A escala de
Berg (EEB) e timed up and go test (TUG) foram aplicados
antes e apds as intervencdes. A EMG de superficie dos
musculos do lado parético e ndo parético foi registrada na
caminhada em esteira. Trés janelas de 100 ms foram extraidas
da EMG relacionada as fases da marcha: aceitacdo de peso;
propulsdo; e pré-contato do pé. Para cada fase, calculou-se
o0 RMS do sinal EMG. Os participantes treinaram 9 semanas
(3 vezes/semana, 40 minutos/sess&o). O grupo piscina fez
marcha na dgua com cinto de natacdo. O grupo esteira fez
treinamento de marcha na na velocidade maxima confortavel.
A Manova comparou o efeito do treinamento, grupo, lado,
musculos e fase da marcha na EMG. A Anova testou o efeito
do treinamento, lado do grupo e fase da marcha nas varidveis
BBS, TUG e EMG. Os grupos piscina e esteira aumentaram o
equilibrio e a agilidade. O maior EMG RMS ocorreu no lado
parético, no grupo esteira e apods o treinamento. Os musculos:
tibial anterior, gastrocnémio lateral, vasto lateral e biceps
femoral apresentaram o maior RMS para o lado n&o parético;
enguanto para os musculos reto femoral e semitendineo,
o lado parético apresentou 0 maior RMS. Assim, os dois tipos
de exercicio levaram a adaptacdes funcionais semelhantes
com diferentes ativacdes musculares durante a caminhada.

Acidente Vascular Cerebral; Marcha;
Eletromiografia; Treinamento Aerdbio.
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RESUMEN | Se comparo el efecto del entrenamiento de la marcha
en cinta de correr y en piscina en el equilibrio y la marcha de 12
sobrevivientes crénicos de accidente cerebrovascular isquémico,
quienes fueron clasificados aleatoriamente en los grupos piscina o
cinta de correr. Se aplicaron la Escala de Equilibrio de Berg (BBS) y
la Timed up and go test (TUG) antes y después de las intervenciones.
Solo una persona aplicod todas las pruebas con evaluacion ciega
para los objetivos del estudio. Se registrd la EMG de superficie de
los musculos laterales paréticos y no paréticos durante la caminata
en la cinta. Se extrajeron tres momentos de 100 ms de la EMG
relacionadas con las etapas de la marcha: aceptacion de peso;
propulsion; y precontacto del pie. Para cada momento, se calculd el
RMS de la sefial EMG. Los participantes realizaron entrenamientos de
marcha durante 9 semanas (3 veces/semana, 40 minutos/sesion).
El grupo piscina camind con un cinturén de natacion. El grupo cinta

INTRODUCTION

Stroke is the second most common cause of death
worldwide and the primary cause of chronic disability in
adults'. Without intense rehabilitation during the early
days after the stroke, neural injuries gradually develop more
pronounced motor impairments due to muscle weakness,
spasticity and coordination loss’. Later, stroke survivors
with chronic impairment become less independent to
perform daily life activities, have less social interaction and
are more concerned about their future*. Such dependent
person with less social life can be considered as having lost
motivation. This deprivation occurs because chronic stroke
survivors have small resistance to fatigue*®. They do not feel
motivated to move continuously or for long periods since
they get easily fatigued; as such, rehabilitation programs
for such population should spare their activities between
motor rehabilitation and increase in physical fitness in
order to increase their resistance to fatigue.

In fact, about 80% of stroke survivors can walk without
assistance; but their slow walk constrains their daily life
activities”®. Walking speed is an important outcome for
performance evaluation and for functional evaluation in
stroke”'?. The slow walking is due to the lower limb muscles
spasticity'™*

of falling. Those clinical impairments also change the gait
15,16

, muscle weakness, postural imbalance and fear
biomechanics™ ', inducing asymmetrical, stereotyped and
low ranged compensatory movements'’. At the early stage
of the rehabilitation program, efforts should be addressed

to improve body functions in enhance resistance to fatigue.
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de correr camino en la cinta a la velocidad maxima confortable.
Utilizando la Manova se comparé el efecto del entrenamiento, el
grupo, los musculos laterales y la fase de la marcha en la EMG. Con
la ANOVA se prob¢ el efecto del entrenamiento, el lado grupal y
la fase de marcha en las variables BBS, TUG y EMG. El equilibrio
y la agilidad aumentaron en ambos grupos. El EMG RMS mas alto
ocurrié en el lado parético del grupo cinta de correr y después del
entrenamiento. Los musculos tibial anterior, gastrocnemio lateral,
vasto lateral y biceps femoral presentaron el RMS mas alto en el
lado no parético; mientras que en los musculos recto femoral y
semitendinoso, el lado parético presentd el RMS mas alto. Por lo
tanto, los dos tipos de ejercicio conducen a adaptaciones funcionales
similares con diferentes activaciones musculares durante la marcha.

Accidente Cerebrovascular; Marcha; Electromiografia;
Tratamiento Aerobio.

'The aerobic training applied to stroke people enhances
physical ability and improves life independence and quality,
reducing morbidity and mortality'®. Standard aerobic training
is usually developed with walking and running. Treadmill
protocols to stroke people can recover impaired gait, improve
gait parameters and reduce walking asymmetries”. On the
other hand, water walking enhances the afferent sensory
inflow and improves peak aerobic capacity and walking
endurance, being able to affect gait kinematics in patients
with stroke'®?%2 It is not clear whether walking on water
would provide the same or more benefits compared with
the standard treadmill walking for chronic stroke people. In
tact, little information is available to support a rehabilitation
program for chronic stroke people with reduced mobility.
'The aim of this study was to compare the effect of aerobic
training treadmill versus aerobic training in water for balance
and gait in chronic stroke people. We expect that standard
treadmill walking training and water walking training will not
have similar biomechanical and functional results; therefore,
both types of walking training will lead to similar functional
results, but the electrical activity of lower limbs will show
different behavior after training. Our first hypothesis is that
treadmill gait training and deep-water gait training will lead
to similar functional adaptations. Our second hypothesis
is that treadmill gait training and deep-water gait training
will induce different muscle adaptations that will provide
different kinds of muscle activation during the walking test.
We believe that training will improve participants’ overall
fitness, but training specificity will lead to differing muscle
activation during the gait test.



METHODOLOGY

'This study was approved by the Ethics and Research
Committee of Universidade Sdo Judas Tadeu, under
Opinion No. 093/2009, and all participants provided

written informed consent.
Participants

Fifty adults were interested in joining this clinical trial.
A total of 12 adults randomly sorted to the Pool Group or

Table 1. Demographic data on the participants
Characteristics

Age

Sex

Side stroke

FAC score

Time elapsed since stroke (months)
Mini mental state examination

Fulg-Meyer Assessment Scale

to the Treadmill Group participated in this study. Clinical
characteristics of the participants are presented in Table 1.
'The randomization procedure was performed by a blind
researcher and the sample was divided into two groups. The
inclusion criteria were ischemic stroke in frontoparietal areas,
more than one year after the last stroke, FAC score equal to
or higher than 3,and not having participated in any physical
exercises or rehabilitation programs. The exclusion criteria
were heart disease, prior stroke, uncontrolled hypertension,
not being able to walk in water or on the treadmill, and not
being able to perform aerobic exercise.

Treadmill (n=6) Pool (n=6)

Mean (SD) Mean (SD) LSEllD
54.8 (77) 6167 (10.02) 021
5F /M 5F /M -
4R/ 2L 4L/ 2R -
4(0.63) 417 (0.75) 068
56.67 (32.93) 6767 (51.05) 066
2417 (417) 24,50 (4.32) 0.89
144 (38.02) 140 (10.25) 0.80

No statistical significance of differences between groups of muscles was determined by one-way repeated measures Anova followed by pos hoc Tukey test for intergroup comparisons.

Procedures

Berg balance scale (BBS) and timed up and go test
(TUG) were applied before and after the interventions.
'The same person applied all tests and she was blinded with
regard to the objective of the study. Myoelectrical activity
of muscles (tibialis anterior, TA; gastrocnemius lateralis,
GL; rectus femoris, RF; vastus lateralis, VL; biceps
femoris, BF; and semitendinosus, ST) were recorded
while walking on a treadmill (0.28m/s, for 60s). The right
and left side muscles were recorded. Surface, disposable,
bipolar electrodes were glued onto the skin above those
muscles according to SENIAM recommendations®.
Footswitches were glued to the left and right rear foot
and forefoot, under the calcaneus bone and hallux.
Electromyography (EMG) and footswitch signals were
recorded (1kHz sampling frequency, 16-bit resolution) for
60s. Raw EMG signals were filtered (band-pass 4™ order
Butterworth 20-500Hz), demeaned, full-wave rectified
and smoothed (low-pass 4™ order Butterworth 20 Hz).
To remove EMG noise, the EMG histogram of each
muscle was calculated, and signals bellow the 5% of
maximal signal were subtracted. The EMG signals were
cropped to ensemble one step and normalized with
regard to time (step duration) and amplitude (95% of
maximal signal across all trials). Three 100-ms epochs

were extracted from the EMG signal related to the
gait phases: weight acceptance (from the foot strike up
100ms later); propulsion (100ms before the foot oft up
to the foot off); and pre-strike (100ms before the foot
strike up to the foot strike). For each epoch, the RIMS
(root mean square) of the EMG signal was calculated.

Training protocol

Submaximal aerobic test, the Naughton test, was
applied to the participants to define their heart rate
training. Naughton test is the best choice for subjects
with serious physical limitations?*. This protocol
consists in a constant speed and slope increase every
2 minutes. Every step corresponds to 1 MET. The test
was performed at submaximal intensity, that is, up to
85% of the maximum heart rate predicted for the age
range or until it showed signs of excessive physical
fatigue and changes in blood pressure for each phase
that exceeds 20mmHg for systolic and 10mmHg for
diastolic blood pressure. Perceived effort was measured
using the Borg scale.

Participants continued to use their own medicine to
reduce the risk for heart conditions and the occurrence
of another stroke.
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'The aerobic training lasted 9 weeks and was applied 3
times per week, for 40 minutes each session (5 minutes
for warm-up [walking on the ground], 30 minutes
for conditioning [treadmill or water], 5 minutes for
cool-down [walking on the ground]). Heart rate and
blood pressure were measured before and after each
exercise session. The training had two phases: i) 1 week,
adaptation phase; and ii) 2™ to last 9™ week, overload
phase. During both phases, heart rate (HR) during
warm-up and cool-down should not exceed 40% of
its maximum; whereas during conditioning, for the
1%t week, HR should not exceed 50% of its maximum,
and for the other 8 weeks, the maximum HR should
be 60%. The Pool group performed the aerobic training
inside a pool. Water levels while walking should not
exceed the xiphoid process, and participants wore a
swimming belt to assist their buoyancy. Participants
should do deep water walking with a swimming belt for
30 minutes. The water temperature was 33°C-35°C.'The
Treadmill group performed the training at a treadmill,
and subjects were attached to a safety harness system to
avoid fallings. Participants should do stationary walking
on the treadmill attached to the safety harness for 30
minutes at the maximum speed they could stand under
the HR training limit.

Table 2. Comparison of functional variables between two groups

Statistical analysis

Multiple analysis of variance (Manova) was applied to
compare the effect of training (before and after), group
(Pool and Treadmill), side (paretic and NP), muscles (TA,
GL, RF, VL, BE, ST), and gait phase (terminal swing,
initial contact and terminal stance) on electrical muscle
activity (represented by the RMS of the EMG signal).
Anova was applied to test the effect of training, group side,
and gait phase on the BBS, TUG and EMG variables.
'The significance level was set at 5%. All comparisons were
performed with Statistica 9.0 (StatSoft, Inc).

RESULTS
Functional evaluation

The averages and standard deviations of BBS and
TUG variables are presented in Table 2. These results were
compared between groups and after training. There was no
significant effect of group versus training interaction on the
BBS and TUG variables. Training affected TUG (F1,zs =41
p<0.05) and BBS (F, ,=12.2 p<0.05). The aerobic training

increased balance and agility for Pool and Treadmill.

BT AT BT AT

Mean (SD) Mean(SD) ~ Mean(SD)  Mean (SD) p-value p-value p-value
Timed up and go test 26.67 (14.56) 13.03 (7.52) 19 (2.37) 16.67 (1.86) 0.02* 0.50 omn
Berg balance scale 41.67 (6.38) 4917 (4.31) 42.33 (4.55) 48 (4.31) 0.00* 0.80 0.63
* Statistical significance; BT: before training; AT: after training; SD: standard deviation.
EMG 'The interaction side/group/training (F; .. =142 p<0.0001)

Average and standard deviation of the RMS EMG of
paretic and non-paretic muscles during the gait phases are
separated by groups and training, being presented in Table 3.
Multiple analysis of variance (Manova) was ran to check
the main effect of the factors (training: before and after;
group: Pool and Treadmill; side: paretic and NP; muscles:
TA, GL, RF, VL, BE ST; and gait phase: terminal swing,
initial contact and terminal stance) into the RIMS of each
muscle. In general, the EMG RMS were affected by side
(F, 100:=919 p<0.0001),group (F, .. . =745 p<0.0001), muscles

1,38688 1,38688
(F,..=1260p<0.0001),and training (F, ._ . =178 p<0.0001).

11,38677 1,38688
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affected the RMS. The highest EMG RMS was observed
at the paretic side, for the Treadmill and after the aerobic
training (p<0.0001).

For every muscle,an Anova was run to check the effect
of side, group and training. There was significant effect of
side (F, ,¢,,,>120 p<0.001), group (F, ..,.>161 p<0.001)
and trafning (F 353077245 p<0.001).TBe EMG RMS was
the highest for Treadmill and after training. The muscles
TA, GL, VL and BF presented the highest RMS for the
NP side; while for the muscles RF and ST, the paretic
side presented the highest RMS and the muscles GL
and BF presented similar RMS for NP and paretic sides.



Table 3. RMS values of before and after treatment during gait for both groups

Phases of
gait

Paretic Terminal
swing

Side

Initial contact

Terminal
stance

Non-P Terminal
swing

Initial contact

Terminal
stance

BT: before training; AT: after training; RMS: root mean square; SD: standard deviation; P: paretic; NP: non-paretic.

Group

Treadmill

Pool

Treadmill

Pool

Treadmill

Pool

Treadmill

Pool

Treadmill

Pool

Treadmill

Pool

Phases of treatment

BT

AT

BT

AT

BT

AT

BT

AT

BT

AT

BT

AT

BT

AT

BT

AT

BT

AT

BT

AT

BT

AT

BT

AT

Stance

NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
P
NP
2}
NP
P
NP
P

RMS
Mean(SD)

307.6(15.6)
365.9(15.3)
314.2(11.7)
431.6(16.3)
170.6(14.4)
221.8(14.1)
244.0(013.4)
263.6(16.9)
311.2(15.6)
398.3(15.3)
310.2(1.7)
432.0(16.3)
179.4(14.4)
216.6(14.1)
2341013.4)
2711(06.9)
390.3(15.6)
313.6(15.3)
373.9(01.7)
395.2(16.3)
206.104.4)
194.7(14.1)
246.5(13.4)
281.0(16.9)
143.3(15.6)
110.5(15.3)
284.0(11.7)
290.7(16.3)
133.4(14.4)
93.9004.1)
111.7(13.4)
101.0(16.9)
165.1(15.6)
115.2(1.7)
311.6(16.3)
310.1(16.3)
152.0(14.4)
116.2(14.1)
107.7(13.4)
121.3(16.9)
118.2(15.6)
161.6(15.3)
274.6(1.7)
289.8(16.3)
105.7(14.4)
143.2(14.1)
1011(14.1)
103.7(16.9)

690
74
1236
630
816
846
936
588
690
74
1236
630
816
846
936
588
690
74
1236
630
816
846
936
588
690
714
1236
630
816
846
936
588
690
74
1236
630
816
846
936
588
690
N4
1236
630
816
846
936
588
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DISCUSSION

Gait training is used in rehabilitation protocols for stroke
survivors. We compared two protocols for the rehabilitation
of chronic stroke survivors; while walking on the treadmill is
the standard situation for this type of rehabilitation, walking
in the water is an alternative for gait training. We set the same
aerobic protocol for both types of gait training. We found that
both types of training improve balance and agility. Muscle
activation changes after that aerobic training. Therefore, gait
becomes faster and more stable in chronic stroke people.
Obur results support the use of deep-water gait training to
improve function in chronic stroke survivors.

Aerobic training benefits balance and mobility in chronic
stroke survivors. Our results show that walking on treadmill
and deep-water walking increased the BBS and TUG scores.
'These results support our first hypothesis that “treadmill gait
training and deep-water gait training will lead to similar
functional adaptations”. In fact, other studies have shown
that gait training in the rehabilitation pool or treadmill

5,26

improves BBS after training®. Our first hypothesis was
associated to the aerobic training effect and the importance of
improving overall fitness state as a tool to improve function.
Physical therapy sessions, muscle strength training, walking
and balance training lead to better scores in TUG performed
by chronic stroke people.

Flexibility increases with deep water gait training in
chronic stroke survivors. Our results show that walking into
the water has increased the passive ROM, whereas walking
on the treadmill did the opposite: reduced the passive ROM.
Propulsion in deep water walking is different because it
comes from buoyancy and thrust. Then, lower limbs act
during water gait like fins, which improves joint flexibility.
When the environment was considered, the type of gait
training (treadmill or deep water) induced an inverted effect.

Deep water walking improves balance in chronic stroke
survivors. BBS score increased for the participants who
trained deep water walking. Our results stress that training
designed to enhance physical capacities such as aerobic
resistance can induce other types of adaptation within the
body. Nevertheless, sensory-motor impairments in both
groups were similarly recovered after training.

Level of muscle activation changed after aerobic gait
training for stroke, however, timing did not. The aerobic
training was not able to affect the temporal pattern of muscle
activation. Muscle activity during the three gait phases
remained the same after training. When muscles change
the timing and the level of activation along repetitions
of the same task, different motor strategies might be the
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way to solve the same motor problem. The abundance of
muscle pattern activations tells us that the motor system has
several options to solve motor problems. After gait training,
uncontrolled muscle reflex was depressed and substituted by
voluntary muscle control. However, such effect was selective,
and our results show that only biarticular spastic muscles
increased their activity after training.

Different bellies of same muscle had different
effects after gait training. The gait training changed the
electrical activation of different bellies of the same muscle.
'This result strongly suggests that the impairment due
to spasticity is counteracted by long-term gait training.
It could also imply that motor strategies in chronic stroke
people are not everlasting and can be modified by aerobic
training. Moreover, the changes in hip muscle activation
express the asymmetrical changes in muscle activation in
stroke. The paretic hip muscles presented more activation
compared to the NP side. Thus, spasticity is deprived
in the paretic side. Otherwise, no change in hip muscle
activation would be observed. To deal with the weakness
and impairments in the paretic side, the contralateral hip
muscle reduces their variability. This could be an adaptation
to better absorb the impact during foot strike and better
move the body during foot off.

Treadmill gait training improves muscle activation in
stroke. The EMG of leg and thigh muscles showed higher
RMS after treadmill gait training compared with deep
water training. This result supports the second hypothesis:
“Treadmill gait training and deep-water gait training will
induce different muscle adaptations that will provide different
muscle activations during the walking test”. Off the water,
the paretic muscles increased their activity. Such a result
supports our second hypothesis. We proposed that the
muscle activations would show different patterns between
groups after training (training specificity effect). During the
beginning of an aerobic exercise program, cardiovascular
conditions improve faster than muscle strength. Therefore, the
buoyancy eftect might be a specific factor that underestimates
gait training. Unfortunately, muscle strength does not increase
enough under standard physical therapy sessions for stroke
in order to perform other daily life activities”.

CONCLUSION

Our findings suggest that treadmill or aquatic training
improves balance and gait in post-stroke individuals.
Modifications in electromyographic activity occurred

differently in both groups. We conclude that both types



of aerobic exercise lead to similar functional adaptations

with different muscular activation while walking.
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