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Effect of Sensory-Amplitude Electric Stimulation on Motor
Recovery and Gait Kinematics After Stroke: A Randomized

Controlled Study

Gunes Yavuzer, MD, PhD, Oznur Oken, MD, Mesut B. Atay, MD, Henk J. Stam, MD, PhD

ABSTRACT. Yavuzer G, Oken O, Atay MB, Stam HJ.
Effect of sensory-amplitude electric stimulation on motor re-
covery and gait kinematics after stroke: a randomized con-
trolled study. Arch Phys Med Rehabil 2007;88:710-4.

Objective: To evaluate the effects of sensory-amplitude
electric stimulation (SES) of the paretic leg on motor recovery
and gait kinematics of patients with stroke.

Design: Randomized, controlled, double-blind study.

Setting: Rehabilitation ward and gait laboratory of a univer-
sity hospital.

Participants: A total of 30 consecutive inpatients with
stroke (mean age, 63.2y), all within 6 months poststroke and
without volitional ankle dorsiflexion were studied.

Intervention: Both the SES group (n=15) and the placebo
group (n=15) participated in a conventional stroke rehabilita-
tion program 5 days a week for 4 weeks. The SES group also
received 30 minutes of SES to the paretic leg without muscle
contraction 5 days a week for 4 weeks.

Main Outcome Measures: Brunnstrom stages of motor
recovery and time-distance and kinematic characteristics of
gait.

Results: Brunnstrom stages improved significantly in both
groups (P<.05). In total, 58% of the SES group and 56% of
the placebo group gained voluntary ankle dorsiflexion. The
between-group difference of percentage change was not
significant (P>.05). Gait kinematics was improved in both
groups, but the between-group difference was not
significant.

Conclusions: In our patients with stroke, SES of the paretic
leg was not superior to placebo in terms of lower-extremity
motor recovery and gait kinematics.

Key Words: Cerebrovascular accident; Electric stimulation;
Gait; Rehabilitation.
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ENSORY INPUT CAN MODULATE reorganization of
the motor cortex,'> which may be beneficial in thera-
peutic interventions to improve motor function in stroke
rehabilitation.* Increased inflow of signals from sensory
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modalities could enhance plasticity of the brain and may
partly explain beneficial effects of this treatment.> Afferent
stimulation can be achieved in various ways.®'* Golaszew-
ski et al'? studied the effect of cutaneous stimulation of the
hand in 6 healthy subjects in the immediate poststimulation
period during simple motor tasks with magnetic resonance
imaging; they reported that the afferent stimulation, deliv-
ered below the sensory threshold, was associated with in-
creased signals in the primary and secondary motor and
somatosensory areas, including the supplementary motor
area.

Peripheral electric nerve stimulation enhances corticomo-
toneural excitability by activating group Ia large muscle
afferents, group Ib afferents from Golgi organs, group II
afferents from slow and rapidly adapting skin afferents, and
cutaneous afferent fibers."*'* Long-term reorganization of
the motor cortex has been reported for repetitive electric
stimulation of peripheral nerves of swallowing' and hand?
muscles. Median nerve stimulation has been used for neu-
roresuscitation of coma patients.'> Khaslavskaia et al'*
showed in healthy subjects that reorganization can be elic-
ited for lower-limb muscles via repetitive stimulation of
common peroneal nerve. They concluded that changes in
neural excitability related to lower-limb muscle can be in-
creased by using afferent input. In a case study, Sullivan and
Hedman'® described a home program combining sensory
amplitude electric stimulation and neuromuscular electric
stimulation to the paretic arm, which increased upper-ex-
tremity function even 5 years after a stroke. Peurala et al'?
investigated the effects of cutaneous electric stimulation of
the paretic limb by using glove or sock electrodes in patients
with chronic stroke. They reported that subthreshold sensory
stimulation may improve limb function late after stroke.
Conforto et al'' reported an improvement of pinch muscle
strength during a 2-hour period of median nerve stimulation;
they suggested that somatosensory stimulation may be a
promising adjuvant to rehabilitation of the motor deficits in
stroke patients. These studies suggest that ascending sensory
information can have an influence on cortical motor circuits
and their descending pathways.

In a recent meta-analysis, Robbins et al'” reported that
there was insufficient research to make conclusions regard-
ing the effectiveness of sensory-threshold electric stimula-
tion on improvement in walking after stroke and suggested
further controlled studies. In this study, we hypothesized
that sensory-amplitude electric stimulation (SES) of the
paretic leg may enhance selective motor control and im-
prove gait kinematics during the first 6 months after stroke.
The aim was to investigate whether SES combined with a
conventional stroke rehabilitation program is more effective
than the conventional program and sham SES in facilitating
recovery of selective motor control in the lower extremity
and in improving gait kinematics after stroke.
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METHODS

Participants

The trial included 30 consecutive inpatients with hemipare-
sis after stroke who met the study criteria. Patients were re-
quired to meet the following criteria for inclusion in the study:
(1) first episode of unilateral stroke with hemiparesis during the
previous 6 months, (2) a score between 1 and 3 inclusive on
Brunnstrom stages of the lower extremity, (3) ability to under-
stand and follow simple verbal instructions, (4) ambulatory
before stroke, (5) no medical contraindication to walking or to
electric stimulation (having pacemaker or venous thrombosis at
the paretic leg), and (6) ability to stand with or without assis-
tance and to take at least 1 or more steps with or without
assistance. The mean age * standard deviation (SD) was
63.2£9.7 years, and the mean time since stroke was 3.4*2.1
months. Stroke was defined as an acute event of cerebrovas-
cular origin causing focal or global neurologic dysfunction
lasting more than 24 hours and diagnosed by a neurologist and
confirmed by computed tomography scan or magnetic reso-
nance imaging. The protocol was approved by the Ankara
University Ethics Committee.

Design

A double-blind, randomized, controlled design was used.
The patients and the physician (GY) who performed the out-
come measures were blinded to the use of SES but not the
therapist who delivered the electric stimulation. Patients were
randomly assigned to 1 of the 2 groups after initial evaluation.
We used the block randomization method to ensure an equal
number of patients in each group. Blocks were numbered, and
then a random-number generator program was used to select
numbers that established the sequence in which blocks were
allocated to one or the other group. A medical resident who
was blinded to the research protocol and was not otherwise
involved in the trial operated the random-number program.
After randomization, 15 patients were assigned to the placebo
group (conventional rehabilitation program plus sham SES),
and the remaining 15 were assigned to the SES group (con-
ventional rehabilitation program plus SES) (fig 1).

Intervention

All subjects participated in a conventional stroke rehabilita-
tion program delivered by multiple therapists 5 days a week, 2
to 5 hours a day, for 4 weeks. The conventional program is
patient specific and consists of neurodevelopmental facilitation
techniques, physiotherapy, occupational therapy, and speech
therapy (if needed). The SES group also received 30 minutes of
SES once daily 5 days a week for 4 weeks to the common
peroneal nerve of the paretic leg. Two 6 X8mm “sponge”-type
electrodes with rubber carriers were placed on the anatomic
localization of the common peroneal nerve (just below the
capitulum fibulae of the lower leg) and on the belly of the
tibialis anterior muscle while the patients were in supine posi-
tion.'"® A Sonopuls 992* was used to deliver the asymmetric
biphasic rectangular stimulation at a frequency of 35Hz with a
pulse width of 240us. The stimulation amplitude was adjusted
at each session to the point in which the patient perceived a
mild tingling sensation (=10mA) but below an observable or
palpable muscle contraction. A duty cycle of 10 seconds on and
10 seconds off was used to minimize sensory habituation.'®
The same setup was used for the placebo group without any
stimulation. The machine was turned on so that there was a
light to indicate that it was in operation. Patients in the placebo
group were not told that they would feel the stimulation. The
same therapist delivered the SES or sham stimulation.

Total number of patients that potentially could have been recruited
(N=55)

0

Exclusion (n=25)
Other neurologic pathology or musculoskeletal conditions affecting lower
extremity, contraindications for electric therapy (having pacemaker or
venous thrombosis at the paretic leg)

I

Total number of patients registered (N=30)
Randomized via block randomization method

ﬂ H

SES group (n=15)
Conventional stroke rehabilitation
program plus 20 sessions of SES

Placebo group (n=15)
Conventional stroke rehabilitation
program plus 20 sessions of sham

R

Qutcome data (n=15)
at week 4

Outcome data (n=15)
at week 4

Fig 1. Flow diagram for randomized subject assignment in this
study.

Outcome Measures

Outcome measures were performed by the same investigator
(GY) 1 to 3 days before and after the 4 weeks of the treatment
period in the rehabilitation ward.

Lower-Extremity Motor Recovery

Lower-extremity motor recovery was assessed by using the
Brunnstrom stages for the lower extremity.'® The 6 grades of
the Brunnstrom stages for the lower extremity are as follows:
(1) flaccity, (2) synergy development (minimal voluntary
movements), (3) voluntary synergistic movement (combined
hip flexion, knee flexion, and ankle dorsiflexion, both sitting
and standing), (4) some movements deviating from synergy
(knee flexion exceeding 90° and ankle dorsiflexion with the
heel on the floor in the sitting position), (5) independence from
basic synergies (isolated knee flexion with the hip extended and
isolated ankle dorsiflexion with the knee extended in the stand-
ing position), and (6) isolated joint movements (hip abduction
in the standing position and knee rotation with inversion and
eversion of the ankle in the sitting position). The Brunnstrom
stages were chosen because it reflects underlying motor control
based on clinical assessment of movement quality. In the lower
extremity, voluntary ankle dorsiflexion is a stand point indi-
cating the achievement of selective motor control.'® Once
voluntary movement is achieved, synergistic patterns are then
modified to selective (out of synergy) patterns. Brunnstrom
stages I through III indicate more synergistic and mass move-
ments, whereas stages IV through VI indicate isolated and
selective movements. Patients were classified into 2 subgroups
in terms of motor stage (ie, those with none [Brunnstrom stages
= IMJ versus those with some [Brunnstrom stages = 1V]
selective motor control).2°
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Table 1: Characteristics of the 2 Study Groups

Placebo

Variable SES (n=15) (n=15) P
Age (y) 61.9+10.01 64.4+9.8 .51
Sex (women/men) 8/7 6/9 .20
Type of injury (ischemia/ 12/3 10/5 .86

hemorrhage)

Paretic side (right/left) 8/7 9/6 .67
Time since stroke (mo) 3.56+2.1 3.4+2.3 .18
Height (cm) 161.5+11.7 163.0+9.9 13
Weight (kg) 81.5+9.7 79.2+11.4 .24
Brunnstrom stages (lI/11l) 3/12 2/13 A7
FIM admission score 72.3+18.3 73.4+16.6 .75
Walking velocity (m/s) 0.31+0.18 0.36*0.22 .85

NOTE. Values are mean * SD or n.

Gait Kinematics

Walking velocity; step length; percentage of stance phase at
the paretic side; sagittal plane kinematics of the pelvis, hip,
knee, and ankle; maximum ankle dorsiflexion angle at swing;
and maximum ankle plantarflexion angle at initial contact were
selected as outcome parameters. Three-dimensional gait data
were collected with the Vicon 370 system® and processed by
the Vicon Clinical Manager (version 3.2) software. Anthropo-
metric data including height, weight, leg length, and joint width
of the knee and ankle were collected. Fifteen passively reflec-
tive markers were placed on the following standard and specific
anatomic landmarks: sacrum, bilateral anterior superior iliac
spine, middle thigh, lateral knee (directly lateral to axis of
rotation), middle shank (the middle point between the knee
marker and the lateral malleolus), lateral malleolus, heel, and
forefoot between the second and third metatarsal head.>' Sub-
jects were instructed to walk at a self-selected speed over a
10-m walkway during which data capture was completed. Five
cameras recorded (at 60Hz) the 3-dimensional spatial location
of each marker as the subject walked. The best data of 3 trials
were used in analysis. The trial in which all the markers were
clearly and automatically identified by the system was deter-
mined as providing the best data.

Statistical Analysis

Data were analyzed by using SPSS® for Windows. The
percentage change between pre- and posttreatment data for
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both groups was calculated as: 100 X (pretreatment — post-
treatment)/pretreatment.

The group means and percentage changes were compared
between the SES and the placebo group by using nonparamet-
ric paired and unpaired ¢ tests. The chi-square test was used to
compare the groups in terms of the number of patients with
Brunnstrom stages for lower extremity I through III or IV
through VI. We preferred nonparametric statistics because of
the abnormal distribution of the data. Significance was set at
.05.

RESULTS

Initial and final evaluations were made 1 to 3 days before
and after the 4 weeks of the treatment period. None of the
patients missed more than 1 scheduled session during the
study, and all of them finished the study. Demographic and
clinical characteristics of the 2 groups are given in table 1. Age,
sex, height, weight, injury characteristics, time since stroke,
baseline Modified Ashworth Scale score of ankle plantarflexor
muscles, Brunnstrom stages in the lower extremity, FIM in-
strument scores, and walking velocity did not differ statistically
between the groups.

Lower-Extremity Motor Recovery

There was a statistically significant improvement in pre- to
posttreatment mean Brunnstrom scores in both groups
(P<.05). However, the difference between the 2 groups in
terms of the percentage change was not significant (table 2). In
total, 60% (n=9) of the patients in the SES group and 53%
(n=8) of the patients in the placebo group improved from
Brunnstrom stages (I—III) to Brunnstrom stages (IV—VI). The
between-group difference of the percentage change was not
significant (P>.05) (table 3).

Gait Kinematics

The mean values = SD of assessed parameters of the groups
at pre- and posttreatment are given in table 2. There was no
significant difference between the groups in any of the initial
clinical characteristics. Time-distance and sagittal plane gait
kinematics were improved in both groups. However, neither
the difference between pre- and posttreatment data for each
group nor the percentage of change between the groups was
significant (see table 3).

Table 2: Outcome Measures in the SES Group and the Placebo Group

Pretreatment Posttreatment

Outcome Measures SES Placebo SES Placebo
Brunnstrom stages of lower extremity 3.2x1.6 3.3%1.2 4.1+1.4* 3.5+0.9*
Walking velocity (m/s) 0.31+0.18 0.36+0.22 0.34+0.11 0.37+0.20
Step length (m) 0.29+0.11 0.28+0.16 0.32+0.12 0.30+0.12
% of stance phase (paretic side) 59.1+3.5 58.0+5.5 58.7+4.7 58.9+5.7
Pelvis (deg)" 13.2+5.7 12.2+3.3 10.3%£6.2 11.0%3.1
Hip (deg)® 16.6+8.6 17.3£10.0 16.9+7.8 17.7=7.9
Knee (deg)® 25.4+10.2 27.7+14.9 27.9+11.7 28.1+9.8
Ankle (deg)® 17.1x12.7 16.1+3.8 18.5+4.9 16.6+9.9
Maximum ankle DF at swing (deg) —-5.9+2.3 -5.8+2.6 -4.6+4.1 —-4.3%1.5
Maximum ankle PF at initial contact (deg) —-1.8+0.9 —-3.0£1.5 1.2+7.5 —2.1*1.2

NOTE: Values are mean = SD

Abbreviations: DF, dorsiflexion; PF, plantarflexion.
*P<.05.

TSagittal plane total excursion.
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Table 3: Percentage Change After Treatment in the SES Group
and the Placebo Group

SES Group Placebo Group
Outcome Measures (%) (n=15) (%) (n=15) P
A Brunnstrom stages of 46 44 .31
lower extremity
Brunnstrom stages 60 53 .09
from |-l to IV-VI
AWalking velocity (m/s) 13 13 .97
AStep length (m) 18 19 .34
A% of stance phase 2 1 .60
(paretic side)
APelvis (deg)* 12 14 .89
AHip (deg)* 4 3 .75
AKnee (deg)* 7 3 44
AAnkle (deg)* 16 19 47
AMaximum ankle DF at 22 25 44
swing (deg)*
AMaximum ankle PF at 14 12 .70

initial contact (deg)*

Abbreviation: A, percentage change between pre- and post-
treatment.
*Sagittal plane total excursion.

DISCUSSION

This study reveals that SES of the paretic leg in addition to
a conventional rehabilitation program does not provide addi-
tional benefit in terms of lower-extremity motor recovery and
gait kinematics in our group of patients with stroke. The
primary goal of this study was achievement of voluntary motor
control in the lower extremity and consequently improve gait
pattern after stroke. Dobkin et al** showed that assessment of
ankle dorsiflexion gives information about neural control of
walking. We followed the isolated ankle dorsiflexion of the
patients by both clinical examination (Brunnstrom stages) and
by using quantitative gait analysis. Clinically, more than 50%
of our patients in both groups gained selective ankle dorsiflex-
ion with similar percentage changes. However, changes in gait
kinematics were not significant in any of the groups. Walking
velocity is the most suitable temporal stride variable for mea-
suring gait performance.'® Burridge et al* reported that a 10%
improvement in walking velocity was considered to be func-
tionally relevant. In the present study, although walking veloc-
ity increased both in the SES (13%) and in the placebo group
(13%), the difference between pre- and posttreatment data was
not significant.

Despite encouraging results of afferent stimulation of hand
after stroke in terms of voluntary motor control,'"1216:2% there
is no evidence yet for lower extremity.'” In a randomized
controlled trial (RCT) by Chen et al,> stroke patients received
SES via electrodes placed over the Achilles’ tendon and gas-
trocnemius for 20 minutes 6 times a week for 1 month. They
reported significant improvement in gait speed. Peurala et al'?
treated subjects with SES on the foot and ankle for 30 minutes
twice a day for 3 weeks and reported significant improvement
in motor recovery but not in gait speed. Both studies used a
10-m walk test, and subjects were in the chronic stage of
recovery.

In a recent meta-analysis, Robbins et al'” reported that motor
threshold electric stimulation improves gait speed and can be
an effective tool in the rehabilitation of patients after stroke. In
motor stimulation, the current intensity is high enough to
exceed motor threshold and evoke muscle contractions that are
associated with cutaneous, muscle, and joint proprioceptive

afferent feedback. However, in sensory stimulation, the low-
current intensity evokes a sensory reaction without muscle
contraction associated only with cutaneous afferents. In our
study, both the SES and the placebo group achieved an im-
provement in gait characteristics of the paretic side; however,
the between-group difference was not significant.

In a Cochrane review,?® the results of 24 RCTs of electro-
stimulation delivered to the peripheral neuromuscular system,
which was designed to improve voluntary movement control,
functional motor ability, and activities of daily living, was
reported. In this review, Pomeroy et al*® reported that the
majority of findings in favor of electric stimulation were found
when it was compared with a group of stroke patients who were
not receiving any treatment. There were no differences either
between electrostimulation and placebo or between electro-
stimulation and another type of physical therapy. For the pla-
cebo group, we used sham stimulation together with the con-
ventional rehabilitation program. Because it has been reported
that even the placement of electrodes on the skin is likely to
stimulate mechanosensitive nerve fibers,>’ we might have
caused an iatrogenic afferent sensory input in our placebo
group.

We delivered the electric stimulation without any active
involvement of the patients. However, it has been shown that
active repetitive movements are a key factor in recovery after
stroke, but beyond simple repetition, an element of problem
solving is also required.”® A recent review?® reported that
triggered stimulation was more likely to yield improvements in
motor control than nontriggered stimulation after stroke. They
did not detect a relationship between stimulation parameters,
duration of stimulation, and subject characteristics and clinical
outcome. The same group suggested that the behavioral expe-
riences that induce long-term plasticity in humans are likely to
be those activities that are important and meaningful and re-
quire cognitive investment and effort. Thus, repetitive move-
ment therapy in which the subject is cognitively involved in
generating the movement is more likely to be important and
meaningful.

There are no uniform guidelines concerning the overall
duration of electric stimulation or for the daily stimulation
time. Although it is reported that duration, intensity, and se-
lected mode of the electric stimulation are not associated with
stroke outcome, the timing of the intervention is important.*® In
the present study, we included patients during the first 2 to 6
months after stroke. Natural recovery of walking function
occurs within the first 11 weeks after stroke, and early and
intensive treatment significantly improve motor and functional
outcome. Although most of the overall improvement in motor
functions occur within the first several months after stroke,>!
modulation of motor networks may still be possible in chronic
stroke patients.

CONCLUSIONS

SES of the paretic leg in addition to a conventional rehabil-
itation program is not superior to the conventional rehabilita-
tion program and placebo in terms of selective motor control
and gait kinematics of our group of patients with stroke.
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