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The human gait shows the single efficiency and functionality and can be considered the most complex functional activity of the 
human being. Foot drop can be defined as a significant weakness in the dorsal flexion of the foot. The functional electrical orthosis 
(FEO) are devices that use electrical stimulation to promote functional movements. Besides the FEO promotes the improvement of 
muscular tropism, this mechanism can be a source of relearning, because all events are interpreted by the body as his owns. This 
research sought to analyze the impact of the electrostimulation through the Walkaide® system in the angular movement of individu-
als with foot drop. The data were collected from seven pa- tients and the focus of the evaluation of this research was the subtalar 
joint angle. After analyze the results, it could be seen that the Walkaide® promoted a signif- icant gait improvement, meanly about 
the compensatory movements.

Introduction
One of the determining characteristic of the human being is the 

ability of walk erect, in a rhythmic way and, theoretically, without 
effort or with minimum energy expenditure. The act of walk is a 
continuous event that consists in transfer the weight of one lower 
limb to the other, with the goal of advance the body forward at the 
same time that suc- cessful imbalances happens [1].

The reduced ability to walk is one of the functional problems 
frequently related in patients with lower palsy. Some of the source 
of complains presented by them are cor- related with the changes 
of voluntary control of the limb, integrity of proprioception and of 
the movement [2].

Foot drop is not characterized as a disease, but a temporary or 
perpetual sequel due a stroke, cerebral palsy, incomplete spinal in-
jury, neuropathy, diabetes or any type of cerebral trauma. In these 
cases, the patient presents the incapacity of stand up the frontal 
part of the foot, dragging their fingers on the floor. Trying to walk 
in this condition, the patients end up elevating more the knee and 
the hip, interfering the achievement of a correct gait.

The functional electrical stimulation (FES) can be defined as a 
controlled nerve ac- tivation, using a lower frequency current to 
promote a contraction in some inactive muscles. This technic can 
be an alternative to rehabilitation in patients with foot drop, be-

cause the stimulus of the peripheral nervous system can restore the 
elevation of the frontal part of the foot [3,4].

This paper sought to analyze the use of electrostimulation 
through the Walkaide® system in the angular movement of the an-
kle in the swing phase of the gait on individ- uals with foot drop. 
This research aims the future development of electrostimulation 
equipment with Brazilian technology and low cost.

Background
Human gait

The gait is a succession of alternate and rhythmic movements 
of the limbs and the body, raising an anterior displacement of the 
body gravity center [5]. Each individual presents a peculiar gait 
pattern to move in the environment with the minimum possible ef-
fort, besides the habitual and selective control to presents proper 
stability and acceptable appearance [1]. The act of many muscles 
is involved in the gait, and many combinations of different muscle 
forces can result in the same model f movement [5].

The human gait is carefully distributed in a cycle and subdivided 
in phases. The gait cycle phases compose the activities that occurs 
since the initial touch point of the foot in the floor to the point that 
the same foot touches the floor again [6].

Each extremity goes through two phases during the cycle, a 
phase of support and a phase of oscillation. The stance phase be-
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Figure 1: The Walkaide® system. Adopted from 
 Clinician Manual [13].

gins with the movement that one extremity goes in contact with 
the floor and continues while the foot keeps in contact. This phase 
corresponds to 60% of the gait cycle. The swing phase begins 
when the foot drops out the floor and end right before his contact 
with the soil. The phase corresponds about 40% of the gait cycle 
(walking rhythm) [7].

Foot drop

The pathology gravity determines the difficulty degree to ex-
ecute the movement and usually the patient uses the remains func-
tions to complete the movement. The result gait pattern is a combi-
nation of deviations caused by the primary dysfunction and by the 
movement established by the remain function [8].

The drop foot is defined by a significant weakness in the dor-
sal flexion of the foot. The more affected muscles are the anterior 
tibial, longus extender of the hallux and the longus extender of the 
fingers, because they realize the dorsiflexion of the foot during gait 
[3].

The patient that presents hemiparetic gait has angular restric-
tions in the ankle, knee and hip because of the tonus increase of the 
extensor musculature of the lower limbs. The gait becomes mis-
aligned, because requires the realization of the lateral movement 
of the lower limb during the oscillation phase, characterizing an 
abnormal gait. Thus, the gait restoration acts essentially in reha-
bilitation, turning the movement more inde- pendent and facilitat-
ing his cares [9].

Functional electrical orthesis: functional electrostimulation 
and Walkaide

The Functional Electrical Stimulation (FES) is used in a ten-
tative of reconstruct the neuro muscle function lost or injured, 
through the application of electrical pulses. The FES is a category 
of electrotherapy used in muscles with lesion in the motor supe-
rior neuron, always with the goal of realize functional movements. 
This technique is largely applied in patients with foot drop, be-
cause it can improve the force, reduce the spastic- ity, correct the 
gait and its velocity. The FES uses an electrical current applied by 
elec- trodes on the skin surface to produce depolarization of the 
motor nerve, resulting in a muscle contraction capable to product 
functional movements [10].

The functional electrical orthesis (FEO) is a device that uses 
functional electrical stimulation to promote functional movement. 
The current profiles used in these devices causes a stimulus that 
arrives in the central nervous system and product active move- 
ment in the patient. Besides promote improvement in the muscle 
tropism, this mecha- nism serves also as a relearning, because all 
events are understood as their own [11].

The Walkaide® is a non-invasive and autonomous device pro-
jected specific to pro- vide transcutaneous electrical stimulation 
comfortable to the patient. The stimulation affects directly the 
common fibular nerve and the anterior tibial muscle, with the goal 
of improve the dorsiflexion during the swing phase of the gait. The 
Walkaide® system fits inside of a support surrounded in the patient 
leg, below the knee. The device in- cludes slope sensors, with accel-
erometers and inclinometers to measure the position and velocity 
of the leg to provide the stimulation in the correct moment [12].

The generated impulses are delivered to the transcutaneous 
self-adhesive electrodes positioned on the fibular common nerve 
and in the tibial anterior muscle belly. The stimuli are offered 
through electric current pulses with low intensity, with duration 
and amplitude enough to produce action potentials in peripheral 
nerves. The slope sensors activate the dorsiflexion in all swing 
phase, reducing or eliminating completely the drop of the foot and 
turning the gait normal [12].

The Walkainde system parameters are adjusted using software 
walkAnalist provided by the manufacturer website. The system 
communicates with the software through the Bluetooth communi-
cation protocol when the system is connected with another device 
called Walklink.

Materials and Methods
This research consists in a pilot study. It is a qualitative and 

quantitative cross-sectional study and was realized after the ap-
proval of the research ethics committee of UFPE with the CAAE 
protocol 55850616.1.0000.5208.

In this study were included adult people with age between 18 
and 75 years old in both genders that presented unilateral foot 
drop, prevenient of a central nerve lesion, independent of the etiol-
ogy but not carrier of a dysfunction in the neuromuscular pe- riph-
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• After a clinical evaluation, a static acquisition was acquired 
with the Qualisys Pró-Reflex system. In this step, the volun-
teer stayed in an orthostatic position with the two feet on 
the floor and the crossed arms for a period of 5 seconds in 
the system begin. The sample rate of the system acquisi-
tion was set in 81Hz in the Qualisys software.

• A dynamic acquisition in which the volunteer walked a 5 
meters’ distance in a medium period of 10 seconds three 
times.

• In this step, the Walkaide system was settled based in the 
clinical manual. The volunteer walked also three times the 
same trajectory of the 2nd step using the Walkaide system 
adapted to him.

For the data acquisition, it was used the Qualisys Pro-reflex sys-
tem, figure 2. This sys- tem is considered a golden pattern by sev-
eral authors like Kirkwood., et al. [14] that had the goal in his study 
to develop and test the reliability and validity of the GaitGrabber 
system in obtaining kinematic data from the sagittal plan during 
the gait. Araújo., et al. [15] conducted a similar study to develop a 
observational gait scale and characterize paralyzed brain children 
using this same system.

The Qualisys system used is composed of 6 infrared cameras 
disposed in a room with 40m². Those cameras catch the position of 
passive reflexive markers that are po- sitioned in specific places. In 
the beginning of the capture, the system was calibrated as recom-
mended by the manufacturer's manual.

The Visual 3D software was used to create a biomechanical 
model and process the kinematic data. To identify correctly the 
parts of the body, markers were mainly placed on: Ilium Anterior 
Superior, Sacrum, Femur greater Trochanter, Femur Lateral Epi-
con- dyle, Femur Medial Epicondyle, Head of Tibia, Fibula Apex of 
Lateral Malleolus, Tibia Apex of Medial Malleolus, Posterior Surface 
of Calcaneus, Head of 5th Metatarsus and Head of 2nd Metatarsus. 
The choice of marker’s places was based in in the segment defini-
tions in C-Motion tutorial [16].

After the acquisition, the markers were labelled and the file was 
exported to the Vis- ual 3D software, to do the analysis of the move-
ment. A pipeline was created to calculate the ankle angle during 
gait in the frontal plan, as see in figure 3. The angle variation in 
X- axis represents the flexion/extension, in Y-axis represents the 
abduction/adduction and in Z-axis represents the longitudinal ro-
tation. The neuter angle for dorsiflexion is 90º according the Amer-
ican Academy of Orthopaedic Surgeons.

The data processed by the Visual 3D software for the subtalar 
ankle’s joint in the Y- axis from the Cartesian plan and the anatomic 
frontal plan. The executed movement shows the lateral and medial 
deviation of the foot. The table 1 describes the ankle angle for each 
patient.

eral complex. Also, the volunteers also had no important limitation 
of the active or passive movement amplitude of the ankle joint to 
the dorsiflexion and of the knee joint to the flexion. The sample 
was composed of seven (7) volunteers. Two volunteers were fe-
male (28.6%) and five were male (71.4%).

In this research, the participants were excluded if they needed 
a support exclusive to walk, like a crutch, a walking stick or an or-
thosis. Another criterion was if the patient had cognitive problems 
that turned incapable to understand the directions for the data ac-
quisition. The patients with level greater than 2 in the modified 
Ashworth scale were also excluded.

The data acquisition was obtained in the Laboratory Kinesi-
ology and Functional Evaluation (LACAF), in the Department of 
Physioterapy of the UFPE, between May/2017 and June/2017. The 
patient visited the laboratory just one time and the pro- cedure 
were divided in three steps:

Figure 2: Qualisys system interface with the capture  
model in the frontal plan. Source: personal archive.

Results and Discussion

Figure 3: Biomechanical model vision in Visual  
3D in the frontal plan.

The statistical analysis was made in the Biostat 5.3 software, in 
which the Kolmo- gorov-Smirnov normality test was applied. The 
null hypothesis tested was there was normal distribution between 
the categories and this hypothesis was rejected.
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After the realization of the Komogorov Smirnov normality test 
in all samples, it was noticed that the graph curve was not normal. 
For that reason, the analysis was made with the non-parametric 
test of Wilcoxon for the dependent data from each patient and with 
the Mann Whitney’s test to the independent samples to do a com-
paration between all patients in the subtalar joint angle of Y-axis 
in the frontal plan. All tests were run with the null hypothesis that 
there is no difference between the groups, with p- value<0.05.

According to table 1, the acquired data, obtained from the varia-
tion of the foot arch movement in the frontal plan during gait had 
a significant difference in 6 of 7 volunteers (85.7% of the patients). 
Various researches report that the use of this angle reveals the 
foot alignment with the tibia bone during gait [5,17,18]. This angle 
should be about zero when the person is stopped and his variation 
represents a gait pattern. Otherwise, when the averages of each 
patient are compared, there is no significant statistical vari- ation, 
as described in Table 2. This result represents the impact of the use 
of the device in the volunteer’s gait pattern when observed sepa-
rately.

Comparing the angle variation between the movement range of 
the foot in the frontal plan, it can be noticed, in absolute numbers, 
that the average with the Walkaide system represents an adduc-
tion movement, leaving the foot closer to the medial line. With this 
improvement, there is a reduce of the foot deviations during the 
gait. Statistically, there were no significant difference. These re-
sults can be a reflex of the absence of the train- ing and adaptation 
phase of the equipment.

Patients Variation of the foot arch movement in  
the frontal  plan  during  gait(º)

With Walkaide® Without Walkaide® p-value
1 0.70 ± 2.11 1.65 ± 1.84 0.000*
2 -6.06 ± 8.64 -9.36 ± 7.40 0.001*
3 -5.76 ± 5.64 -6.97 ± 5.10 0.094*
4 20.23± 3.75 19.95 ± 2.63 0.003*
5 -0.02 ± 6.47 3.32 ± 5.99 0.000*
6 -2.73 ± 4.77 -9.34 ± 6.24 0.000*
7 -2.98 ± 2.40 -3.82 ± 2.48 0.000*

Table 1: Patient’s results.

*Wilcoxon test, with significant level to p<0.05.

Variation  of  the  foot  arch  movement  in  the  
frontal plan during gait(º)

With Walkaide® Without Wal- kaide® p-value
0.08 ± 2.11 -0.31 ± 1.84 0.952*

Table 2: Average (± standard deviation) and p-value  
of the angle variation in frontal plans for all patients.

*Mann Whitnet test, with significant level to p<0,05.

After an analysis, it was observed that the patients use com-
pensations to adjust the deviation caused by the primary dysfunc-
tion to adept gait with foot drop. In this context, important find-
ings could be observed like the improvement of the compensatory 
move- ments of the ankle, where was observed a positive variation 
of the angle in the frontal plan in 5 of 7 volunteers (Table 1).

With the improvement of adduction because of the device, there 
were the reduction of abrupt movements in the swing phase of the 
patients. These movements are realized to avoid the foot to touch 
the floor. Otherwise, when compared the angle variation of all pa-
tients there was no statistical significance(p=0.952), with average 
without the de- vice being 0.08± 2.11, and the average with the de-
vice -0.31 ± 1.84.

In figure 4, it is possible evaluate the blue variable that corre-
sponds to the gait without the Walkaide system. There is a positive 
variation from the subtalar joint angle, more evident between 1- 
1.5 seconds and 2.5- 3 seconds. This variation implies in a lateral 
detour during gait. This result reflects the gait from the foot drop 
patients and can cor- responds to an instable gait with drop risks. 
The behavior of the subtalar joint angle in the frontal plan (Y-axis) 
contains a greater variation when compared with the red trace, the 
gait with the Wakaide system. Even with a negative variation in the 
beginning, probably because of the adaptation, it is possible to no-
tice that after 0.5 seconds, the gait is more regular, showing a stabil-
ity in the gait pattern with the device.

Figure 4: Comparation between the subtalar joint’s angle of the 
patient in the frontal plan Y-axis with Walkaide(red) and without 

Walkaide(blue).

During the Qualisys capture and visual 3D analysis, it was possi-
ble to notice that pa- tients with foot drop use compensatory move-
ments to adjust the deviations caused by the primary dysfunction. 
In this context, it was possible to improve the compensatory move-
ments from the lateral and medial deviations from the foot during 
85.6% of the captured sample, corroborating with the research of 
Sheffler and Chae [19] and Nolan., et al. [20].

These findings can be identified because of the stimulation 
form, promoting a gait close to the normal pattern and helping the 
patient to reduce the compensatory move- ments and to maintain 

Conclusions
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