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M. Azoŕın3
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Abstract

Background: Functional electrical stimulation (FES) is a modality of motor
rehabilitation that consists of the programmed application of bursts of electrical
current to the affected neuromuscular region that aims to improve muscle
strength, increase the range of motion, facilitate movement control and decrease
spasticity. The present study aimed to measure the changes in gait biomechanics
of people with Stroke after a FES-cycling rehabilitation program for the lower
extremities.

Methods: 39 subjects with chronic stroke received 24 sessions of multi-channel
FES synchronized with a cycle-ergometer for the lower extremities. The gait of all
subjects was evaluated before and after the intervention by an instrumented gait
analysis.

Results: Significant changes were found in the spatio-temporal parameters of
gait, mainly in the speed and stride length when considering the general sample.
Additionally, in people under 60 years of age, there were found significant
changes in joint kinematics after FES.

Conclusions: The rehabilitation using a multi-channel FES-cycling system for
lower extremities improve gait biomechanics in people with Stroke.

Trial registration: This study was registered as Instrumental Gait Analysis on

People With Stroke After Rehabilitation With a Synchronized FES and

Cycle-Ergometer System on July 16, 2020 in Clinical Trials with the identifier No
NCT04473391 (available at
https://clinicaltrials.gov/ct2/show/NCT04473391).

Keywords: Stroke; gait; rehabilitation; functional electrical stimulation; cycling

Background

We denominate stroke a group of neurological disorders that have in common their

sudden presentation due to a restriction of the cerebral vascular flow, which can be

caused by ischemia or hemorrhage, causing a permanent or transitory alteration of

brain function [1]. Stroke is one of the leading causes of morbidity and mortality in

adults in the developed world and the leading cause of disability in all industrialized

countries. The neurological deficiencies after a stroke depend on the region affected

by the vascular problem and, within these deficiencies, gait disorder is one of the

main issues that interfere with functional performance after the stroke [2].

Gait problems in stroke are characterized by a marked asymmetry in the move-

ment when compared with healthy people [3]. Stroke survivors generally have a
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decreased stance phase and an increased swing phase in the paretic side. Addition-

ally, a decrease in gait speed and a reduction in stride length have been evidenced

[4]. Gait disorder is a major problem, as it causes difficulties in the performance

of activities of daily life (ADL) and, also, causes a high risk of falling at all stages

after the stroke in people who reintegrate into the community [5, 6, 7].

Precise gait assessment is an important indicator for predicting outcome and the

degree of improvement in functional capabilities achievable after stroke and is useful

for designing rehabilitation or the monitoring of its effects [8, 9]. Instrumented gait

analysis has been used to assess the outcome of various treatment modalities for

gait recovery for people with neurological diseases [10]. Instrumented gait analysis

consists of the capture, processing, and analysis of multiple data obtained from a

moving person through specialized capture devices. It provides a great volume of

biomechanical data essential for decision making and objective evaluation of the

outcome [11]. Due to the volume and complexity of the data from the instrumented

gait analysis, the Gait Deviation Index (GDI) was introduced as a summary mea-

surement that provides a global view of the lower extremities joint kinematics during

gait [12]. The GDI is a validated outcome measure for gait assessment in individu-

als after stroke [13]. The rehabilitation of stroke patients can have great variability,

even between patients with identical clinical severity in the acute phase. There-

fore, the study of the mechanisms that promote recovery is crucial for the design

of optimal therapies. During this process, motor activity and sensory feedback are

essential [14]. Several studies have associated elements of afferent stimulation with

positive changes in brain activity, including repetition, goal-oriented activities, and

the use of functional electrical stimulation [15, 16, 17, 18, 19].

Functional electrical stimulation (FES) is a treatment modality for the motor

rehabilitation of people with diseases of the musculoskeletal and nervous system.

The intervention consists of the programmed application of short bursts of elec-

tric current to the neuromuscular region affected by the pathology, either directly

to the muscles or the peripheral nerve. Physiological effects associated with FES

include muscle strengthening, inhibition of spasticity, correction of contractures,

improvements in range of motion, and facilitation of voluntary motor control [20].

Evidence suggests that FES therapy reduces motor deterioration in people with

stroke [21]. Both clinical reviews and meta-analysis have supported the use of FES

for the recovery of muscle strength and motor recovery after pathologies such as

stroke [22]. Popovic et al. used FES to generate movements and exercises similar

to those performed during ADL in people with central nervous system injuries,

reducing significantly the execution time of the movements after treatment [23].

FES can be used in conjunction with exercise equipment such as muscle strength-

ening machines and cycle-ergometers. When FES is used with cycle-ergometers, the

technique seeks to stimulate muscle contractions in synchrony with the pedaling

motion of a cycle-ergometer. In complement with conventional therapies, therapy

with cycle-ergometers and FES can increase strength in the lower extremities, which

can have positive results on the patient’s ability to walk and move. Multiple studies

have reported the benefits of FES therapy with cycle-ergometers, including im-

proved strength and muscle volume, increased glucose metabolism, and a reduction

of spasticity [24, 25]. Benefits have also been reported for cardiovascular, pulmonary,
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and immune system functions and, in some cases, an increase in bone mineral den-

sity [25, 26]. However, none of the available studies have objectively measured the

changes in the gait biomechanics after FES treatment for lower limbs. The present

study aimed to measure the changes in gait biomechanics of people with Stroke

after a FES-cycling rehabilitation program for the lower extremities.

Methods

An interventional type study (clinical trial) was developed, through a single group

assignment model, applied to 39 subjects with chronic stroke with a duration of 8

weeks per subject.

Participants

The study included all the patients of the FES-cycling program of the Rehabilitation

Center Club de Leones Cruz del Sur, Punta Arenas, Chile, who met the established

selection criteria between January 2017 and January 2020. The clinical history of

each participant was reviewed to obtain the sample description (sex, age, diagnosis,

and hemiparetic side of the body).

A Inclusion criteria: The inclusion criteria were: Medical diagnosis of stroke;

referral by a physician; ability to walk with or without technical aids; gait

disorder evidenced in clinical history, and acceptance of informed consent.

B Exclusion criteria: Exclusion criteria were: botulinum toxin infiltration in

the last 6 months; musculoskeletal surgery of the lower extremities in the last

2 years; musculoskeletal pain in the lower extremities or spine; skin problems

in the lower extremities, and thermo-algesic sensitivity problems in the lower

extremities.

Experimental setup

The intervention consisted of FES treatment sessions on a cycle-ergometer for the

lower extremities. Each subject received 24 sessions lasting 45 minutes each, 3 ses-

sions per week. The sessions were applied by a physiotherapist with experience in

electrotherapy. A 6-channel FES device (TrainFES, Chile) was used, which consists

of a stimulator unit of 95x50x30mm and 100g of weight coupled to the motorized

cycle-ergometer (MOTOmed Viva 2, Germany), a remote user interface consisting

of an android application for the configuration of the stimulation via Bluetooth

3.1, and an inertial measurement unit (IMU) positioned on the rotation axis of the

cycle-ergometer to detect the rotations and trigger the synchronized electrical stim-

ulation according to the muscle activation pattern pre-configured for the pedaling

exercise (see Figure 1).

The muscle stimulation sequence used in the treatment was configured for each

channel independently according to studies regarding muscle activation patterns in

healthy subjects during pedaling [27]. The stimulated muscles were the quadriceps

(rectus femoris), hamstrings (bicep femoris), triceps surae, and anterior tibialis for

all patients using 5x5cm disposable adhesive electrodes. The stimulation was per-

formed unilaterally, on the paretic limb of each subject. The current configuration

was established according to the recommendations of the literature related to FES,

applying rectangular biphasic pulses with a pulse width of 300µs, at a frequency
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of 20 Hz and intensity above 20 and up to 60 mA according to the tolerance of

the subjects and their muscular response, looking for a visible contraction with the

generation of joint movement against gravity but that does not generate an increase

in the rate of muscle fatigue [28]. The waveform used was biphasic, consisting of a

cathodic pulse that stimulates axons located near the electrode, followed by a sec-

ondary anode pulse that balances the load of the primary pulse, avoiding potential

damage to the electrode-skin interface [29].

Biomechanical Analysis

The assessment consisted of the instrumented gait analysis through a ten-camera

optoelectronic system (VICON Oxford Metrics, UK) under pre and post-treatment

conditions. The data acquisition procedure was developed using the conventional

dynamic pipeline on the software VICON NEXUS 2.9 by the laboratory operator,

according to the Plug-in-Gait biomechanical model [30]. For the data acquisition,

the passive reflective markers were fixed to the skin of the subjects with adhesive

tape in the following anatomical structures of each leg: lateral malleolus, second

metatarsal head, calcaneus, lateral femoral condyle, anterosuperior iliac spine, pos-

terosuperior iliac spine and lateral aspect of the thigh (see Figure 2). All the kine-

matic data were collected with a sampling frequency of 120Hz. In each assessment

session, ten gait trials of each subject were recorded at a self-determined speed in a

space of 8 meters length. The kinematic variables were processed and filtered with

a 4th order, zero-delay, butterworth low-pass filter at 6 Hz, and subsequently ex-

ported in c3d format for analysis. The data analysis of the c3d files was developed

in MATLAB software through the free toolbox Biomechanical Toolkit (BTK) to

identify the curves with greater intra-test consistency [31]. The methodology used

to select the most consistent curves within a set of curves was as follows:

Considering a set of curves S (several gait cycles of each join angle):

set = S1, S2, S3, .., Sn = Sm (1)

Where n is the number of curves. Thus, a mean difference vector is calculated for

each curve:

V Dm = Dm2, Dm3, ..., Dm(n−1) = Dmk (2)

For equation 2, m is the current signal and Dmk is the mean value of the difference

between m curve and k curve, which belong to set S (as shown in equation 3). In

which index m must be different to index k.

Dmk = (Sm − Sk) (3)

Once, the difference vector V Dm is obtained for each curve, a mean value for each

vector is calculated as:

V Dm =
1

n

n∑

k=1

Dmk (4)
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In which, n is the number of components of the vector V Dm, and k is the current

component that belongs to V Dm vector. Equation 4 is restricted for m 6= k.

Afterwards, a new vector V Fm is composed by each V Dm value:

V Fm = V D1, V D2, ..., V Dn (5)

Thus, equation 5 represents a vector which contains the mean value for each V Dm

vector, where n is the number of curves and m is the curve associated with V Dm

vector.

Since V Fm value is a quantification of the difference between m curve with the

others; the lower V Fm values represent the more consistent or uniform curves within

the set of curves.

In order to select the most consistent curves, V Fm vector is sorted from the highest

to the lowest values. Thus, the first four values of V Fm are extracted to obtain the

four most consistent curves. The mentioned algorithm assumed that the number of

segmented cycles is greater than four.

Afterward, the most consistent gait cycle for every joint angle was averaged (see

Table 1). Thus a mean curve of each joint angle was extracted. The previous process

was carried out for each patient data set. Finally, a general kinematic profile were

obtained by averaging joint angles from all subjects. Furthermore, kinematic profiles

were divided into paretic (P) and non-paretic (N-P) limb. Once the segmentation

and the average of all the extracted signals have been carried out, the GDI and

the spatio-temporal parameters are calculated. The GDI consists of an indicator of

gait normality that synthesizes all the variables of the kinematic examination in a

single general result, indicating the global normality percentage and for each leg in

comparison to a kinematic reference database of individuals without pathology or

mobility disturbances. This index is considered normal between the values of 90 to

110 [12]. The GDI was calculated from a kinematic normality database of 38 healthy

subjects. Baker et al. published the profiles of kinematic normality consisting of the

angles shown in table 1, of 38 subjects, who did not have a pathological gait [32].

Finally, the average spatio-temporal parameters of the gait of each subject were

calculated from the dataset of kinematic curves associated to the greatest consis-

tency. The calculated parameters were stride length, cadence, and walking speed.

Statistical Analysis

The statistical analysis was performed using the software SPSS 17.0 (SPSS.Inc.)

comparing the gait variables pre (Baseline) and post-intervention (Post-FES),

specifically the cadence, stride length, walking speed, paretic limb GDI and non-

paretic limb GDI. Descriptive and inferential statistics were performed on the study

variables. The qualitative variables were described through frequencies, while the

quantitative ones were described through their median and interquartile ranges. In-

ferential statistics consisted of paired comparisons between pre and post-treatment

conditions. Due to the variables did not meet the normality assumption, the com-

parisons were made using the Wilcoxon test. The analyzes were carried out in the

general sample and the sub-sample divided according to age range (under and over

60 years of age). Statistical significance was considered for those values p < 0.05.
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Results

General sample

The study group was composed by a total of 39 subjects (13 women and 26 men)

with ischemic stroke of all age ranges with an average age of 58.74 years. Of the

total sample, 31 subjects had left hemiparesis and 8 subjects had right hemiparesis.

Table 2 shows the characterization of the sample (see Table 2).

The variables of the instrumented gait analysis in pre and post-intervention sce-

narios were calculated and compared in order to identify the effects of FES-cycling

therapy in the study group (see Table 3). The results indicate that in the general

sample (n=39), the paretic GDI, non-paretic GDI, and cadence were not signif-

icantly modified with the FES therapy. The variables that did show significant

improvements with the therapy were walking speed and stride length, in both cases

an increase of 0.67 to 0.74 m/sec and 0.86 to 0.95 meters respectively was shown

(see Table 4).

Although the GDI of the non-paretic limb and the paretic limb showed variations

when comparing the pre and post-intervention scenarios (see Figure 3) these dif-

ferences were not statistically significant (p > 0.05). Similar results were observed

in the cadence. Moreover, statistic results related to speed and stride length (see

Table 4) show significant differences (p < 0.05).

Group over and under 60 years of age

Variations in the GDI of the paretic limb, walking speed and stride length were

observed in the group younger than 60 years of age (n=22)(see Table 5). These

variations were significant (p < 0.05)(see Table 6). Specifically, an increase from

74.46 to 78.83 in the paretic lower limb GDI was observed. The same occurred

with the average walking speed, which increased from 0.68 to 0.77 m/sec, while the

stride length improved from 0.86 to 0.99 meters (see Figure 4). On the contrary, in

patients older than 60 years of age (n=12), no significant differences were found in

any variable after the FES-cycling therapy (results not shown).

Discussion

The present study showed the instrumented gait analysis in stroke patients after

therapy with a synchronized multi-channel FES-cycling system. Gait characteristics

were measured with an optoelectronic camera system, obtaining spatio-temporal pa-

rameters (walking speed, stride length, and cadence) and kinematic data. At the

end of 24 therapy sessions with FES, significant improvements were identified in the

spatio-temporal parameters and gait kinematics of the subjects with stroke. Our

results are consistent with other studies such as the work of Laufer (2009) and Stein

(2010), who demonstrated a therapeutic effect after the use of FES for 3 months in

patients with chronic stroke [33]. In our study, the spatio-temporal parameters that

presented significant improvements were mainly the speed and stride length when

considering the general sample. Regarding the improvements in walking speed, our

findings are consistent with similar studies in the stroke population. Peri (2016) de-

veloped an intervention with FES on a cycle-ergometer of fifteen 30-minute sessions

carried out in 3 weeks. Their patients were evaluated before and after the train-

ing, through functional scales, gait analysis, and a voluntary pedaling test. In their
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study walking speed increased significantly for both the experimental and control

groups by 35.4% and 24.3% respectively [34]. Robbins (2006), in a meta-analysis

of a group of studies aimed towards improving the walking speed of patients with

stroke through FES, revealed that therapy is effective in improving walking speed

[35]. Other studies have also demonstrated that FES improves walking speed in

chronic stroke individuals, maintaining the achievements of therapy even in mid-

term follow-ups [36].

It is important to emphasize that in our study significant changes in walking speed

were identified in subjects younger than 60 years of age after segmenting the sample

by age range. Subjects older than 60 years of age showed no significant changes in

walking speed. These results are supported by the literature that associates aging

with a general decrease in walking speed and disturbances of balance in older people

[37]. The changes in walking speed detected in our study are important since speed

is one of the most used indicators to assess results after motor rehabilitation, being

a reliable and sensitive indicator [38, 39]. Regarding the improvements in stride

length, our results indicate a significant improvement after FES therapy in the

entire sample group. The increase in stride length after FES therapy has been

documented before in the literature. Lee (2013) studied the effects of treadmill

training with body-weight support and FES on functional movement and gait in

stroke patients, finding within their discoveries a significant increase in walking

speed and stride length [40]. Sabut (2010) also found significant changes in stride

length when evaluating FES of the tibialis anterior focused towards motor recovery

on patients with stroke [41].

In this study, the GDI was used as a synthesis measure of the kinematic data

obtained with the gait analysis. The results of our kinematic analysis indicate that

stroke subjects younger than 60 years of age present improvements in the gait kine-

matics evidenced by a tendency towards the normalization of GDI after training.

Literature studies show that the GDI is used as an outcome measure of gait dis-

order in various types of diseases such as muscular dystrophy, Parkinson’s disease,

rheumatoid arthritis, among others, and has also been shown to be a valid indicator

in post-stroke patients [13].

Despite the current availability and affordability of therapeutic technologies such

as FES, there is a large percentage of subjects post-stroke that only receive con-

ventional therapy and as consequence maintain their walking difficulties or require

the use of external aids. The ability to walk is an important requirement to carry

out the ADL and reintegrate into the community. Therefore, improving gait char-

acteristics is a priority objective for people after stroke who receive rehabilitation

therapy [42].

Conclusions

Rehabilitation of gait with a synchronized multi-channel FES system and cycle-

ergometer for lower extremities for people with chronic stroke causes significant

improvements in gait biomechanics, mainly in the spatio-temporal parameters. Joint

kinematics shows improvements in the paretic limb after FES therapy in patients

younger than 60 years of age. Future studies should continue with FES therapy

in patients with stroke, comparing the results between the different stimulation
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modalities and incorporating new outcome measures, such as the measurement of

metabolic consumption during pathological gait assisted by FES. Additionally, the

long-term sustainability of the effects of FES therapy on stroke patients should be

evaluated.

List of abbreviations

The following abbreviations are used in this manuscript:

FES Functional Electrical Stimulation

ADL Activities of daily life

IMU Inertial measurement unit

GDI Gait Deviation Index

BTK Biomechanical ToolKit

P Paretic

N-P Non-Paretic
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6. Mercier, L., Audet, T., Hébert, R., Rochette, A., Dubois, M.-F.: Impact of motor, cognitive, and perceptual

disorders on ability to perform activities of daily living after stroke. Stroke 32(11), 2602–2608 (2001)

7. Batchelor, F.A., Mackintosh, S.F., Said, C.M., Hill, K.D.: Falls after stroke. International Journal of Stroke

7(6), 482–490 (2012)

8. Barroso, F.O., Torricelli, D., Molina-Rueda, F., Alguacil-Diego, I.M., Cano-de-la-Cuerda, R., Santos, C.,

Moreno, J.C., Miangolarra-Page, J.C., Pons, J.L.: Combining muscle synergies and biomechanical analysis to

assess gait in stroke patients. Journal of Biomechanics 63, 98–103 (2017)

9. Ferrarello, F., Bianchi, V.A.M., Baccini, M., Rubbieri, G., Mossello, E., Cavallini, M.C., Marchionni, N.,

Di Bari, M.: Tools for observational gait analysis in patients with stroke: a systematic review. Physical therapy

93(12), 1673–1685 (2013)

10. Schwartz, M.H., Viehweger, E., Stout, J., Novacheck, T.F., Gage, J.R.: Comprehensive treatment of ambulatory

children with cerebral palsy: an outcome assessment. Journal of Pediatric Orthopaedics 24(1), 45–53 (2004)

11. Gage, J.R.: Gait analysis. an essential tool in the treatment of cerebral palsy. Clinical orthopaedics and related

research (288), 126–134 (1993)

12. Schwartz, M.H., Rozumalski, A.: The gait deviation index: a new comprehensive index of gait pathology. Gait

& posture 28(3), 351–357 (2008)
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Barŕıa et al. Page 10 of 13

36. Stein, R.B., Everaert, D.G., Thompson, A.K., Chong, S.L., Whittaker, M., Robertson, J., Kuether, G.:

Long-term therapeutic and orthotic effects of a foot drop stimulator on walking performance in progressive and

nonprogressive neurological disorders. Neurorehabilitation and neural repair 24(2), 152–167 (2010)

37. Mahlknecht, P., Kiechl, S., Bloem, B.R., Willeit, J., Scherfler, C., Gasperi, A., Rungger, G., Poewe, W., Seppi,

K.: Prevalence and burden of gait disorders in elderly men and women aged 60–97 years: a population-based

study. PLoS One 8(7), 69627 (2013)
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Figures

Figure 1 Patient setup for FES-cycling therapy. The figure presents (A) 6-channel electrical
stimulator; (B) Adhesive electrodes on lower limb muscle; (C) Inertial measurement unit (IMU)
positioned on the rotation axis of the cycle-ergometer, and (D) Motorized cycle-ergometer for
lower limbs

Figure 2 Reflective markers positioning of the Plug-in-Gait model. The white circles on the lower
limbs and pelvis of the subjects correspond to the spherical reflective markers of the
optoelectronic camera system.

Figure 3 FES-cycling therapy effects on biomechanical variables in the total sample. The figure
presents the graphs of the averaged values of GDI in the paretic limb (P), GDI in non-paretic limb
(N-P), Walking speed, and Stride Length at Baseline and Post-FES conditions.

Figure 4 FES-cycling therapy effects on biomechanical variables in the group under 60 years of
age. The figure presents the graphs of the averaged values of GDI in the paretic limb (P), GDI in
non-paretic limb (N-P), Walking speed, and Stride Length at Baseline and Post-FES conditions.
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Tables

Table 1 Kinematic variables from Instrumented Gait Analysis. Table shows the extracted joint angles
from Nexus software.

Joint Sagittal Frontal Transversal

Pelvic Tilt Obliquity Internal-External rotation
Hip Flexo-Extension Add-Abduction Internal-External rotation
Knee Flexo-Extension - -
Ankle Dorsi-plantarflexion - -
Foot - - Foot progression

Table 2 Description of sample subjects. The table presents the sample characteristics inparticular
number of subjects, gender, age, and hemiparetic side.

Variable Description

Number of subjects 39
Number of men 26

Number of women 13
Mean age ± sd (years) 58.7 ± 9.3

Left hemiparesis 31
Right hemiparesis 8

Table 3 Outcomes measures in Baseline and Post-FES conditions in the total sample. The table
presents the averaged GDI values for the paretic (P) and non-paretic (N-P) lower limbs. Walking
speed, Stride Length, and Cadence are presented as bilateral average values.

Study condition
N-P GDI P GDI Speed Stride length Cadence

m/s meters steps/m

Baseline 77.34 76.81 0.67 ± 0.27 0.86 ± 0.22 90.95 ± 22.83
Post-FES 77.70 78.36 0.74 ± 0.28 0.95 ± 0.23 90.57 ± 20.09

Table 4 Wilcoxon test results between Baseline and Post-FES conditions in the total sample. The
table presents the Wilcoxon test results, considering all study subjects. Statistical significance p <

0.05 (*).

Wilcoxon test
Variable n Median z p value

N-P GDI Baseline 39 78.7
-0,0349 0,97696

N-P GDI Post-FES 39 79.3
P GDI Baseline 39 78.5

-1,0117 0,3125
P GDI Post-FES 39 78.8
Speed Baseline 39 0.66

-2,3514 0,01878*
Speed Post-FES 39 0.71

Stride length Baseline 39 0.9
-2,9569 0,00308*

Stride length Post-FES 39 0.95
Cadence Baseline 39 95.7

-0.4713 0,63836
Cadence Post-FES 39 94.8

Table 5 Outcomes measures in Baseline and Post-FES conditions in the group under 60 years of age.
The table presents the averaged GDI values for the paretic (P) and non-paretic (N-P) lower limbs.
Walking Speed, Stride Length, and Cadence are presented as bilateral average values.

Study condition
N-P GDI P GDI Speed Stride length Cadence

m/s meters steps/m

Baseline 76.37 ±10.56 74.46 ±11.43 0.68 ±0.28 0.86 ±0.22 93.79 ±24.35
Post-FES 77.96 ±8.43 78.83 ±9.13 0.77 ±0.25 0.99 ±0.24 93.21 ±18.25
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Table 6 Wilcoxon test results between Baseline and Post-FES conditions in subjects under 60 years.
The table presents the Wilcoxon test results, considering all subjects under 60 years. Statistical
significance p < 0.05 (*).

Wilcoxon test
Variable n Median z p value

N-P GDI Baseline 22 77.55
-0.7467 0,45326

N-P GDI Post-FES 22 80.35
P GDI Baseline 22 74.9

-2,564 0,02382*
P GDI Post-FES 22 79.75
Speed Baseline 22 0.68

-2,5486 0,01078*
Speed Post-FES 22 0.795

Stride length Baseline 22 0.94
-3,5453 0,00038*

Stride length Post-FES 22 0.97
Cadence Baseline 22 96.35

-0,7125 0,4777
Cadence Post-FES 22 94.25



Figures

Figure 1

Patient setup for FES-cycling therapy. The  gure presents (A) 6-channel electrical stimulator; (B) Adhesive
electrodes on lower limb muscle; (C) Inertial measurement unit (IMU) positioned on the rotation axis of
the cycle-ergometer, and (D) Motorized cycle-ergometer for lower limbs



Figure 2

Re�ective markers positioning of the Plug-in-Gait model. The white circles on the lower limbs and pelvis
of the subjects correspond to the spherical re�ective markers of the optoelectronic camera system.



Figure 3

FES-cycling therapy effects on biomechanical variables in the total sample. The  �gure presents the
graphs of the averaged values of GDI in the paretic limb (P), GDI in non-paretic limb (N-P), Walking speed,
and Stride Length at Baseline and Post-FES conditions.



Figure 4

FES-cycling therapy effects on biomechanical variables in the group under 60 years of age. The  �gure
presents the graphs of the averaged values of GDI in the paretic limb (P), GDI in non-paretic limb (N-P),
Walking speed, and Stride Length at Baseline and Post-FES conditions.


