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The flexor reflex or withdrawal reflex can be elicited by electrical stimulation of the sole of

the foot, which serves as a reflex to protect the stimulated limb against tissue damage

and consists of flexion movements in the hip, knee, and ankle joint. Triggering this reflex

might improve walking abilities in hemiparetic patients. We report the first case of a

chronic stroke patient with the most severe impairment of walking. She was examined

with and without flexor reflex activation by the Incedo® system. Tests included a 10-m

walk and a 2-min walk at baseline, after 3 weeks of training with the Incedo® system and

after a follow-up 3 weeks later. Moreover, a kinematic gait analysis was done before and

after the training period. At baseline, activation of the flexor reflex induced an improved

gait velocity. After the training period, the patient walked twice as fast compared with

baseline. Her gait velocity without Incedo® was faster than the gait velocity with Incedo®

at baseline. Examination at follow-up indicated that the improvements remained almost

unchanged. The kinematic analysis showed an improved stride length and gait velocity

during flexor reflex activation. Initially, the foot was elevated higher above the ground

during flexor reflex activation. In conclusion, this first case report of a chronic stroke

patient demonstrates that flexor reflex activation is feasible and improves gait parameters

despite severe impairment of walking abilities.
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INTRODUCTION

The flexor reflex (FR) is a polysynaptic and multisegmental spinal response that produces a
withdrawal of the stimulated limb in order to protect against tissue damage from contact with
noxious stimuli (1–3). It can be elicited by electrical stimulation of the sole of the foot and consists
of flexionmovements in the hip, knee, and ankle joint. Application of the FR in hemiparetic patients
after subacute stroke has been shown to improve walking velocity (4).

This report deals with a chronic stroke patient most severely affected in her ability to walk. We
explored if the use of the FR changed gait velocity, walking distance, and kinematic parameters
even during the first application and if eliciting the FR during a 3 week period as a training tool is
associated with further improvements in walking abilities.

MATERIALS AND METHODS

The 32-year-old female patient had suffered a basilar thrombosis in 2015, resulting in a large
brainstem infarction. Clinically, she presented with a spastic tetraparesis, predominantly on the
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TABLE 1 | The 10m walking test and 2min walking test before and after a

3-week training period and at follow-up.

Baseline After 3 weeks Follow-up

10m walk with Incedo (seconds) 72 35 42

10m walk without Incedo (seconds) 92 42 66

2min walk with Incedo (meters) 14,5 28 30

2min walk without Incedo (meters) 11 27 28

right side. Sensory function tested by sensation of touch at the
lower extremities was normal. She needed help for all activities
of daily living and could only walk by using a high walker and
support from two therapists. Her Barthel index (5) had five
points. The functional ambulation category indicated 0 points
(6). At the beginning of her inpatient rehabilitation in February
2020, she was able to walk 10 m.

For eliciting the FR, we used the Incedo R© system (Nordic
NeuroStim, Denmark). The system consists of an impulse
generator, electrodes, and a sensor. The electrodes are attached to
the patient’s sole of the foot. The sensor is placed in the patient’s
shoe. As soon as the sensor recognizes the initiation of a step,
a signal is sent to the impulse generator, which produces an
electrical stimulation through the electrode.

Evaluation: Motor functions were tested with a 10-m walk
(measured in seconds), a 2-min walk (measured in meters), and
a kinematic gait analysis (RehaGait system, Hasomed Comp,
Germany) over a distance of 10 m.

Evaluations were performed as baseline measurements, after 3
weeks training period and after an additional follow-up period of
3 weeks. The kinematic analysis was only conducted before and
after 3 weeks of FR training. At each time point, evaluations were
done with and without the Incedo R© system.

During the 3-week training period, the patient received nine
sessions of gait training with the Incedo R© device. Each session
lasted 45min. The more affected right leg was stimulated. This
training was offered in addition to the conventional rehabilitation
program, which included 14 conventional gait training sessions
and seven sessions on a treadmill with weight support.

After the training period, the patient was asked about her
impression regarding various aspects of the electrical stimulation.
A visual analogous scale ranging from 0 to 10 was used to
quantify the patient’s answers (Table 3).

RESULTS

At baseline, the use of the Incedo R© system was associated with
a higher walking velocity than without the system. After 3 weeks
of training, walking with the Incedo R© system was almost twice
as fast compared with baseline. Moreover, after 3 weeks, she
also walked faster without the Incedo R© device than at baseline
with the Incedo R©. At follow-up, the 2-min walk results remained
almost unchanged, but there was a slight deterioration in the
10-m walking test (Table 1).

The kinematic analysis (Table 2) indicated that the patient’s
stride length and gait velocity were higher, and stride duration

TABLE 2 | Kinematic gait analysis before and after a 3-week training period.

Kinematics Baseline After 3 weeks

With Incedo Without Incedo With Incedo Without Incedo

Steps 18 23 13 16

Double stride

length (meters):

0.47 0.40 0.67 0.59

Double stride

duration

(seconds):

3.39 4.03 2.60 2.74

Max. foot elevation

(meters):

0.11 0.03 0.03 0.03

Stance phase (%): 80.4 79.7 81 77

Swing phase (%): 19.6 20.2 19 23

Gait velocity (m/s): 0.14 0.10 0.26 0.21

TABLE 3 | The patient’s perspective: questionaire answered by the patient.

Question Answer

Was wearing the device comfortable? 10

Was the electrical stimulation pleasant? 2

Did you feel pain during the electrical stimulation? 1

Did you feel pain after the training session? 0

Do you feel this electrical stimulation as being beneficial? 5

Do you recommend this device for others? 10

Answers were given on a visual analogous scale ranging from “0,” corresponding to “not

at all,” to “10,” corresponding to “yes, full agreement”.

was shorter with FR stimulation. Consequently, the number of
steps for 10m decreased with FR activation. Only the baseline FR
stimulation was associated with a considerable elevation of the
foot above the ground. This effect was diminished after 3 weeks
of training.

At the beginning of the recent inpatient rehabilitation, the
patient had been able to walk 10m before exhaustion and
required a break. At the end of the rehabilitation period, she
managed to walk 100m without a break.

Her own estimation of the electrical stimulation indicated that
she did not consider it pleasant but effective and recommendable
to others (Table 3).

We were able to compare these results with results obtained
during a preceding inpatient rehabilitation period that took place
in the same rehabilitation hospital (from July until August 2018).
In 2018, the patient had been able to walk 10m without a break
at the beginning and 40m at the end of the treatment period.

DISCUSSION

To our knowledge, this is the first report describing the effects
of an FR activation in a chronic stroke patient. Two preceding
studies that focused on FR activation had been performed in
subacute stroke patients. One of these studies had also used
the Incedo R© system (4); in the other publication, successive
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needle pricking on plantar and dorsal parts of the foot had been
applied (7).

In our patient, even during the first utilization of the Incedo R©

system, gait parameters improved, indicating an immediate effect
of the FR activation. The stronger elevation of the foot at
baseline (compared with the measurement at the end of the
training period) suggests an initial exaggeration of the FR, which
habituates after repeated use. Interestingly, after 3 weeks of
Incedo R©-based gait therapy, the patient had improved her gait
function so much that she now was even better without Incedo R©

compared with the baseline measurement with Incedo R©. This
suggests a transfer of function and less dependency on the
device. Another aspect underlines this hypothesis: The difference
between with and without Incedo R© was much smaller after the
3-week therapy than at the beginning. Nevertheless, the fact that
the patient’s gait function was still better with than without the
Incedo R© system after the 3-week therapy suggests that the patient
still benefits from the FR activation. Fortunately, the results
obtained 3 weeks after the termination of the Incedo R©-based
therapy demonstrate a maintenance of function. The patient’s
judgment corresponded to what could be expected: She felt the
treatment to be slightly painful and not pleasant, but moderately
helpful and highly recommendable.

Compared with a previous inpatient rehabilitation 2 years
earlier, the most recent inpatient treatment was associated with
much stronger gains of gait abilities as determined by the distance
the patient was able to walk without a break. Of course, we
cannot attribute this improvement exclusively to the Incedo R©-
based approach since the Incedo R©-based therapy had been
added to the conventional rehabilitation program. The larger
number of therapies itself might have produced a larger degree
of improvement. Such a correlation between the number of
therapies and the degree of improvement has been published
earlier (8, 9).

In conclusion, our case study demonstrates that a chronic
stroke patient with a severe gait impairment can benefit from
activation of the flexor reflex. Of course, this single case does
not allow drawing any general conclusion about the efficiency of
flexor reflex activations in chronic stroke patients. However, we
suggest using this technique to conduct a randomized controlled
study in this patient group still suffering from severe gait deficits.
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