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Introduction
Multiple Sclerosis (MS) is defined as a “chronic, inflammatory, 

demyelinating disease of the central nervous system (CNS) with 
additionally differently pronounced loss of axons and reactive 
gliosis”.1 Although etiological and pathogenetic processes are still 
unclear, it is assumed that MS can be assigned to autoimmune diseases, 
in which body tissue is attacked by the immune system.1,2 Due to 
their different inflammatory origin, persons with MS still differ in the 
manifestation of individual symptoms. The most common symptoms 
comprise sensory disturbances (approx. 40% of the patients), motor 
impairments (ca. 39% of the patients), pain syndrome (ca. 15% of 
the patients), and cognitive impairments (ca. 10% of the patients).3 
Therefore, MS must be seen as a complex and inter-individually 
strong varying neurodegenerative disease. On a symptomatic level, 
limitations can occur in neuropsychological functions (e.g. cognition, 
fatigue, depression), vegetative functions (e.g. bladder, dysentery, and 
sexuality disorders), as well as in deficits associated with the cerebral 
nerves (e.g. eye movement disorders, dysarthria, dysphagia) and pain 
phenomena.1,4 Sustained motor impairments are caused by spasticity, 
muscle weakness, gait and balance disorders.1,4 Significant differences 
in people with MS (pwMS) base on the fact that the course of the disease 
pattern is unpredictable. Until this day and age, pharmacological 
treatments are considered as gold standard in MS therapy. Thereby, 
pharmacological as well as non-pharmacological interventions must 
be seen as symptom-based treatment. Until now, the etiology of MS 
has not been clarified; in consequence it is absolutely necessary to 
further develop existing rehabilitation programs in order to maintain 
physical, sensory, psychological and social functions. In this context, 
first investigations pointed out the possibilities of using bio- and 
neurofeedback as a therapeutical intervention in this group of patients. 

In biofeedback (BF) therapy, body signals are reported to the patients 
in real-time, so that the person can learn to influence these body 
functions.5 The aim of biofeedback treatment is the perception and 
influence of physical processes, which are important in the maintenance 
of mental, psychosomatic and physical diseases. Biofeedback can be 
used as a specific intervention, without already known side effects.5 
For example, Jensen et al.,6 used Neurofeedback (EEG-Biofeedback) 
to treat chronic pain in people with MS (pwMS). The authors reported 
a positive influence of the additional use of neurofeedback on self-
hypnosis in chronic pain of pwMS. Choobforousshazadeh et al.,7 
investigated the effects of neurofeed back training on depressive 
symptoms and fatigue in pwMS. Furthermore, Lucio & colleagues8 
found an improved control of pelvic floor muscles in pwMS who 
suffer from sexual dysfunctions, after EMG-supported biofeedback 
training and additional neuromuscular electrostimulation. Prosperini 
et al.,9 focused on the effects of visual-sensomotor biofeedback 
training (BFT) on postural control and the risk of falling in pwMS. 
Patients were asked to stand on a balance board, while visual feedback 
of their own performance were displayed on a monitor in front of 
them. The authors reported a significant increase in postural stability 
as well as a significant reduction of falls after a six week training 
period.9 Furthermore, participants showed improvements of visual, 
sensorimotor and vestibular compensation strategies after the six 
weeks.9 The possible applications of biofeedback and neurofeedback 
training are manifold and can be individually adapted to persons 
and health restrictions. Thereby, the comparability of individual 
investigations is difficult because of the wide range of experiments. 
In the present article a BFT should be applied and systematically 
examined in a person with MS in order to improve postural stability, 
walking safety as well as walking speed. Within the case study at hand, 
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Abstract

Background: Until now, the etiology of Multiple Sclerosis (MS) has not been clarified. 
The symptoms vary from person to person and can affect motor, sensory, and cognitive 
body functions.

Objectives: Next to pharmacological treatments, non-pharmacological therapy approaches 
become more and more important for maintaining physical, sensory, psychological and 
social functions in people with MS (pwMS). Furthermore, Biofeedback (BF) seems to be an 
interesting treatment option in order to improve motor functions such as postural stability, 
walking safety and walking speed in pwMS.

Methods: In the present case study, an Electromyography-Biofeedback (EMG-BF) has 
been examined over 6 weeks in a 74-year old female with MS. Functional Gait Assessment 
(FGA) and 10-Meter-Walking- Test (10MWT) has been tested pre (t0), after three weeks, 
(t1) and after six weeks (t2) of treatment (2x/week).

Results: The results showed an increase in walking speed after 3 and 6 weeks in 10MWT 
and a decrease of postural stability after 3 weeks. In contrast, postural stability increased 
after 6 weeks. The participant tolerated the EMG-BF training very well and she felt more 
secure in everyday life in relating to a better perception of her feet in the moment of foot 
contact while walking.

Conclusions: EMG-BF training has been examined especially in order to improve the 
control of pelvic floor muscles in pwMS. Additionally, pwMS might benefit from BF 
training in regard to improve gait and postural control. More research is necessary to 
examine BF therapy options in order to support pwMS in their current motor impairments.
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we apply an EMG-supported BFT, as a cost-effective and practicable 
method for everyday clinical practice.

Methods
Anamnesis

Inclusion criteria for participation in the study were as follows: 
(a) Confirmed MS diagnosis; b) regular participation in the BFT (2x / 
week, maximum one missed date allowed); (c) limitations in postural 
stability; (d) complete testing at all three test times T0, T1, T2; (e) no 
acute cardiovascular disease, no acute orthopedic diseases and no 
other neurological disease.

The participant was a 74-year-old woman with a diagnosed 
MS and restricted postural stability. The anamnesis revealed a 
subjective insecurity while walking, and a “cuff feeling” around the 
ankle joints after prolonged standing or walking (regardless of the 
walking distance). The gait instability increases with large steps or 
overcoming obstacles (e.g. getting in and out of trains). Stair climbing 
is independently possible with railings. As a secondary diagnosis, the 
patient reported a conservatively treated Weber B fracture in the right 
lower limb (August 2016), a surgically treated humerus fracture of 
the right side (2003), medically well-adjusted hypertension and type 
II diabetes mellitus, as well as temporal knee and lumbar spine pain 
due to age-related degenerations. The MS was diagnosed in 1984 after 
two propulsions. Since then, a benign course has been shown in the 
form of sensory disturbances and stability impairment in the left lower 
limb and ankle joint area without further relapses (EDSS = 3.5). Due 
to the existing complaints, the patient is in regular physiotherapeutic 
and osteopathic treatment. The patient does not take any MS-specific 
drugs.

Study protocol

The present case study examines the effect of a six week BFT 
on improving postural stability, gait safety, and walking speed. 
Furthermore, it is of interest how well the BFT is tolerated by the 
person and whether it has an influence on the self-assessed postural 
stability in everyday life. The study is divided into a baseline 
measurement at time T0, a six week BFT, an intermediate test T1 three 
weeks after T0, and a final test T2 after a total of six weeks intervention 
period. The variables postural control, gait safety and walking speed 
were measured using the standard 10-Meter-Walking-Test (10MWT) 
and the Functional Gait Assessment (FGA).

Measurements

10-Meter-Walking-Test10˗12: A distance of 10 meters is passed six 
times, with a self-chosen recovery break being held between each lap. 
Within the first three rounds the patient is asked to walk in her pleasant 
walking speed. Within the second three rounds the patient is asked to 
walk as fast as possible (not running). The time of each round was 
stopped. Mean value of the first three rounds provides information 
on the pleasant and safe walking speed. Mean value of the last three 
rounds provides information of the possible maximum of gait speed. 
In order to get an overview of the real walking speed, the time from 
meter 2 to meter 8 is stopped so that acceleration and deceleration will 
be not included in the stopped time.

Functional Gait Assessment, German version13 The FGA is used to 
measure balance abilities in different walking tasks. Firstly described 
by Wrisley et al.,14 the FGA represents the further development of 
the Dynamic Gait Index (DGI).15 Seven of the eight tasks out of the 
DGI are used in the FGA but changed in their operational definition. 
Additionally, three other tasks are included in the assessment. The 

FGA consists of ten different items, which are rated on a scale from 0 
to 3 points. The maximum score that can be achieved in the FGA is 30 
points and indicates an unrestricted balance during walking.

Intervention

The intervention consisted of eleven treatment sessions (each 
session about 20 minutes, two sessions per week, one missed session 
in week three), carried out with a 4-channel surface EMG biofeedback 
amplifier (NeXus-10 MKII) and the software BioTrace + (Mindmedia 
B.V., Netherlands). For the training, the activity of the antagonistic 
stabilizing muscles was derived and reported back in form of real-time 
visual feedback via a screen in front of the subject. In each session, either 
the thigh muscles (Mm. glutei medius et minimus and Mm. adductores 
or the M. quadriceps femoris and the Mm. ischiocrurales), or the lower 
limb muscles (M. gastrocnemius and M. tibialis anterior) were trained. 
The derivation took place on both sides of the same muscle groups. 
At the beginning, the perception of muscle control was visually 
supported by biofeedback. Subsequently, the stabilizing muscles 
should be deliberately tensed or relaxed by the participant, under 
constant feedback of the EMG signal. In addition, exercises (e.g. 
squats with the aim of symmetrical muscle activation) were applied. 
To increase the task difficulty, the weight should be shifted to one 
side and the appropriate co-contraction of the stabilizing muscles 
should be taken into account. The duration and breaks were adapted 
individually to the fatigue of the patient.

Data analyses

Due to the study design only a descriptive analysis is possible. 
Furthermore, a self-report of the participant will be added in order 
to enable information about the training tolerance and the personal 
experience in daily life.

Results
In Table 1 the results of the self-chosen walking speed m/s and the 

maximum walking speed m/s out of the 10MWT are shown. Specific 
changes of the maximum speed within the six weeks intervention 
period is demonstrated in the mean out of the three fast laps in all 
three testing points (Figure 1). While the needed time in the 10MWT 
has been reduced after six weeks (-6 % compared to baseline), the 
results of the FGA (T0: 22 points, T1: 20 points, T2: 24 points) showed 
a decrease after the first three weeks of the intervention (-10% 
compared to baseline). However, in T2 the postural stability increased, 
demonstrated by a higher FGA-Score (+9% compared to baseline) 
(Figure 2).

Table 1 Results of 10MWT in all three testing points (T0, T1, T2)

Testing 
Point

Mean of the Self-Chosen 
Walking Speed [m/s]

Mean of the Maximum 
Walking Speed [m/s]

T0 1.16 1.38
T1 1.16 1.47
T2 1.15 1.49

In summary, the participant tolerated the EMG-Biofeedback 
training very well. Although the work-out was lower dosed than in 
her well-known physiotherapeutic treatment, she had the feeling 
that the biofeedback training was more exhausting, compared to her 
regular physiotherapy. The “cuff feeling” around the ankle joints after 
prolonged standing or walking - she mentioned as a problem before 
the beginning of the study - has been vanished after the six-week 
intervention period. Additionally, she mentioned a better perception 
of her feet in the moment of foot contact while walking what gives her 
more secure feeling in everyday life.
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Qualitatively analyzed video data of the 10MWT at T0, T1 and 
T2 confirmed higher gait stability, shown in less deviation to the side 
while walking in testing point T2 compared to T0 and T1.

Figure 1 Results of the fastest speed in 10MWT in all three testing points 
(T0, T1, T2).

Figure 2 Results of the Functional Gait Assessment in all three testing points 
(T0, T1, T2).

Discussion
The present case study gives indications of the effectiveness of 

EMG-supported Biofeedback training in a person suffering from 
Multiple Sclerosis regarding the improvement of postural control and 
gait. Because the Biofeedback treatment focuses on an improvement 
of (body) perception and an increased influence on physiological 
processes, especially the subjective information of the participant and 
the video data are important tools, next to quantitative assessments, in 
order to evaluate the therapy method.

Considering the results in the FGA, in a population of 60 to 96-years 
old persons the Minimal Clinically Important Difference (MCID) is 
reported with four points. An increase in the FGA score about four 
points is interpreted as an additional value for the participant and is 
defined as clinically relevant.16

The participant of the present case study indicates a self-
perceived improvement in gait stability, which has been confirmed 
in the qualitative evaluation of the video data. Additionally, the 
improvement of the FGA from T1 to T2 about four points indicates 
a clinically relevant improvement in balance while walking. The 
change in walking speed from T0 to T2 about 0.11 m/s in maximum 
walking speed out of the 10MWT cannot be interpreted as clinically 
relevant or might be indicating a measuring error. Lang et al.,17 have 
analyzed in persons suffering from Parkinson’s Disease (PD) the 
Minimal Detectable Change (MDC) for the 10MWT. In the self-

chosen walking speed the MDC amounts to 0.22 m/s and in the 
maximum walking speed to 0.23 m/s. In our case, the subject did not 
receive those changes in walking speed, but we should keep in mind 
that she started with very good results at baseline. Bohannon10 gives 
norm data in healthy females over 70 years with a self-chosen walking 
speed about 1.27 m/s and maximum walking speed of 1.74 m/s an 
(compared to the baseline results of our case in T0: 1.16 m/s und 1.38 
m/s). Therefore, it can be assumed that the results in the 10MWT 
might be seen as real improvements in the present case. Until now, 
EMG-supported biofeedback training has been applied and examined 
especially in order to improve the control in pelvic floor muscles in 
pwMS.8,18,19 In concern of gait and balance, biofeedback training has 
been applied in people with PD, because the usage of internal and 
external cues has been proved successfully in the therapeutic setting 
of persons suffering from this specific neurodegenerative disease.20˗23 
Internal cues are defined as body signals (e.g. EMG-derivation of 
single muscles), the body produces itself, whereas external cues are 
predefined from outside (e.g. metronome or a ladder on the ground). 
Even if the origin of the gait and balance disorders in persons with 
PD cannot be compared to those in MS, pwMS might benefit from 
biofeedback training as persons with PD actually do. Beyond, there 
are no side effects known in biofeedback training.5

Conclusion
The further development of current existing rehabilitation 

interventions is meaningful both in diseases with completely clarified 
pathogenesis, and in diseases without knowledge of all disease-
relevant processes in order to keep autonomy plus physiological, 
sensomotoric, psychological, and social functions of the affected 
people. The usage of goal-oriented physical exercise, training and 
physiotherapeutic treatments respectively, plays more and more an 
important role in neurorehabilitation. Biofeedback training provides 
a further non-invasive therapeutic approach in order to support pwMS 
in their current individual motor impairments and to improve their 
management of activities of daily living.
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