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Effect of visual force biofeedback on 

balance control in people with Multiple 

Sclerosis- a Pilot Quasi-experimental study 
 

Mohsen Shafizadeha*, Roya Abolfazlib, Geoffrey K Platta. 
Introduction: 

          Multiple sclerosis (MS) 
is a neurological problem

1
 that 

seems is originated from the 
structural and functional 
changes of the body which 
cause detrimental effects. For 
example, it is reported that 
muscular weakness, loss of 
flexibility and coordination in 
the limbs, reduced endurance 
and speed of gait, increased 
fatigue threshold, and reduced 
work efficiency occurs in MS 
patients.

2,3,4
 

          Functional movement 
patterns are one of the 
important disorders affecting 
MS patients in the form of 
posture imbalance and gait 
disturbance that relate to 
some mechanisms due to the 
condition of disease.

5,6,7,8,9
 For 

example, one of the 
consequences of fall in MS 
patients is poor postural 
control due to slowed 
somatosensory conduction 
and impaired central 
integration.

7
 Porosi�ska et al

6
 

reported that the increased 
risk of falling is related to the 
increased postural sway 
velocity and length of mean 
sway in MS patients. Sosnoff 
et al

5
 showed that muscle 

spasticity contributes to 
postural deficits in MS 
patients. Tofte et al

8
 reported  
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that the reduced or absent 
EMG responses to stretch is a 
problem due to spasticity in 
MS patients. Similar findings 
were reported in the Lorentzen 
et al

9
 study on stroke, spinal 

cord injury and multiple  

sclerosis patients. 

          There are also control 
mechanisms that need to be 
evaluated for examining the 
loss of balance in MS patients. 
Awareness of such  
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mechanisms will help 
practitioners to manage 
rehabilitation programmes 
according to the needs of the 
individual. One of the control 
mechanisms of movement is 
the degree of freedom 
problem. This term was 
introduced by Bernstein

10
 who 

recognised that the main role 
of the motor system is to 
control the variability in joints 
in order to achieve the 
intended outcome. In fact, the 
important concern of any 
performer is to change the 
mechanical degree of freedom 
(increasing or decreasing) 
according to the demands of 
the task.

11
 On the other hand, 

restricting some joints’ 
degrees of freedom (freezing) 
while leaving other joints 
unconstrained (freeing) are an 
appropriate strategy to learn 
and control a complex skill. 
          Freezing is a control 
mechanism in some motor 
disability diseases.

12,13,14
 Utley 

et al
12

 in children with 
developmental coordination 
disorder (DCD) showed the 
smaller ranges of motion and 
less variable angular 
excursions of the elbow joints 
during a catching task. Zyluk 
et al

13
 showed that upper limb 

pain and limited mobility are 
common complications in 
cases of stroke. Such motion 
limitations have also been 
reported in MS patients.

14
  

          One purpose of the 
present study was to examine 
to what extent the MS patients 
have limitation in their limbs 
during posture control. It is 
proposed that prolonged 
asymmetrical force distribution 
of MS patients during static 
balance indicates constraining 
of centre of mass degrees of 
freedom around the base of 
support as a compensatory  

mechanism to stabilize the 
posture. 
          The application of 
biofeedback in healthy people 
has been demonstrated in 
previous studies for different 
functional abilities such as 
stability

15,16
 and locomotors 

tasks.
17,18,19

 Davis et al
16

 
revealed that posture sway is 
diminished in both young and 
older adults following 
biofeedback intervention. 
Similar findings are achieved 
in the Janssen et al.

18
 study 

about reducing body sway in 
the gait pattern of young 
adults. Rougier and 
Boudrahem

15
 through visual 

force biofeedback (VFB) on a 
platform studied the healthy 
subjects’ ability to reduce the 
difference between their 
centre of gravity (COG) and 
their centre of pressure (COP). 
Their data showed the 
complementary nature of the 
VFB conditions to establish 
the postural control 
behaviours. Crowel et al

17
 in 

the healthy runners indicated 
that training with real-time 
visual feedback can reduce 
the types of lower extremity 
loading associated with stress 
fractures. 
            Previous studies also 
have shown that biofeedback 
training had a positive role in 
the rehabilitation of functional 
abilities in cases of 
amputation, brain injury, low 
back pain and stroke,

20,21
 and 

somewhat in MS.
22

 Srivastava 
et al

21
 evaluated the role of 

balance training on a force 
platform with visual feedback 
technique in improving 
balance and functional 
outcome in chronic stroke 
survivors. They showed that 
balance training employing 
this technique significantly 
improved balance and walking 
abilities. Magnusson

20
  

demonstrated that postural 
feedback in the form of 
electromyography (EMG) is a 
useful method for chronic low 
back pain participants. 
Prosperini et al

22
 in MS 

patients revealed that training 
single and double static 
balance with visual feedback 
could improve postural control 
and reduce the risk of falling. 
          Some research findings 
demonstrate that a long-term 
lack of awareness of body 
position and adaptation to 
poor posture is a likely cause 
of postural imbalance and 
deformity

23,24
. Therefore, it 

appears likely that any 
information about correct body 
position, obtained through 
different devices (e.g. visual 
force feedback), would assist 
in regaining correct body 
posture and reducing 
misalignments through 
changing in different muscular 
forces.

25,26,27
 

          The application of VBF 
training in improving weight-
bearing symmetry of MS 
patients during static balance 
was another purpose of the 
present study that did not 
evaluate in the previous 
studies. Alternatively, if it be 
useful for reducing asymmetry, 
to what extent it can increase 
the variability of motion by 
reducing the centre of mass’s 
degrees of freedom constraint. 
 
Methods: 
 
Participants: 
          Ten adult volunteers 
(male= 5, female=5) with more 
than five years relapsing 
remitting MS, who were 
unaware of the purpose of the 
study, were selected from the 
Neural Science Clinic at 
Tehran Medical School. The 
inclusion criteria were age, 
level of disability, MS  
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category, and lack of sever 
visual problem and routine 
rehabilitation during the study 
period. All subjects had 
disability score between 5-7 
(Mean EDSS= 6.5) on the 
basis of neurological 
examination by second author 
and completed the consent 
form prior to participating in 
the experiment. The Ethics 
Committee of the University 
approved each stage of the 
experiment and the design of 
the relevant forms. 
 
Instrument: 
          The instruments 
employed in the study 
consisted of hardware and 
software. The hardware was a 
force plate (40 cm× 60cm) 
equipped with four load cells 
(China Co) were inserted in 
the external edge of the front 
and back , approximately 35 
cm apart in each corner, in 
order to record the reaction 
force of each foot separately in 
x-dimension and y-dimension. 
The maximum measured force 
was 3500 N with 50Hz data 
transfer frequency. All load 
cells were connected to an 
AC/DC convertor through 
cables and from it to a 
personal computer by a 9-Pin 
RS-232 Serial Com Port. 
          The software in the 
Delphi programme was able to 
receive data from sensors and 
simultaneously analyse the 
reaction force. The 
programme output included 
information on the size of the 
reaction forces of each foot in 
the form of numerical and 
graphical feedback. In 
addition, it measured the COP 
displacements in medial-
lateral and anterior- posterior 
directions. The software could 
collect the raw data of two 
dimensions and by computing  

deviation from centre of 
platform, shows the radial 
deviation (cm) on both x-axis 
(medial-lateral) and y-axis 
(anterior-posterior) separately. 
 
Procedure: 
          The participants were 
familiarised with the force 
plate by standing on it before 
participating in the main 
phases of the experiment (see 
figure 1). They then 
participated in the experiment 
programme in six sessions 
lasting 15 minutes each 
session, two sessions per 
week for three weeks. The 
experiment consisted of two 
conditions baseline and VFB. 
The participants performed 
both conditions in each 
session, but half of them 
whom were randomly selected 
practiced the baseline 
condition first and the VFB 
condition second in each 
session and others practiced 
them in the reverse order. 
Each condition was performed 
ten times with 30 seconds 
duration and with 30 seconds 
rest interval between them. 
          In the baseline 
condition, the subjects did not 
receive any information and 
were not able to see the 
computer screen. The 
importance of baseline 
condition in each session was 
for its control nature. In fact, it 
used to measure the 
consistency of protocol in 
different sessions and equality 
of VFB trials with No-VFB 
trials after intervention period. 
In the VFB condition, they 
were provided with visual 
feedback about the reaction 
force of their two feet in the 
form of numeric and line 
graph; for each foot there was 
a specific coloured line. Y-axis 
was an indicator of the size of  

reaction force and the x-axis 
was an indicator of time. The 
subjects were instructed to 
control the size of the forces 
by changing their centre of 
mass through equalizes of two 
lines that were indicator of 
force asymmetry in two feet. 
 
Data analysis: 
          Dependent variables 
were reaction force (Kg), COP 
(cm), and force asymmetry 
(Kg). The reaction force was 
computed according to 
absolute force difference 
between right and left feet. 
COP was computed as 
displacement of COP in the 
medial-lateral direction. Force 
asymmetry was computed as 
reaction force of right foot 
compare with reaction force of 
left foot.   
           To examine the effect 
of VFB training on balance, 
the paired t tests were used to 
compare total mean score of 
baseline and VBF conditions 
on reaction force, COP, and 
force asymmetry. Confidence 
level was determined at two-
tailed 95% interval. We used 
PASW SPSS version 18 
software (IBM SPSS. Inc, NY, 
USA) for data analysis.  
 
Results: 
          The mean and standard 
deviation of participants and 
two conditions for all 
dependent variables are 
shown in table 1 and 2. Figure 
2 also depicted the reaction 
force difference and COP 
between two conditions. 
          The results of the 
statistical analysis on 
dependent variables show that 
there are significant 
differences between the two 
conditions on reaction force 
difference (t= 6.01, p�0.001) 
and COP (t= 6.45, p�0.001).  
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FIGURE-1 
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Table 1- Mean and standard deviation of demographic information of participants 

 
 

Information                       Mean               SD(±) 

Age (yrs)                                         29.8                     
5.84                      
EDSS (score)                                   6.5                      
1.78 
Height (cm)                                     166                      
7.84 
Weight (kg)                                     58.6                      
6.7       

 
 
 

Table 2. Mean and standard deviation of dependent variables in different conditions 
 

 

   Variable                                                Baseline                        VFB                        t             p                                       

 
   Right reaction force (Kg)                     29.60 (3.09)                  32.7 (3.49)             -8.12

*
    .001      

   Left reaction force (Kg)                       38.70 (4.44)                   34 (1.69)                  
   Reaction force difference (Kg)             9.10 (3.54)                    2.9 (1.1)                  6.01     .001 
   COP (cm)                                              23.1 (7.3)                      7 (2.5)                     6.45     .001 
                                                
 

 
*measure of symmetry between two legs in each condition 

 
 
 

Figure 2- Reaction force difference and COP in two conditions 
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The mean of the two 
conditions showed that the 
VBF condition relative to the 
baseline condition had a 
smaller reaction force 
difference (2.90 vs. 9.10) and 
COP (7 vs. 23.1). 
          To examine the force 
asymmetry between the two 
feet in both conditions the 
mean reaction force of each 
foot was compared. The 
results of paired t tests 
demonstrated that there was a 
significant difference between 
the two feet in the baseline 
condition (t= -8.12, p�0.001), 
but not in the VBF condition 
(p>0.05). Their mean shows 
that in the baseline condition 
the reaction force of the left 
foot (M= 38.70, SD 4.44) was 
significantly higher than the 
right foot (M= 29.60, SD= 
3.09), but in the VFB condition 
the two feet produced nearly 
equal forces (ML=34, SD= 
1.69 vs. MR=32.70, SD= 3.49). 
 
Discussion: 
          The purposes of the 
present study were to examine 
the effects of VFB training on 
posture control in MS patients 
and to what extent they use 
freezing mechanism to control 
degree of freedom problem in 
order to avoid losing the 
balance.  
          On the regard of first 
purpose our results showed 
that MS patients had a 
significantly smaller amount of 
two-foot force difference after 
VFB condition relative to no-
VFB condition. In addition, 
they had significantly lesser 
COP displacement in the 
medial-lateral direction with 
VFB condition. 
          The results of the 
current study showed that 
providing perceptual-motor 
intervention in the form of 
visual force biofeedback is an  

effective modality for 
controlling the posture in the 
patients who have difficulties 
in balance such as in cases of 
MS. Our results have revealed 
that participating in the static 
balance task with VFB versus 
no-VFB facilitates the 
perceptual-motor integration 
mechanisms by reducing COP 
displacement in the medial-
lateral direction. The current 
finding is accordance in 
previous research findings 
about the effectiveness of 
force biofeedback 
interventions on balance 
capability of different disorders 
such as stroke, MS, and brain 
injuries.

20,21,22
 Prosperini et al

22
 

in MS patients revealed that 
training single and double 
static balance with visual 
feedback could improve the 
posture control and reduce the 
risk of fall. Srivastava et al

21
 

showed that balance training 
with force biofeedback 
significantly improved balance 
and walking abilities in stroke. 
         Previous studies have 
showed one of the functional 
problems of MS patients is 
imbalance and falling due to a 
loss of stability due to impaired 
central integration

7
, sway 

length and velocity,
6
 and 

spasticity.
5,8

 On the contrary, 
freezing or constraining of joint 
mobility is a control 
mechanism in some of motor 
disability diseases.

12
 Thus, 

another purpose of this study 
was to clarify if the freezing or 
freeing is a control mechanism 
to avoid losing the balance in 
people with MS.   
          Our findings 
demonstrated that in the 
baseline condition the reaction 
force of the left foot was 
significantly higher than the 
right foot in all ten patients. 
Thus they used freezing of 
variability by limitation of  

centre of mass in one side of 
the body as compensatory 
mechanism. But after 
intervention with VFB the 
reaction force difference 
between two feet was reduced 
and there was not significant 
differences between two feet 
in VFB condition (34 vs. 32). It 
showed that VFB facilitated 
the centre of mass 
displacement from left foot to 
right foot to better force 
distribution within the base of 
support in two out of ten 
participants. It was valuable 
finding for rehabilitation 
through VFB modality because 
losing of force asymmetry of 
whole body could reduce the 
mechanical stress in specific 
body parts that consequence 
to reduce the risk of fall due to 
constraining the degrees of 
freedom and facilitation of the 
motor system self-organization 
via enhanced symmetrical 
force distribution between two 
feet and limbs coordination. 
         One of the limitations of 
this study was the lack of the 
transfer test in actual situation. 
Since its design was within-
subject AB (baseline-
intervention) design, the 
carryover of such intervention 
in actual life setting after 
intervention was not 
examined. Future studies 
need to use other research 
designs such as ABA with a 
post-test as same as pre-test 
or use between-subject design 
with a matched control group.    
 
Clinical messages 

• combining perceptual-
motor intervention 
such as VFB 
facilitates the control 
of posture in MS 
patients.  

• the main mechanisms 
for better control of 
posture with VFB are  
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           the reducing COP    
           displacement in the    
           medial-lateral     
           direction.  
• the freeing of centre of   
           mass to move in both    
           sides of the body  
           helps to better  
           balance in MS    
           patients. 
 
Conflicts of interest: 
          None identified and/or 
declared. 
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