
 

Abstract—The objective of the present study is to quantify 
and analyze the time to stabilization in quiet and the total 
mechanical work after  a motor  and visual per turbation. The 
sample was constituted by 10 healthy young subjects (men), 
average of age 25.6±2.26 years, body mass 68.22±2.71 kg and 
height 1.69±0.25 m. For  the data collection was used: 1) force 
platforms system with 2 platforms for  the capture of the 
ground reaction forces and for  the calculation of center  of 
pressure (COP) and center  of gravity (COG); 2) an image 
system with eight infra-red video cameras for  reception of the 
body segments and the determination of the segmentar  and 
total (Frequency of acquisition of 200 Hz). The both systems 
were synchronized for  the kinetic and cinematic pre-
processing data. The task consisted of the trunk extension for  
the or thostatic posture in two visual conditions: momentary 
vision depr ivation and preserved vision.  The results of this 
study shows that the neuromuscular  system in the momentary 
vision depr ivation activates the musculature of the lower  
limbs more quickly to recompose the body stability and to 
avoid a possible fall.  

Keywords—self-disturbance, stability, mecanical work, 
momentary vision depr ivation. 

I. INTRODUCTION 

W ith the progress of the researches for the 

functional activities and in the intention of preserving the 
functions relative to the basic mobility, independence and 
self-care, becomes necessary a study that can contribute to 
deepen  a knowledge of the operation of the systems that 
integrate the posture to maintain the human body balance 
and stability to avoid possible falls.  

The study of the erect posture with the use of a 
destabilizer factor as motor and visual disturbance allows 
the understanding of the motor control in the postural 
maintenance, being known that the neuromuscular and 
neuromotor systems depend on the integrity of these 
aspects to maintain the body stability [1], [2].  

For the understanding of these mechanisms it is 
necessary an including study being like this, an analysis of 
the movement for the stabilographic variables [3], [4] and 
for the mechanical work it has been used by several 
authors [5], [6], however still a study of the postural time 
to stabilization (TTS) was not proposed after having 
happened a motor and visual disturbance. 

For this reason the proposal appeared, in the present 
study, of investigating the TTS of the erect posture after 
occurrence of a motor self-disturbance, using the 
movement task of trunk extension for the erect posture, in 
the visual conditions of momentary vision deprivation and 
preserved vision.  

In this study the variables were analyzed the time to 
stabilization of the erect posture in the after-disturbance 
interval (TTSAd) and the total mechanical work (Wtot). 

II. MATERIALS AND METHODS 

A. Experimental Data Collection  

 Data collection have been performed at the offices of 
Movement Laboratory of the  Institute of Physical 
Medicine and Rehabilitation of the Medicine School 
Hospital of the University of São Paulo  in collaboration 
with the Motor Control Laboratory of the University of 
Mogi das Cruzes. 
 The volunteers’  participation in the research has been 

processed by the Ethics Committee on Research Involving 
Human Beings / University of Mogi das Cruzes through 
the opinion of CEP Case No 110/06 and CAAE: 
0111.0.237.000-06) and the Committee on Ethics in 
Research Involving Human Beings CAPPesq of the 
Medicine School Hospital of the University of São Paulo by 
the opinion of Search Protocol number 0069/08 of 
17/03/2008. 

B. Experimental Samples Composition   
The sample has been composed by ten male subjects aged 

25.6±2.3 years, height of 1.69±0.2 m, body weight of 
68.22±2.71 kg, with moderate daily activity level, not 
sportsmen, without neurological or muscle-bone 
commitments or with significant history of diseases in the 
lower limbs and lumbar spine. 

 The screening has been conducted through a 
questionnaire and other criteria have not been checked for 
exclusion as hypoglycemia, vestibular  disorders and 
changes in blood pressure. 

C. Test Motor Task  

 The motor task required of the individuals was to start 
from the inflected position of the hip and trunk at 90 ° and, 
to hear a beep, make the extension to the orthostatic 
position (see diagram in Figure 1). 
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Fig. 1: Task of trunk extension from 900. (I): start position; (II): upright 
posture 

The subject has been asked to carry out the motion for 
trunk extension quickly, but in such a speed that would 
maintain the stability to reach the upright posture. Five 
trials of movement have been made for each subject. 

D. Instrumentation  

For the collection of the signs they were used: (1) System 
of Platforms of Force (AMTI, OR6-7-1000) constituted of 
two platforms of force; (2) Image system (Expert Vision - 
COHU 4915) with eight analogical video cameras of infra-
red ( Hawk) with frequency of acquisition of 200 Hz. The 
systems are integrated for the acquisition of the 
stabilographic and cinematic data, linked to OrthoTrack 
software [7],[8] and a PC with EVaRT 5.0 software 
(acquisition rate of 1000Hz) to pre-processing the raw 
signs.   

Were fastened to the subject retro-reflective markers for 
reception for the image system and reconstruction of the 
three-dimensional model. The both systems were 
synchronized for the kinetic and cinematic pre-processing 
data. The signs were captured, converted and made 
calculations by the softwares EVaRT 5.0 and OrthoTrack 
6.2.  

 The row data were filtered (Butterworth filter) 
recursive of 4th and 6th order. The cut off frequency was of 
12 Hz. The results processing of the signs, quantification 
of the mechanical work, statistical analysis and  separation 
of the interval after-disturbance, according to the method 
of Costa et al. (2008) [7] have been held in routines written 
in the programming environment Matlab 2008a 
(Mathworks, Inc.). 

The quantification of the total mechanical work (Wtot) 
and of the total energy (Etot) it was calculated according to 
the methods of Arampatzis et al. (2000) [5], for speeds 
below 2,5 m/s, according to equations below: 
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Where: n is the number of segments; i: denotes the 

segment; m: mass of the segments; v: vector of speed in the 
directions x, y e z; Θ : vector of the angular speed of the 
segment; I: tensor of inertia of each segment;  g: 
gravitational acceleration; h: height of the COM of the 
body segment. 

 The ray of turn of the tensor of inertia of the COM of 
each corporal segment it was calculated around the ray of 
turn of the COM of the axis of the hip. 

 The normality of the data was made by the 
Kolmogorov-Smirnov test, supposing that the distribution 
approaches to one gaussian for all the medium values. The 
data were normalized and in the sequence the statistical T-
Student test was applied, for the 10 volunteers in the 5 
trials and in the conditions de MVD and PV. Also the test 
was applied ANOVA 2 test for the analysis of variance of 

the data (p<0,05). The total number of the sample for each 
stabilographic variable analyzed was same the 100 
(10x5x2).   

III. RESULTS 

A. TTS 

To analyze the individuals' stability in the erect posture 
for the data of the kinematics and kinetics was made an 
analysis of the time of stabilization of the erect posture in 
the after-disturbance interval (TTSAd), for the it analyzes of 
the time, with the intention of measuring the time in which 
the system neuromotor is long to reach the stability, in 
other words, through the oscillations of COG in relation to 
COP to establish the time that COP is long to approximate 
of COG in the interval supra mentioned. The module of the 

vector COGCOP − was used in the Ad interval,. In the figures 
3a and 3b it is observed the individuals' maximum and 
minimum picks with  PV and MVD. A curve of 
exponential adjustment was calculated with 2 constant of 

time denominated:  (1) 1τ : constant of time 1 e (2) 2τ : 
constant of time 2. 
 The picks of the widths compose an involving curve that 
can be approximate for a couple exponential function, 
according to equation: 
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Where: f (x): maximum width; a: coefficient of 

exponential adjustment 1; b: coefficient of exponential 
adjustment 2. 
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Fig. 2: Maximum width of the envelop curve of the vector COGCOP−  
to five trials  and their curves adjustments exponential f (t) obtained in an 

individual with (a) PV e (b) MVD. 
 

It is observed in Figure 2 that initially the width of the 

vector COGCOP − , in the Ad interval is greater in MVD 



 

(Figure 4b) compared to the PV condition (Figure 4a). It 
also notes that the extent provided MVD decays faster than 
the PV in the interval (0, 1) s. Therefore, it remains almost 
constant while in MVD condition only after a few seconds, 
approximately in the range (1, 6) s is to reach a constant 
value. 

The medium values of the time of recovery of the 

stability 1τ  e 2τ  they were obtained by the equation 1 and 
they are presented in the Table 1. 

 

Table 1: Mean values of the parameters of stability 
 PV MVD 

1τ
 [ms] 

 
779,6(±138,6) 

 
404,8(±170,2) 

2τ
 [ms] 

 
50,2(± 34,0) 

 
40,0(± 21,4) 

 

The time for restoration of stability 1τ  in the PV 
condition is almost double that provided MVD. This 
demonstrates that the system of postural control in 
individuals with MVD uses mechanisms adjustments faster 
than subjects with PV. However, once achieved stability for 
both the compensation is roughly similar. That is, working 
mechanisms of latency around 50ms. 

The figure 3 display the statistical analyse for the width 

of the time of recovery of the stability 1τ  (TTSAd) in the 
application of the T-Student test t, where significant 
differences were verified in the 5 trials between the groups 
PV and MVD, in the interval after-disturbance (Ad), in 
accordance with the Bi-directional ANOVA test. 
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Fig. 3: Mean and SD of 10 individuals, in the 5 trials of each visual 

condition in the interval after-disturbance. (*) statistical significance p<0,05. 
 

In the it analyzes of the cinematic data for the variable 
Muscular Work, for the calculation of the variables Total 

Mechanical Energy of the COM of each segment ( MTotalE ) 

and Total Mechanic Work ( MTotalT   [J/Kg]) obtained in 

the interval of the Ad and correlated to the variable TTS  
for the conditions PV and MVD, it will be shown in the 
statistical analysis, by the T-Student and ANOVA 2 tests. 
The results were obtained according to the sequence below 
the comparison among the averages of the groups: (1) 
group PV and (2) MVD by the T-Student  

The quantification of the total mechanical work (Wtot) 
and of the total energy (Etot) it was calculated according to 
the methods of Arampatzis et al. (2000) [5].  

 

B.  Total mechanical energy (E tot). 
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Fig. 4: Mean and SD of 10 individuals, in the 5 trials of each visual 

condition in the interval after-disturbance. (*) statistical significance p<0,05. 
 

In figure 4 it is observed that the Etot stayed along the 
time, with close values among the visual conditions (PV 
and MVD).  

Looking at the need of an individual analysis of the 
Total Mechanical Energy (Etot) that it constitutes the: 1. 
Kinetic Energy (KE); (2) Potential Energy (PE) and (3) 
Rotational Energy (RE) (Figure 5). 

1.  Kinetic Energy (KE) 
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2. Potential Energy (PE) 
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3. Rotational Energy (RE) 
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Fig.5: Mean and SD of  KE ,  PE e RE  in visual conditions PV and 

MVD. 
 

In the figure 5 it is observed that the subject with MVD 
they introduced one KE (1) RE (3) discreetly larger during 
the whole interval of time.  



 

Already the PE (2) stayed along the time with very close 
values for both visual conditions. In the statistical analysis, 
for T-Student test, a significant difference was verified 
(p� 0,05) in the 5th trial (p=0,0212) for the variable WTot 
(J/kg) between the conditions of PV (mean and 
SD=0,0613±0,0188 J/Kg) and MVD (mean and 
SD=0,0390±0,0205 J/Kg), in the after-disturbance interval 
(Figure 5). 
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Fig. 5: Mean and SD of WTot , in TTSAD , of 10 individuals, in the 5 

trials of each visual condition in the interval after-disturbance. (*) statistical 
significance p<0,05. 

4. DISCUSSION 

The results of this study show that the neuromuscular 
system of subjects in the momentary vision deprivation 
activates the musculature of the lower limbs more quickly, 
in order to recompose the body stability. These results are 
important in the prevention, rehabilitation of subject with 
visual deficiency and seniors, among other disturbances in 
the upright posture maintenance or in the march, in the 
sense of guiding for the cares to be taken to avoid a 
possible fall, once any individual can rebalance yourself   
in the erect posture. 

Individuals in MVD they need faster adjustments 
mechanisms  to stabilize in the erect posture than PV, that 
use slower mechanisms to stabilize in the erect posture (it 
can be interpreted as modulation of the activation 
frequency by the participation or not of the visual system 
on the motor system). This does felt when is observed that 
the width of the displacement Ad is larger in the MVD 
individuals.   

The volunteers with MVD presented larger KE and RE 
because they presented a larger movement width to 
stabilize the posture in a smaller interval of time being in 
agreement with the literature. However these values of KE 
and PE didn't influence so that significant differences along 
the five trials in Wtot, happening differences just in the last 
trial for the volunteers with PV, being this irrelevant 
result. That means that the volunteers with same MVD 
tend the fastest movement to stabilize the posture there was 
not an increase of the along the 5 trials.   

5. CONCLUSION 

The results of this study show that the subjects in MVD 
use faster mechanisms of neuromuscular adjustments, that 
is, activates the musculature of the inferior members more 
quickly, in compensation, to recompose the body stability 
and to maintain the posture without falling, it 
accomplishes these adjustments in a smaller period of time.    

These results are important in the prevention, 
rehabilitation and training of subject with visual 

deficiency, seniors, among other disturbances, to maintain 
the upright posture, or even in the sense of guiding for the 
cares to be taken to avoid a possible fall.    

Therefore it is ended that the vision has an important 
paper for the fine adjustment of the self-disturbed erect 
posture.   
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