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SUMMARY 

This experiment is aimed at the analysis of the transfer 
changes of a vibration load applied to the axial system which 
were not only affected by a monotonic load, but the shape, 
tissue, and weight changes in pregnancy. A vibration load 
applied to the body parts (spinous processes of C7 and L5) 
was observed on the segments of the vertebrae (Th1 – Th12 
and L1-L5) and adjacent tissue of the axial system. The TVS 
(transfer vibration through spine) was chosen as a detection 
method. The research results proved the fact that changes 
caused by the monotonic load influence the way of the waves 
transfer through the axial system of the observed participant.    
 
INTRODUCTION 
The rheological tissue changes occur in the axial body system 
as a result of loading and physical activity or on the contrary 
insufficient physical activity (for example long-term sitting). 
For instance, a decrease of the physical resistivity of the 
ligament apparatus to mechanical stress is detected while a 
long-term monotonic quasi-static tensioning loading is 
applied. The relevant changes are also measured for the 
functional segments of the human spine (the intervertebral 
discs, intervertebral joints, and the ligament apparatus of a 
particular segment of the axial system) [1].  
Due to the monotonic loading and moving deprivation there is 
also change in soft tissues and its nervous and blood supply. 
All these changes cause faster start of degenerative changes in 
the movement system of the body and predisposition to the 
injuries of the movement system.          
All the above mentioned changes are underlined by the 
influence of pregnancy on the shape and tissue characteristics 
which lead to the changes not only in the areas of abdomen 
and uterus, but also in other parts of the human body (the 
position of pelvis, weight of particular body segments) [2]. 
Therefore, the requirements to the human movement system 
even increase in pregnancy. 
 
METHODS 
The measurement of the transfer of a vibration stimulus 
throughout the axial system by the TVS (transfer vibration 
through spine) was carried out in the first instance with tree 
nonpregnant subjects before and after a four-hour car drive.  
The same measurement of changes of the transfer along the 
spine before and after monotonic loading (in our case 2 hours 
car ride) was held for a woman who was 16, 27, 32 weeks 
pregnant. All subjects was first examined by physiotherapist 
and measured by TVS method. The same examination and 
measurement was carried out after the monotonic loading (car 
ride).   
The TVS (transfer vibration through spine) method is based on 
the use of a five-msec semi-bandwidth γ pulse stimulus and 
consequent application of continuously changing harmonic 

stimuli which periodically differs between 5Hz and 160Hz to 
the vertebrae C7 and L5. This wave is carried through the 
axial system and its acceleration on the spinous processes 
between C7 and S1 is scanned with the help of the 
accelerometric sensors.    
It is expected that the wave transfer speed and its loss while 
detecting the responses of the human spine to the stimuli is 
dependent on the characteristics of tissue in which the wave 
passes through. The mechanical tissue changes are 
retroactively characterised by a speed of the wave 
transmission.   
A simplified model of the human spine which was built in 
order to analyze the measured data according to the basic 
characteristics of the measuring system helped to prove the 
above mentioned expectations. According to the measured 
data (the input stimulus and its recorded responses measured 
on the spinous processes vertebrae) and the geometric features 
of the human spine (the height and radius of the intervertebral 
discs) it is possible to identify changes of the viscoelastic 
properties of the human spine before and after applying 
vibration or another type of loading. A relationship is found 
between the complete elastic model of the human spine and its 
viscosity from the detected response (the rate between the 
exciting amplitude and the amplitude of a particular vertebra) 
and the phase shift of the exciting signal. 

 

 

 

 
Figure 1:  The vibration transfer from L5 to Th7  
the red and green curve – before & after a 45-minut drive 
the blue and purple curve – before & after a 2-hour drive 
the greater absorption, lower acceleration amplitude and 
decrease of the resonant frequency are obvious after a 
drive. 
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frequencies (Figure 1). On the other hand, two successive 
measurements (the TVS method was used) on the same driver 
who rested in a horizontal position for 90 minutes show the 
opposite tendency, i.e. acceleration amplitude increased, the 
tissue was rested, and the absorption decreased. The phase 
shift at the resonant frequency (in this case 25Hz) approaches 
zero (Figure 2).    
 

 
Figure 2:  The phase shift between Th9 and L1  
 x-axis – multiples of resonant frequency  
y-axis – the phase shift between the measured segments in 
[rad]  
The phase shift approaches zero near the resonant 
frequency 

 
CONCLUSIONS 
The research results show the existence of mechanical 
properties changes in the observed tissue before and after the 
loading procedure. Not only is greater absorption of the spine 
tissue evident, i.e. lower acceleration amplitude, but even the 
resonant frequency of the tissue moves towards lower 
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