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ABSTRACT 

In this paper the research team presents some aspects 
concerning the modelling of a kineto – therapeutic 
system for human body rehabilitation, when a 
locomotor disfunctionality occurred. Thus, in the first 
part of the paper, we analyzed theoretical aspects 
connected to the human body biomechanics but also to 
the bipedal stability. In the second part of the paper, we 
present the rehabilitation system model, designed to be 
used upon a wide range of anthropometrical 
dimensions. In the last part of the paper we presented 
the results obtained using the modelling methodologies.  
 
INTRODUCTION 

The motion actions characterizing the human body 
motion are subjected to some accurate objectives aiming 
at the normal biological functions achievement and 
respectively environmental adjustment. In order to 
produce a certain action, the muscles need to overcome 
by contraction a certain resistance and in this cases the 
muscles performing the “overcome” activity, meaning 
the active muscles, coexist with movements of the body 
muscular system, which also take part to the motion 
through a so called “giving in” status. These muscles 
have a passive effect, for example when the body is 
flexing, the activity is assured by the giving in 
contraction of the muscles in the vertebral grooves. In 
the dynamical activity of overcoming the muscles 
perform motions by shortening, while during the giving 
in dynamical activity, the motion is performed by the 
muscles extension.  
The antagonist groups of muscles play an important part 
in determining the direction and magnitude of the 
motion velocity.  
This fact becomes more obvious when the joints have 
more degrees of freedom, the motion control being thus 
determined by the muscular mass. The body motions are 
characterized by a large complexity and represent a 
combination of the static and dynamic behavior, thus 
the human factor performs partial motions of members 
or trunk, while other segments are fixed and serve as a 
support for the other areas, being called “mobile bone 
lever”. Parts of the body muscles perform a static fixing 

activity for some joints, while other muscles groups 
develop a dynamical activity during the motion. The 
motion activity should be analyzed in a complex way, 
both in a static and a dynamic way, taking into account 
forces like gravity, support reaction as external forces 
and the muscles contraction force, ligatures resistance, 
elastic forces as internal forces and last but not least the 
forces of inertia, the resting forces and the motion 
forces of the mobiles the human body may be 
interacting with.  
Another aspect to consider is the fact that the muscles 
static or dynamic contraction depends on the excitation 
degree of the motion area in the cerebral cortex, the area 
that sends motion impulses according to the information 
received on proper ways from the interoceptors, 
prioceptors and exteroceptors.  
 

 
 

Fig.1. Different human body movements 
 

The motions of the human subject are reflex acts, 
meaning responses of the locomotor system, in all its 
neuromotor complexity, to the multitude of signals 
arriving along the sensorial paths. Any motion, as 
simple as it might be, is a simple unique reflex, 
resulting from the connection of million reflexes, 
“informing” of the nervous centres, allowing the 
assurance of controlled and permanent coordination of 
motion during their performance. The accurate 
coordination of motions does not come all of a sudden, 
it is the follow up of a long series of repeated and 
interpreted “exercises”, which determine the setting on 
the cerebral cortex of some temporary connections 
whose stability increase according to the number of 
repetitions and exercises stored within the central 
memory.  
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As a follow, the motions of the human body are 
performed by a series of muscles groups, which form a 
harmonious assembly of muscular-kinematic chains, 
created according to the motion particularities under the 
control of the cerebral cortex. The motions performed 
by the human body have spatial directional 
characteristics of the motion and of the trajectory length 
travelled by the body or the body segments. They may 
be continuous, interrupted or combined according to a 
certain succession. The ratio between the spatial and 
temporal characteristics that establish the velocity and 
also acceleration parameters of the motion and all these 
characteristics as a whole, represent the kinematic 
particularities of the motion: where, how much and how 
is the body and its segments moving, along which 
trajectories described by the body segments and which 
controlled way is the complex motion of the human 
body performed.  
All these aspects are important to be known when we 
analyze the disfunctionalities of the human body 
locomotor system.  
 
HUMAN BODY MOVEMENT ANALYSIS  

The motions that can be performed by the human body 
are translations and rotations, complex and in 3D. The 
locomotion motions may be also cyclic or non cyclic 
(when the disfunctionalities occur).  
The CYCLIC motions are those locomotor motions in 
which each part of the body returns to the initial 
position and then a new cycle begins, similar to the 
previous one. By the concept of cyclic motion we 
understand the totality of the motions performed by the 
human body and its segments, starting from a random 
initial position, considered as a starting point, until it 
reaches the next identical position. The cyclic 
locomotion is the result of repeating these uniform and 
similar cycles, also called walking or running motion 
units.  
The NON CYCLIC motions are those locomotor 
motions during which there is no successive repetition 
of some motions cycles, such as jumps or throws, 
during which the body goes from an initial position to a 
final one and then the motion stops. This way of 
manifestation could be also observed in the cyclic 
motion with locomotor disfunctionality, those that 
require rehabilitation procedures in order to become 
cyclic motions again.  
In dynamic walking, at each foot step, the system may 
suffer impacts and incurs on additional accelerations 
that influence the forward velocity (Zheng, 1984). For 
this reason, it was necessary to impose a set of 
conditions (continuity conditions) on the leg velocities 
so that the feet are placed on the ground carefully, 
without producing impact. We denote the moment of 
exchange of support as time t1, and by t1

- and t1
+ the 

times before and after the impact occurs, respectively. 
In normal and cyclic movement of gait process the 
mechanism for exchange-of-support, the angular 
velocities, before and after, must be identical, that is: 

    311112   itt ii            (1) 

The kinematic relations have been used and the 
differential problem solved to obtain the Cartesian 
velocities immediately before and after contact.  
The foregoing derivation determined conditions for 
smooth exchange-of-support. In accordance, the 
equation of the tip of the swing leg along the x-axis is 
computed by summing a linear function with a 
sinusoidal function: 
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where f is the step frequency (number of steps per unit 
of time).  
The vertical motion, that allows the foot to be lifted off 
the ground, is implemented using:  
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The trajectory generator is responsible for producing a 
motion that synchronises and coordinates the leg 
behaviour. In this perspective, we make sure that the 
swing limb arrives at the contact point when the upper 
body is properly centred with respect to the two lower 
limbs. 
 

Energy developed into human body locomotor 
muscles 

The amount of work done by muscles at a joint can be 
computed from the rate of work at the joint through 
time-integration. For example, the work done by the 
muscles at the ankle is 

     
1

0

1

0

..
t

t

SHFT

t

t FT

AKAKAK dtTdtMPW      (4) 

where to = the initial time of the movement, t1 = the 
final time, WAK = the amount of work done by the 
muscles at the ankle. Equation (3) is in fact equal to the 
area under the muscle power-time curve. Throughout a 
movement, the muscle power can show both positive 
and negative phases. Computing the amount of work 
done in each phase is very important in the sense that it 
really gives the amount of efforts put by the muscles 
either concentrically or eccentrically. Integrating the 
muscle power-time curve for the entire phase is 
somewhat meaningless since the positive and negative 
phases cancel each other and one can only get the net 
work done. The muscles consume energy regardless of 
the mode of contraction (concentric vs. eccentric) and it 
is only reasonable to add all the positive and negative 
works done. 
This can be generalized as 
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where i = phase number, to(i) = the initial time of the i-
th phase, t1(i) = the final time, and W(+/-) = the absolute 



 

 

amount of work done by muscles regardless of the 
contraction mode. Equation (5) is commonly used to 
compute the amount of internal work done by muscles 
and the efficiency of the human machine. 
It is extremely important that in the procedures of 
conception and modelling of the rehabilitation system 
we perform the assessment of the energy consumption 
at the level of inferior members. These aspects can be 
emphasized in modelling by changing the kinematic and 
dynamic parameters like in fig.2.     
 

 
Fig.2 Human leg modelling data 

 
Following the introduction of these limits for kinematic 
parameters, we can get motions modelling, simple or 
complex, for the inferior members, modelling that will 
be “transferred” to the rehabilitation systems in order to 
be reproduced, fig.3.  
 

 

 
Fig.3. Human body movements modelling 

 
The simulated motions by means of the dedicated 
softwares lead thus to the design of the rehabilitation 
system in order to eliminate the locomotor dependecies 
on another person or equipment. At the same time this 
model can be a performant tool for awareness and 
stimulation of the human subject.  
   
MODEL OF THE REHABILITATION SYSTEM  

Dependence is defined as the state of the persons who 
due to some causes connected to the mitigation or loss 
of the physical, psychical or intelectual autonomy need 
assistance and/or help, which are critical in order to 
allow them to fulfill the current life actions. 

Most of the times, dependence is considered 
synonymous to loss of motion autonomy.  
This is why sometimes the dependence on another 
person is possible in terms of displacement but at the 
same time to have some autonomy concerning the 
decision upon the displacement time, way or 
destination.  
We emphasize this way the fact that dependence is not 
entirely opposed to autonomy but the way the involved 
factors approach the dependence state is very important.  
All population categories may be affected by 
dependence. Prolonged and uncontrolled efforts, age 
related frailty, adjustment capacity mitigation, different 
physiological functions mitigation determine mobility 
decrease and dependence status occurrence, requiring 
rehabilitation actions.   
Physical deficiencies are primarily caused by the 
locomotor hypo- or hyper- function, lack of locomotor 
functions balance and last but not least by the 
environmental factors influence.  
In order to achieve the rehabilitation of the human 
locomotor system, we designed and structured a 
controlled motion module, on energetic basis, useable 
both in vertical position and for subjects confined to 
horizontal position, due to the impossibility of bipedal 
displacement.  
For the structural and geometric achievement of the 
locmotor rehabilitation function system, we used 
SolidWorks.  
 

 
Fig.4. Rehabilitation device model 

  
SolidWorks represents an extremely complex design 
program by whose means we can generate different 



 

 

structures in 3D and a multitude of simulations in order 
to functionally check any type of mechanisms.   
The designed system with applicability on both vertical 
and horizontal is presented in figure 4. 
Also this device is meant to perform a series of motions, 
which are necessary for the human locomotor system 
rehabilitation procedures, using the anthropometrical 
data of human factors and their performance limits.  

 

 
Fig.5. Anthropometrical data 

 
 RESULTS AND CONCLUSIONS 

The results obtained by applying different 
anthropometrical typo dimensions are presented in fig. 
6. and fig.7. 
 

  
 

Fig.6. Model of rehabilitation system for human height 
in 50% percentile 

    
Fig.7. Module of rehabilitation system for human height 

in 75% percentile 
 
In order to obtain a complete rehabilitation module, we 
considered at the same time the conception and 
modelling of its adjustment to the horizontal position of 
the human subject’s bed, shown in fig.8. 
The module can be easily attached or moved together 
with the bed, representing also an extension of its use in 
the locomotor rehabilitation procedures.  
 

 

   
 

Fig.8. Rehabilitation module with the patient bed in 
horizontal position 

 



 

 

 
Fig.9. Rehabilitation module in vertical position 

 
In figures 10, 11 and 12 we presented the models of the 
rehabilitation device motions with respect to the 
previously analyzed locomotor motions.  
 

    
 

Fig.10. Vertical position and stability of human leg 
 
We may observe that by the very simple constructive 
adjustments of the rehabilitation equipment, we can 
simulate and respectively stimulate a series of necessary 
motions, we can adapt it and use it for different persons 
with low mobility degrees.  
For the leg mobilization procedure, normally, the 
following movements are to be performed: flexion – 
extension of leg on the shank up to a global value of  
70°, out of which 25° - flexion and 45° - extension; the 
leg abduction and adduction being performed by the 
complex motions of eversion and inversion with 
amplitude of 10°-20°. 
The motions of the knee joint are exclusively made in 
the anterior-posterior plane.  
The maximum active flexion reaches 135°, while the 
maximum passive one 150°. The lateral legs motions or 

of the entire locomotor system always represent a 
pathological sign or symptom.   
 

    
 

Fig.11. Vertical position and starting gait process 
stimulation  

 
Mobility examination will highlight both the passive 
mobility and the active one, carefully looking for 
possible existing joint blockage.  
 

   
 

Fig.12. Vertical position and leg rising in gait process 
stimulation 

 
All these stages of the gait process stimulation in order 
to rehabilitate the locomotor system are controlled by a 
computerized module, attached to the designed 
equipment (fig.9) but are initiated and monitored by 
special trained in motor kinetic procedures staff. 
 



 

 

Following the systematic practicing of physical 
exercise, respectively the use of such a device, we may 
notice out of the modelling values, the development 
within the body of some local or general effects, 
immediate or late, passing or lasting, which improve the 
human body structure and functionality. Any activity 
with a mobility character represents stimulation for the 
muscular system, whose physiological properties and 
physical qualities are improved.  
One of the most frequent causes of the physical 
deficiencies is the perturbations of the muscular tonus; 
their correction is based on the effects of the physical 
exercise upon the muscle.  
From educational point of view, physical exercise has a 
beneficial effect at any age, especially during growth 
period, when the motions are still not well defined, the 
bone growth is not yet finished, so by the correct 
repeating of some motions it is possible to eliminate non 
coherent motions and control the non coordinated ones.  
As a follow, these devices can improve and develop the 
locomotor function being flexible, adjustable, 
modulated and computerized systems with multiple 
facilities in the rehabilitation process.  
In this moment we establish a procedure to build 
physically this system because it is necessary to 
evaluate and to compare the proposed virtual model 
with a prototype and to find new capabilities to improve 
entire system and also to allow the pacients to make a 
variety of movements. 
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