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Abstract - A recent application of computer simulation is its use for the human body, which resembles a mechanism that is 
complemented by torques in the joints that are caused by the action of muscles and tendons. Among others, the application can be 
used to provide training in surgical procedures or to learn how the body works. Some of the other applications are to make a biped 
walk upright, to build robots that are designed on the human body or to make prostheses or robot arms to perform specific tasks. 
One of the uses of simulation is to optimise the movement of the human body by examining which muscles are activated and which 
should or should not be activated in order to improve a person’s movements. This work presents a model of the elbow joint, and by 
analysing the constraint equations using classic methods we go on to model the bones, muscles and tendons as well as the logic 
linked to the force developed by them when faced with a specific movement. To do this, we analyse the reference bibliography and 
the software available to perform the validation. 
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I. INTRODUCTION 

 
 Nowadays, the field of simulation covers fields as diverse 
as the calculation of mechanisms, the solution to electrical 
circuits or hydraulic circuits or the heat transfer within an air 
conditioning installation. This simulation results in some 
graphs that give us an idea of how a certain system would work 
in reality, but also helps to optimize its functioning and get 
some concrete results. 
 One of the areas of computer simulation is its application 
to the skeletal-muscular system of the human body [1], which 
can resemble a mechanism that is complemented with the 
torques in the joints caused by the action of muscles and 
tendons, either for surgery training or to understand their 
behaviour, among others. 
 The work developed here is aimed at simulating the 
different parts associated with a joint, such as the elbow, and 
analysing the mechanism itself as well as the elements that 
enable it to move. That is, the muscles and tendons and the way 
they interact with the different parts of the arm. 
 The main aim is to evaluate the behaviour of a vital part of 
the human body such as the elbow joint. To do so, the different 
relationships existing between the bones, muscles and tendons 
will be analysed as well as the way the human body responds to 
a thought (‘move arm, ‘rotate forearm’’) and transforms it into 
a movement. To do this, the main aim is to develop the 
structural-functional components of the human body. 
 To achieve this aim, the work has been divided into a 
series of partial objectives. As a starting point, we will first 
study the anatomy, physiology and mobility of the joints of the 
forearm as well as the physiological functioning of the 
muscular activity. 
 Once the physiology is correctly understood as such, we 
will analyse the models associated with the muscles, bones and 
ligaments, either made using simulations or actual prototypes, 
and then go on to analyse the different simplifications that can 
be incorporated into the latter. Based on this analysis, we will 
then be able to obtain the most suitable model for simulating a 
mechanism like the one presented. 

 Finally, after analysing the physiology of the elbow and 
the existing methodologies and mathematical models, we will 
proceed to develop the simulation of different movements of 
the elbow in the face of stimulations or external loads - mainly 
bending-stretching and pronationsupination -, and then go on to 
compare them with the actual movements of the elbow. 
 

II. ANATOMY AND PHYSIOLOGY OF THE ELBOW 
 
 When we considered making a dynamic simulation of the 
elbow after having conducted various studies, we reached the 
conclusion that the problem needed to be dealt with 
mathematically as a multibody system. These systems basically 
comprise various rigid solids that are partly or totally joined to 
one another by means of kinematic torques. Kinematic torques 
are perfect joints between solids that allow some degrees of 
freedom but restrict others. These multibody systems are 
similar to what might be called articulated bar systems but 
generalising the concept of articulated bar. Its origin as a 
specific part of Mechanics can be dated to 1977 during the 
Congress on the "Dynamics of Multibody Systems" [2]. 
 

 
 

Figure 1. Elbow joints [3] 
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