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Abstract 
In this paper we analyze the anatomic elements that compose the human knee joint. Also, we build the spatial model of the human  
knee joint components. This study is necessary for the design of prosthesis elements and for the establishment of the necessary 
prosthesis technique. 
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 Introduction 

The knee joint is an important articulation of the 
human locomotor system and it is made up of bones, 
ligaments, tendons and cartilages.  

This is the reason why this articulation is the most 
complex of the human body, studies being, thus, truly 
difficult to make, even when the analyzing is done in a 
motionless position. 

The knee is made up of bones, ligaments, tendons 
and cartilages. The elements of the knee joint are shown 
in Figure 1.  

The most important bones are:  
▪ the femur – the longest bone of the thigh;  
▪ the tibia – the longest bone of the lower leg;  
▪ the fibula – the smallest bone of the lower leg.  
The knee joint system is shown in Figure 2. 

 Material and method 

The four bones of the knee joint (the femur, the tibia 
and the fibula and the knee cap) were analyzed [1, 2]. 
For the generation of the virtual three-dimensional 
model of the knee joint, three main bone components 
were analyzed: the femur, the tibia and the fibula. 
They are shown in Figure 3. 

In order to be able to generate the model, 
SolidWorks was used, which is a third generation  
CAD program [3].  

On the measurements of the bone components and 
by using the identification of the simple components 
forms, we were able to go on with the three-dimensional 
generation for every component alone.  

Because SolidWorks is a generating program that 
uses parameters, any dimension can be later on 
modified.  

 Results and discussions 

Figure 4 shows the four three-dimensional models of 
the bone components, by using parameters. The mass 
properties were used in generating the first model, so 
the virtual femur is almost identical to the real one from 
the inertial point of view. 

By using the Tools/Mass Properties, we obtained 
a 455.46 g femur with the medium density of  
0.00056 g/mm3. At the three-dimensional model of the 
tibia, for a density of 0.00146 g/mm3, we obtained a 
weight of 310.02 g, almost identical to the real studied 
bone. 

The final model for the fibula had 0.001785 g/mm3 
density and a weight of 60.03 g, so it can be considered 
similar to the real one, from the inertial point of view. 
For a 0.0013 g/mm3 density for the knee cap, we 
obtained a weight of 22.38 g. 

The models of the bone elements were computer 
assembled and taking into consideration the positions 
and the anatomical and mechanical axes, the knee joint 
was generated [4].  

The model only contains the bone components to 
which the theory of the rigid solid was applied.  

Other elements, like ligaments, meniscus, tendons 
and muscles were considered elastic elements or 
dampers, conducted or conductible elements with 
specific experimentally discovered laws or already 
known ones [5]. 

 Conclusions 

The obtained model uses parameters completely, 
so it can be adapted by modifying any specific 
dimensions. Also, by using average densities, the model 
is almost identical to the real one, from the inertial point 
of view, and by taking the movement laws in a 
simulated environment into consideration; the model 
develops the entire cinematic characteristics and applies 
variation laws to every bone [6–8]. 
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Figure 1 – The elements of the knee joint

Figure 5 – The virtual model of the
human knee joint bones

Figure 2 – The knee joint system

Figure 3 – The femur, the tibia and the fibula

Figure 4 – Three-dimensional models




