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Abstract - It presents the advantages it offers rapid prototyping for making orthopaedic prostheses 
compared to current manufacturing processes thereof. Dimensional reconstruction and anatomic 
ankle system modelling techniques based on the analysis and processing of images, graphic 
representations using 3D anatomical model of ankle and using this model for implementation ankle 
prosthesis 3D printing techniques. 
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1. Introduction 

 
Rapid prototyping 3D is based on the decomposition 
of thin cross-sectional layers, followed by physical 
forming of the layers and their stacking 'layer by 
layer'. Using 3D computer models is particularly 
important in realizing the concept of creating 
layered objects, but other technologies, such as laser 
systems and powerful computers have helped define 
the technology [1]. 
 This technology produces very complex 3D 
structures [2]. 
 Rapid prototyping technologies (technologies 
for rapid prototyping and manufacturing Rapid 
Prototyping - RP) are used to achieve a prostheses of 
the ankle by the addition of material. 
 The selective laser sintering process 
(Selective Laser Sintering - SLS) is currently one of 
the most versatile on the market, thanks in part to 
the large number of available materials [3]. 
 

2. Laser Sintering Processes 

 
Processes for laser sintering of powders is based on 
the property of having a greater contact area than 
the solids, and that each free energy of the system 
tends towards a minimum. 

In consequence of neigh boring particles will be 
melted early only on the surface, and the total area 
will decrease by bonding particle surfaces. The 
process of sintering is best described as the 
interaction of the viscosity of the particle at the 

beginning of fusion and surface tension. Both depend 
on the material and temperature [4]. 

By heating the particles at a high temperature 
and applying at the same time, a high pressure 
between neighbouring particles will form bridges, 
thus joining them. 

Laser Sintering used as a rapid prototyping 
process will not depend on pressure and time as in 
the conventional sintering. 

A thermal activation takes place of the particles 
for a short period of time. Particles in the bed of 
powder are free, they are rendered selectively 
merging the laser beam in such a layer. In fact, this is 
a partial melting and solidification process called 
selective laser sintering or laser sintering liquid [5]. 

Since classical conditions to have a high 
pressure and have a greater dwell time should no 
longer be met, laser sintering involves no diffusion 
but an early stage melting or fusion of the powder 
particles. 

The selective laser sintering process, the 
powder is selectively sintered or melted by the 
infrared laser source. 

Once a layer is finished, the powder bed down 
to a thickness of a layer and a new layer of powder is 
deposited and the process continues. 

No tools required support as sintered powder 
material support piece. 

Finally, the finished work-piece surface is 
slightly rough to the touch. 

Currently there are seven materials available 
for this system, including the two materials in order 
to manufacture: Duraform materials (nylon), Glass 
Filled Duraform Fine Nylon, True form elastomeric 
Copper Polyamide, HSS and Sand Form. 
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 Selective laser sintering process advantages 
are: there is a wide range of materials, good 
accuracy, can achieve large pieces. 
 The disadvantages of the process are related to 
the high cost of laser installation and poor surface 
roughness of the obtained [6]. 

3. Stages of a Total Ankle Prosthesis 

 

Design and 3D modelling technologies, resulting in a 

large number of software pack-ages adapted to be 

used [7]. After exporting a file from a 3D modelling 

package, in cross-section is reduced digital object, or 

layers, creating a 2D image for each 0.1016mm 

(0.004") slice along the z-axis. These can be viewed 

coloured sections and labelled. Software sent to the 

embodiment of the 2D cross-sectional images 

through a network [8], [9]. 

 The main phases of a total ankle prosthesis are 

shown in Figure 1. 

 In the first phase identified the patient's body 

that needs the device prosthesis, then taken all 

specific patient, these data are stored in a database 

to obtain a digital image of surfaces including patient 

anatomy in the area of interest.  

 

 
Figure 1: The main phases of a total ankle prosthesis 

 
 Making database allows data to be stored in 
multiple tables linked via index data. This allows 
quick and easy viewing and data processing. Once in 
the database, the information can be manipulated 
and viewed in various ways, such as sorting or 
special queries and reports. When creating the 
database can use Microsoft Office Access application 
[10], [11]. 
 Relationships between database tables and 
connections in common areas (same name, same 
length, same properties). Databases reduces the time 
it takes to develop technical documentation and 
product launch in the manufacturing process and 
allow immediate access to all information necessary 
for a product, regardless of its complexity. 
 The raw material used for Rapid Prototyping 
technologies may be in liquid, solid or powder form. 
Processes using liquid raw materials are divided into 
two groups. 
 In the first group are processes which use liquid 
polymer to be solidified at the impact of the laser 
beam or the light of ultraviolet lamps (such as stereo 
lithography - SLA) or by heating (thermal 
polymerization), and the second group is formed by 

processes which are based on the melting, 
deposition and solidification of these technologies 
allows the use of plastics or metal (such as fused 
deposition modelling - FDM). 
 Other processes using powdered starting 
material. The powder particles may be sintered to 
the desired shape (Selective Laser Sintering - SLS) or 
may be bonded using a binding agent directed only 
at the points necessary for a section (3D printing).  
 The solids are generally in the form of thin 
films, and the pieces will be made by gluing or 
welding of foils in layers followed by cutting the 
outline of the inside and outside of a section by 
means of a laser beam (manufacture of layered piece 
- LOM ). 
 There Rapid Prototyping processes that build 
the three-dimensional part directly, but most 
technologies running track of layers built-
dimensional (2D) superimposed. For this based on 
the solid model of the part sectioned in the 
horizontal plane of the layers piece spaced a few 
tenths of a millimetre [12], [13]. 
 Modelling anatomical ankle biomechanical 
system is based on the techniques of mechanical and 
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mathematical calculation to obtain the information 
necessary to design and implement prosthesis. 
 The first step is defining data biomechanical 
kinematics system for determining dynamic 
parameters. 
 As input data to the system dynamic balance 
equations for determining the internal reaction 
forces and moments that cause system movements 
are used anthropometric parameters, the dynamic 
parameters, and kinematic parameters of the body 
segments. 
 It requires the use of special conditions: 

- the ankle is divided into segments considered in 
the concentrated mass of solid bodies with their 
centre of gravity; 

- anthropometric parameters of segments are 
considered constant during the journey; 

- friction with the air is minimized; 
- ground friction forces and the joints are 

considered null; 
- speed of the entire system is considered 

constant; 
- walking is considered a repetitive cycle and 

symmetrical for both legs. 
 To determine reaction forces and reactive 
moment of the ankle joint is necessary to know: 

- the internal forces exerted in the muscles, 
tendons and bone surfaces in contact between; 

- the points of insertion of the muscles; 
- distances between muscle insertion points and 

centre of rotation of the ankle. 
 Since these requirements are almost impossible 
to determine and greatly complicates the model for 
determining the forces of reaction and when 
muscular net reduction technique using forces. 
Construction of the model can be made directly in 3D 
or 2D successive sections. 

In this case, the CAD model of the part is cut in 
number of horizontal sections, spaced a few tenths of 
a millimetre. 
 The first sections are processed sections below, 
created first, adding them successively over the next 
until it reaches the last section. 
Creating sections can be either point to point or 
layer by layer. 
 Most systems use scanning manufacture of the 
solid layer, continuous or discontinuous, and 
solidifying the material point by point. 
 Production of models and prototypes using 
rapid prototyping geometry requires that the 
product is available as a 3D data record. 
 This is most often done through a virtual model 
made in a 3D CAD system. 
Information flow is divided into two parts: one 
serves design, which is made by CAD software 
program, and the second part serves the prototyping 
device that needs specialized software [14], [15]. 
 Finite element numerical analysis assembly was 
required due to the static behaviour of complex 
structure, conventional calculations impossible to 
evaluate the resistance and was used to solve the 
problem of the finite element method, through the 
invention. Evaluation of the stress, strain and 
designed contact elements, static analysis was 
performed by structural assembly [14]. 
 The numerical analysis applies to all the static 
finite element is designed as a first step the design 
and assembly of all the materials involved in the 
analysis of the declaration [15] [16]. 
 After assigning the materials for the 
components of the assembly, the next step was to 
declare the contacts of the elements. 
 This operation was performed automatically 
identifying Inventor surfaces in physical contact, and 
showing their connection, Figure 2. 

 

 
Figure 2: Selected Face(s) 

 
 Thus they were set 27 of contacts independent of the "bonded" (rigid fixation), Figure 3. 

 
Figure 3: Contacts (Bonded) 
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 The next step of this analysis was the number of 
combinations of finite element mesh.  
 Discretization was done automatically using 
tetrahedral elements. 

 Step meshing was followed by the step of 
setting constraints and requests, Figure 4, which is 
exerted on the assembly. 
 

 

 
Figure 4: 1st Principal Stress 

 
 The assembly is subjected to the action of the 
two forces (force 1 and force 2), a moment of 
rotation and a movement on three axes: XX, XY, XZ, 

and at the bottom, it is constrained by the recess 
(zero degrees of freedom) Figure 5, Figure 6, Figure 
7.

 

 
                             Figure 5: XX Stress                            Figure 6: XY Stress                            Figure 7: XZ Stress 
 
 Force 1 is the reaction force acting on the y-axis. 
Force 2 is the reaction force acting on the X axis. 
 The torque applied to the assembly, subjected 
to finite element analysis, is the moment which is 

exerted on the ankle support during the last phase of 
the foot on the ground. 
 Next are analyzed the displacements on the x 
axis and the OZ axis, Figure 8, Figure 9 and Figure 10. 

 

 
                    Figure 6: X Displacement                   Figure 9: Y Displacement                Figure 10: Z Displacement 
 
 The analysis results of the analysis of the results is shown in Table 1 and Table 2. 
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Table 1. Centre of Gravity 
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The process of making the ankle prosthesis is shown 
in Figure 13. 

A roller mechanism  spreads powder fed by a 
reciprocating platform construction. 
The spreader an additional 30% of each coating 
powder to ensure complete coverage and density of 
the powder on the construction platform. 
After applying a layer of powder, the binder is 

deposited on the specific area of the first section . 

Following receipt of the information on the next 

cross-section . 
To remove the particulate matter in excess on the 
surface of the model is used a blower. 

The operations are repeated, Figure 13 and 

Figure 13 to obtain the projected piece . 

 

 
Figure 7: Printing process 

 

4. Conclusions 

 
I watched through the application of these 
technologies achieve in the short term a medical 
endoprosthesis. 
 Thus, it can test the installation and 
adjustments even before having the final product, 
thus eliminating any errors or problems that may 
arise, such as changing the stump due to bandaging 
incorrect or any postoperative complications. 
Also in this phase, you can adjust the length of the 
sole (some patients prefer a shorter base) or the 

depth of the prosthesis, the cup edges, or the manner 
of fastening. 
 Thus, when the final hearing will be produced, 
it will just respond to patient needs. 
 At the same time, manufacturing time is 
significantly reduced because the prosthesis will be a 
pattern defined, specific and accurate in terms of 
shape, able to respond fully to individual patient 
requirements. 
 Using rapid prototyping processes in 
orthopaedic prostheses obtain an advantage for the 
quality of work, reducing cost and time of execution 
and in terms of meeting the needs of each patient. 
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