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Abstract - This paper presents the analysis of transtibial prosthetics and designing as well manufacturing it through the 3D 
software Blender and the slicing software Flash print to fabricate a solid physical object i.e. socket for the residual limb 
under the knee. It has also been thus compared with the traditional way used mostly to prepare the socket manually which 
was quite labor intensive. This traditional process included a positive mould over which a sheet of thermoplastic after 
heating is draped around or the positive mould over which materials that are woven together along with the acrylic resins are 
applied layer by layers. 3D printed technology that has been used took just less than 15 hours as compared to traditional 
method which takes at least a week or two for the fabrication. 3D printed. The technology that has been used is Fused 
Deposition Modeling (FDM) and the material used is Polylactic Acid (PLA). This paper also involves studies regarding PLA 
that has proved eco friendly, inexpensive and dimensionally very stable, also suitable for the skin of human body. Issues 
related to elevated skin temperature has also been discussed in this paper.  
 
Keywords - 3D Printing, Blender, Flash print, Fused Deposition Modeling (FDM), Polylactic Acid (PLA). 
 
I. INTRODUCTION  
 
Prosthesis  
An artificial device designed for a body part that gets 
damaged or lost through some disease or trauma or 
because of any congenital conditions in medicine is 
called as prosthesis. Professionals that include 
Physical therapists, surgeons, occupational therapists 
and psychiatrist forms a team of inter disciplinary in 
heath care field that controls and handles the whole 
process with the one who is amputee. This team along 
with a Prosthetist primarily coordinates prosthetic 
amputee rehabilitation.  
Nowadays, with the help of high end computers and 
the introduction of application soft-wares with 
advanced technology like Computer-Aided-Design 
(CAD) and Computer-Aided-Manufacturing (CAM) 
vast number of processes and systems have been 
flushed out that used to practice traditional ways for 
designing as well as manufacturing. This project 
presents the development of a transtibial prosthetics 
and study of its design and manufacturing process 
that utilizes few other technologies such as Rapid 
Prototyping (RP) as well as 3D printing. Also, it has 
been compared with the traditional way of producing 
a prosthetic socket which was quite labor intensive to 
an extreme and consumed a lot of time for example 
three to four days to make one socket. This traditional 
process included a positive mould over which a sheet 
of thermoplastic after heating is draped around or the 
positive mould over which materials that are woven 
together along with the acrylic resins are applied 
layer by layers.  
When both, traditional as well as advanced methods, 
are compared the time duration of whole process 
reduces the designing and manufacturing time from 
three or four days to directly less than four hours. As 
well as, the labor work is completely eliminated. 
Evaluation of the fit and the comfort of the new 

socket during gait can be done after carrying out and 
observing the studies related to biomechanical as well 
as clinical. Though, the functional characteristics of a 
traditional socket are indeed very similar to that of a 
new one as per the investigation that is preliminary.  
The technology that had been used is Fused 
Deposition Modeling (FDM) and the material used 
was Polylactic Acid (PLA). Mostly, the traditional 
way when used, a cast of plaster is taken of the 
affected limb of the patient and begins with the 
Prosthetist. For this model of the patient, 
thermoplastics that are light in weight and high in 
strength are custom formed. PLA in medical implants 
has been used which has proved to be very eco 
friendly, inexpensive and dimensionally very stable. 
Being derived from Lactic acid which is a naturally 
occurring organic acid it is also biodegradable and 
thus the nature is non toxic to humans as well as 
environment by degraded products. Micro organisms 
ferment the sugars of corn starch and sugarcane to the 
natural product and thus to its polymeric form. PLA 
has therefore proved a biopolymer that is eco-friendly 
and promising to the human body for the use.  
To minimize the extra pain of patients that have 
defects related with bones, biodegradability is 
important. During pre implant osteoporosis and the 
infections that arise risks can be reduced by the 
polymers of PLA. As far as the mechanical properties 
are concerned, PLA being a thermoplastic has good 
strength mechanically. The mechanical properties and 
biocompatibility of PLA is excellent. For 
bioengineering as well as for biomedical applications, 
PLA is very potential material.  
For recycling, with the help of hydrolysis or thermal 
depolymerization, PLA can be recycled back to its 
monomer. When it’s purified, there will be no loss of 
original properties of the virgin PLA that can be 
obtained by manufacturing after the usage of that 
monomer.  
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Also that, PLA is insoluble in water. Nowadays, 
computers are extensively used to fabricate limbs in 
developed countries with advanced technology. 
Techniques with soft-wares of Computer Aided 
Design (CAD) and Computer Aided Manufacturing 
(CAM) are often used for designing and 
manufacturing assistance.  
 
Lower extremity prosthetics  
The artificially replaced limbs that are located at the 
hip level or lower are called as lower-extremity 
prosthetics.  
Transtibial: It is often referred to as a “BK” i.e. below 
the knee prosthesis. This is caused due to tibia 
deficiency that happens when any amputation 
transects the tibia bone or a congenital anomaly.  
In this paper we shall just discuss about the transtibial 
prosthesis and the design and analysis of the same. 
Thus we shall focus on the problems and the 
solutions to the residual limb, i.e. the stump, as well 
as the fittings on it.  
 
Advanced fabrication  
Nowadays with the introduction of computers and 
soft-wares in them like computer aided design 
(CAD)/computer aided manufacturing (CAM) have 
added the speed and accuracy acting like a catalyst to 
the whole process. So, to fabricate the devices over 
CAD/CAM models that have been carved, use of 
many fabrication methods at present. Research has 
been made in which the prototype systems directly 
fabricate a prosthetic socket from direct computer 
control. This will avoid the necessity of a positive 
model. This has been constructed. One prototype 
system has been the squirt shape technology. This 
CAM method directly fabricates the final socket, by 
squirting out plastic material under computer control 
and layering it up in a method that directly builds the 
socket or brace. No interim computer-carved plaster 
model is needed to then laminate over. Computer-
assisted manufacturing systems still could provide 
many benefits of direct fabrication, including sockets 
with different mechanical properties in different 
locations of the socket. While none of the systems are 
in widespread use, these systems could dramatically 
change the fabrication processes used today.   
 
One CAM method uses technology of squirt shape 
and this system is the prototype one. The method is 
for fabrication of the final socket. This is done under 
the control of computer for the plastic material that 
has to be squirt.  It is then layered up for the brace or 
the socket to be built directly by the method. There is 
then no necessity for the lamination over it by the 
plaster model that is carved by the computer. For the 
different locations of socket there will be mechanical 
properties which will be different too. Benefits like 
fabricating directly including sockets with the above 
could still be provided by the systems of 
manufacturing that are assisted by the computers. 

Nowadays such systems can change the processes of 
fabrication dramatically, none of the systems being in 
use widespread though.  
 
II. 3D PRINTING  
 
The University of South Florida, Tampa, USA [1] 
carried out evaluation of 3D printed materials. RT 
(Rapid tooling) was used for manufacturing the 
prosthetics in the thermoforming processes with low 
volume. Both, standard as well as alternative methods 
were used for the post processing of the parts. Few 
properties of material like wear rate, flexural strength, 
pneumatic permeability were measured. These 
properties were then compared to most commonly 
used compositions of standard plaster. The research 
when done, the researchers found out the replication 
of the materials of the plaster performance that are 
used traditionally in applications of prosthetic by the 
three-dimensional printing (3DP). The replication 
uses the post process techniques that are modified 
ones. Adjustments were done to the molds that were 
printed as 3D given as the result by the use of 
methods that are traditional. Modifications were 
made on the same. The results show feasibility of the 
molds that were printed by 3D for the devices of 
thermoforming prosthetic that provided new 
flexibility to the prosthetic sockets.  
Experiments that were conducted states the formation 
of mold in thermoforming which included a sheet of 
thermoplastic that is first heated to soften. When a 
negative pressure was applied to the mold in typical 
molds thermoformed having holes, the sheet of 
polymer was drawn around and into the mold. Few 
requirements for the materials that were essential for 
molds thermoforming were as follows:  
 
1. Mechanical strength for the formation and handling 
should be sufficient.  
2. For the prevention of the formation of air pockets 
between the mold and the plastic, the free airflow 
through the mold should be provided.  
3. Building up sparse areas, filing and sanding 
techniques for modifying manually be suited.  
Measurement of wear rate, flexural strength and 
permeability pneumatically was done by assessing the 
3D prototyped materials suited to replace materials 
molded of standard plaster for thermoforming of 
medical appliances.  
Evaluation of adhesion of plaster buildups was 
carried out qualitatively. It was thus concluded that 
the plaster materials currently used can have such 
performance that can be replicated to have that 
necessary permeability as well as strength by those 
parts that were 3D printed. Also, these materials can 
easily be modified as they have that amenability, 
along with material buildup as well as removal as and 
when required in the processes of forming currently. 
The molds that are 3D printed are therefore integrated 
easily owing to traditional materials and materials 
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that are 3D to be similar. The Hong Kong Polytechnic 
University, China [3] carried out experiments of load 
transfer mechanics between transtibial prosthetic 
socket and residual limb with dynamic effects: The 
investigation was carried out to see effects of inertia 
loads between residual limb and transtibial prosthetic 
socket on interface stresses. Monitoring of the motion 
of prosthetic set and residual limb was done carried 
out by a system of motion analysis. Forces were 
measured in it that included mainly ground reaction 
force by the platform. Two cases were considered of 
inertia of material with and then without. Calculations 
for equivalent loads were made during walking at the 
knee joint.  
 
During walking, a study was carried out for the 
mechanical interaction between the residual limb and 
prosthetic socket. Based on the actual basic geometry 
of socket liner, internal bones and the residual limb a 
model was made which was nonlinear finite element 
and 3D. After that the stimulation is done between the 
liner and skin using conditions of slip/friction 
boundaries and a contact that is surface to surface 
which is automated. Few results were predicted that 
showed similarity between shear stress and interface 
pressure with waveform shape in stance phase. And 
average difference was calculated. The difference in 
interface stresses between both the cases i.e. without 
and with inertia forces when considered. The readings 
showed 8.4% difference in stance phase and 20.1% in 
swing phase. Also, 19% will be the maximum 
difference during stance phase. Therefore, the effect 
of material inertia is suggested to be preferred in 
finite element model dynamically fully.  
 
Analysis was done on finite element model after 
observing, taking out the readings and calculating the 
measurements of the load of the same subject based 
on socket’s actual shapes and the surface of residual 
limb along with the internal bones. An unmodified 
cast on the residual limb was wrapped so as to reduce 
the soft tissues distortion in the lied position. With the 
images in cross section axially at 6 mm interval, MR 
images were conducted on the stump by 3D 
reconstruction to obtain the geometry of the bony 
structure as well as the surface of residual limb.  
 
III. ELEVATED SKIN TEMPERATURE & 
PERSPIRATION  
 
Elevated skin temperatures can affect the amputees’ 
perception of comfort and may be related to the 
incidence of residual-limb skin injuries.  University 
of Washington, Seattle, WA [5] conducted 
experiments for Skin temperature of the residual limb 
in transtibial sockets:  
The quality of life can be reduced due to certain 
reasons. That could be because of problems like 
blistering [6] and irritation of skin. Contribution to 
such problems can be mainly due to elevation in the 

temperature of skin of the residual-limb. This can be 
resulted when the environment of lower limb 
prosthesis will be insulated. Within the socket, the 
location as well as activity there may be variation of 
the load thermally. Potentially, the conditions can be 
alleviated within the socket when the liner, prosthetic 
socket materials and the design, suspension system 
are considered.  
 
Between the interface of residual limb skin and the 
prosthetic socket layer the thermal environment was 
characterized by the measurements of temperature at 
14 locations on the stumps with five transtibial 
amputees for 15 minutes which were increased by 0.8 
degrees Celsius. This position was the resting 
position. The participants were then made to walk for 
10 minutes and the total increase in mean skin 
temperature was 1.7 degrees Celsius.  
 
University of Texas Southwestern Medical Center, 
Dallas [8] carried out the study considering 
perspiration also. As already discussed previously, 
that the temperature of skin gets elevated inside 
prosthetic socket accumulating heat leading to high 
stress of tissues, discomfort, blisters due to friction, 
bad odor etc. One of the main problems is 
perspiration and sweating which creates moistures 
and increases level of humidity inside. This will thus 
lead to decreased prosthesis suspension and use.  
 
Pistoning is caused when perspiration gets excess 
which is its major cause. This may lead to skin 
abrasions because of friction forces and high shear 
forces. It happens during the loading response of gait 
phase created when pressures are high at peak. 
Moisture that is created inside the socket subjects the 
skin to high pressure also leading to breeding of 
bacteria. This will thus be a compromise to the power 
of fighting by the skin normally when the growth 
increases. This phenomenon is more prominent 
during summer when the moisture as well as 
temperature is at peak.  
 
Chris Lake, CPO and Terry J. Supan, CPO [7], did 
the research that with the suspension sleeves of 
silicone that relates to conditions that are 
dermatological, near about half of the participants 
were suffering from folliculitis and rashes from heat. 
Patients using the same sleeves have complained 
eruption and perspiration increase on the residual 
limb. The results thus confirm a strong relationship 
between complications of skin and perspiration.  
Research found out an amazing discovery of a natural 
crystal that has been found in earth that is proved as 
astringent. The natural crystal is called as Alum. 
Alum is hence used as an antiperspirant and the 
recommendation states it use decreases perspiration 
and eventually skin breakdown too. The tests to prove 
effect of alum were conducted on amputees of five 
golfers. Skin problems such as contact dermatitis, 
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heat blistering and eczema were reported much prior 
to the study. Later after the use, for out of five 
reported relied to their stump after they started 
applying alum. In total, 75 percent of the subjects 
accepted the fact they will prefer continuing the use 
of alum in their routine.  
 
Traditional method that is usually carried out even 
today is the most common process. Fabrication 
process as well as assembly of artificial set of 
transtibial prosthetics can be carried out in the 
traditional method as follows:  
1. Stump measurement.  
2. Body measurement for determining the size 
required for the artificial limb.  
3. Silicone liner fitting  
4. Liner model creation that can be worn over the 
stump.  
5. Thermoplastic sheet formation around the model 
(which is then used to test the fit of the prosthetic)  
6. Permanent socket formation.  
7. Artificial limbs plastic parts formation (This uses 
different methods in which vacuum forming and 
injection  
Molding as well as vacuum forming is included)  
8. Artificial limbs parts of metal creation using die 
casting.  
9. Entire limb assembly.  
While designing the whole set of the transtibial 
prosthetics following factors have to be considered:  
1. Contact pressures occurred in the concentrated 
limb-socket should be reduced.  
2. During deformation, the overall shape of the socket 
interiors should be preserved.  
3. Void areas should be less to avoid the problems of 
circulation.  
4. Compliant region area should be minimized for a 
fit to be tight.  
5. During various loading conditions, the structural 
integrity should be maintained well.  
6. Keep the exterior profile of socket similar to a 
natural leg.  
 
Performance of the designed set should aim to give a 
perfect fit and some of the factors for the same should 
be considered as follows: 
  
1. Fit: Amputees of the patients who are very active 
or the athletes or those with residua that is bony will 
be required a socket fit in detail carefully. Whereas, 
the patients who are less active can also remain 
comfortable with a gel liner and have a fit of total 
contact.  
2. Energy storage and return: Energy that is stored 
can be acquired through contact of ground. That 
stored energy can be utilized for propulsion.  
3. Energy absorption: The system of musculoskeletal 
having the impact highly creating the effect shall be 
minimizing.  

4. Ground compliance: Stability is independent of the 
terrain angle and type.  
5. Rotation: Direction shall be easily changed.  
6. Weight: Speed, balance as well as comfort should 
be more.  
7. Suspension: How the socket will join and the way 
it fits to the limb.  
 
Subsequent to selection of material of the socket as 
PLA, having the density 1.24 g/cm3, the weight was 
estimated to be 133.65 g. The filament length of the 
right extruder selected was 44.81 meters. Estimated 
time of printing was 12 hours 40 minutes and the 
material on right was estimated to be 44.81 meters. 
The specifications for input of the 3D printer were 
selected as:  
Machine type = Flash Forge Dreamer  
Material right=PLA  
Material left=PLA  
Supports=Auto match  
Raft-=Disable  
Resolution= standard  
Layer Height = 0.18mm  
First layer height = 0.27mm  
Perimeter shells = 2  
Top sold layers = 3  
Bottom sold layers = 3 
Temperature of right extruder = 200oC  
Temperature of platform = 50oC  
Infill settings: Fill Density = 15%  
Fill Pattern = Hexagon  
Combine Infill = Every 2 layers  
Print Speed: Print speed = 60mm/sec  
Travel speed = 80mm/sec 

 
Figure 1: Scale in Flash print 
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IV. METHOD USING BLENDER AND FLASH 
PRINT  
 
MRI images of the residual limb of a random patient 
with an amputee were taken to convert them into 
CAD compatible file. The MRI images of the stump 
taken existed in dicom format. The dicom file is 
converted into .STL file (Stereo Lithography file) and 
imported to blender as well as Flash print. Blender 

which is open source 3D software of computer 
graphics that is used for 3D printing to make a model, 
here socket to be very specific, and thus printing it 
through Flash print which is a slicing software by 
generation of G code from 3D CAD file (i.e. STL) 
resulting in a fabricated solid physical object i.e. 
socket for the residual limb under the knee. Figure 2 
shows the side view of transtibial prosthetic socket 
for a random amputee. 

Figure 1: View (side) of the transtibial prosthetic leg socket on Blender 
 

Figure 3: (l-r, clockwise) Top view, back view, front view, bottom view of the transtibial prosthetic leg socket on Blender 
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Figure 4: Support views in Flash print 

 
Figure 5: (l-r) Top and Bottom support views 

Figure 6: Sliced view 
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CONCLUSION  
 
3D printed socket consumed way too less time as 
compared to the traditional way practiced since many 
years for almost 99% of the time and places in 
developing countries that involves labor work as well 
as many days for the fabrication. The 3D technology 
gives precisely made perfect shaped model/output 
according to the design with excellent finishing that is 
also aesthetic. FDM proved to be flexible and deals 
with overhangs that are small by supports from lower 
layers. Hot molten PLA if exposed to air, specifically 
inert gas such as argon or nitrogen then the 
mechanical properties will be improved and adhesion 
of layers will also increase during FDM as the 
oxidation is prevented by inert gas. PLA properties as 
studied shows that this material is a promising one to 
human skin as well as environment because of its eco 
friendly, non toxic and biodegradable nature. Alum 
application over residual stump skin can be useful for 
elevated skin temperature due to its cooling 
properties and PLA due to its low absorption rate the 
perspiration issues can also be eliminated. Also, the 
technology as well as PLA material both have 
become inexpensive. Rest of the studies regarding the 
same shall be carried out in future and furthermore 
analysis has to be done.  
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