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Abstract

The 21st century presents a revolution in additive manufacturing, and these technologies
will continue to grow. Osteobionix S.L., the company where the internship took place, has
been designing and producing titanium prosthetic parts for human implantation since 2008.

The company’s goal is to design and build parts of the human body tailored for patients in
which standard prostheses do not solve the problem. Based on this, the company’s method-
ology was to obtain 3D images of each case, discuss, design and build a final solution. As
soon as the solution is accepted by the surgeon, it proceeds to the production phase, mainly
using an electron beam fusion machine (ARCAM S12).

The objective in the internship time was to understand the company’s workflow, help in
the production line and develop some design cases in order to learn and analyze what is a
complete design follow-up case.

The main results obtained are the prototypes that are manufactured in EBM. Licensing
for human use and implantation of products in humans is a slow process. Animal testing
should be the next step to obtain useful data. Finally, several cases developed during the
internship will be presented and explained.

Keywords: "Additive Manufacturing”, "Electron Beam Melting", "Custom-made
Human Prosthesis", "Titanium", "Design".
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Resumo

O século 21 apresenta uma revolugao na fabricagdo aditiva, e essas tecnologias contin-
uarao a crescer. A Osteobionix S.L., empresa onde decorreu o estagio, concebe e produz
pecas protésicas de titanio para implantagdo humana desde 2008.

O objetivo da empresa é projetar e construir partes do corpo humano sob medida
para pacientes em que as préteses padrdao nao resolvem o problema. Com base nisso,
a metodologia da empresa foi obter imagens 3D de cada caso, debater, projetar e construir
uma solucao final. Assim que a solugéo é aceite pelo cirurgido, segue para a fase da pro-
ducao, recorrendo principalmente a uma maquina de fusédo por feixe de eletrdes (ARCAM
S12).

O objetivo no tempo de estagio foi o de entender o fluxo de trabalho da empresa, ajudar
na linha de produgéo e desenvolver alguns casos de design a fim de aprender e analisar o
que é um caso de acompanhamento de design completo.

Os principais resultados obtidos sao os protétipos que sao fabricados em EBM. O licen-
ciamento para utilizagao humana e a implantagao de produtos em humanos € um processo
lento. Testes em animais devem ser o proximo passo para obter dados Uteis. Para finalizar,
varios casos desenvolvidos durante o estagio vao ser apresentados e explicados.

Palavras-chave: ("Fabricacdo Aditiva", "Fusao por feixe de eletrées”, "Protese humana
customizada", "Titanio", "Design)
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1 Introduction

Engineering and design are fields that blend and merge with almost every professional
field in modern society. My previous study is a Degree in Dentistry. Dentistry, as many
medical fields, needs engineering and design to evolve and adapt. When | started looking
for an internship, the activity to be carried on along the internship needed to be something
related to my previous studies.

My main goal is to continue a professional line strictly related to the dentistry field. The
aim is to drift away from the clinical exercise and apply to the dental product manufacturers.
It was extremely important to me to work on medical related implants and medical related
designs. This paper will give proof and show what my internship and my duties have been
along this past year. My work inside the company leaned towards design related activities,
engineering duties inside the company were performed by the senior mechanical engineer
only.

My personal goals were to become fluent and skillful in design methodologies and softwares
and to develop one or a few products within the company’s structure. To prototype them, or
produce one or two units of them, and if possible, to test them (even thought | realised that
last step is going to be very difficult). The relevance of this period is to become a fully
capable junior designer.

Along this report, my role in the company, my design improvements and the relevance of
this internship in my work-related objectives will be addressed.



1.1  About the company

About to explain my personal objectives to achieve and learnings to gather along the Intern-
ship, | reckon it is important that the company gets a proper presentation.

"Osteobionix S.L." [1] is a Gran Canarian based bioengineering and biomedics company
that distributes, currently worldwide, but mainly in the European market. Currently we are
developing cases for surgeons and veterinarians in Italy, Switzerland, Spain (Mainland and
the islands), but they have collaborated previously with Argentina, the United Kingdom, Mex-
ico, France and Germany among others.

It is a private owned company that was built by the workers from the previous public-owned
company, to accelerate certain processes, mainly problems with the supply chain. The orig-
inal company still remains active. It is the bioengineering wing of a government owned
I+D innitiative. The ITC (Instituto Tecnoldgico de Canarias, or "Technologic Institute of the
Canary Islands" translated to english) remains as a public owned company, that started pro-
moting Industry and [+D in the Canary islands back in 1992. We still operate within that
benchmark, but it was for logistics and acceleration routes that Osteobionix S.L. opened.
Therefore, it can be considered as a half public, half private company.

Activity

The company is specialized in custom-made titanium prosthesis for implantation. Due to
tumorous resections, congenital defects, traumas or degenerative diseases, patients need
body parts to be removed. Thanks to science and technology, nowadays that does not
mean that we have to leave them without shape, aesthetics or function. Standardized prod-
ucts such as femoral heads, knee prosthesis or hip prosthesis are the main market when
we talk about biomedics worldwide. But there are cases where tailor made prosthesis are
needed, and that is what Osteobionix S.L. does. We focus on specific cases, we handle
the planification side by side with surgeons, from the beginning to the surgery in itself in
situations where standard products do not reach the millimetric adaptation.

On the other hand, the company developed a standardized line of products for veterinarians
and animal surgery techniques under the name "Biosurgex"[2]. We are currently line pro-
ducing a kit for a particular animal tibia surgery, and studying different techniques to enlarge
our catalogue in the animal surgery field.



1.2 Structure of the Internship report

This paper is divided in 5 main chapters. First chapter serves as Introduction, presenting
the company chosen for the Internship and the reasons to be chosen.

Second chapter, "Osteobionix solutions" explains in depth the nature of the company, the
solutions that they provide and its branches or fields of work.

The third chapter exposes the materials, methods and equipment that make the company’s
activity possible, and the ones that | personally, have used along the internship

Chapter four depicts a few case studies that | have been able to develop within the company’s
structure and chapter five exposes results and conclusions.



2 Osteobionix solutions

What the CEO of the company, my supervisor during this period, thought when he started
the company (nearly 20 years ago) was that he wanted to solve the cases that the standard
prosthesis industry had left aside or behind. He wanted the complicated cases to come to
him. And that is what the company has achieved.

One day, along my internship, a peculiar case came into the inbox mail. It was an ankle. The
patient was achondroplasic. His/her ankle was fixed with a cement that was placed there 15
years ago. Giving the fact that the patient was achondroplasic, not only he/she measured
less than 1’5 meters, but the anatomy was unsuitable for a standard prosthesis. A custom
design was needed and there was where my supervisor was excited to work in. That person
turn from almost zero mobility to a functional ankle.

We also replaced a dogs half thorax, and the alternative was sacrifice. Along the internship
many cases came in and got produced, and solutions were found to all of them. That was
what made the company most proud of.

2.1 Why this company?

Since the beginning of this Masters in Engineering, | knew that my field of action would be
linked to my previous studies. The aim was to find something directly related to dentistry,
but in a poorly developed area, when we speak about industries, like the Canary Islands,
that was impossible to find. But along the search for an adequate company, | found this
a very interesting opportunity. The day that | contacted and interviewed myself with them,
they were working on the design of an Temporomandibular joint, and | felt that that was the
closest | could get to mixing both my studies, creating a profile that | was enthusiastic about.

Giving my lack of engineering previous preparation or studies, | felt that this internship
needed to cover plenty of , what | considered, basic practical knowledge in the field of
design, machinery and techniques. When | visited the facilities, they toured myself around
and | made sure that they had what | wanted to learn. A proper CNC machining station
and a CNC lathe, with a technician to learn CAM, programming and learn machining in itself
from. A multidisciplinary team that encompasses engineers and industrial designers. A wide
range of softwares to learn from and achieve the design goals.

Besides these "basics" of design and manufacturing, the technique or machine that can

4



pump my knowledge and my cv, and the main reclaim of this company, was the EBM (Elec-
tron Beam Melting), one of only two machines present in the Spanish territory. As we have
studied, additive manufacturing is the present and future of manufacturing. Being able to
spend months with that machine, understanding its workflow, its possibilities and limitations
is a luxury. The machine is an ARCAM S12 (installed in 2008, the 47th machine installed
in the world), which signifies that the team working here at Osteobionix has wide and deep
knowledge about its proper function. Several examples of the company’s past solutions will
be presented along the rest of this chapter.

2.2 Orthopaedic

Shoulder and ankle custom made surgeries. We do not focus on hip and knee, because 99
per cent of the prosthesis that are implanted are standard. It is difficult to compete with an
industry that produces implants at such a low price.

2.3 Trauma

Partial tibiae implants, ankle fixed and mobile prosthesis, single or multiple rib implants and
scapula prosthesis have been performed.

2.4 Spine

Vertebrae substitution and multiple vertebrae arthrodesis are the two techniques the com-
pany has been doing over the last decade.

2.5 Craniomaxillofacial surgery

Mainly temporomandibular joint replacements and orthognatic surgery planification.

Orthognatic surgery

Orthognatic surgeries correct severe deviations either in the maxilla, in the lower jaw or in
both (as seen in Figure 2.1). Maxillofacial surgeons used to break and attach where they
thought it was needed. Nowadays, most orthognatic surgeries require planning. New gen-
erations of surgeons rely on computerized techniques more that previous generations did.
Rellocation of the bone aiming at an harmonic equilibrium was performed by us, designers,

5



at Osteobionix.

Figure 2.1: Orthognatic surgery planification



Temporomandibular joint replacements

Temporomandibular joint replacements are a 2 part setup, consisting each part in 2 pieces
as well. A cranial part and a mandibular part. The cranial part is composed by a titanium box
that will be screwed against the Zygomatic process of the temporal bone, and a polyethylene
to interact with the mandibular sphere. The mandibular part consists on a Titanium custom
made adapted part for the Mandible ramus, that gets screwed and fixed. The other part is a
Cobalt-Chromium sphere attached through a screwed cylinder to the previously mentioned
part. The polyethylene of the cranial piece articulates with the sphere of the mandibular
piece. As it can be seen in the figure 2.2.
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Figure 2.2: Temporomandibular current prosthesis



3 Materials, Methods and Equipment

Methods
The main task once | arrived was to understand the workflow of the company. After a few
weeks | understood that each case was custom made, but in the end, the workflow was the
same in every case (as shown in Figure 3.1). Further in the document (3.2.1-Production
steps, pages 20 to 33) Figure 3.1 will be explained in detail.

3d file

Surface

treatment Preprocessing

phase

3d surface ready
to design over

Macrodesign,
planification
with surgeon

Microdesign &

optimization Design phase

Platform
preparation &
slicing for EBM

EBM “print”

Polish , Sandblast
& surface finish

Postprocessing
phase
Laser engrave,
clean, sterilize &
package

Figure 3.1: Workflow diagram



Materials

Titanium Titanium was discovered in 1790, but humans did not purify it until the early 1900s.
Its use for industrial purposes began in the second half of the 20th century. Since that time,
its main uses are related to military, aerospace and biomedical fields, due to its incredible
resistance to corrosion and its low density[3]. The alloy used in the company to produce
implantable, safe and certified prosthesis is Titanium-Aluminum-Vanadium Grade 5 (Ti 6Al-
4V). It brings out strength, low weight ratio and outstanding corrosion resistance. This alloy
has led to a wide and diversified range of successful applications in surgery and medicine.
Ti 6Al-4V, or Grade 5 titanium, is the most commonly used of all titanium alloys. It accounts
for 50 percent of total titanium usage the world over. Ti6Al4V ELI (Grade 23) and Ti-6Al-
4V (grade 5) both are typically used for medical implants. The main difference between
Ti-6Al-4V ELI (Grade 23) and Ti-6Al-4V (Grade 5) is that in ELI (Extra Low Interstitials) the
maximum oxygen content is lowered to 0.13 per cent. This gives the material improved frac-
ture toughness. Both options are good enough for human implantation purposes. But again,
it is Ti-6Al-4V (Grade 5) what the company works with.

Due to the techniques used (EBM printing and machining), Titanium comes into the work-
shop in different forms. Powder, slabs and rods. Powder is supplied uniquely by ARCAM
(EBM manufacturer), ensuring only high quality powder is used in the machine. Other pieces
of Titanium can be produced through machining, that is why Titanium rods and slabs are also
available in the facilities.

Stainless Steel Used mainly for plates or parts that belong to the prosthesis but are not
going to interact directly with bone tissue, or if they are going to, that linkage will be tem-
porary, as in certain type of screws. There are multiple forms of stainless steel. Type 302
was introduced for its application in orthopedic surgery. Type 316L is the most used in surg-
eries. The type used in the company is Stainless steel Type 316L. Type 316L stainless steel
selected for the purpose of surgical implants contains approximately 17 to 19 per cent of
chromium and 14 per cent nickel. The desired propertes are, first, that metal implants are
not susceptible to corrosion. That can be achieved by various procedures. And that ferrite is
not added because that gives the metal a magnetic property, which would be a problem in
future Magnetic Resonance Imaging (MRI).

PLA Polylactic Acid is a biodegradable polymer obtained from the monomer Lactic Acid,
which is obtained from the fermentation of sugars. This component is turned into lactide
and then into Polylactic Acid. PLA is one of the main filament raw material used for FDM. In
Osteobionix it also is used mainly for Fused Deposition Modelling, and for the production of
prototypes or bone models.

There are other materials used in small amounts such as Chromium-Cobalt, Aluminium
and Teflon.



Equipment

ARCAM S12:The company’s activity spins around a central axis. It is through EBM (Elec-
tron Beam Melting, seen in Figure 3.2) technology that the majority of the prosthesis are
manufactured. The company owns an ARCAM S12 EBM since 2008. Arcam started the
commercial production of EBM in the early 2000s. The machine that the company owns
was the 47th machine that was produced in the entire world.

n 0N ¢

Figure 3.2: ARCAM EBM S12

3 Axis-CNC:Prosthesis, or at least parts of each prosthesis need to be machined, drilled
or surface treated. The 3-Axis is a Kondia 640B (as seen in figure 3.3).

CNC Lathe: Prosthesis, or at least parts of each prosthesis need to be machined, drilled

or surface treated. Also used for screws.The CNC Lathe is a Daewoo Puma 240MB (shown
in figure 3.4).
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Figure 3.3: Kondia B640

Figure 3.4: Daewoo Puma 240MB
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Both machines are used for side parts production as well. In some cases, part of the
prosthesis is "3d printed" in the EBM, but other parts such as screws, plates, attachment
systems and active parts of the prosthesis are machined from a titanium plate or rod. Each
case demands different approaches, forcing us to redesign approaches constantly.

As said above, the company was facing an upcoming expansion. Two major upgrades in
terms of machinery were about to happen, until the Covid-19 situation slowed the process
down. Company has already in its property, waiting for an industrial warehouse relocation,
a 5-axis CNC Machining Station and a Multispindle CNC Lathe. The 5-axis CNC Machining
Station is a HAAS UMC750, and the Multispindle CNC Lathe is a HANWHA XE20H.

Several other smaller machines are also owned and have been used by myself along the
internship:

CNC Laser Cutting machine (LASAG FLS 352N): mostly used for Surgical kit’s lid produc-
tion

Thermoforming machine
Band saw metal cutter machine

Laser engraver: each prosthesis that leaves the company and every surgical tray that we
produce needs to be marked. Whether it is to engrave the company’s logo or to classify drill
diameters, steel plate sizes, screw diameters, we use a laser engraver. Laser engravers are
able to mark a wide range of materials, from soft plastic to titanium. It is through modifying
its power that we achieve a certain color and even roughness. In Figure 3.5 reader will be
able to see a surgical tray, machined with the CNC station out of a sterilizable plastic slab
with numbers laser engraved on its surface.

Surface finishing tools(Dremel rotary tool, Sandblast gun, cabinet and sandpaper rotary
belts):

12



Figure 3.5: Surgical tray marked with the laser engraver
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Kiln: seen in Figure 3.6. Mainly used for steel tempering. Sometimes, before machining
we had to plan the metal outcome properties needed. As an example, when developing
a veterinarian technique called TPLO, we needed to stamp the final plates (seen in Figure
3.7). So we needed the mold’s steel to be harder than the plate. We hardened the mold
before stamping the plates in the kiln.

Figure 3.6: Metal hardening kiln or oven

Q Left

Figure 3.7: TPLO plates
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Clean room

It is, technically, not consider a machine, but it is as important as any machine in the facili-
ties. In Figure 3.8, the company’s clean room is depicted as a diagram.

According to the ISO [4] "Cleanrooms and associated controlled environments provide for
the control of contamination to levels appropriate for accomplishing contamination-sensitive
activities. Products and processes that benefit from the control of contamination include
those in such industries as aerospace, microelectronics, optics, nuclear, and life sciences
(pharmaceuticals, medical devices, food, healthcare)."

EBM printers need to vacuum seal the printing compartment in order to manufacture prop-
erly, which means that dust inside and around the machine needs to be properly diminished.
A cleanroom was built around the EBM to ensure proper function of the machine. A 3 cham-
ber clean room was built, as seen in the FIGURE 3.8. Room 1 is a transition room, room 2
is where the EBM and the Titanium powder recovery cabinet are placed and room 3 is the
cleaning room (used for ultrasonic cleaning, sterilization and metal passivation).

Clean rooms work with pressure differences. Room 1 and 3 have positive pressure, which
means they both have higher pressure that the adjacent room. Through ventilation chan-
nels, dust and particles will "effortlessly" flow from a positive pressure room to a negative
pressure room due to the pressure difference, keeping it particle empty to a certain degree.

Lower pressure room
Cleaning
equipment
Room 2
EBM Tipowder

TrEecovery

chamber Room 3
Room 1

Lower pressure room

Figure 3.8: Clean room diagram
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Softwares

Although not hardware nor machinery, softwares count and indispensable materials for the
company and the role of the designer. The following have been used by myself along the
internship:

Fusion 360

Parametric, surface and freeform model. Powerful CAD and CAM software. Simulation (fi-
nite element generative design) . Render mode.

Extremely powerful software with a sharing and connectivity module ahead of other mod-
elling softwares.

3DS Studio Max

Non parametric modelling software. 3D modeling and rendering software for design visual-
ization, games, and animation.

Meshmixer

Meshmixer is state-of-the-art software for working with triangle meshes along with sculpting
mode and slicer.

Invesalius

Open source software for reconstruction of computed tomography and magnetic ressonance
images.

Materialise Magics

Materialise Magics is a versatile, industry-leading data preparation and STL editor software
for Additive Manufacturing with a specific medical module.

Ultimaker Cura
Powerful slicer.

K3dSurf K3DSurf is a program to visualize and manipulate Mathematical models in three,
four, five and six dimensions. K3DSurf supports Parametric equations and Isosurfaces. We
used to generate a variety of porous structures.
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3.1 Data Acquisition equipments

As it will be explained further in the document (Chapter 3.2.1 Production steps- Preprocess-
ing phase - DICOM management and 3D surface preparation), it all starts with the proper
3D imagery. Computed tomography scan (CT) is the base of our work. A proper CT scan
allows us to reconstruct a surface to design over. We, as a company, do not own a CT
scan, Doctors in their hospitals or clinics have the hardware needed for the purpose. The
case starts as soon as we receive a folder with hundreds of images that compose a CT. The
worldwide format used is .DICOM. When a .DICOM folder is shared, user obtains a single
folder with hundreds, or perhaps thousands of images (.jpg files).

Hardware is their part, software is ours. As soon as we receive the mentioned folder, we
treat the documents. Invesalius is a Brazilian open source software for reconstruction of
computed tomography and magnetic ressonance images. There are several other softwares
in the market, some of them extremely expensive and perhaps more powerful, but to our ob-
jective, Invesalius works perfectly. It works as simple as this: upload the folder with the CT
images, twitch the surface limits depending on which tissue you want to obtain (either bone,
soft tissue, skin, etc.), and click on generate surface. The outcome is something similar to
what is shown in Figure 3.9.

3.2 Modelling

Modelling is where our work takes a more creative and knowledge based direction. Among
the company were 3 designers, each of them has its own preferences for softwares. Some
of them use CREO proengineer, some of them use Fusion 360, some 3dsStudio Max. |
personally focused most of my time on Fusion 360 and a small part of it on 3dsStudio MAX.

Most design or modelling softwares offer various options when designing, and it is up to the
designer to choose how to approach each design. The important part is to achieve what
you have in mind, the path that you choose to get is entirely up to you. Fusion 360, as an
example, offers 3 main modelling approaches. Example of each mode shown in Figure 3.10.

Geometric modelling

First CAD softwares were based on the extrusion or projection of 2D sketches into 3d vol-
umes. The used of geometrical standard figures such as cubes, cylinders and other poly-
gons is common as a starting point.

Surface

Based mainly on nonuniform rational Bezier-spline (NURBS). As opposite to what happens
in geometric modelling, when extruding a sketch, a plane or surface is obtained, but it can
not be considered a volume. Control points define the curvature of the surface.
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Figure 3.9: 3d generated surface

Freeform or sculpt

It is a type of surface modelling. Freeform shapes consist on low-level representations, such
as NURBS. Freeform modelling is a very powerful tool for product designers, it is based on
a faster and more intuitive modelling approach.[5]

3.3 Production systems (production steps)

This chapter serves as a wide explanation of what was shown in Figure 3.1 (Workflow Dia-
gram).
Preprocessing phase

DICOM management and 3d surface preparation

In order to work over a 3d image that represents as faithfully as possible the patients
anatomy, and thereby, the problem he or she is facing in order to redesign the prosthe-
sis that will substitute the malfuction, DICOMS need to be succesfully managed.
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Figure 3.10: Yellow represents geometric modelling, white freeform and green surface

According to their developers[6] DICOM stands for "Digital Imaging and Communications in
Medicine", it is the "standard for the communication and management of medical imaging,
information and related data. The DICOM Standard pertains to the field of Medical Infor-
matics. Within that field, it addresses the exchange of digital information between medical
imaging equipment and other systems."

These standardization has helped the relation between Doctors, engineers, computer sci-
entists, radiologists, designers and many more professionals.

As said before, the first step is the contact that a surgeon establishes with the company.
Normally, they pursue a tailor made solution, the market is flooded with standard prosthesis
(knee, hip, shoulder among others). Only in Spain, around 30.000 prosthesis are implanted
yearly, mostly knee and hip replacements, while worldwide the sum exceeds a million per
year. [7] The surgeon provides a digital file that encompasses the mentioned DICOM file.
Nowadays, there are softwares that convert a mass of .jpg files into a 3d surfaces, but it has
been my duty to specify the exposition limits, in order to obtain a clean artefact-free bone
structure, muscular tissue, skin, or even all of them. If we want a clean surface, as the one
you can see in figure 3.10, it is important to tune the exposition limits properly.
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If exposition limits aren’t properly measured, a useless image will result. Check figures
3.11, 38.12, 3.13 and 3.14 to see the how a wrong limit tuning can ruin a 3D surface. Both
cases shown in figure 3.11 and 3.13 could be treated to reduce the artefacts, but the finer
you work on the first step, the less information you are going to lose along the artefact re-
finement process.

Figure 3.11: 3d surface with artefacts
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Figure 3.12: 3d surface without artefacts
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Figure 3.13: 3d surface with artefacts
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Figure 3.14: 3d surface without artefacts
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Design phase
Additive manufacturing technology

The world of additive manufacturing started around 1987 when stereolithography was mar-
keted. Since then it has evolved in many ways, and so many different technologies have
been patented and marketed. Electron Beam Melting was patented by ARCAM, a Swedish
company, in 1993, but it wasn’t until mid 2000’s that it got successfully produced and sold.
At the time Osteobionix was founded, EBM was the only metal(Titanium in particular) ad-
ditive technology considered fully reliable. SLM had already been patented, but it wasn’t
developed enough and it didn’t have the CE that the EBM had at that time. Choices were
not that many.

As in any additive manufacturing technology, it all starts with a 3d model, either designed or
pre-scanned. Once an .stl file is generated, it is time to send it to a slicing software, also
called slicer, which will cut it into physical layers. A G-code file is generated containing all
the information that the cnc-driven axis’ need to start moving and printing.

Once the file is sent to the EBM, the process starts layer by layer. EBM is a powder based
technology. The tanks are filled with Titanium powder (number 3 in Figure 3.15), and they
deposit powder gradually. A sliding bar (number 5 in figure 3.15) distributes equally the pow-
der on top of the platform that lowered itself after finishing the previous layer. The Electron
beam hits again, passing through a vacuum environment and oriented by a magnetic field
(as pictured in Figure 3.16), and the electron beam continues melting the next layer. That
process is repeated along the printing time again and again, obtaining a final, solid piece.//
Map Key: 1- Vacuum chamber (ensures tight atmosphere) 2- Electron Beam 3- Titanium
powder tanks 4- Platform 5-Sliding Bar

Figure 3.15: EBM diagram
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Figure 3.16: EBM diagram
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Print recovery

When the printing cycle is finished, it is time to recover the pieces. The ARCAM S12 has
a print volume of 250 x 250 x 200 mm. In order to print, a steel square (250mm x 250mm)
plate needs to be placed in the base. The first layers of each piece will bond to that base
plate (as seen in Figure 3.18). The final result is a base plate, the prints attached to it and
plenty of unsintered powder (as it can be seen in Figure 3.17). The first step when recov-
ering prints is to grab the plate and move it to a sandblast cabinet, one specially cleaned
inside the clean room that is only used for that purpose. The gun is loaded with Titanium
powder and it aims at getting rid of the unsintered powder, and most important, recover it so
it can be used to refill the tanks an reused. Then with care, the prints need to be removed
from the base plate with a chisel, a hammer and/or tongs.

Figure 3.17: EBM Base plate + printed pieces + unsintered powder

Figure 3.18: EBM Base steel plate
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Postprocessing phase

Support structure removal

Even though EBM is a powder based additive manufacturing technique, support structure is
needed to maintain the proper geometry while printing. The first step after recovering the
EBM printed files is to remove the structural support. As seen in figure 3.19, in this partic-
ular piece, the support structure encompasses more material than the piece in itself. The
support structure is the area that spans from the bottom till the top of the sticks. Support
needs to me removed with strength, it is made out of Titanium as well, but ensuring we do
not damage the final piece.

Figure 3.19: support structure removal
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Surface finishing

EBM printers, in particular the ARCAM S12 that we were working with allow two modes
when printing, 50 and 70 microns. That means that depending on the mode, the electron
beam is melting a surface of 50 or 70 microns in diameter. While EBM works within this
range, modern SLM printers (Selective Laser Meting) can reach up to 20 microns, ending
with a much finer product in terms of surface roughness, as seen in figure 3.20 and 3.21.
This means, that our products need to be hand polished and sandblast. For the purpose we
use a Dremel rotary tool (seen in Figure 3.22) in order to refine the outer grain.

500 um

Figure 3.21: EBM vs. DMLS surface
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Figure 3.22: Dremel rotary tool

29



From a manufacturing point of view, it takes time to hand polish every single product. Just
as a curiosity, from an optimization point of view, an SLM would reduce postprocessing time
considerably, but at the time the machine was bought, SLM had not European certification
for human implantation.

Sandblast

According to some authors [9] "fibroblasts and epithelial cells adhere more strongly to smooth
surfaces and the ability of osteoblast proliferation and collagen synthesis is greater in surface
with moderate roughness". Hence, surface finish of any titanium implant plays an important
role in the osseointegration process. There are several surface treatments for titanium im-
plants. Acid etching and sandblasting are the most popular. Many authors, specially in the
dental implantology market (field which has plenty of studies published) defend the combi-
nation of sandblasting first and acid-etching afterwards. As said, acid etching is too popular
in the dental implantology market, which relies on mass production of very small pieces,
which means that, with a relatively small amount of acid, a high volume of implants can be
treated weekly.

In our case,sandblasting was the treatment chosen, because of the following. First of all, our
cases are custom made, which means that one week we might treat 5 different prosthesis,
while the next 4 weeks not even one case is treated. Secondly, some of our prosthesis are
quite big, which means that a huge amount of acid is required. Thirdly, it would imply having
relations with a chemical company that treats the acid after it being used. A situation that
would be worth for a mass production company.

A sandblast cabinet that encompasses a sandblast gun is shown in Figure 3.23. The powder
used to shoot is zirconia.
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Figure 3.23: Sandblast cabinet
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Passivation

Passivation happens when an outer layer of shield material is created around the desired
material, which protects the material in itself. Normally created by a chemical reaction with
the base material. We used to apply this process to the surgical tray’s steel lids, in order
them not to rust during the sterilization and cleansing cycles. In order to achieve the desired
result over steel we passivize it with citric acid. According to some authors, passivation with
citric acid is cleaner for the planet than nitric acid[10].

Cleaning and sterilization

After a prosthesis has been surface treated and before it gets packaged and shipped, a
proper decontamination process occurs. Firstly, a regular soap wash to get rid of debris
and dust that has been produced along the polishing process. We use double-distilled wa-
ter, to avoid electrolytes to start any undesired effect or process on the surface. Secondly,
ultrasonic cleansing. 20 minutes at 65°C sets one cycle. If there is any mistrust in the de-
contamination process, two cycles can be done. The ultrasonic cleansing, uses ultrasonic
vibrations in order to detach any stuck or bonded debris, tiny particles or difficult access
remains. Once the cycle/cycles are finished, the prosthesis is dried (inside the clean room)
and packaged (airtight normally).

Package

Proper packaging sets the presentation of any product. From my point of view it is an impor-
tant task, specially when we talk about biomedical products, in which hygiene, cleanliness
and even sterilization are key factors. Our packages left the building in air tight plastic, af-
ter the piece has been washed and ultrasonic cleaned. Surgeons and their teams do the
sterilization process once they receive the prosthesis, to ensure implantation requirements.

32



4 Case studies

4.1 Case study 1. Pectus Excavatum

A Pectus excavatum is a condition in which the breast bone or sternum appears sunken and
the chest concave. According to [11] "Pectus excavatum represents a depression in the an-
terior chest wall as a result of dorsal deviation of the sternum and the third to seventh rib or
costal cartilage, and is the most common chest wall deformity, representing 90 percent of all
cases...Although PE in most instances has little or no influence on the function of the inner
organs, the cosmetic appearance of the patients leads to psychological impairment which
requires therapy." An explanatory diagram can be seen on 4.1.

There are three main surgical techniques to correct a Pectus excavatum case. Two of
them involve a full breakage and relocation of the toraxic limits (bone and cartilage).The
Ravitch Procedure requires an open surgery, the Nuss Procedure achieves the breakage
with through a minimally invasive technique. Curved metal bars are inserted behind the
sternum and so, pushing it into a regular position. Last, but not least, we have the prosthe-
sis implantation. A biocompatible silicon prosthesis in placed below pectoral muscles, fat
tissue and skin in order to correct the congenital defect. No bone or cartilage breakage is
involved, reducing drastically the post-surgical pain and inflammation. We design cases for
this last approach.
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Figure 4.1: Pectus excavatum diagram
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| started by reconstructing the 3d surface, task that | had been doing for almost the entire
internship for other designers. As it can be seen in figure 4.2, 4.3 and 4.4 the ribs and breast
bone draw the same pattern as shown in figure 4.1.

Figure 4.2: Pectus excavatum case 1 (Front view)

Figure 4.3: Pectus excavatum case 1 (Bottom view)
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Figure 4.4: Pectus excavatum case 1 (section analysis)

As in any modelling case, there are several approaches. | knew that my supervisor
tends to modify to detail what designers do. So | decided to look for an approach in which,
modifications were simple to update. | decided to work with surfaces instead of solid and/or
booleans.

The prosthesis seen in figure 4.8, 4.9 and 4.10 an 4.11 will come out of the space

generated in between the two surfaces (grey and red) and the transversal surface (blue)
in figure 4.5, 4.6 and 4.7. Any modification needed is as simple as modifying each surface.
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Figure 4.5: Pectus excavatum case 1 (Front view)
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Figure 4.6: Pectus excavatum case 1 (Front view)

Figure 4.7: Pectus excavatum case 1 (Front view)
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Figure 4.8: Pectus excavatum case 1 (Front view)

Figure 4.9: Pectus excavatum case 1 (Isometric view)
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Figure 4.10: Pectus excavatum case 1 (Side view)

Figure 4.11: Pectus excavatum case 1 (Front view)
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By the time | was working on this case, another Pectus excavatum case came in (seen
in figures 4.12, 4.13 and 4,14). My boss insisted on me working on both at the same time,
so we could develop a methodology for this cases. He wants to promote this product line.
We worked together on a methodology, in order to optimize the design process going over
the same steps.

Figure 4.13: Pectus excavatum case 2 (BONE+ MUSCLE + PROSTHESIS)
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Figure 4.14: Pectus excavatum case 2 (BONE+ MUSCLE +SKIN + PROSTHESIS)
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It was my responsibility to produce a custom made mould per case with FDM (seen in
figures 4.15, 4.16 and 4.17), using high quality materials. The sterilizable, biocompatible
resin will be injected in it, and later undergo a proper cleansing and sterilization process
before implantation

Figure 4.15: Mould Design
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Figure 4.16: Lower part mould Design

Even though the surgeries have been postponed due to the COVID-19 situation, we al-
ready printed (FDM) flexible TPU prototypes so the surgeon can check adaptability (shown
in Figures 4.18, 4.19, 4.20 and 4.21).
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Figure 4.17: Upper part mould Design

Figure 4.18: TPU flexible printed prototype

45



Figure 4.19: TPU flexible printed prototype

Figure 4.20: TPU flexible printed prototype
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Figure 4.21: TPU flexible printed prototype
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4.1.1 Design methodology

What we have done here is clearly a custom made case, an unique piece. But every pectus
excavatum prosthesis can be obtained following the same steps, that is why my supervisor
wanted me to spend more time and develop a design methodology. It will slow the first case,
but accelerate every future case. In 10 steps, the designer will finish the prosthesis:

1- Generate the 3d surface from the DICOM received

2-lmport it to the design software.

3-Create a sagittal plane, it will depict the center line of the final prosthesis.

4- Generate a surface and adapt it to the sternum and rib curvature. This surface will define
the "back" face of the prosthesis, the side that rests in contact with the imperfection. So,
take time to adapt it as fit and close and possible

5-From a front view, fix a point in every rib. Every point should be placed, on the spot that
is the most advanced in space, the vertex of the rib. In a normal chest, this point would be
in the sternum, but in these cases the sternum is sunken. If we identify the "tallest" points
from a bottom view or the most advanced from a side view, they will point a the limits of the
prosthesis.

6- Generate a surface that touches the points generated in the previous step. It will define
the "front" face of the prosthesis. It will need some adaptation to completely fill the defect as
seen in Figure 4.5. Join the points with splines and remember that, at the bottom, centered,
we will always need a vertical cut or space to allocate the diaphragm and abdominal mus-
cular insertion.

7- Make sure both surface are crossing and through a "boundary fill" command, obtain the
volume trapped between both surfaces.

8- From a front point of view, extrude a surface that matches the splines generated in step 6.
And, again, through "boundary fill" command, obtain the desired volume. This surface will
define the borders of the prosthesis (as seen in figure 4.7).

9- Smooth borders applying fillets or rounding edges.

10- Extrude a hole, 1 cm above the lower central cut. This hole is a solution, if the patient
has a very thick abdominal and diaphragm insertion and the surgeon needs to gain extra
space for the insertion.

Every case is unique, but following these steps, and allowing certain adaptation in ev-
ery new case, they should guide the designer through the easiest and most direct way to
success.
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4.2 Case study 2. "The crumble"

Before the Internship started, | told my supervisor that | wanted to develop a small product
line. And even there, | sent him an explanatory text of what | had in mind. Let me quote my-
self in that text (..."l propose a thin porous sheet or plate (3-5mm) that allows a guided bone
growth through the piece, and avoids the post- surgery horizontal bone loss"...). | came up
with this idea before the internship, but after several conversations with my supervisor, and
few slight concept adjustments, it did evolve even more.

We wanted to achieve a titanium matrix so fragile, that the surgeon could break parts and
adapt it to whichever kind of bone defect he/she was facing. As seen, as an illustrative dia-
gram in Figure 4.22

We wanted to produce a standard line, consisting on a sterile 10mmx10mmx10mm Titanium
cube of high porosity. The Titanium would keep its bioinductor properties while its fragility
would allow the surgeon to model it to defect during the surgery, and even drill it after 6
months of bone regeneration. It would accelerate the bone regeneration and, most impor-
tant, would maintain bone volume and avoid marginal reabsorption by giving a structure for
guided regeneration.

S
N

Figure 4.22: Technique’s diagram
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Figure 4.24: Cube sample 2 (Designed with k3dsurf and Magics)
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Cube sample 3 (Designed with k3dsurf and Magics)
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Cube sample 4 (Designed with Fusion 360 and Magics)

Figure 4.26
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Figure 4.27: Cube sample 5 (Designed with Fusion 360 and Magics)

| designed many different porous patterns and set them for debate due to its achievable
characteristics. Some of them are shown in Figures 4.23, 4.24, 4.25, 4.26, 4.27. Some of
them were generated mathematically through softwares like k3dsurf (mathematical surface
generator softwares) while some others were designed in Fusion 360 and 3Dstudiomax by
myself.
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At some point, | thought that the cubic structure and the surgeon modelling it during the
surgery might not be the best option. There | thought that a cylindrical structure would adapt
easier to the defect. A hole in the middle would act as a guided drilling point. | designed
the desired cylinder as another option and a design exercise (Figures 4.28 and 4.29). There
has been studies along the history of dental implantology of hollow cylinders [12] [13].

Figure 4.28: Cylindrical sample

Figure 4.29: Cylindrical sample
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| was not completely happy with the technique at that point so | sat and debated with
my supervisor, we talked about CE and licensing. The company does not hold a CE for
standard line production, only for custom made cases. So | decided to give the technique a
twist. Even though the product has its chances both in a cubic and/or cylindrical shape, we
had to adapt it to our current license situation.

Adaptation was easy, the purpose of the technique is to solve serious periimplantitis related
situations. Periimplantitis rates are increasing due to the increase of implants placed per
year worldwide. Which means that cases can be treated individually, as we do with any
case, through DICOM files. The crumble would not have to be adapted by the surgeon dur-
ing the surgery, reducing its contamination possibilities. It would be directly designed and
manufactured with the desired shape to fill the post-periimplantitis bone defect.

The design methodology is easy.

1- Treat the DICOM files received in order to generate a quality, artefact-free 3d surface.

2- Create a form that fills the periimplantitis defect (grey form, seen in 4.30)

3- Boolean that form with a porous predesigned structure. Following these steps we obtain
the final titanium piece (as seen in figure 4.31 and 4.32)

Figure 4.30: Defect adapted solid
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Figure 4.31: Defect adapted porous structure 1 (booleaned with cube shown in Figure 4.23)

Figure 4.32: Defect adapted porous structure 2 (booleaned with cube shown in Figure 4.27)
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Figure 4.34: Real prototypes
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Figure 4.35: Real Prototypes
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My supervisor told me that when they received the ARCAM (EBM) and started tweaking
the settings, they had a few prints in which the pieces were weaker than normally. Some of
them even collapsed or crumbled when squeezed. At that moment, we realized that we had
to look for a "printing failure" in parameters in the EBM. That way, instead of obtaining solid
resistant pieces, we would obtain what we started calling "a crumble". On the other hand,
we could not exceed ourselves when twisting parameters, or the piece would disintegrate
in unsintered fine Titanium powder, which would migrate through vessels all over the host’s
body. We needed to achieve a balance. When we reached that point, the EBM broke. It
was officially, and will be for a long period broken. That situation set a solid limit for my
investigations, tests and product development.

Through that "printing failure" would have been an interesting way to obtain what | desired,
and learning about EBM settings and Titanium properties. Instead, | had to adapt, and
started designing thinner bars, in order to keep the piece fragile. Prototypes are shown in
Figures 4.34 and 4.35.
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A competitor in the market

A company named Tigran produces a interesting, although different product[14]. The prod-
uct is called Tigran PTG, and it basically is sterile Titanium granules, that can be compacted
in a bone defect, as seen in figure 4.34. It is normally used in periimplantitis defects. Some
studies are doubtful about its behaviour in long term and, apparently there might be even
some granule migration if we look at X-rays records (as seen in figure 4.35)[15].

Figure 4.36: Titanium granules used as scaffold for bone growth
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Figure 4.37: 8 year evolution with PTG, no improvement evidence was found
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4.2.1 Future drift

The importance of this study, and thereby this technique relies not only on the technique
and product in itself, but also on its future possibilities. Now we know that the bone re-
sponse characteristics that the Titanium will induce are more than positive, but Titanium has
drawbacks as well. If an infection appears on such a complex structure, removal would be
difficult. On the other hand, if osseointegration occurs with no complication, it will have to
be drilled in 6 months. And even though we are designing to achieve the thinnest and most
fragile structure that we can design, Titanium is still a metal and it can generate and conduct
heat when drilled. If the drill is not performed very carefully heat will be conducted along the
structure and pass onto the surrounding bone. Heat while dental implant surgery is one of
the main factors for dental failure.[16]

Knowing the weaknesses and strengths of a material like Titanium, we did ponder alterna-
tives. We thought for a while about 3d printing of reabsorbable biopolymers like Polylactic
acid and Polyglicolic acid. And even though that would be the easiest to produce, it is known
that both biopolymers can release acidic degradation products that can induce inflamma-
tory response [17] [18], which means that in a delicate situation like a post-periimplantitis
2nd surgery, that characteristic would not be helpful. Biopolymers were discarded, but there
were other options.

Reabsorbable bioceramics [19] and composites made out of biopolymers and hidroxiapatite
are two interesting categories. The most widely used bioceramics are Hydroxyapatite and its
related crystalline tricalcium phosphate. According to some authors "hydroxyapatite is a ce-
ramic that allows not only the bioactive fixation, but cells and nutrients invasion to promote
the tissue regeneration; however, it presents low mechanical resistance"[20] and Calcium
triphosphate helps mantaining horizontal and vertical bone crest volume after tooth extrac-
tion [21] [22].

All these materials are wonderful options to explore and investigate, but the truth is that
the company the | have worked for along the internship has no experience, nor machinery
prepared for bioceramics or composites. Perhaps this paper paves certain paths for future
studies.
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4.3 Case study 3. "Porous chair"

This design line aims at custom made cases in which the patient experiences an intense
horizontal bone absortion. This happens when, a few adjacent teeth were removed a long
time ago. Every time a tooth gets removed, bone reabsorption starts. Reabsorption can
happen horizontally and vertically. When more than one, adjacent pieces get removed, ver-
tical reabsorption starts, which means we lose 1 mm of bone height per year. If the piece
does not get restored, and time passes, along vertical reabsorption, horizontal reabsorption
starts, which means that the crest where the teeth were gets thinner and thinner, turning
eventually into useless bone for implantology purposes. As seen in Figures 4.38 and 4.39

Figure 4.39: Horizontal reabsorption, called "knife" crest
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The idea was to use that crest to allow an engineered structure to rest on the crest (as

see in figures 4.40 and 4.41).
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It is clearly a custom made case, because each crest in each patient will be different.
Each case can demand different requirements but mostly, the piece will have 3 attachment
entries, a porous structure as the main matrix and two upper "female" tapers cones. The
morse tapers will accommodate a multiple teeth restoration. The custom made porous struc-
ture will allow bone to grow through. The pin attachments are there to achieve a primary
stability using pins and/or needles. As seen in Figure 4.42.
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Figure 4.42: Technique’s Diagram

An FDM 3d printed jaw model is shown in Figures 4.41, 4.42 and 4.43 with an EBM Tita-
nium "Porous Chair" prototype sitting on top. The main drawback, as shown in the SWOT
analysis in Figure 4.46, is that, even though Titanium is a bioinductor material, there is a
limit for bone growth induction. This piece defies nature in terms of bone growth, it is not
reallistic to think that bone will grow through the entire piece ad cover it completely (more
than 5 mm). Personally, | decided to left this case as a design exercise and to admit that its
limitation were to big to be solved.
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Figure 4.43: DESIGN LINE 3, Titanium EBM printed prototype
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Figure 4.44: DESIGN LINE 3, Titanium EBM printed prototype
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Figure 4.45: DESIGN LINE 3, Titanium EBM printed prototype
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-Innovative -Aggressive technique
-Allows multiple teeth resto- -Doubtful if bone will
ration grow through

-Custom made case -Infection rates

| -It would take time for
| professionals to trust in
new technique

-Solves “knife-crest” cases

-Aggressive technique

| -Doubtful if bone will
grow through all the
| prorous structure

Figure 4.46: SWOT analysis
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4.4 Case study 4. Dental Implant line

Being a company that has a broad knowledge of Titanium and it's manufacturing processes,
it was hard not to think about a standard dental implant production line. Modern dental im-
plantology has more than 50 years [23] of evolution and dedicated studies. According to the
American Dental Association, around 5 milion dental implants are placed yearly, only in the
United States [24], and a value market of 1.1 billion dollar in 2019 only in the United States,
and expected to rise up to 1.5 billion dollars by 2025 [25]). When my supervisor told me
that the CNC Lathe that was waiting, still in its original box, was a Multispindle CNC Lathe
(HANWHA XE20H), | realised that that particular type of machine is used for dental implant
manufacture. | proposed him to develop a Dental implant line (few designs with different
spirals and self-tapping cuts shown in Figure 4.47).

548

Figure 4.47: Dental Implant macrodesign

In order to test the viability of the product | decided to produce a prototype. The CNC Lathe
that we currently have has plenty of limitations in this field. Self-tapping cuts can’t be done
in it for example. Timewise, the actual CNC Lathe is very slow for a full production line, while
the Multispindle works with two pieces at the same time, machining first one side, then the
other, speeding up the production line considerably. Even with this limitations | moved ahead
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and pursued a prototype.

As it can be seen in the SWOT analysis (Figure 4.48), in the weaknesses category, we, as
a company can not manufacture standard product according to the European certification
regulation. That point left this project in a legal limbo, which made it impossible to occur.
Even so, it was very interesting observing how the dental implant market operates and how
a single unit was produced. So, | advanced and produced a few prototypes (seen in Figures
4.48 and 4.49).

Figure 4.48: 3d generated surface
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Figure 4.49: 3d generated surface




| -Our localization
(delivery costs and times
will be longer than
competitors)

-Widely recognized technique

-Millions of implants placed

per year -We do not have licence

(CE) for standard Human
-Market still growing manufacture
U | _— e e e —_— —_— — —_— —_ — =
|
. . | -Way too many competi-
-Market still growing tors in the market

-Business model that has

: -It might take years to get
been working for decades |

your name in a proper
| place in the market

Figure 4.50: Dental Implant macrodesign
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5 Our COVID-19 interpretation

The 14th of March, State of alarm was declared allover the Spanish territory. Due to
COVID-19, we were forced to remain at home until the 1st day of June. As it happened all
over Europe, people whose jobs allowed it, were forced into remote work. My supervisor
forced me to remain doing the internship remote. It is interesting that this happened during
my internship. | think the paradigm of works, offices, worksites in general has already been
modified for good. Jobs that allow computer based work will no longer be held at the work-
site for 40 hours/week again. And even though it is such a negative situation that we face
nowadays, | think it is an interesting situation that | learnt still as a "student".

As a company, we had to admit that during a worldwide pandemic, the demand for cus-
tom made prosthesis for humans would peak down. And so it happened, we barely had 2
cases along the second trimester. Human surgeries stopped suddenly. Doctors and health-
care systems were worried about the new situation, and they were readjusting their forces
towards the Coronavirus situation. And this was a huge learning of how a small industry
makes its living, and how one of your economic pillars collapsed in a matter of days. This is
a learning beyond the academical and beyond the technical/design competences that | have
gained along this year. Diversification is really important for small industries. We saved our
trimester thanks to the veterinarian market. Our prosthesis for the animal market are stan-
dard, not custom made. And suddenly the worldwide demand for these prosthesis increased
considerably.

The entire team was working remote, except for the Machinery Manager and one technician
who were trying to fix the upcoming problem. It is said that "misfortunes never come alone".
The EBM got broken 1 week after the state of alarm occurred. Somehow it was a good mo-
ment for the EBM to collapse, because custom made prosthesis manufacture was on zero
demand, and we had plenty of stock for the animal market. But at the same time, technicians
from ARCAM (headquarters in Sweden) could not fly over to repair the machine. They tried
guiding our Machinery Manager in order to repair the EBM, but they didn’t succeed. Still
nowadays, the EBM is not working. They were suspicious of an error at the vacuum seal.
The machine was not creating the airtight environment needed. They tried seal substitution,
front glass substitution, and many other small pieces replacement. They couldn’t find what
was creating the malfunction. Finally, ARCAM claimed that the machine was too old, (bought
in 2008) and that they couldn’t ensure proper function after all these years, the lifespan of
the machine was over.

Along these 2 months | helped in stock duties, developed a few design cases and started
cooperating with an organization printing face protective shield.
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5.1 Carafe

My supervisor tends to propose alternative projects that can enter the market either lo-
cally, nationally or internationally. Amid this Coronavirus (COVID-19) crisis, Spain and most
countries in Europe faced a shortage in the health or biological barrier protection elements
(masks and protection shields). Pharmacies, specialized stores, medical suppliers and su-
permarkets ran out of mask supplies the first week of the COVID-19 crisis. He proposed
me to design a 5 or 8 litre plastic bottle, a regular big bottle, which companies manufacture
thousands per day. He wanted me to include a mask and a face shield protector within the
shape that the plastic bottle would have.

Figure 5.1: 8L bottle design
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Figure 5.2: Parts to cut from the bottle

Out of my design you would cut (through guided gutters) 2 elements to protect a single
individual in an biological emergency situation (as seen in figures 5.1, 5.2, 5.3, 5.4 and 5.5)
to keep himself or herself protected until supplies reach the stores. The smart thing about
this design is that it does not imply a higher waste of material, bottles are produced by
thousands per day as said before. During a crisis period people will see the bottle as masks
and shield protectors while during normal times, it would be seen as a simple water bottle.
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Figure 5.3: Face shield protector

Figure 5.4: mask
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Figure 5.5: Mask adaptation to a real 3d(.DICOM)

The individual would cut the lid, keeping only the threaded surface. The lid of the bottle,
now hollow frontally would be use to trap cotton, foam, gauze or similar fabric to allow air to
flow through. A rubber band will be placed in both sides of the mask to allow it to self sustain
around the head.
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5.2 Face Protection

| started cooperating with a non-profit association that contacted people with FDM 3d print-
ers in order to produce as many face shield protectors as possible in order to handle them
over to people that were still working facing public , and for regular people, so they could be
protected when leaving home. About 100 hundred units left my FDM (as seen in Figures 5.6
and 5.7). This was clearly not part of the internship, but my supervisor was aware of it and
agreed for me to spend some time of my working hours collaborating.

Figure 5.6: FDM printed Face shield structure
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Figure 5.7: FDM printed Face shield structure
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6 Conclusions

A thesis might look for a final result, numeric, an observation or a verification. A project
might look for a final (physical or digital) product. After an internship, the greatest conclusion
that one can get is how much that person has learnt.

Regarding where | have spent this past 10 months, | could not have found a better com-
pany in the Canary Islands to develop this second year of the Masters Degree. It has been
stimulating to have freedom of design and to debate any design line proposed by me, my
supervisor or any peer in an atmosphere accustomed to do so. As stated in the introduction,
my goal is to drift away from the clinical exercise and apply to the dental product manufac-
turers. | think that this internship is a first step in that direction.

Other goals were to improve design skills and software knowledge, which | honestly reckon
| have achieved. Also, to develop a few products, prototype them and if possible, test them.
Most of those goals have been achieved and depicted on this paper.

| have learnt the importance of methodologies when talking about design and product de-
velopment. | have also learnt that when you build your own company and compete in the
market with others, it is really important to take care of your products. The finer you finish
and detail every single unit that leaves the building it your best advertisement. It is important,
then, to understand materials, processes and how to treat them. That is why | value even
more what we studied last year.

In order to summarise and conclude each case that has been presented and how far |
reached:

1.The pectus excavatum moved forward reaching the doctors hands. Sadly, due to COVID-
19, non essential surgeries stopped on most of our clients. Case might continue in some
time if things get better, hopefully.

2.The crumble is a product that, as shown here, has already been prototyped. In order to
move forward, it should be implanted in animals (more than one) in order to evaluate, in
short-term and long-term its osseointegration, infection rates, drilling resistance and more
parameters.

3.The porous chair was a design exercise. My supervisor had the idea and insisted on me
developing it. | insisted that the bone growth was a big handicap as a technique. Still, it was
interesting to design it and prototype it.

4.Dental implants. Our CE certifications and the multispindle lathe still unboxed were a big
obstacle, but a good design exercise and prototyping exercise.

5.The carafe was a marvelous idea, and an excellent design exercise, but machining a mold
is a big expensive task, that the company couldn’t afford and had no previous experience.
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Thereby, | conclude that my knowledge in Additive Manufacturing (EBM, FDM and SLS),
Titanium as raw material and its properties, several other materials, design skills and CAD/CAM
softwares, problem solving, design methodologies, team-work, brainstorming sessions, file
formats, file preparation for additive manufacturing, post-processing, stock logistics have
increased considerably along 2020. And so | consider this internship optimal for my growth.
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