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Abstract. A revolution brought about by invention of 3D printing technology is
emerging on the horizon. The 3D printer has potential to become a primary tool
for building almost everything we need in the future. This paper presents the
creating of custom made medical accessories and immobilizers that can help
people that have a certain types of traumatic physical injury or hearing
disabilities. Having in mind that fractures and other physical injuries are likely
to occur in 2% of the population every year, our efforts are in creating 3D
printed immobilizers that are more comfortable than standard casts and splints.
With the use of 3D scanners, accurate and detailed virtual model of both the
traumatized region and the ear canal is easily created. Henceforth, the
accompanying 3D model is custom-fit and can be easily printed. The 3D
printed immobilizer is custom printed in a cell-like structure that ensures easy
appliance and removal, multiple use and skin respiration. Other benefits include
a robust material that is water resistant and lighter, thinner and better looking
than standard casts. The immobilizer that was made in cooperation with the
Traumatology clinic (Medical Faculty, Skopje) is presented in detail producing
many ideas for future work. Other types of medical accessories including
hearing aid and printing bones for training and learning purposes are all covered
in this paper.
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1 Introduction

While 3D printers have been present since the 1980s, mass usage and production
started around 2010 and their popularity has increased rapidly since. The first 3D
printer was made in 1983 by Chuck Hull who patented it using the word
stereolithography[1]. In those days the printers were large, expensive and highly
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limited in their performance in contrast to today’s 3D printers that are easily
affordable, not of such a massive physical scale and have satisfactory performance.

In general, the printing is done in three phases. The first phase is modeling and
consists of generating 3-dimensional model that the printer is going to “print” or
additively manufacture. This model can be generated in almost all of the 3D modeling
software available (such as Maya, Blender, 3D Studio max...). The second phase is
printing. In this phase the printer reads the design from the computer modeling,
usually as a .stl file and creates the final shape. Most commercial 3D printers use
plastics as a material to build the final shape in this phase. There are three types of
plastics: PLA (Polylactic Acid) is a biodegradable thermoplastic that has been derived
from renewable resources such as corn starch and sugar canes and is the easiest
material to use, ABS (Acrylonitrile butadiene styrene) is the second easiest material
and is robust and solid, PVA (Polyvinyl Alcohol Plastic) is the hardest type of plastic
and is the kind of plastic that we are using in the process of printing hand
immobilizers. Also, there are various types of materials that different printers can use.
Those include powders, resins, titanium, stainless steel, silver and gold [2]. On Figure
1 we can see the distribution of the market for 3D printing materials [11].

Thermoplastic Metal powders,
(powders), 2.0

Inkjet powders,
06

Figure 1: The current breakdown of the materials market.

The third phase is the finishing one, where all the supports for building the object are
removed and assembling the model is made in case it is made out of more than one
part.

In this paper we are discussing the potential use of 3D scanning and printing for
medical purposes and its possible implementation in Macedonia. Currently we are
focused on three separate usages.

The first usage is in design of forearm and thumb orthoses (immobilizers). It is
currently limited by the methods used to fabricate the devices, particularly in terms of
geometric freedom and potential to include innovative new features. 3D printing
technologies, where objects are constructed via a series of sub-millimeter layers of a
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substrate material, may present an opportunity to overcome these limitations and
allow novel devices to be produced that are highly personalized for the individual,
both in terms of fit and functionality.

Our second usage is in enhancing design of hearing aids. Digital technology has made
a large impact on hearing instrument processing and fitting, and it is now making a
large impact on hearing aid shell manufacturing. Current manufacturing processes of
custom-fit shells of hearing aids may be highly intensive and manual process, and
quality control of the fitting of hearing aids may be tough. Using additive
manufacturing technologies the process of creating hearing aid shells can be
facilitated, the measures could be taken from modern ear 3d scanners such as
OTOSCAN [12].

The third usage of medical accessories that is covered in this paper are skeletal bones
for learning and training purposes. Skeletal bones are printed for student’s learning
but also for training and practice of injuries for doctors. Each doctor could prototype a
fracture of the bone and print it so he could afterwards try different methods that
could be applied on the certain problematic.

2 Background work

Although 3D printers weren’t commercialized, scientists have been working on
many issues that can be solved using 3D printing, including aiding medicine. Back in
2003, a team of scientists started researching artificial bone replacement using inkjet
3D technologies. They printed the bones layer by layer with bio printing using
regenerative medicine [3]. When the first 3D printers that can print metal appeared,
their method was implemented for a jaw later implanted on an 83-year-old woman
[4]. As technology improved, a general improvement in the field of medicine and 3D
printing has appeared, printing human tissue that can lead to printing and replacement
of human organs [5]. Recently, a number of papers have been published presenting
foot orthoses (FOs) and ankle foot orthoses (AFOs) fabricated using AM techniques,
successfully demonstrating the feasibility of this approach [6,7]. In effort to facilitate
the learning of anatomy, scientists tested a new virtual reality (VR) technique for
anatomy learning based on virtual contrast injection. The system that they made was
web based and they showed different pictures from computer tomography and
magnetic resonance with the appropriate 3D representation of the fracture [13].

3 Immobilization and 3D printing

Getting the anatomically accurate measures for the model was attempted using three
methods. The first one was using pictures from computer tomography (CT images in
DCM format). While we had a very good overview of the bone itself and the place of
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the injury, we did not find this method useful for taking real measures to recreate the
model. The second method we used is using a 3D scanner. Using this method a real
life object can be scanned and digitalized into a 3D model. There are two types of 3D
scanners, ones that rotate the object around them and others that rotate themselves
around the object. This method is probably most efficient, but we currently have
access to a scanner that rotates the object around itself and it has limited use for
scanning parts of the human body. Another alternative of this method is to scan the
object using an application from AutoDesk called 123D Catch. This application
creates a 3D model from variety of images and provides satisfying results. The third
and definitely most accurate method is manually taking measures from the parts of
interest of the arm and using a Python script to regenerate our model according to the
given parameters.

The process of generation of the model is by using automated script that depends on a
few input parameters. We input the significant measures for the immobilizator (e.g.
length, width and girth of the specified body parts). Than we take a high-resolution
proxy cylinder and deform it accordingly to the input measures.

We than create a flat hexagon grid and using deformation techniques like wrapping
and bending, the grid is molded over the proxy cylinder. Afterwards we are cutting
the border hexagons of the model (bottom, top and sides) with localizing the central
points of each border polygons and afterwards adding edges parallel with the border
edges. In addition we delete the surplus edges and focus on providing firmness to the
part where the injury took part. We do this so that we find the hexagons near the
injury point and cut it cross-length the diameter. At last we are solidifying the
hexagonal grid, thus creating the final model.

The patients with broken or cracked bone face difficulties while having a shower,
getting dressed, lifting their broken part of the body that is covered with tough and
bulky materials. Even some of them are having problems with the adjustment of the
immobilizer that doesn’t always fit their arms (or any other body part that is being
prototyped). Having those in mind and the fact that a fracture occurs every 3 seconds
and that 2 people out of 100 are likely to have a fracture per year [8], we made an
effort to facilitate those 4 weeks to the people that experience an undislocated fracture
on the distal part of the typical place of radius. There are fractures, which don’t need
reposition of the fracture fragment, but only immobilization during 4 weeks in the
correct position. Because we think that there is chance for additional compression on
the soft tissues of the distal part of forearm, we performed 2mm bigger anatomical
model to prevent compression. Also, on the end parts of the model we used soft
material, which cannot make stasis in the forearm. We first made a 3D scan of the
hand so that we are sure that the immobilizer will fit perfectly in the patient’s hand.
Afterwards, we adjusted our model to the dimensions we received by the 3D scanner
as shown on Figure 2 and we flushed it to printing.
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Figure 2: 3D hand immobilizer.

The model is printed with lightweight, but solid plastic that is hypoallergenic and
not itchy. The lightweight plastic is thin enough to fit every piece of clothing that fits
the regular hand. Our model has gaps so that the skin is able to breathe and in order to
control the degree of swelling of the arm and the soft tissue damage or wounds of the
skin. Also, those gaps make the washing of the hand easier. The model is easily
applicative and can be removed just as easy because it is divided in two parts (upper
and lower) with supports on both of the sides as shown on Figure 3. Also, it is fully
recyclable so there is no medical waste.
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Figure 3: 3D immobiliser in Maya.

Although we made only one model, we have ideas about plenty of them. One of
them is a model for treatment of undislocated scaphoid fracture of the wrist. This
model can achieve immobilization of the thumb, which a continuation from the
previous model through the thumb. Also, we plan to construct a model for Bennett
and Rolando fractures [9] of the thumb that require bigger opposition of the thumb
and we can make a semi-model for the immobilization of fractures of metacarpal
bones and the heads of metacarpal bones. Those models are very similar to our
original model and require few small modifications. If we have a chance to get a
bigger and more accurate 3D scanner, we can also try to design an immobilizer for the
stabile fractures of thoracolumbar spine without neurological deficit. The
thoracolumbar model can be a successful substitution of the existing 3 point
immobilizer for the spinal fractures, because it will be more anatomically adapted to
any patient (having in mind that there are patients with different size and heights) in
contrast to the existing 3 point immobilizer that is made in one size and in contrast to
Bohler splint immobilization [10] which is very robust. With our model we could
achieve better control of the body as described above.

4 3D printing for learning and training purposes

Students of the Medical faculty in Skopje, Macedonia are often faced with difficulties
while learning anatomy due to inaccessible bones for learning. In order to ease their
process of learning, we modeled an anatomically correct 3D skeletal bone system in
which all bones of the human body are covered. A snap of the skeletal system is
presented in the next figure:
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Figure 5: 3D skeletal system modeled in Maya

Each of the bones of our skeletal model can be easily separated and printed for
learning purposes. The students could also use our digital model and examine the
parts of the skeletal system in some of the 3D modeling software’s that require little
learning period to handle the main functionalities and wouldn’t be a problem for using
by an average student. The model itself is beneficiary not only for students, but also
for orthopedic and urgent surgeons when preparing interventions on bone fractures.
Namely, the doctors can simulate the fracture on the bone CAD model and 3D print
the bone with the fracture so they could discus what method would be best variant for
treatment of the dislocated bone fracture. The doctors could even drill or apply
materials to the 3D printed fractured bone in order to predict the results of the
treatment. The first model that we made for learning was a model that simulated
human vertebra in cooperation with the Institute of Anatomy, Medical faculty,
Skopje. The following figure contains a part of the representation of our first model
within Maya and the solidified 3D printed part of the model afterwards. We printed
the vertebra in many parts each part having its own intervertebral discs.

Figure 6: Vertebra part in Maya (left) and 3D pried (right).
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5 Hearing aids

A hearing aid is an electronic device that picks up sound waves with a microphone
and sends them to the ear through a tiny speaker. Hearing aids are frequently formed
in an attempt to fit a given situation. A typical custom-fitting process starts with
taking ear canal measures of a patient at the office of an Otolaryngologist. The sample
is then shipped to a manufacturer's laboratory. At the manufacturer's laboratory,
skilled technicians using manual operations make each shell. The quality and
consistency of the fit of each shell vary significantly with the technician's skill level.
Our 3D scanner scans the ear impression using a laser light source that has precision
in microns. Because a laser loses its effectiveness in marking the contour of the
impression if it is transparent, powder and liquid materials should not be used to take
an ear impression. Rather, an opaque substance, like silicon is used. The material is
presented in figure 6 and the color of the silicon is light green so it could be easily
scanned because the darker is the object the harder it is to scan using our 3D scanner.
In the process of scanning we used a scanner from SIEMENS that is specialized in
providing 3D objects from ear canal samples.

o . A
Figure 6: 3D skeletal system modeled in Maya

After the model is obtained using 3d scanning technologies, the same could be printed
using additive manufacturing technologies, facilitating the waiting time for the patient
and the developing time for the manufacturer.
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6 Evaluation

In order to evaluate the efficiency of our immobilisation model, we sent an
application to the Ethical committee of Macedonian association of orthopaedic’s and
traumatology asking if we could apply the immobilizer with accordance to people
having a broken hand condition. The status of the application is pending. Aside from
the ethical committee, few doctors already evaluated our model and assessed that the
model is fully anatomically correct, fits very good on the arm and may be widely
applicable in their everyday work. Also, it is very important that the place where the
bone fracture took part is more densely covered with smaller polygonal objects so it
can be more firm in contrast to the other part of the model where we want elasticity to
relax the hand and also handle big tissue swelling. Using the model, the doctors
confirmed that there are no signs of any local irritation or allergic reactions.

Doctors also tested our learning and training models and confirmed that they are easy
suitable and relevant and may become a guideline to learning anatomy while also
enabling orthopedic surgeons to have a clear vision of the injured region and decide
which method to apply.

In the field of custom made shells for hearing aid hardware we have seen great results
for obtaining the model using different scanning techniques. The first technique was
to use an application 123D catch to scan the impression of the ear sample that hasn’t
shown satisfactory results. Afterwards we continued using 3D scanners of different
manufacturers and found out that the 3D scanner from SIEMENS showed the best
result for our problematic.

7 Conclusion and future work

Orthotics continues to be recommended for the treatment of various medical
conditions. Traditionally, many different manual techniques were used to manufacture
orthotics and shells for hearing aid hardware’s. Those techniques are gradually being
replaced by modern additive manufacturing techniques. The current work provided a
concise description of the techniques required to design and manufacture a hand
immobilizer, a hearing aid shell and different types of bones for learning purposes.
Doctors completed tests for the immobilization model and it was concluded that this
model is more comfortable for the patient than splint immobilisation, because it is
lightweight, but also it enables good immobilisation of the fracture side and doesn’t
cause any allergic reactions or irritation to the skin, Among other benefits, the doctors
can have good control over the degree of swelling and the wounds of the skin. In the
future we plan to obtain a better 3D scanner so that we could fill the gap of getting
good measures for the model and develop a routine use of these techniques,
facilitating the work to the doctors and helping the patients in recovering their bone
fracture.

In the next phase of our research work about printing 3D medical support learning
accessories we plan to print a tremendous amount of bones and assign them to
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students in order to evaluate the efficiency of the learning process using this kind of
auxiliary materials and 3 dimensional models.

For the custom made shells a general solution was made and tested but still it is
required a human modeler to fix the parts of the model if some of them have bad
geometry and prepare the shell for printing. In the future we plan to obtain a script to
automate the process of generation of hearing aid shells so that they could be easy
printable based on the scanned model.
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