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ABSTRACT

Nowadays, after suffering certain musculoskeletal rupture injuries,
the only treatment available is the use of plaster cast. However,
this type of treatment, that is similar to the used originally by
the Persians in the 10th century, has some disadvantages, that
are still present nowadays. It usually causes discomfort due to
the weight (around 1,5kg) and the restrictions to refresh the skin.
Moreover, it is not submersible and it is not possible to apply certain
kind of treatments, like ultrasounds or infrared. It also may appear
complications at the vascular, muscular or even articular level due
to these problems.This project aims to show there is a really possible
option that would solve these inconvenient. Moreover, it would
allow a faster and better recovery, combining 3D prototyping, 3D
scanning, medicine, engineering and materials evolution. This study
proposes the use of sensor integration inside the splints to detect
any kind of problem during the treatment process. These sensors get
different data like pressure, color, humidity and temperature from
the splint. After that, these parameters are analyzed to determine
any unexpected evolution and sent by telematic channels to be
consulted remotely by a specialist.
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1 INTRODUCTION

Industrial Design and Advanced Manufacturing has made it possible
an enormous growing of New Industry. Moreover, the optimization
of the process [1], [2], the new concept of materials [3] and the
decrease of costs [4] are some achievements that has produced
an expansion of these technics further than the industrial area to
applications known as Bioengineering [5].

The implementation of fused deposition modelling (FDM) or
selective laser fusion (SLM) in the healthcare industry, allows ben-
efits in terms of design and customization of medical devices and
implants. Clear examples of these advances are craniomaxillofacial
surgery prothesis [6], different therapies for obstructive sleep apnea
(OSA) [7], [8], orthopedics surgery [9] or rehabilitation [10], More-
over, it simultaneously improves wearing comfort and hygiene.
Many developments have been carried out, like exoskeletons [11],
assistive devices or prosthesis. Although these specialties are very
demanded [12] specially in developed countries, it is necessary a
level of maturity and development technologically speaking, to get
a real change in the actual model.

Also, the incursion of this new 3D techniques in medical pro-
cesses, makes it possible to include smart systems that will allow
to analyze different medical states of the evolution process. These
kinds of systems that includes small electronic devices, micropro-
cessors, programming systems and data communication, are re-
sponsible of monitoring and treatment of different data, that could
also be sent to an application or a mobile device [13]. Moreover,
these data can be compared and treated using Artificial Intelligence
in medicine [14] to detect any kind of problems, so it opens a big
new world of treatment and diagnostic possibilities.

This study focuses on the implementation of all of these con-
cepts. It will be showed the development and prototyping of a
smart immobilization splint using a 3D scanner using biocompat-
ible material. This splint will incorporate different windows for
possible treatments like lymph drainage, iontophoresis, ultrasound,
laser or electrostimulation. It will also include sensors that will be
placed to get pressure, temperature, color skin and humidity of the
immobilized area.

2 MATERIALS AND METHODS

In this section it is explained and presented the different steps that
are followed to design a 3D virtual model of the splint that will be
produced later. In this case, it was used as model the right leg of a
29 years old volunteer, that will be the basis to create digitally the
splint where the tests will be carried out. In this case, there was
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4 DISCUSSIONS

It is possible to find a relation between temperature patterns and
medical conditions [27-29]. This is due to metabolism and local
blood flow, that generates located temperature variations. Also,
bone formation other disease processes are also be responsible of a
reduction in blood flow. This fact, will produce alterations in surface
temperature [30]. It is possible to see in the different charts, that
the temperature, pressure and humidity variations, are perfectly
detected by the sensors mounted on the splint.

It would also be possible to create a digital mapping of the temper-
atures under the splint by adding more sensors. All these collected
data quantify temperature changes in skin surface that may be both
cold and hot responses, which may co-exist with pain during in-
flammatory processes [15]. The possibility of getting a continuous
monitoring of these parameters, allows to know the progression at
any time of the treatment. This makes it possible an early detection
of joint, vascular or muscular complications that are difficult to
observe if the immobilization splint is not removed previously.

It is possible to see that the sensor in contact with the skin detects
a temperature slightly lower than the normal body temperature.
This fact is due to the gradient of temperature that occurs on the
metallic sensor surface. The sensor has about a 40% of the surface in
contact with the skin. The 60% of the surface is not in contact by the
skin due to its cylindrical form. Due to this, it comes up a difference
of temperature on the sensor surface, between different areas. Due
to the thermal conductivity, the metallic surface tends to get an
equilibrium between the different areas [30]. Finally, the sensor
gets a temperature that is not the real skin temperature whereas it
is the mean temperature obtained from the whole surface. However,
this is not a problem, as it is enough information to detect both
decremental and incremental temperature changes.

The humidity and pressure values are also correctly acquired.
As with the temperature, it is possible to detect variations due
to internal sweating, and pressure produced by an inflammatory
process.

Finally, by using the RGB sensor, it is possible to detect variations
in the three components of the light (red, green and blue). When a
hematoma shows up, the concentration of blood on a determinate
area, produces a change on the color of the skin. The sensor is able
to detect a variation of the three studied components of the light, so
it avoids the necessity of removing the splint to detect the creation
of a hematoma.

5 CONCLUSIONS

With this innovative project, it is intended to provide an evolution
for the traditional splints, that have remained practically intact
since their invention in the tenth century.

The 3D FDM splint fabrication makes it possible to create dif-
ferent housings for the implementation of different sensors on the
splints. These sensors may be used to get different information dur-
ing the treatment process, to be monitored by a specialist remotely.
Moreover, the use of 3D printing allows to create different holes to
apply different treatments that might make it shorter de length of
the treatment.

As it is showed in this study, this autonomous system, powered
by a battery, is able to get the information from the sensors. This
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information and different parameters considered at the beginning
of this study, may be consulted remotely.

It is proposed as an evolution of this study, the incorporation of
an algorithm that may notify of an unexpected evolution by using
the different collected data.
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