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Abstract: Medical implantable electronic devices (IMD) are of great use to research and in the treatment of various health 
conditions. 3D printing technology is proving to revolutionize multiple industries, including IMDs, by allowing rapid research, 
development and production. This paper presents how 3D printing technology was utilized during the modeling, prototyping and 
fabrication process of the first version of an implantable device intended for interstitial pressure monitoring.  

I. Introduction
Implantable medical devices (IMD) have benefited from 
advances in microelectronics, which has allowed them to 
be reduced in size while their complexity and 
functionality has increased. Thanks to these 
developments, IMDs are finding their way into more areas 
of medical research and illness treatment, thus increasing 
demand and pressuring designers and manufacturers to 
accelerate the introduction of new devices. 

The research and development of implantable medical 
devices is a multidisciplinary task that requires 
cooperation between engineers and physicians to produce 
a functional product. In particular, and based on our 
experience, 3D printing technology greatly facilitates 
working together on the process of defining and 
optimizing the mechanical and volumetric specifications.  

This paper discusses the use of 3D-printing technology in 
the prototyping and development of a deeply implantable 
medical device for the monitoring of pressure ([1], [2]). 
Also, an outlook of the ways emerging techniques can 
improve production and development of IMDs is briefly 
presented.  

II. Prototyping of Implantable devices
Given the complexity of the human body (and also that of 
any test animal), defining the correct dimensions, as well 
as physical and mechanical properties, of the IMD is of 
high importance. Therefore, the input from medical 
researchers is critical in the early stages of the project. 

To this end, in the developed IMD, 3D printing was used 
to provide the physicians with models of the proposed 
device. Fig. 1 shows the initial and final models of the 
design. For this prototype, the tip (indicated in Fig. 1.d) 
contains the sensors and so must remain in a precise 
position without being affected by the movements of the 
test subject. In the first iteration, the design had two rings 
that were designed to enable suturing (Fig. 1.a,b) of the 
implant to provide the required mechanical stability. 
Several configurations of the rings were proposed and 
considered (not shown in Fig. 1). Furthermore, various 
wire lengths were tested.  

The final version (Fig. 1.c) of the model does not include 
the rings. The decision to remove them was made after 
several trials with previous models in dead mice indicated 
that the system could be used effectively without the need 
for suturing the implant (which simplified the medical 
procedure for implantation). This entire process took 
around two months, a relatively short time, since change 
requests were processed and tested rapidly thanks to the 
3D printing of the models.  

Figure 1: 3D models produced and real IMD prototype. (a) First 
model produced. (b) First model with wire after a test of silicone 
encapsulation. (c) Final IMD  3D model. (d) Real IMD board. 

Each 3D model reflected the dimensions of the actual 
components used for the IMD. The final version of the 
model was then used by the physicians for improving and 
practicing the implantation procedure while the real IMD 
(Fig. 1.d) was produced.  

III. Instrument fabrication for IMD
assembly
Since IMDs are in direct contact with internal tissue and 
fluids, there is a need for encapsulation with 
biocompatible materials to protect both the electronics and 
the subject that carries the device. In the case of the 
developed system, a layer of biocompatible silicone [3] 
was used as encapsulation.  

For the application of the silicone, molds were required to 
ensure the thickness and geometry of the final system 
were controlled and consistent. Again, 3D printing was 
instrumental in developing and testing various designs, 
and further adjustments were made as the coating process 
was refined. This custom method also provided flexibility 
in case any implant dimension had to be changed at a later 
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stage (e.g. wire length). Fig. 2.a shows one of the molds 
generated and the resulting implantable device (Fig. 2.b).  

Figure 2: (a) 3D printed mold for applying the silicone coating 
to an IMD. (b) IMD coated in medical grade silicone. 

IV. Fabrication of components for IMDs
An additional challenge in developing IMDs is to obtain 
needed mechanical components that fit the small 
dimensions required. The use of an external manufacturer 
means relying on their ‘off the shelf’ products which often 
leads to compromises in the IMD specifications, or to 
spending large amounts of time and money for getting 
custom made parts in a small quantity, a service not 
always offered. 

Due to the aforementioned problems, 3D printing was 
used to manufacture some mechanical parts for the first 
prototype of the IMD. Specifically, a connector and port 
set was necessary since a wired setup (reduced 
development time when compared to a wireless setup) 
was acceptable for proving the IMD concept in animal 
tests. 

Fig. 3 shows the final version of the developed 
connectors. This set consists of a small female connector 
that is attached to the implant by a wire (Fig. 3.a), a port 
with a protective cap (Fig. 3.b) and a male connector 
which is used to connect the system to the reader 
hardware (Fig 3.c). The connectors were shared with the 
physicians together with the IMD models for evaluation 
and were also subject to design changes in order to 
improve their mechanical stability and to reduce the stress 
on the animals used in the experiments.  

Figure 3: (a) IMD miniature male connector. (b) Port (bottom) 
and protective cap (top). (c) Reading hardware male connector. 

V. Considerations of the utilized materials
Several problems regarding the various materials used had 
to be solved during the development of the IMD. The first 
issue confronted was the heat resistance of the material 
used for the mold [5] (Fig. 2.a.). The solution was to 
refabricate the final mold design with a Teflon substrate 
after testing (of the 3D printed molds) confirmed the 
correct dimensions. 

The material used for 3D printing the connectors is not 
certified as biocompatible [4] and so presented an 
additional challenge. For the final setup, therefore the 
surfaces which would be in contact with the animal tissue 
were covered with a thin layer of the biocompatible 
silicone coating [3]. This solution, however, was not 
perfect as silicone is permeable to moisture [6] which 
interferes with the pressure measurement, so a further 
external layer of Parylene was applied as in [7].  

VI. Conclusions and outlook
The use of 3D printing in the development of the presented 
IMD allowed for a rapid prototyping flow. By fabricating 
models with real dimensions it was possible to obtain input 
from the physicians during the initial phases of 
development. Also, these models were useful as training 
tools for the implantation surgical procedure. The 
packaging of the IMD benefited from 3D printing as well, 
by allowing changes to the dimensions of the molds as the 
process was optimized. Finally, 3D printing enabled the 
rapid and inexpensive production of some specific 
components required by the IMD such as the miniature 
connectors presented. 

Future 3D printing technologies are going to further 
revolutionize IMD development and manufacturing. 
Biocompatible printing materials and emerging 
technologies that allow printing around existing structures 
[8] (such as the IMD circuit board) can eventually be used
for rapid IMD packaging. These technologies might also
permit new mechanical features for IMDs (e.g. micro
channels embedded in the packaging for differential
pressure measurement in miniaturized implants).
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