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Abstract

Medical implants with functionalized surfaces for enhanced cell growth are currently investigated by a variety of 
research groups. Due to the materials needed for an implantation with as little complications as possible rather 
costly materials have to be used for the parts. One way to produce such parts more affordable is to apply a mass-
manufacturing technique like injection moulding. In case of this study a metal bone fixing screw, produced by 
powder injection moulding, has been overmoulded with a very thin layer of biodegradable polymer to enhance cell 
adhesion during the healing process. The main challenges were to achieve a thin, defect-free structured polymer 
layer with good adhesion to the metal screw and to ensure a high and consistent implant quality by controlling the 
injection process.

Keywords: Medical Implants, over moulding, micro injection moulding, process optimization 

1.  Introduction

Micro Injection moulding (μIM) of different
materials is widely used throughout a wide variety of 
industries. The main advantages are the low costs for 
large production numbers, the near-net-shape 
replication and the high repetition quality if the 
process is controlled correctly. In medical application 
the process is used to manufacture implants and 
surgical instruments out of different biocompatible 
metals [1,2]. In the area of polymer materials for 
medical applications, different studies have been 
carried out showing the potential for medical 
applications [3,4] since they can be absorbed after a 
certain time or can be used for drug delivery 
purposes [5]. Also orthopaedic devices made solely 
from biodegradable polymers have been reported [6]. 
In μIM such materials have been used for scaffold 
engineering [7] and the fabrication of micro needles 
[8].

Within the frame of the project HINMICO, a
European collaborative project, the high volume 
production of multi-material parts is improved by 
developing high value process chains including 
injection moulding, back-end process and in-line 
inspection. By integrating different processes into a 
complex process chain the production the production 
of multi-component devices can be accelerated and
cost-intensive assembly steps can be avoided. This 
can also lead to a reduction of supply chain space 
and manufacturing cost. The main goals of the 
project can be summarized as follows:

- Fast and precise μ-replication-assembly processes 
with new tooling concepts for 3D multi-material micro-
components
- Establishment of high-throughput process chains for 

multi-material functional devices
- Global process chains with increased reliability for 
fabrication of high quality products
- High added value μ-devices with advanced 
functionalities

Within the project five demonstrator parts are 
manufactured, each one representing a specific 
challenge in the fabrication of functional micro-parts
from transport, health, audio and information 
technology:

- a functionalized packaging for a micro-actuator 
dedicated to fluid flow control in automotive 
applications
- an implantable medical metal screw with a μ-
structured coating made of biodegradable polymer
- a mechanically improved polymer dental bracket 
with an embedded metal insert acting as 
reinforcement
- a complex multi-material sensing actuator for high-
precision cartridge components
- a passive microwave component (transmit/receive 
diplexer) for point to point communication for short-
range high capacity urban mobile backhaul

The bone screw implant requires special 
attention to a high precision manufacturing since the 
structuring and a strong adhesion of the over
moulded polymer layer is crucial for the cell adhesion
and growth and thereby in reducing the 
osseointegration time. The actual layer is very thin 
and also features a structuring in the range of 50 to 
100 μm. In addition, the metal screw also has to fulfil 
the high demands on tolerances since it builds the 
basis for the later overmoulding step and has to give 
the structural support during the surgical procedure 
and the healing phase.
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2.  Tool manufacturing 

For the production of the bone screw implant two 
separate injecting moulding tools had to be 
manufactured. One tool for the metal screw 
component made via powder injection moulding and 
one for the polymer over moulding. The tool for the 
metal component featured two cavities, one 
representing the actual size of the finished product for 
testing and developing the gripper unit and another 
one enlarged by a scaling factor, which was 
determined by the feedstock and is needed to 
compensate for the shrinkage of the part during the 
sintering process. A 3D CAD drawing of the tool is 
shown in Figure 1. 

 
Figure 1: 3D-CAD model of injection moulding tool for metal 
bone screw 

The second tool for the over moulding step 
features a thin film runner and gating system that 
expands over the whole middle section of the screw 
body to ensure a fast and homogenous filling of the 
cavity by the 8 mm plunger of the Battenfeld 15/10 
machine that was used for the over moulding step. 
The injection cycle was simulated using Autodesk 
Moldflow ®. The results showed that a complete 
filling of the very thin over moulding area should be 
possible with the designated material within 0.8 
seconds (Figure 2).  

 
Figure 2: Filling simulation of polymer overmoulding for 
orthopedic implant 

The tool also features a interchangeable cavity 
with exchangeable inserts for clamping the metal 
insert during the injection of the polymer in the nozzle 
side. The initial version of the tool is depicted in Figure 
3. 

 
Figure 3: 3D-CAD model for the polymer overmoulding tool

The tool for the polymer overmoulding had to be 
re-engineered and adapted after initial trials. The 
tests showed that the force of the injected polymer 
material caused a bending of the metal screw and 
thereby hinders a complete filling of the desired 
overmoulding area since the cavity walls are in 
contact with the metal insert (Figure 4). FEM 
Simulations showed that the problem could not be 
solved by using a different material for the bone 
screw (e.g. titanium) and therefore the tool was 
modified by adding a additional pin that prevents the 
metal insert from being deformed and thus ensures 
the overmoulding of a maximum of the designated 
area (Figure 5). 

 
Figure 4: Picture (top) and surface scan (bottom) of not 
overmoulded area due to bending of metal screw 

 
Figure 5: Additional stop pin (arrow) to prevent bending of 
the metal screw insert 

Finally, the insert was replaced by a structured 
version that features a continuous pyramidal pattern. 
The patterning was adapted to the injection moulding 
process and is based on previous research carried 
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out on the enhancement of cell growth [9]. The final 
overmoulding has a layer thickness of 50 μm in the 
thinner areas, the pyramids are placed in continuous 
pattern with a spacing of 150 μm and feature a base 
width of 150 μm and a height of 120 μm. 

 
Figure 6: Gripper (left) and storage unit (right) for automated 
process 

In order to feed the metal screw into the 
overmoulding tool a gripper unit and a magazination 
unit was developed to enable a fully automated 
process for a mass production of the bone screw 
implant. Both components are shown in Figure 6. 

3.  Replication of final implant design 
 
Manufacturing of the metal screws was done at 
RHP’s facilities in Seibersdorf, Austria, using a 
Battenfeld HM400/60 40 injection moulding machine 
with a closing force of 40 tons. The material used for 
the screw was a 316L feedstock with RHP’s own 

binder system. The parts were solvent debound in 
LÖMI EDA-50 solvent debinding furnace. Debinding 
was conducted at 40°C for 8h with subsequent drying 
under vacuum for 3h. After solvent debinding the 
screws were put on specifically designed alumina 
setters for sintering. The special design was 
necessary to avoid warpage which would render the 
screw unusable. Sintering took place in Enlink Series 
3002T MIM furnace. During sintering a hydrogen 
atmosphere at a pressure of approximately 300mbar 
was applied. Due to the fine metal powder (5μm) 
sintering took place at a temperature of 1050°C. 

The replication trials for the overmoulding of the 
polymer material were carried out at the facilities of 
Wittmann Battenfeld GmbH (Kottingbrunn, Austria) 
on a Micropower 15/10 ton injection-moulding 
machine with a plunger diameter of 8 mm. For the 
polymer overmoulding during the current trial stage 
the biodegradable material was replaced with a 
Polylactide (PLA) from NaKu (NaKu PLA 100HF) with 
similar viscosity and rheological behaviour due to the 
high cost of the actual material that will be used for 
the final parts. The implants used for cell growth tests 
in a later stage of the project will be overmoulded with 
a PDLG (50/50 DL-lactide/glycolide copolymer) from 
Cordion Purac (Purasorb PDLG 5010), which can be 
processed using the same parameters as 
investigated in this study. 

As mentioned earlier, initial trials were carried out 
using a non-structured cavity and problems occurred 
as the metal screw was bent by the force of the 
injected polymer material. After the re-engineered 
tool with the stop-pin and the structured cavity was 
implemented a second moulding trial was arranged 
and a design of experiment (DoE) study was carried 
out, which is currently being analysed.  

For DoE a 3-parameters 5 levels design was 
chosen and the number of trials was reduced by 
applying a reduced factorial design of experiments 
approach. Parameters chosen for the trials were 

injected volume, barrel temperature and mould 
temperature. For each parameter five values were 
defined, resulting in a total of 24 different parameter 
sets. After the stabilization 5 parts were produced for 
evaluation purposes for each parameter combination 
resulting in a total of 120 runs that can be used for 
the optimization. The moulding parameters were 
continually measured with a PSP data acquisition 
system throughout the whole process. The main goal 
of this study is to identify the correlations between the 
moulding parameters and the quality of the polymer 
overmoulding. If sufficient information can be 
generated from the acquired data, a direct in-line 
quality control can be achieved by monitoring the 
most influential process parameters and thereby 
adapting the running production process to 
counteract changing manufacturing conditions within 
the automated process. 

 
3.  Characterization 

The measurements of the structured area were 
carried out using a ALICONA Infinite Focus G5 
system equipped with a 10x lens which features a 
resolution of 1.76 μm in lateral direction and 0.1 μm 
in vertical direction. The stated repeatability of the 
measurements is depending on the measured 
feature. For example, a height step of 1 mm can be 
measured with a accuracy of 0.5 μm ± 0.1 μm. At this 
stage of the development, the structures were 
measured and evaluated by calculating the arithmetic 
average of the absolute roughness values (see Figure 
7), which can be directly correlated to the height of 
the pyramidal structuring.  

 
Figure 7: Measurement result of surface structuring of 

polymer overmoulding 

Currently, only few samples have been 
measured, with height values ranging from 26 μm to 
43 μm. At this point, no definite clear statement about 
the impact of the injection parameters is possible, as 
more measurements will have to follow to get enough 
data to make a reliable statement. In a later stage, 
the measuring system will be used to detect and 
measure flaws like not-overmoulded areas or 
incomplete filling of the pyramidical structuring. 
Current measurements cover a total area of 
9,44 mm2, which requires a measuring time of 
approximately 90 seconds. With a cycle time in the 
range of 30 seconds this means that for a 100% 
inspection the time spent for the quality inspection 
has to be reduced. This will be done by applying the 
findings of the design of experiments to define the 
quality of the part by monitoring the injection 
parameters and by reducing the time for inspection 



August 29, 2016 20:27 RPS 4M 2016 :: Paper ID: 742

30 Guido Tosello, Hans Nørgaard Hansen, Kornel Ehmann and Stefan Dimov (Eds.)

by defining a roughness value that correlates with the 
part quality and the number of structures that have to 
be measured (around 30-40 pyramids). This will help 
to cut down the time needed for the inspection step to 
around 15-20 seconds. 

In addition, the mass of the polymer was 
determined by measuring the metal screw insert prior 
to overmoulding and the whole part after the 
replication step using a high-precision laboratory 
scale. By subtracting the mass of the metal screw the 
amount of overmoulded material could be calculated. 
The roughness values and the mass will be used as 
quality marks for the optimization process with higher 
mass values and larger roughness representing a 
better part quality. 

First screening results showed only minor 
influences of the moulding parameters as used in the 
DoE. This may be due to the fact that the chosen 
values represent a rather small window around a 
optimum of moulding parameters. A in-depth analysis 
with more measured parts is necessary to evaluate 
the impact in detail. 
 
4.  Conclusions 
 

Although the orthopaedic implant demonstrator 
laid down a number of challenges like the very small 
thickness of the overmoulding layer, the tight 
tolerances for the metal screw and the adhesion od 
the polymer material to the metal basis the 
component could be manufactured successfully. The 
trials with varying parameters showed that the 
process is very stable with only minor defects visible 
on fabricated parts and a good adhesion of the 
polymer layer. Also, the inspection system for the 
structuring proved to be capable of measuring the 
fine details of the surface with a sufficient resolution 
and can therefore be used to quantify the quality of 
the produced parts. 

Further work will be focussing on the outcome of 
the design of experiments study and will also involve 
testing the demonstrator for its capability to actually 
enhance the cell growth by carrying out appropriate 
lab-scale tests. 
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