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Editorial

hile a few companies in the medical technology industry
were able to gain something positive from the Corona crisis, for the majority it looked rather gloomy. Espacially
smaller companies were suffering from the consequences of the
pandemic and reported significally higher sales declines. The federal association BVMed reported a drop in sales of around five percent at its annual press conference. But now there seems to be light
at the end of the tunnel again.

W

According to new surveys, the five percent seem to have shrunk to
four percent. Digital offers in the field of trade fairs, conferences
and training courses have become an accepted standard. So why
should we limit ourselves to the negative sides of 2020 when there

First signs of
improvement
were also good moments? In this issue we honor many interesting
MedTech innovations that reached us over the course of the last year in the areas of software (pages 20-26), 3D printing (pages 1014) and materials (pages 40-46). The helpers who shone in the
pandemic should not be neglected either (pages 12-13).
But we should also keep future hurdles in mind. Increasing bureaucracy in the form of the MDR could slow down innovation - international trade seems to slowly degenerate into national isolation. Will
there be a Free Trade Agreement once the Brexit was carried out?
Many uncertainties will arise with the new regulations.
Expert opinions in our Law & Standards category on pages 34-38
could be very helpful in overcoming at least a few of these hurdles
and open questions.
I wish you a successful year 2021. Let us learn from 2020 and look
positively forward. The worst should be over.

@
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to all kinds of dangerous
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Small drives, big benefits
Microdrives are doing big things today in a wide range of applications.
Compact, high-torque, dynamic with precise actuation, and operation
that is as quiet as possible are requirements not only in many industrial
applications. The same properties are also called for in medical and laboratory technology.
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For the manufacturers of ventilators, the controllability of the drive speed, low-vibration and quiet running as well as the reliable and low-maintenance operation are important for the air flow control.

A driving force for healthcare, medical technology, and laboratories, Microdrives are doing big things today in a wide range of
applications.

Small drives, big benefits
To curb the spread of the SARS-CoV-2 coronavirus, numerous
and, to some extent, drastic measures have been taken around
the world. At the same time, laboratory and analysis capacities
must be expanded to allow tests to be completed more quickly
and to research treatments and vaccines. But the protection of
medical personnel who care for patients in the hospitals must
also be seamless and function as reliably as the ventilators for ill
people. For these vital systems, FAULHABER (cf. company box)
develops and manufactures drive systems which, in addition to
the high standards acc. to EN ISO 9001 and 14001, are also
specially certified for use in medical products acc. to EN ISO
13485. Application areas range from ventilators to the detection of body temperatures with infrared thermometry.

flow control. Brushless DC-servomotors and DC-micromotors
with graphite commutation satisfy these requirements especially well. At the same time, they offer high dynamics, and high
speeds can be achieved thanks to their low inertia.
The graphite-commutated DC-motors are available with diameters from 13 to 38 mm and are complemented by an extensive selection of standard components, such as high-resolution encoders, precision gearheads and controls. DC servomotors are available in a number of different series. The BXT flat
motors (figure 1), for example, have an unusually short construction in the axial direction. Thanks to innovative winding

Ventilators: quiet operation and high dynamics
The need for ventilators has increased drastically worldwide .
The drives used here must satisfy high requirements. For the
manufacturers of ventilators, the controllability of the speed,
the low-vibration and quiet running as well as the reliable and
low-maintenance operation play an important role for the air

MED engineering INTERNATIONAL/2021

Figure 1: The BXT motors deliver considerably higher torques than
those usual in this drive class.
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Systems, istockphoto.com/AlexLMX
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icrodrives are doing big things today in a wide range
of applications. Compact, high-torque, dynamic
with precise actuation, and operation that is as quiet
as possible are requirements not only in many industrial applications. The same properties are also called for in medical and
laboratory technology.
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technology and an optimised design, the motors are just 14,
16 and 21 mm in length but deliver torques up to 134 mNm,
within a diameter of 22, 32 and 42 mm respectively. For precise speed control or in the case of high requirements on positioning accuracy, diameter-compliant magnetic encoders or
speed controllers are fully integrated into the housed motor
variants, whereby the drive is increased by just 6.2 mm. The
matching metal planetary gearheads of the GPT series too are
characterised by a short design, high torque and extremely fine graduations of the numerous reduction ratios.

Figure 3: On the way with the specimen taxi: the trolleys with the specimens move fully automatically over plastic rails to the respective
analysis stations.

Figure 2: The PAPR systems (Powered Air-Purifying Respirator) enable fatigue-free breathing through the constant airflow. Drives that are
suitable for this application must be powerful but also especially light
and compact for mobile use and should function as efficiently as possible in battery operation.

Personal protection: High power density in a
compact design
Because coronaviruses are spread by droplet infection, respiratory protection plays an important role in personal protective
equipment. Closed PAPR systems (Powered Air-Purifying
Respirator) provide very effective protection for medical personnel (figure 2). Such wearable ventilation systems, which
filter the air by means of a fan, are considerably more pleasant
for the user than those that rely on the lung power of the user.
The PAPR enable fatigue-free breathing through the constant
airflow. Drives that are suitable for this application must be
powerful but also especially light and compact for mobile use
and should function as efficiently as possible in battery operation. The previously mentioned BXT flat motors are, therefore,
a good choice here as well. DC-micromotors with precious metal commutation are also suited for this application area. They
offer high power density with a compact design and have proven their longevity in numerous applications. They are available with diameters from 6 to 26 mm and operate cogging-free,
use very little power and, moreover, are exceptionally light.

Laboratory automation: dynamics and precision
An important part in the fight against COVID-19 is the expansion of testing capacities. The more tests that are performed,
the more that is learned about the virus. For people with symptoms, it is important to know in good time whether or not they

www.med-eng.de

are infected. The most reliable test for detecting a coronavirus
infection is the PCR (polymerase chain reaction) test. Because
this is very complex, there is no getting around automated laboratories with high throughput. Small servo drives for lateral and
rotational positioning are very often needed in the analysis devices. With these drives, high dynamics and precision are especially important. FAULHABER DC-micromotors and bell-type
armature motors with integrated encoders satisfy these demands during continuous use in medical test laboratories. The
small drives have also proven themselves for the transport of
samples between the individual analysis devices (figure 3). The
small transport trolleys that move the samples back and forth
between the individual analysis devices are driven by brushless
DC-motors, so-called flat rotor motors. They are designed for
high reliability and a long service life; they can thus travel many
kilometres in automatic distribution systems without wear
being a concern. Moreover, they convince with their smooth,
cogging-free running properties. This is particularly important
when blood samples are transported without a cover.

Figure 4: Point-of-care analysis: compact and reliable drives are in
demand.

Point-of-care analysis: compact and reliable
If test results need to be available promptly so that decisions can be quickly made in, e.g., intensive care units, out-

7

MED engineering INTERNATIONAL/2021

»

MED Scene Cover Story

patient departments or doctors' practices, on the basis of
laboratory values, so-called point-of-care tests are required (image 4). These are used to measure parameters on
site, such as cardiac enzymes and blood values, or can be
used with PCR to verify pathogens such as SARS-CoV-2 on
swabs. The corresponding analysis devices are nearly fully
automated and, through the use of test strips, require only
very few actions by the user. Drives for this application
must be as compact as possible yet still be reliable and
fast. DC-micromotors with graphite or precious metal
commutation are therefore a good choice here as well, as
are stepper motors. With lead screws, customer-specific
pinions on the output shaft and with UL-compatible cables with connectors, they can be perfectly matched to the
application.

Infrared thermometry: cost-efficient and fast

FAULHABER - The drive experts from Schönaich
FAULHABER is specialized in the development, production and deployment of high-precision miniaturized and
miniature drive systems, servo components and drive
electronics with up to 250 watts of output power.
This includes putting into effect customer-specific packaged solutions as well as an extensive range of standard
products, such as Brushless Motors, DC-Micromotors,
Encoders and Motion Controllers.
The FAULHABER trademark is recognised worldwide as a
symbol of high quality and reliability in complex and demanding application areas, such as medical technology,
factory automation, precision optics, telecommunications, aviation and aerospace, and robotics. From the powerful DC-motor with a continuous torque of 224 mNm to
the filigree micro drive with an outer diameter of 1.9 mm,
the FAULHABER standard range can be combined in more than 25 million different ways to create the optimum
drive system for a particular application. At the same
time, this technological construction kit is the basis for
modifications which allow to configure special versions
to meet the specific needs of customers.
L
➚ www.faulhaber.com

Figure 5: Stepper motors position very precisely without encoders;
cost-effective positioning drives can be realized as a result. At the same time, they enable extremely rapid changes of direction.

Author:
Dipl.-Ing. Andreas Seegen
Head of Marketing
DR. FRITZ FAULHABER GmbH & Co. KG

As a contactless and mobile method for recording the body temperature, e.g., at borders or in airports, infrared
thermometry is common around the world. Shown in simplified form, a lens in an infrared thermometer focuses the
thermal energy of an object, in this case of a person, onto
a detector. The associated thermal radiation is converted
into electrical signals and ultimately into an image or a
numerical value. The user can then quickly see whether
the body temperature of a person is elevated. In these mobile measurement devices, stepper motors have proven
themselves for supporting the infrared cameras during
swivel and tilt adjustment, zoom, focus or for shutter control during calibration (figure 5). They position very precisely without encoders, making it possible to realize positioning drives cost effectively. At the same time, they enable extremely rapid direction changes when focusing. The
small drives from Schönaich once again prove that they
are advancing technology in medicine, research and laboratories for the common good.
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Author:
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Kistler Group

Kistler Group
Switzerland
Eulachstrasse 22
8408 Winterthur
Phone +41 52 224 11 11
info@ kistler.com
www.kistler.com

Kistler is the global market leader for dynamic
pressure, force, torque and acceleration measurement technology. Customers in industry and
scientific research benefit from Kistler’s experience as a development partner and its unique
sensor technology, enabling them to optimize
their products and processes so as to secure
sustainable competitive edge.

ing. Kistler offers an extensive range of highprecision pressure sensors as well as the ComoNeo system for automatic process monitoring and
analysis in injection molding. Together, they
enable the automated separation of scrap parts
on the basis of cavity pressure measurements –
the goal being zero-defect production.

Demands in the industry are rising
Manufacturers of medical devices face several
challenges. While regulatory requirements and
customer expectations regarding quality assurance, transparency, traceability, and documentation are on the rise, parts are becoming more
complex while prices are declining. Kistler aims to
help manufacturers throughout the world achieve
the highest quality standard at each stage of
production and to reduce operating costs.

Process monitoring system maXYmos TL ML for assembly and testing is ideal for small measurement
ranges and is FDA- and MDR-compliant.

FDA- and MDR-compliant quality testing

Process monitoring system ComoNeo for injection
molding includes several features to optimize process transparency and stability, e.g., online quality
prediction for each part being produced.

Comprehensive portfolio for medical
device manufacturing
Kistler’s portfolio for medical device manufacturers combines intelligent, modular process
monitoring systems, miniature pressure, force
and torque sensors, and digital tools for enhanced connectivity. The solutions enhance
medical device manufacturing across the entire
value chain – from micro-molding/injection
molding, assembly and joining systems, to testing
and quality assurance. Kistler supports its
customers from design concept through product
development and qualification to production. The
solutions enable customers to achieve zerodefect production, enhance process stability, and
implement product traceability with a reduced
outlay on documentation.

Measuring cavity pressure:
the key to zero-defect production
Cavity pressure is a direct criterion for determining part quality during the production of plastic
components, as it reflects the conditions during
the injection process. As a result, cavity pressure
plays a key role in transparent process monitor-
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In turn, the new maXYmos TL ML process
monitoring system helps improve the production
quality of medical devices during joining and
assembly processes and in testing procedures.
To develop the latest version of its tried-andtested maXYmos system, Kistler has joined forces
with partners in the mechanical engineering and
plant construction industry. The maXYmos TL ML
was launched in May 2020, offers FDA- and
MDR-compliant functionalities and can easily be
qualified and validated for integration into existing
quality management systems.

At a glance
Kistler’s portfolio for medical device manufacturers:
■ A wide range of highly sensitive, small,
and extremely robust piezoelectric sensors
■ Process monitoring system ComoNeo for
injection molding with several features
for increased process transparency and
stability offering OPC UA-based data
exchange
■ Process monitoring system maXYmos for
assembly and joining processes, offering
OPC UA interface, and the latest addition,
maXYmos TL ML, offering additional FDA
and MDR compliance
■ Digital tools for enhanced connectivity,
e.g., the digital charge amplifier 5074B
■ Extremely robust connecting cable
(1900A23A) for highly dynamic applications in machine environments, designed
to withstand at least 10 million bending
cycles
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MED Production 3D-Printing

Cardiovascular diseases affect many people in Germany and can
only be treated with complicated operations. With the help of 3Dprinting, research is now making significant progress.

An aorta from the
3D printer
lthough the human body performs astonishing tasks
and is even able to repair broken bones, it cannot restore most tissue and organs to their original state after
injury or damage. Such damage is caused by cardiovascular
diseases, for example. In Germany, cardiovascular diseases
such as diabetes mellitus or hypertension are one of the most
common diseases in old age and a leading cause of death. Blocked and damaged blood vessels are usually operated in an
autologous transplantation: a vessel is removed from one part
of the patient's own body and replaces the damaged vessel.
This is a very complicated and lengthy operation.
This procedure may now change fundamentally: Dr. Sam
Pashneh-Tala from the University of Sheffield conducts research on how vessels can 3D-printed. Doing so, he faces certain challenges: human vessels do not run through the body in
straight lines – they bend, branch out and taper. Additionally,
they are flexible so they can adapt to the varying blood pressures.
Although there are first attempts to print tissues and even

Pictures: Formlabs GmbH

A

CAD construction of the negative of the mold required to create a
bifurcated scaffold of blood vessels.

organs directly, they are not yet ready to be transplanted. The
geometry of the tissue can already be reproduced, but the
challenge is to replicate the mechanical and biological properties of the tissue.

New tissue is cultivated in special scaffolds
Dr. Pashneh-Tala therefore uses a different tissue engineering
method: he constructs a scaffold along which human cells will
later grow in an in vitro environment. 3D printing plays a key
role in this process. Using flexible and cost-effective stereolithography 3D-printing, Dr. Pashneh-Tala can produce the various geometric shapes for the blood vessel scaffolds. Previously, scientists could only produce straight tubes. Now, 3D printing can be used to produce more complicated geometric
shapes.
The scaffolding is constructed in six steps: First, Dr. PashnehTala uses a CAD software to construct a negative form of the
scaffold. This negative is then produced directly in his laboratory with the 3D printer from Formlabs. Now the actual mold is
created, in which the blood vessels will later grow. The negative is poured out with silicone and hardened. Several of these
molds are then assembled: two molds for the outer framework
and an inner mold.

Dr. Sam Pashneh-Tala in his research laboratory at the University of
Sheffield.

MED engineering INTERNATIONAL/2021

The interspace is then filled with a biodegradable polymer
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the reactor and the molds previously took weeks to make,
desktop stereolithography 3D printing allows the scientist to
produce them in a fraction of the time and cost.
The reactor consists of a chamber filled with the tissue in its
scaffold and a liquid growth medium which supplies the cells
like blood. The bioreactor is located inside an incubator permitting for a sterile environment at 37 degrees Celsius.

In the near future the cultivated tissues
shall be transplanted
Pouring of the silicone framework mold.

emulsion. It is only visible under the microscope that these
structures are highly porous. The polymer, PGS-M for short,
was developed for this special purpose at the University of
Sheffield. Cured by light, „the scaffold within the scaffold“
serves as a structure for the cells. These are then implanted
into the model and cultivated in an in vitro environment.

The scientist is already working on further
progress
To further shorten this process, Dr. Pashneh-Tala is currently
working on printing the positives of the framework molds directly with Formlabs' elastic resin, which would eliminate the

For the tissue to be transplanted, it is very important to simulate the conditions it will have to withstand in the human body.
Therefore, the growth medium is continuously pumped
through the vessels – this simulates the flow of blood. The
cells in the vessels are stretched cyclically. This stimulates the
cells to form structural proteins. This causes them to produce
structural proteins needed to cultivate blood vessels.
As the cells grow, the PSG-M dissolves in the scaffold, so that
in the end the newly grown cells form the specific structure. As
soon as the tissue has finished growing, it can be tested. So
far, no such tissue structure has been transplanted. However,
Dr. Pashneh-Tala estimates that they can be tested in clinical
trials in the near future.
The physician hopes that in the near future it will be possible
to produce tissue and vessels individually for each patient:
Clinical scan data will form the basis for the 3D models of the
cell scaffolds. Patients donate their own cells, from which tissues specifically adapted for them are cultivated in the bioreactors. The probability of the transplanted tissue being rejected is virtually eliminated, since it is the patient's own tissue.
With the desktop-stereolithography-printers, the scaffolds for the vessels can be produced quickly and inexpensively. Without 3D-printing Dr. Pashneh-Tala could not advance his research as rapidly. Thanks to the 3D-models,
scientists can cooperate internationally and accelerate
medical research.

Production of a forked vascular framework using two matching molds
that shape the outside of the framework and a silicone core mold that
creates the framework lumen.

need for the negatives. This would mean further time and cost
savings. Before using desktop stereolithography 3D-printing,
the physician had to send all the models to an external laboratory and wait several weeks for their production. This time
span is reduced to a few hours thanks to the new procedure.

Author:
Stefan Holländer
Managing Director EMEA
Formlabs GmbH

CONTACT
Since these are human cells, they must be cultivated in an environment that is as similar as possible to the human body.
This is done in a bioreactor. The reactor also comes from the
3D printer. Until now, Dr. Pashneh-Tala has 3D-printed individual components of the reactor. Now, however, he has begun
to produce complete chambers using this process. While both

www.med-eng.de

Formlabs GmbH
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www.formlabs.com/de
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Polypropylene (PP) is one of the most widely applied recyclable
plastic materials worldwide and is already extensively used in
healthcare applications.

n medical technology, the rapidly emerging field of additive manufacturing provides manifold opportunities for patient specific solutions. So far, most of the materials currently used in 3D printing do not meet the medical and technical requirements. Substantial progress has been recently
made with polypropylene (PP) in extrusion based 3D printing.
As specialist for 3D printing with polypropylene the PPprint
GmbH has established itself on the market. The company provides innovative products that make 3D printing with PP
straightforward. PPprint’s latest innovation is the recently
launched world’s first breakaway support material which enables 3D printing of even more complex PP-structures with
overhangs and openings.

often face the problem that 3D printing can be used to create
interesting geometries, but the resulting 3D printed objects
often do not meet the product quality required for the desired
application. The main reason for this is the unsuitable choice
of a material with adequate performance for the selected 3D
manufacturing process.

MED engineering INTERNATIONAL/2021
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Medical technology demands materials that fulfill numerous
chemical, biological, and technical requirements. Depending
on the application, break-resistant and flexible, but at the same time easy-to-clean and sterilizable products are needed.
In order to establish 3D printing in the medical industry, suitable materials must be developed that meet the medical-specific requirement profile. The selection of a suitable material for
a specific application is closely linked to the applied manufacIn the area of medical technology additive manufacturing offers new possibilities to produce patient specific individualituring process. The most common currently applied additive
manufacturing processes are 3D printing with reactive liquid
zed products and opens up various and yet unexplored areas of
application. This is of particular interest for developers, desigmaterials, 3D printing with powders, and extrusion-based 3D
printing with melted thermoplastics. In recent years, extruners, and producers of medical devices. However, developers
sion-based 3D printing has established itself as the dominant
force in the market and the number and quality of 3D printers
available is constantly evolving.
The key advantages of extrusionbased 3D printing are cost savings
in terms of investment, material,
maintenance and production
costs. However, the common developed materials for extrusionbased 3D printing, such as PLA
and ABS, do not provide the required performance profile for applications in medical technology.
Here, the recent developments of
the material polypropylene specifically for extrusion-based 3D
printing make an important step
Figure 1: Selection of extrusion-based 3D printed orthoses and orthopedic aids made from PP manufactured by PPprint GmbH.
towards a solution.
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PP: The medical technology
3D printing material

MED Production 3D printing
Polypropylene the material of choice
When searching for a suitable material in medical technology, the
number of materials that are certified for use in medical devices
is rapidly becoming limited. Among the certified materials is
polypropylene (PP). Well-known from injection molding and
extrusion, this material is one of the most widely used plastics
worldwide and has proven its broad applicability in numerous
technical and medical applications over the past decades. From
a sustainability point of view, PP is a plastic that can be easily and
efficiently recycled and does not contain plasticizers. PP also has
excellent resistance to chemicals such as acids, bases, alcohols,
and water. Most important for applications in the field of medical
technology is that PP grades are skin-friendly and classified as
not harmful to health. Another decisive factor for the use of PP
products is the possibility of sterilization and easy cleaning for
example in a dishwasher. Unlike other common materials used
for extrusion-based 3D printing, polypropylene combines the
above properties in an excellent manner.
For applications as orthoses or orthopedic aids, the combination of
break resistance, semi-flexibility, and low density of PP offers
patients a high level of comfort and enables lightweight 3D printed
products which can easily withstand mechanical stress. In this
context, extrusion-based 3D printing of PP allows the realization of
novel and complex geometries that optimally support the stabiliza-

tion, immobilization, relief, guidance, or correction of limbs or the
trunk.Consequently,theseindividuallymanufacturedproductsincrease wearing comfort and improve the healing processes. A selection of extrusion-based 3D printed orthoses and orthopedic aids
made from PP by the PPprint GmbH is shown in Figure 1.
In other areas of medical technology, 3D printing with PP offers applications for many medical products tailored to the needs of the
patient. These include for instance shoe insoles that are already
produced using additive manufacturing processes. The sole of the
foot is scanned and, based on this data set, a perfectly fitting shoe
insole is 3D printed. In addition, there are numerous application
possibilities for individualized adaptation, standing or sitting
assistance devices, up to fixtures for communication aids. For all
these applications, the applied material is of crucial importance.

Extrusion-based 3D printing of polypropylene
For a successful extrusion-based 3D printing of PP, three critical
components are necessary (Figure 2). First the printed material itself should have low warpage and high interlayer bonding strength.
Secondly, the 3D printing build surface has to allow a reliable 3D
printing of PP parts and a non-destructive and residual-free removal of the finished part. Third, a support material is required to
print complex structures with overhangs and openings. The
PPprint GmbH solved these three challenges.

»
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Figure 2: Critical components for extrusion-based 3D printing of PP for
medical technology offered by PPprint GmbH. “P-filament 721“ is certificated on extrusion-based 3D printed parts for biological safety according DIN EN ISO 10993-5, offers low warpage, and high interlayer bonding strength. The 3D printing build surface “P-surface 141“ enables
reliable 3D printing with PP and a non-destructive removal of printed
parts. “P-support 279“ adheres strongly to PP printed parts and to “Psurface 141“ and can be easily and cleanly removed.

PPprint is a start-up originated from the University of Bayreuth
and can build on decades of research experience of its founders
in the field of polyolefins. The product portfolio includes the PP
filament “P-filament 721“ which is available in the diameters
of 1.75 mm and 2.85 mm and in the colors natural, black, and

white. The filaments offer low warpage and very high interlayer
bonding strength. In addition, 3D printed parts of “P-fialment
721 natural“ are certificated for biological safety according
DIN EN ISO 10993-5, which is important for medical products
in contact with skin. In addition, PPprint develoved a special 3D
printing build surface “P-surface 141“ which enables reliable
and reproducible printing of PP. The 3D printed parts can be easily and defect-free removed from the “P-surface 141“ at elevated temperatures. The latest development of the company is the
breakaway support filament “P-support 279“ specially tailored
for PP. This support material adheres very well to PP printed
parts and can be easily and cleanly removed at elevated temperatures. With this portfolio, PPprint combines all necessary
components under one roof to successfully print complex 3D
printed parts made of PP. PPprint GmbH also offers strong
customer support and a printing service for PP parts in its own
3D printer factory.

A new support material tailored for PP allows 3D
printing of more complex geometries
With „P-support 279“, PPprint GmbH offers the world’s
first breakaway support material especially developed for
polypropylene, which allows the realization of even more
detailed and complex structures containing bridging,
overhangs, and openings. An illustrative example of a 3D
printed leg splint (black) made from PP with support material (white) is shown in Figure 3. The support material
has high stiffness, low warpage, and excellent adherence
to the printed PP part and the “P-surface 141“. In addition, it can be advantageously used to print rafts and support structures on top of PP. The support material can be
cleanly and easily removed after a short heating. Furthermore, a breakaway support has the particular advantage
that no solvent or aqueous polymer containing waste is accumulated. In addition, the thermoplastic breakaway support material “P-support 279“ can be recycled easily,
which benefits sustainability.

Author:
Sebastian Schmidt
Co-Founder and Product manager
PPprint GmbH

CONTACT
PPprint GmbH
Gottlieb-Keim-Str. 60
D-95448 Bayreuth
Phone +49 921 50736114
Mail: office@ppprint.de
www.ppprint.de

Figure 3: Extrusion-based 3D printed leg splint (black) made from PP. For
the production ‘P-filament 721 black’ and the specially for PP developed
breakaway support material ‘P-support 279’ (white) were used.
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Miniaturization and world records in medical technology

Smallest two-chamber
Pacemaker
This Pacemaker with the size of an
ink cartidge is directly placed inside
the heart without the need for wires or
pocket laying

10 times
smaller

Smalles ultrasonic detector

Smallest microelectronic robot
With a size of 0.8 x 0.8 mm it
provides on-board enegry for
an hydrogen twin jet, one light
source and a gripper arm.

www.med-eng.de

16 mm at
0.8 x 0.8
mm

Sources: Helmholtz Zentrum München,
TU Chemnitz, St. Vincenz Hospital

Based on miniaturized optical
circuits on the surface of a silicon
chip, the detector ensures ultra-high
resolution imaging

100 times
smaller

MED Devices Robotics

Developed by the French company Shark Robotics, the Colossus
robot has the advantage of being able to adapt to all kinds of dangerous situations.

The Colossus on the front
line against Covid-19
o disinfect surfaces without taking risks, the Bataillon
de Marins-Pompiers (marine fire service) from Marseille has equipped itself with two Colossus robots. These remote control and highly modular autonomous robots are
proving to be valuable assets in the fight against Covid-19. Fitted with maxon motors, these versatile robots are also capable
of supporting the unit in large-scale incidents. A report on an
heroic collaboration.

T

A powerful, reliable and robust „Swiss knife“
robot

Pictures: maxon motor GmbH

This is not the first time that this robot has been talked about
because of its pluckiness. Its services were already praised in
April 2019, during the Notre-Dame fire. While the fire was
threatening the integrity of the structure and the very life of
the Paris firefighters, Colossus had enabled almost 3000 litres of water to be sprayed per minute onto the inside walls of
the cathedral, without endangering a single human life. Today,
Colossus at Notre-Dame - the robot is about 1.6 m long, 78 cm wide
and 76 cm tall. It weighs 500 kg empty.

These remote control and
highly modular autonomous
robots are proving to be valuable assets in the fight against
Covid-19. Fitted with maxon
motors, these versatile robots
are also capable of supporting
the unit in large-scale incidents.
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with a global pandemic suddenly threatening everyone's
health, Colossus has once again been called in to help out.
Developed by the French company Shark Robotics, in partnership with the Sapeurs-Pompiers de Paris (Paris firefighters) brigade, this robot has the advantage of being able to
adapt to all kinds of dangerous situations, in a very operationally efficient manner. After proving its effectiveness on fire,
Colossus is now being used to combat Covid-19, thanks to a
decontamination module. Equipped with a 50 L tank, connected to nozzles that micro-spray disinfectant liquid, the
robot is capable of disinfecting up to 20,000 m2 in three
hours. If necessary, Colossus can be fitted with a smoke removal fan to facilitate access to an area on fire, or even with
a motorised handling arm to grasp and move objects. It is this
„Swiss knife“ aspect that won over the Bataillon de Marins-
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convincing the teams. As such, as soon as the
lockdown phase started to be lifted, Marius was
deployed to carry out curative disinfection
tasks in enclosed spaces. César should soon
follow in its steps, enabling the emergency
intervention of the BMPM in all public sites, 24
hours a day. “Faced with an exceptional health
crisis, the BMPM has had to quickly adapt its
operational response and implement innovative solutions in both human and material terms.
Where robotic support was a tool envisaged in
the short term within the unit to deal with largescale incidents, Marius’ disinfection module is
helping to supplement our emergency operational capacity for the lockdown lifting phase“,
said a BMPM spokesperson. The acquisition of
Marius and César was financed by the city of
Marseille.

Compact, efficient motors
Although it weighs 500 kilos, Colossus measures only 78 cm wide and 76 cm high, with a
length of 1.6 m. Compact and robust, it is made
entirely of aeronautical aluminium and steel.
Capable of carrying loads of up to one tonne,
Colossus is fitted with two 4000W motors and
six batteries, giving it 10 to 12 hours of running
time. Presence of flames, water, dust, etc. To
guarantee the reliability of its robot under the
While the fire was threatening the integrity of the structure and the very life of the Paris
most extreme conditions, Shark Robotics has
firefighters, Colossus had enabled almost 3000 litres of water to be sprayed per minute
called upon the expertise of MDP – maxon
onto the inside walls of the cathedral.
France for the choice of its components. The
Pompiers from Marseille, who acquired two Colossus robots
motors had to be both compact, efficient and very energy effiin May 2020. Named Marius and César, in tribute to Marcel
cient, particularly when it came to fitting Colossus“ motorised
Pagnol, the machines are designed to support the unit on nuarms. Shark Robotics quickly focused on maxon products for
merous assignments.
their choice, whose motors are already used on exploration robots sent to Mars. Colossus is currently made up of 19 diffeCurative disinfection and intervention in a hos- rent products supplied by MDP-maxon France.

tile environment
Remotely operated by a fire officer, Marius and César can
change modules as needed in less than 30 seconds without
using any tools. Their multiple NRBC cameras and sensors
allow them to carry out investigation missions, transport
equipment using a pannier, or evacuate an injured person on a
towed stretcher. It is also possible to add an HD camera to Colossus to observe the environment through 360 degrees, day
and night, or to fit it with sensors dedicated to measuring precise parameters, such as temperature, radiation, or the presence of bacteriological agents.

The MDP – maxon France teams are proud to have contributed
to the design of this robot developed by a French company,
leader in ground robotics. Colossus is a great example of robotics innovation in the service of humanity, further protecting
men and women from the current risks.

CONTACT
maxon motor GmbH
Truderinger Str. 210
D-81825 München
Phone: +49 89 42 04 93 0
www.maxongroup.de

Convinced of the benefits of Colossus for their tasks, the
Bataillon de Marins-Pompiers from Marseille had thought of
acquiring one before the coronavirus health crisis. The design
of the decontamination module was the clinching point in

www.med-eng.de
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Temperature measurement at the CWS hygiene checkpoint Liward
and no more washing of hands without soap thanks to the CWS
SmartWash.

Hygiene checkpoint Liward
and SmartWash by CWS
I

Temperature measurement and more with Liward
CWS and the sensor specialist Emdion entered into a joint venture for the development and marketing of the Liward hygiene
checkpoint. The joint company HY|TEQ deploys the Liward for
automated temperature measurement in clinical environments.
The device uses the measurement methodology of DIN
80601-2-59 and proves its worth not only in hospitals, rehabilitation clinics and health centres but also in highly frequented industrial, office and retail settings. It can be employed
wherever rapid and DIN-compliant temperature measurement

Liward takes the individual’s body temperature in just a few seconds
using an infrared temperature measuring system taking the temperature from inside the eyelid – very accurately and without any contact.

MED engineering INTERNATIONAL/2021

in combination with access control is required. A number of
clinics in Germany are already using Liward and are impressed
by the advantages of the hygiene checkpoint.
The Liward takes the individual’s body temperature in just a
few seconds using an infrared temperature measuring system.
The innovative aspect of this process is that the measurement
is taken in the inside eyelid – very accurately and without any
contact. This helps to avoid smear infections, which occur
time and time again with standard body temperature thermometers. The intelligent coupling of the Liward with a disinfectant dispenser reduces the risk of smear infections even further as only people with disinfected hands are permitted to enter the building. In addition, the hygiene checkpoint can also
monitor compliance with other protective health and safety
measures thanks to a function which automatically detects
glasses and masks.
Since the Liward does not need any further infrastructure and
only requires a 220-240 volt power supply, it can be deployed
almost anywhere in buildings. Employing the preset evaluation of measurement results and in conjunction with an access
concept, the hygiene checkpoint can take over the communication to the door control system and ensure that only symptom-free people are granted access to the sensitive interior of
a clinic, office building or production department. If the device detects a raised body temperature, the specialist personnel are alerted automatically and can take the requisite measures. At the same time, the hygiene checkpoint satisfies the
highest standards in terms of data protection, as no personal
data are stored.
In the future, in addition to use in healthcare and for occupational health and safety, it will also be possible to use the system for time recording, anti-tailgating in front of industrial facilities and ticket system integration. A number of possible
interfaces were investigated when designing the Liward in order to be able to offer high compatibility and connectivity with
existing hygiene and access concepts.
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ntuitive and convenient hygiene solutions are truly indispensable in busy clinic and practice environments. Particular attention must be given to visitors and patients with
regards to the potential risk of infections. They are also the focus of the two latest solutions from CWS: the Liward hygiene
checkpoint, which measures the temperature in the inside
eyelid accurately and without any contact, and the CWS
SmartWash, which prevents people from washing their hands
without soap. Both solutions contribute to improved health
and protection.

MED Devices Diagnostic devices

The Liward can be deployed almost anywhere in buildings since it does not need any further infrastructure and only requires a 220-240 volt
power supply.

Smart system mixes water, soap and air
CWS’ second innovation is in the field of handwashing. Only
around 30% of all washroom visitors use soap when washing
their hands. The sensor-operated CWS SmartWash mixing system can raise this quota to up to 100 percent. It dispenses water and soap as a premixed solution and without any contact to
ensure that no one washes their hands without soap. Preset dispensing intervals ensure that the users have time to wash
their hands thoroughly and take enough time for lathering,
rubbing and rinsing.
An individual usually requires around two litres of valuable
drinking water when a standard tap is used. The CWS SmartWash reduces this quantity to around 200 ml per hand wash.
The air added by the mixing head makes it possible to reduce
the quantity of water many times over.

The CWS SmartWash requires up to 90 per cent less water and
up to 60 per cent less soap than standard taps. Cleaning efforts
in the washroom are also considerably reduced, as the new mixing system prevents water from splashing and pooling around
the washbasin. Excess soap next to the washbasin, a common
issue beneath dispensers, is also a thing of the past. The CWS
SmartWash Plus version combines the system with a digital mirror. An animation on the mirror attracts the users“ attention to
handwashing, reminding them how to do it correctly.
As soon as the digital mixing system’s sensor is triggered, an animation video with additional text guides them through the handwashing process. The CWS SmartWash Plus combines the CWS
SmartWash contact-free handwashing system and a digital mirror for a manifold improvement in the handwashing process.

Author:
Karolin Rohmer
Director CWS Group Product Lines Hygiene & Floorcare

CONTACT
CWS Hygiene International GmbH
CWS Group Product Lines
Hygiene & Floorcare
Dreieich Plaza 1A
D-63303 Dreieich
www.cws.com
SmartWash dispenses water and soap as a premixed solution.
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Cybersecurity for medical devices according to the specifications
of the US Department of Defense.

Medical Device
Cybersecurity
ith their Risk Management Framework (RMF), the
United States (US) federal agencies have defined
one of the most comprehensive existing processes
for describing IT security measures and for authorizing the
operation of information systems. The RMF is applicable to
medical devices (amongst other systems) that are supplied to
(or intended to be supplied to) or operated by US federal agencies. It covers the cybersecurity of these systems during their
entire life cycle. From the perspective of many medical device
manufacturers, the US Department of Defense (US DoD) is a
particularly important customer and at the same time an extremely cybersecurity-sensitive US federal agency.

W

The US DoD Risk Management Framework
The RMF (see Figure 2) defines cybersecurity requirements
that go well beyond national or international regulations such
as those in the EU, the United States (US FDA), Canada
(Health Canada), China (CFDA) or Japan (MHLW). It describes
the process for the identification, implementation, evaluation
and management of cybersecurity functions and services,
which is mandatory for US federal agencies and thus also for
the US DoD. The RMF also defines security controls to authorize the operation of information systems (IS) and IT platforms (PIT) at US federal agencies.
The RMF is a risk-based process that, firstly, requires and promotes the early implementation and documentation of organizational and technical cybersecurity measures in the product
development phase. Second, even after the market launch, in
its usage phase at US federal agencies, continuous monitoring of and compliance with the comprehensively defined cybersecurity requirements must be ensured. The RMF is essen-
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2. Invest in RMF

ATO

3. Design & scan
product

9. Validation
Testing

0. Metrics and
tracking
4. Scans & Doc

8. DoD POA&M

5. Governance

7. Activate RMF
Projects
6. DoD order

Figure 1: Product life cycle for US DoD systems at Philips DXR.

tially based on two publications (800-37 and 800-53) of the
National Institute of Standards and Technology (NIST). Products must go through the RMF accreditation process to receive an ATO. This process usually takes between 6 and 18
months. An ATO issued is valid for a maximum of 36 months,
but possibly shorter, if it was issued subject to conditions
(ATO-Contingent − ATO-C). However, the ATO of systems sold
to US federal agencies must be maintained for a total period of
at least 6 years. Therefore, the renewed authorization must be
applied for in good time, at least 6 months before the previous
ATO’s due date.
The following elements of the RMF are particularly important
for medical device manufacturers:

+
+

Comprehensive requirements and guidelines for documentation that change frequently due to new revisions or
templates.
A large number of Security Technical Implementation
Guides (STIGs) that define security requirements in great
detail. There are two types of STIGs: STIGs to be tested
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This article briefly outlines the contents of the RMF. It then describes how Philips Healthcare Diagnostic X-Ray (DXR) successfully implemented the requirements of the RMF and received an Authorization to Operate (ATO) for selected digital
X-ray systems.

1. Business case
10. Continuous
Monitoring

MED Software

automatically (scans / benchmarks) and those to be answered manually. There are also combinations of both variants. Particularly the processing of manual STIGs is comparatively effortful.

Meeting the RMF requirements at Philips
Healthcare DXR
DXR is a business unit within the Healthcare division of the
Dutch Royal Philips group. DXR develops, produces and sells
digital radiography and fluoroscopy systems. The products are
based on the common software platform “Eleva“.
Even before the RMF process was initiated for its products,
DXR introduced measures to improve product cybersecurity in
design (“security by design“), verification, manufacture and
clinical operation. Appropriately qualified personnel (e.g.
Product Security Officer, Security Architect) were recruited,
cybersecurity requirements were already integrated during
the development phase, regular software vulnerability scans
and penetration tests were established, and the technical plus
administrative conditions for updating the systems of the installed base with security patches were created. Examples of
such measures in product and software design with regard to
cybersecurity are:

+
+
+
+
+
+
+
+
+
+
+

Hardware and software firewalls
Operating system and application hardening
User and user group management (Principle of Least Privilege − PoLP)
Adjustable password rules and / or two-factor authentication
Audit trail, i.e. recording and traceability of actions on the
system
Whitelisting and / or virus scanners
Encryption and secure transmission protocols (e.g. Secure
Dicom based on TLS)
Avoidance of unnecessary software, services, ports and
protocols, accounts or account rights
Implement software features for secure and efficient software updates (on-site or via the Internet)
Regular updates actually carried out through patches and
updates including the third-party software contained in
the system
Use of established security standards and appropriately
certified software components

THE HEART OF YOUR
MEDICAL APPLICATION
TDK-Lambda Power Supplies

ed market leader
• A recognised
• Approved supplier to top manufacturers
• Over 30 years experience in medical applications
• Highly reliable power supplies
• Global multi-site design, manufacture
and strong local support

In order to be able to deliver products to the US DoD, the product life cycle for DoD systems shown in Figure 1 was established. The ten phases of the process are described in detail below.
1. Product-specific business case: The Philips US sales organization for government customers provides what they see
as a profitable business case and names a possible pilot customer (sponsor) within the DoD.

Trusted · Innovative · Reliable

www.emea.lambda.tdk.com/de-en
www.med-eng.de
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1. Categorize the
Information System
6. Monitor the
Information System

2. Select Security
Controls

Prepare
(Process Initiation)

5. Authorize the
Information System

3. Implement Security
Controls
4. Assess Security
Controls

Figure 2: Phase model of the US DoD Risk Management Framework (RMF)

2. Roadmapping and investment decision: DXR evaluates
such business cases as part of the regular roadmapping process and decides whether to invest in the RMF accreditation of
a product or a product family based on the Eleva software platform. Required resources are planned. As part of the roadmapping, careful attention must be paid to the RMF costs over the
entire product life cycle. Only amounts that are mentioned in
the initial sales offer to the DoD can be invoiced later. Claims
are largely excluded. In addition, long-term product upgrade
paths are required for the entire life cycle at the DoD, e.g. upgrades of Windows 7, which is no longer maintained by Microsoft, to Windows 10. In contrast to the regular “smaller“ security patches, however, there may be the option to invoice these
“major“ upgrades.

5. Governance and quality assurance of the RMF product
maturity: The field marketing security experts of the Philips
US sales organization ensure the quality and timely provision
of all artifacts for the DoD.

3. Design and scans to meet RMF requirements: DXR develops and implements a “Continuous Monitoring Plan“ for product certification and compliance. DXR is supported by field
marketing security experts from the Philips US sales organization, who form the interface between Philips and the responsible departments of the DoD.

8. DoD Plan of Action and Milestones – POA&M: In cooperation with the sponsor at the DoD, an Action Plan (POA&M) is
drawn up to eliminate any remaining security gaps up to the
ATO. Evidence of progress is continuously exchanged with the
DoD.

4. Scans and documentation: During the entire RMF process, monthly updated software scans with the “Tenable Nessus“ vulnerability scanner and the relevant STIGs (see above)
are exchanged with the DoD. The required documentation according to DoD guidelines (e.g. Vendor Control List, Hardware
/ Software Inventory etc.) is provided and continuously improved or updated.
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6. DoD order activates the DoD RMF process: An order from
the DoD (e.g. Army, Navy or Air Force) activates the actual
RMF process with the aim of obtaining the ATO.
7. Activation and management of current RMF projects:
Scans and security documentation are constantly exchanged
and improved with the DoD. The Philips US sales organization
continues to support this process, forming the interface between Philips and the DoD.

9. DoD validation testing, final evaluation and decision on
ATO: The DoD carries out a validation test plus a final evaluation of the product and decides on the issuance of the ATO.
10.Monthly continuous monitoring to eliminate security
gaps: DXR continues to provide monthly security scans (i.e.
pre-market and post-market) during the entire ATO runtime. Potential risks are evaluated in the Product Security In-
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cident Response Team (PSIRT). If necessary, security patches are provided within the deadlines specified by the
RMF (30 / 90 / 180 / 365 days), depending on the severity.
Security patches must usually be installed on-site by a service engineer on DoD systems, since the systems are typically not allowed to have an Internet connection. If required
by the DoD, an action plan (POA&M) is drawn up to close
security gaps in a timely manner. For third-party software
components contained in the medical device, the DoD requires that they must receive support from their respective
manufacturer for at least 24 months after the end of system
production.
The successful implementation of the described process at
Philips Healthcare DXR in January 2020 led to the issuance of an ATO for two products of the Eleva product family,
namely for the digital radiography system DigitalDiagnost
and the nearby-controlled digital fluoroscopy system ProxiDiagnost.

Conclusion
Philips Healthcare DXR has succeeded in obtaining an authorization to operate (ATO) from the US DoD for X-ray systems based on the Eleva software platform. The accreditation of a medical device according to RMF requires extensive know-how as well as corresponding processes and
resources on the part of the manufacturer. Because of the
resulting long-term obligations and the considerable investments that extend over the entire life cycle of the product at the DoD, the strategic decision for accreditation
must be made based on a viable business case. A successfully implemented cybersecurity strategy, which leads to a
high security standard of the products and which can be effectively communicated to the sales organization and to
customers, is increasingly becoming an important differentiating factor in competition.
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GENEVA PALEXPO
Author:
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Philips Healthcare – DXR Development
Philips Medical Systems DMC GmbH
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With digitalization, cybersecurity is becoming a strong issue. As safety
critical software for medical devices places special demands on static
and dynamic code analysis, engineers must automate those practices.

uriga, a cooperation partner of Parasoft, has been delivering many software development projects for medical
devices for almost two decades, from relatively simple
blood glucose meters to more complex systems such as infusion
pumps, patient monitors and lung ventilation units. Implementing static and dynamic code analysis practices and deploying
them in these projects is an integral part of the company’s process. The following tips are based on this experience.

A

an easy and inexpensive way to prepare for static analysis execution. Reviewing the output of your compiler in a “paranoid“
mode can reduce the overall volume of static analysis violations. While having fixed all compiler warning is a good thing,
there are many projects where using just a compiler will not be
enough and even acceptable option for compliance reasons.
Then you should use static analysis tools which dig much deeper into the code and give you a lot more hints.

Static Code Analysis

Tip #2: Adopt static analysis early in the process

Static analysis is a practice of automatically checking compliance with well-known coding guidelines (i.e. MISRA, CERT,
AUTOSAR, JSF) and detecting potential bugs such as null
pointer dereferencing, division by zero, and buffer overflows.
Modern static analysis tools also complement the traditional
code review practice by reducing the manual effort by at least
30%. In most cases, the first run of a static analysis tool
against your current code will show thousands of errors (“noise“). Here are some tips to cope with the problem.

As a developer of medical device software you should be prepared to address the question of an automated static code
analysis practice. Static analysis is almost guaranteed to be a
subject of a discussion during an internal/external audit or
even a pre-market submission.

Tip #1: The Compiler is your Friend
Disciplined development teams usually compile with –Wall
and –Werror (in GCC), or /Wall /WX (in Visual Studio), or using
similar options in other compilers. Fixing compiler warnings is
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The key is to deploy the tool in such a way that development
does not lose the velocity while focusing on improving quality,
and not dealing with tool idiosyncrasies and noise. Many violations on existing code you can set aside and deal with them
when you have a downtime. However, it’s important to NOT introduce new violations (technical dept) as you develop code.
For example, Parasoft C/C++test has features that allow engineers to filter the noise and focus on fixing the most critical
recent static analysis violations.
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5 Tips for safe & secure
medical device software

MED Software Fuctional safety
Dynamic Analysis
While static analysis interprets the source code as text and
makes all conclusions based on parser output without executing a single instruction, dynamic analysis provides a different
perspective on the code. It examines the running code, showing the code coverage, sufficiency, and quality of unit tests,
memory leaks, and other potential weaknesses problems.

Tip #3: Be Flexible with your Runtime
Environment
Manufacturers are likely to opt for hardware geared only towards its needs addressing size, weight, or cost constraints.
Although they usually leave some capacity for software updates and maintenance, it may still be insufficient when it comes to the dynamic analysis tool instrumenting the software,
as the process will require a huge amount of RAM and storage
space to collect test and code coverage results. Therefore,
when the amount of memory on the device is to too low to run
testing and collect code coverage, the target platform may not
be suitable for collecting code coverage for unit and integration testing. If your main target platform is not supported out
of the box, search for valid alternatives. There could be a sister
platform with more interfaces and memory being supported by
a dynamic analysis tool so you can use it for unit and some integration testing. Another alternative is to use hardware simulators which run ARM Fast Models and QEMU.
While running testing on target platform is the most desirable,
many times teams opt out to perform unit and some application integration tests on the developer’s workstation (such as
Linux, Mac, Windows) to benefit from faster development cycle and a larger number of tools available for general development platforms. In that case, you will need to port your embedded code to compile with a host compiler, which might present
some challenges. There are plenty of compilers, build tools,
frameworks, and methods to run them. Dynamic analysis tools
support some common build techniques with internal presumptions on how developers might apply them. Therefore,
even if the code is portable, most likely the project team will
need additional time to align settings of a dynamic analysis
tool depending on how the project’s build system works. All efforts are highly recommended to be estimated in advance to
pick up the best approach for future development and support
in the long-term perspective.

to positive and negative tests results. In addition, autogenerated unit tests using only source code as input can often run
perfectly on a buggy code. Auto generation should be used as
a good way to start the process of unit testing. The process of
creating test cases manually improves the quality of the code
because it forces additional code review and provides a different vantage point on the design.

Tip #5: Don’t Underestimate the Effort of Tool
Qualification/Validation
The FDA requires any tool using during formal development to
be valid for intended use to ensure it performs expected actions and produces the right results. Usually, this is a special
test protocol called IUV (Intended Use Validation). Industryleading vendors of static and dynamic analysis tools help produce necessary procedures and documentation, and this is extremely helpful to minimize your efforts. Parasoft’s is especially valuable because it automates a large part of the process.
The same as with any other generic package, you might want to
reserve some of your efforts to review and adjust documents in
order to sync them with your own QMS procedures. For example, Parasoft’s Tool Qualification software provides a set of test
cases to be executed on your environment to validate the static
and dynamic analysis capabilities.

In Summary
1. Treat compiler warnings as errors. Warnings can become
errors later for the newer version of the same compiler. Warnings often mean that the compiler does something implicitly.
2. Run static analysis tools early in the project and fix issues
as they appear.
3. Keep code portable. Even if you don’t plan to port your product to another platform, this might be an option in the future.
On the other hand, this will also help keep your code clean,
maintainable, and readable which is always good for review
and further support.
4. Do not overly rely on autogenerated test cases to improve
code quality.
5. Do not underestimate the need and the effort to validate
the tool for an intended use.

Author:
Andrey Shastin
Head of Global Business Development
Medical and Embedded Systems at Auriga, Inc.

Tip #4: Don’t Overly Rely on Autogenerated Test
Cases

CONTACT
Parasoft GmbH
Unter den Linden 10
D-10117 Berlin
Phone: +49 (0) 30 – 700 140 357
info-de@parasoft.com
www.parasoft.com

Modern dynamic analysis tools automatically generate sets of
unit tests to increase code coverage. But tools are just tools —
they are agnostic of various scenarios of how the production
code is intended to be used. You will still have to manually update generated unit tests, and even write new ones, because
only you know what the code is intended to do when it comes
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TÜV SÜD informs about the key aspects for ensuring the safe use
of AI in healthcare.

Ensure Safe and Reliable
Medical AI Applications
O

frameworks only include general software requirements
and do not set forth explicit provisions regulating the use of
artificial intelligence and machine learning. In accordance
with these requirements, software must be developed and
produced in line with the state of the art and designed to
fulfil its intended use. Of course, these requirements would
also imply the expectation that artificial intelligence behaves in a predictable and reproducible manner. However,
this can only be achieved with a verified and validated AI
model. The requirements for the validation and verification
of medical software used in medical devices are set forth in
the international EU-harmonised standards IEC 62304
and IEC 82304-1. Yet artificial intelligence combined with
machine learning differs fundamentally from conventional
software. The model which serves as the basis for AI decision-making is “trained“ using selected data. This training and refinement may continue throughout the system’s
subsequent application.

Missing AI focus in the regulations

High quality training of effective algorithms

Common regulatory frameworks such as the European Medical Device Regulation (MDR) are designed to ensure safe
and powerful medical products. However, these regulatory

The quality of the data used to train the AI system is a key factor
in the success of machine learning. Common weaknesses include bias in the training data, over-fitting or under-fitting of the

Pictures : Osteoarthritis Initiative

ne of the areas in which artificial intelligence and machine learning can reveal their full potential lies in the
rapid processing of data, especially in the assessment
and interpretation of diagnostic images. By interpreting magnetic resonance tomography (MRT) or computer tomography
(CT) images, the tandem of AI and ML can detect numerous
diseases at a stage early enough for treatments to take effect
and for harm and suffering to be prevented. The difficulty involved is that for medical professionals, it is not always clear
how an AI application arrives at its predictions. AI decisions
are based on algorithms and, in case of machine learning
using neural networks, a huge number of complicated interactions between “neurons“; in other words, many AI systems are
closed “black boxes“. This is a problem, because if predictions of artificial intelligence are not transparent and explainable, their medical validity can be questioned. Despite the many benefits of AI, a potentially unreliable diagnosis or therapeutic proposal compromises patient safety.

According to black-box AI, one of the two patients will develop osteoarthritis of the knee in the next three years. This is invisible to the human eye
and the diagnosis cannot be verified. Would a patient still choose to undergo surgery? (Left patient will not suffer from osteoarthirtis, right one will)

MED engineering INTERNATIONAL/2021
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?
Data

? AI magic ?
?

Correct
prediction

Can you trust the
result?

Differences between black-box and white-box AI: Black-box AI.

model and labelling errors. Bias occurs if the data used to train
the AI system is not sufficiently diverse or if the statistical distribution is poor, which can lead the AI to classify random or
unintended common features as critical. Cases in which dark
skin has resulted in individuals being categorised incorrectly or
not identified as people at all have repeatedly hit the headlines.

Data

Open AI

Correct
prediction

Understand and
explain the prediction

Opening black-box AI.

In addition, labelling errors are frequently caused by identifiers that are either subjective (“severity of the disease“) or
unsuitable. Training AI systems requires large volumes of data
to be labelled – a lengthy, and thus cost-intensive, procedure.
At times, only a minor part of the data is labelled manually to
save costs. The manually labelled data is used to train the AI
system, which is supposed to take over from there and label

AI decisions are based on algorithms and, in case of machine
learning using neural networks, a
huge number of complicated
interactions between “neurons“;
in other words, many AI systems
are closed “black boxes“. This is
a problem, because if predictions of artificial intelligence are
not transparent and explainable,
their medical validity can be
questioned.
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the remaining data itself independently. This process is not always completed without errors, sometimes reproducing inaccuracies in the selected data.
Beyond the quality of the data, the volume of the data also
plays a critical role. However, there are hardly any empirical
values as to how much training data is required. It is basically
true that even a weak algorithm produces good results when
trained with a very large amount of data. But the available
computing power and the necessary amount of labelled data
set limits.
Moreover, nonlinear algorithms usually require much more
data than linear algorithms. Usually, 70 to 80 percent of the
available data is used to train the AI model, while the remaining 20 to 30 percent is used to verify the predictions. Thus, it
is absolutely necessary to ensure a high quality of the training
data and the algorithm.

Developer checklist
Medical devices with artificial intelligence and machine learning will become more common in the future and may include
apps for smartphones and smart watches. In view of the complex processes and health risks involved, creating transparency and inspiring trust is imperative. Safe use of AI in medical devices and healthcare is only possible by adopting a
process-focused approach throughout all phases of the product life cycle.
The Interest Group of the Notified Bodies for Medical Devices in Germany (IG-NB) has published a free guidance document listing about 150 criteria for the development and
post-market surveillance of medical devices. Manufacturers
and developers can consult this document for guidance on
how to minimise risks in the life cycle of medical AI. Until
specific regulations and standards are established, this will
facilitate the placement of innovative technologies on a
highly regulated market.
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CPQ stands for Configure, Price, Quote. A CPQ solution supports
the buying process by providing error-free configuration of high-variant products. CPQ also enables real-time 3D visualizations.

CPQ for the
MedTech Industry
he corona virus brought the whole world to a standstill.
Trade fairs, conferences and all other in-person events
have been postponed, cancelled, or desperately moved
online. Many companies are coming to terms with the “new
normal“ and are beginning to look for digital solutions to offer
and sell their products remotely. This also applies to the provider of high-end endoscopy devices, for which we will use as a
reference case here. For a long time, its sales department relied on sales tools that complimented an in-person sales process, where products would be configured manually and after
a meeting it would take days to return to the customer with a
detailed proposal. The result was a long and error-prone sales
process. In this context the manufacturer understood that digitization was no longer a strategic advantage, but a necessity
to remain competitive in the “new normal“. Like many in the
Medical Devices industry, this endoscopy device manufacturer relies on a global network of partner resellers and authorized dealers to sell its products. These sales channels have also
undergone a transformation since the pandemic. What used to
work in the past no longer applies: namely; providing excel
sheets with the latest product price lists and manually putting
together quotes and calculating prices. Another development
to which the industry has had to adapt, is the increasing role of
purchasing committees; the proliferation of non-specialists to
weigh in on the buying-decision processes. This means that
sales needs to cater their offer to different audiences adjusting the need for technical information and a more holistic
knowledge of the various implications of the product. Certainly, it is not an easy task. What’s more, these B2B buying committees are now proactively doing their own research and selecting vendors to engage in based on the information they
find online spending less connecting directly with vendors.

Configuring products to exact needs of the customers has never been easier
In order to become resilient in this volatile and unpredictable
market, the endoscopy device manufacturer decides to implement a CPQ solution (Configure, Price, Quote). CPQ, as the
name implies, enables vendors to create error-free quotes of
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Shopping via virtual reality

customer-specific configurable products. Once the desired
product is configured, the CPQ prices the product and automatically generates all the documents required for the proposal, including BOMs, 3D and CAD images, price breakdowns
and parts lists - all at the push of a button. The integrated
functionality for of CPQ within its CRM and ERP systems, together with visual product configuration, for customer selfservice are vital to the company’s growth strategy, with these
key advantages:

+
+

The customer self-service with guided-configuration empowers the customer, allowing even non-technical experts
to find the solution that meets their particular needs
Visualizing each configuration in real-time, creates a superior buying experience increasing their affiliation to the
product and shortening the decision time.

CPQ with visual product configuration improves internal collaboration between product and commercial teams, and can
speed up the transition from sales to distribution processes.

Customer-led sales process with
“Guided Selling“
Today, prospects are not only visiting the vendors’ website to
find general information about the products, but they are also
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expecting to find the exact product they are looking for. Since
all products must be configured and no two customers order
the same product, until recently it was virtually impossible to
cater the specific demands of each visitor. This is where the
manufacturer turns to an online product configurator with guided-configuration. With this tool, the visitor is guided step-bystep through a series of questions that assesses the needs of
the customer, solving for the best product configurations to
meet those needs. This is sharp contrast to other configurators
where a complex device was configured by selecting predefined technical options - which required a great deal of specialist knowledge.
With Guided Configuration, the customer specifies, for example, the purpose of the endoscopy device (cardiac surgery or
neurosurgery) or the number of patients who should be examined daily. The configurator then automatically compiles the
optimal components and suggests a 100% technically valid
device, including a parts list, valid price and CAD drawings.
All constraints are counted for, including industrial and legal
requirements. To ensure that the user does not configure a
faulty or non-buildable product, the CPQ system comes with
automatic conflict resolution. Conflicts or incompatibilities
are communicated clearly, and a valid alternative is suggested. This allows prospects and customers to configure the
exact products they need, and they can also request a complete quote based on the options they choose. An online configurator turns a website visitor into a potential customer.

Growth Strategy: Enabling a web-based SelfService Portal
For the medical device manufacturer, the new online configurator is a central component of their digital sales strategy. The
new reality of B2B sales is one where customers expect a buying experience like the one they experience as consumers
(B2C). And although B2B deals are by nature a lot more complex and require more tailored information, buyers are increasingly reluctant to contact vendors early on. The figures show
that around two thirds of all purchasing decisions are made
based on the information they find on their own, before they
even engage with the vendor.

enable Visual Configuration, where endoscopy devices can be
configured directly in a 3D space. Users can simply select and
position individual components using a drag-and-drop functionality. This type of product configuration increases product
understanding, as customers can see with their own eyes how
their configuration decisions, such as the selection of a certain product variant or product option, affect the final product
visually. With a visual configuration, the vendor can deliver a
more compelling and effective buying journey. This not only
creates trust, but also creates a wow factor, which can be decisive for the purchase decision.

AR (Augmented Reality) transforms any space
into a remote showroom.
The wow factor of AR also has practical implications. When buying an endoscopy device, buyers need to know whether they can
pair these devices with high-resolution imaging equipment.
High-resolution imagery equipment require a large space to fit
within the confinement of a hospital room. In order to check the
spatial dimensions immediately, the configured product can be
“placed“ virtually in the room with the help of a smartphone
using AR. Spatial requirements are checked immediately and
several configurations can be compared immediately.
In this way, everyone involved can see the product in its environment, and can see that the device fits in the actual setting. Customers are particularly enthusiastic about this feature: they can
create different configuration and the changes are rendered immediately in AR.
For our endoscopy device manufacturer, the investment in CPQ
solution has paid off. The sales volumes have increased by 30%
thanks to a more efficient, customer-centric sales process. The
sales teams also benefit from removing many of the technical
obstacles of the configuration process. With CPQ, sales teams
have more confidence knowing that the configuration is accurate, and they can apply this confidence when they engage with
customers by supporting their prospects in a more engaging and
effective way.

Web-based self-service portals with which customers and
partners can independently configure products and obtain a
detailed offer, are therefore becoming common place in B2B.
What is new and innovative is that, until recently, these technologies were not available for complex manufacturing such
as Medical Devices.
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Simplifying the configuration process does not mean that the
products are simplified in themselves. Medical Devices require a high level of accuracy and technical considerations
should never be overlooked. In fact, CPQ is powered by an AI,
constraints-based, algorithm that can handle the complexity
required to configure these products. Using a CPQ can also
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By combining state-of-the-art algorithms, robotics and virtual reality, the world's first training simulator for hip surgery with haptic
feedback has been created.

Train hip operations in
Virtual Reality
ith over 250,000 artificial hip joints inserted in 2018, it
is the most frequently performed operation in Germany.
The good fit of the prosthesis is decisive for the patient's
quality of life. This is significantly influenced by the surgical procedure, which means that the training of the operating doctors is of
enormous importance. At present, surgeons are trained for the implantation of an artificial hip joint using body donors and live animals. Apart from ethical aspects, the low availability and the low
level of realism are limitations with regard to the success of the training. After these training sessions, the various steps of the operation are taught in real life under the guidance of experienced surgeons. Despite great care and caution, errors occur, especially in
these instructed operations, which in some cases cannot be corrected.Inordertoimprovethetrainingofthesurgeonstobetrained
and to increase the success of hip joint operations, HIPS, the

Feeling the reaming
Since haptic VR surgery training simulators are currently only
available for surgeries that do not require the application of
high forces, there is no comparable competing system to
HIPS. The innovative core of HIPS is the use of the KUKA iiwa
as a haptic interaction system. The KUKA iiwa allows forces of
140 N to be simulated, while existing haptic devices reach
their performance limit at 42 N. It is only through this leap, at
the forces that can be represented, that it is even possible to
simulate the operative steps of a hip operation. The motors of
the robot arm generate a force in the opposite direction to the

Pictures: Chemnitz University of Technology
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world'sfirstvirtualreality-based(VR)trainingsimulatorwithhaptic
feedback for hip prostheses, was developed.

With VR glasses, the trainees can practice hip surgery in a virtual operating room with the help of haptic feedback and a virtual patient model.

MED engineering INTERNATIONAL/2021

30

www.med-eng.de

MED Software Simulation

to realistic haptic feedback and a realistic virtual operating
theatre, an anatomically correct virtual patient model is crucial to really train a hip operation. Such an anatomically correct
patient model was modelled in the highest level of detail especially for HIPS. Since the angle of reaming is the quality criterion when reaming the acetabulum, this angle is displayed live
during training and checked in real time so that the trainee is
immediately informed if there is any deviation.

Benefits for Patient, Surgeon and Hospital

The KUKA iiwa allows forces of at least 140 N to be simulated.

user's direction of execution, which makes it possible to feel
the resistance that arises, e.g. when reaming an acetabulum.
However, the problem is that the KUKA iiwa is not designed for
use as a haptic interaction device, but for the execution of collaborative tasks in production. Therefore, an interface was developed, which makes the use of the KUKA iiwa as a haptic
interaction device possible in the first place, thus creating the
basis for HIPS. Since there are no comparable haptic devices
which can display the required forces, our self-developed
control software for the KUKA iiwa gives us a unique selling
point. Furthermore, the material model required for the simulation was developed in-house and is exclusively integrated into HIPS. A challenge during the development was that the calculation of the forces to be simulated and the corresponding
reproduction of these forces with the KUKA iiwa robot has to
take place in a 1 ms cycle during the simulation.

»HIPS allows a realistic trai-

ning without danger in virtual
reality, which can be repeated indefinitely. The registrars thus already have a lot
of experience before their
first real operation.«

HIPS allows a realistic training without danger in virtual reality, which can be repeated indefinitely. The registrars thus
already have a lot of experience before their first real operation. Experienced surgeons would also benefit from this training simulator, e.g. by training complicated, rarely performed operations, e.g. with anatomical peculiarities of the patient. As surgeons prepare for their first real operations with
HIPS, fewer complications will arise and the risk for the patient will be minimised. There are also benefits for the healthcare system. Better preparation can reduce operating
times, saving costs and reducing the patient's exposure to
anaesthesia. The reduction of complications can also reduce
indemnity payments to patients, which range from €10,000
to €6 million per case.
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Immerse in virtual surgery
With the help of VR glasses, the trainees immerse themselves
in the virtual operating theatre, which was created in close cooperation with experienced orthopaedic surgeons. In addition
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Low code development platforms offer a middle ground between
standard software and own programming and can help with Clinical Trial Management Systems (CTMS).

Managing clinical trials
with customized CTMS
he conduct of clinical studies is a complex process
that generates ever increasing amounts of data in the
course of digitalization. However, not only the
amount of data, but also the conditions of clinical studies
are constantly changing and must be considered in the
planning process in the form of new regulatory provisions.
Since such diverse participants as clinical research organisations (CROs), laboratory service providers and sponsors
are involved in this process, it is also necessary to handle
the data in a multi-layered way so that those concerned receive the information relevant to them. The well-known storage of data in spreadsheet programs such as Excel does
not meet the requirements for protection and security of
sensitive data. Just as little is storage in different data silos
at the service providers involved suitable for providing the
client with a concise and up-to-date overview of the processes. In order to meet the requirements of good clinical practice, central data management is required.

Pictures: SSS International Clinical Research GmbH
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Information flow in a company with the help of a CTMS.

Possibilities for introducing a CTMS

While standard software often
reaches its limits when it comes
to specific modification requests, independent programming of a CTMS is beyond
the capabilities of many companies. Low-code development
platforms represent a middle
way, in which a CTMS custommade to the respective requirements is created with little programming effort.
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There are several ways to convert a company to a CTMS: using
an existing standard software system (COTS: Commercial-offthe-Shelf-Systems), a completely new development or development using a low code platform.
The more diversified the nature of the projects and the
greater the need for customisation, the sooner COTS reach
their limits, for example when adaptations to new regulatory requirements or individual modifications are needed.
Complete in-house development, on the other hand, requires in-house IT development expertise and resources. This
usually represents a major obstacle, especially for small
and medium-sized players.
Low-code development platforms offer an advantageous
alternative that ensures the necessary flexibility in the design of the CTMS and means lower programming and cost
expenditure.
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introducing complex processes. These processes
are linked to the relational database with serverside code. Thus, SQL statements can be triggered
by GUI actions, temporal events or table changes.
Through these processes it is possible to configure and trigger more complex tasks like calculations in the database, e-mail actions or even alarms
for specific users.
If the system is available online and data input is
possible, it is important that the programming
languages used in the processes offer modern
possibilities for escaping SQL statements in order to minimise security risks (SQL injections)
as far as possible.

IT architecture: Example of a CTMS using a low code-based platform

More flexible and cost-effective through low
code programming
Low-code development platforms use the modular principle to support the creation of a CTMS tailored to specific
needs using graphic symbols and control elements. As such
a user interface is much more intuitive for operators, the
development of an own CTMS is greatly facilitated in this
way. Such operations can be used, for example, to create a
web-based information dashboard on which all relevant key
figures of the study are displayed in the form of clear diagrams. Thus, the sponsor can, for instance, obtain a picture
of the current status of patient recruitment at any time.
Data relating to medication logistics can also be displayed
in special dashboards. In this way, medication bottlenecks
or errors in orders can be identified and countermeasures
initiated. Current regulations of authorities can also be integrated into the system, e.g. in the form of a module for
risk documentation, classification and control. Accordingly, the additional document ICH E6 (R2) can be taken into
account, which requires a risk-based project management
during the conduct of clinical studies.

Conclusion
Common CTMS are limited in their configuration options and
cannot allow every necessary adjustment. The programming
of an own CTMS is rarely an option, especially for small and
medium-sized companies. Low-code development platforms
enable the design of an individual CTMS with little programming effort and manageable costs.
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Low-code development platforms are usually based on a relational database such as MS SQL Server or MySQL, in
which the required data can be stored and retrieved securely and with high performance. Deeper interventions in the
elements of the platform itself can be carried out using
common programming languages such as Java, C# or JavaScript. The combination and integration of different programming languages with the resulting growing range of
functions is a great advantage of low-code development
platforms. Often the platforms already provide further documentation and code examples in the respective development environments to help less experienced developers.
However, in the case of far-reaching changes, the developer
must consider the automatic code generation of the systems in order to maintain the consistency of the system.
This is particularly necessary when intervening in the behaviour of GUI elements (Graphical User Interface) and when
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The EU-MDR implementation in May 2021 is drawing closer.
Companies will have to face a number of obstacles.

MDR Conformity Without
a Software Solution?
espite the postponement of the EU MDR earlier last year, there is still a lot of unrest in the MedTech market.
Our survey results on the status of MDR implementation
in the spring of 2020 reflected this even before the announcement of the delay: the vast majority of participants (77%) rated
the EU MDR as “very challenging“. Among the main obstacles
were “lack of clarity on the requirements“ (mentioned by 73%)
and “increased resource and cost expenditure“ (mentioned by
72%). Furthermore, the results showed that just 26% had introduced an MDR-compliant QMS at that time.

The EU MDR is a costly matter
In August 2020, we conducted another survey with around
100 participants to evaluate the true costs of the EU MDR for
companies. Nearly half of the participants (48%) believed
that the new regulation would cost them more than 5% of their
annual turnover; over 70% of Class III manufacturers reported
this. Sixty-seven percent have already hired or plan to hire at
least one new employee to handle the MDR; in larger companies, it was often more than five employees. In addition, 55%
of participants invest more than five additional hours per week
in meeting the new requirements.
To better prepare MedTech companies for the new requirements, we would like to highlight some of the benefits that
software solutions for clinical data capture can offer. For this,
we will focus mainly on PMCF processes.

PMCF as a crucial component of the EU MDR
One of the key components the EU MDR is clinical data capture –
particularly in the post-market phase. Unlike the MDD, which
has been primarily concerned with the pre-market phase of medical devices, the MDR aims for manufacturers to collect clinical
data over the entire lifecycle of a device. Long-term, this is supposed to facilitate greater transparency, safety and improved device
performance. For this reason, PMCF (“Post-Market Clinical Follow-up“) will also play an important role with the new regulation.
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Half of all companies surveyed said that the MDR would cost them
more than 5% of their annual turnover.

PMCF is a continuous process and part of PMS (“Post-Market
Surveillance“). It is the collection of clinical data from the use
of a device in the context of its intended purpose. The data is
intended to demonstrate that the device’s potential risks are
acceptable compared to its clinical benefits. There are different methods for this purpose, the suitability of which depends on factors such as the general availability of clinical
data for the type of product, the class of risk and the market
situation.

Many are not yet exploiting the potential of digital solutions
In many companies, however, clinical data capture is still conducted in a relatively manual way: According to our survey,
47% of the participants collect their clinical data using paper,
while 69% rely on Excel spreadsheets. Fifty-one percent have
no automated PMCF processes at all and just 5% said that
they have automated more than 10% of these processes.

Accelerate, automate, save
These “analog“ methods are likely to struggle in the postMDR era. Not only are they less reliable, more expensive and
more error-prone, they will also make it difficult to access re-
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niently completed on any device, which in turn increases patient and user engagement. Furthermore, reminders and notifications can be pre-scheduled in just a few clicks. On the
Study Manager’s side, all data can be viewed and analyzed in
real time with intelligent dashboards. This not only leads to a
significant reduction in workload, but also helps to make
well-founded decisions and react promptly the case of (serious) adverse events.

Paper still plays a big part in clinical data collection. But it has its
drawbacks.

levant data in the event of an unannounced audit. Digital systems such as EDC solutions (“electronic data capture“), on
the other hand, which are used by just 11% of our survey participants, require a certain investment at first, but have been
proven to save valuable time and money in the long run. Processes that used to be done manually in many companies,
such as collecting user feedback on paper questionnaires,
can be fully digitalized with an EDC system. Surveys can be
sent out to users as a link via SMS or email and can be conve-
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Incomplete applications, neglected IT security and data of inconsistent quality are only some of the first experiences of Notified Bodies with the new Medical Device Regulation.

MDR – First Lessons
Learned
takeholders have been offered a welcome respite to
prepare for the stricter and more precise requirements
of the Medical Device Regulation (MDR). Due to the coronavirus pandemic, the European Parliament agreed to extend the transitional period, which will now expire on 26 May
2021. Medical devices comprise all products used for therapeutic or diagnostic purposes, from wound dressings to implants. The associated items, substances or software are divided into three classes.

S

But the regulation applies to more than placement of new devices on the EU market. Under the MDR there are no grandfathering provisions for existing devices. In other words, even
existing devices that are unchanged must also be re-certified
in accordance with the new requirements if they are to be sold
in the EU after 2024. This includes technical documentation,
which may have to be updated. Technical documentation
comprises various test certificates for electrical safety and
electromagnetic compatibility as well as environmental and
transport simulation testing.
Further tests assess the biocompatibility of devices in contact
with the human body as well as functional safety and IT security (information security). Another important aspect is the
collection of clinical data (safety and performance characteristics) derived from clinical studies, scientific literature
and/or actual usage.

Monitoring the state of the art
The relevant benchmark for conformity is the “state of the art“.
As this factor develops dynamically in some areas, manufacturers need to monitor it and align their products and the pertinent
instructions for use (IFU) as needed. This also applies to devices that are no longer manufactured but still in use. Where standards do not include essential performance characteristics,
manufacturers must draw up their own definitions for their devices. To provide for unimpaired performance, these characteristics must ensure inherent safety by design.
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Audits and general documentation
Since May 2019, companies seeking to place their devices on
the EU market have been able to rely on TÜV SÜD for conformity
assessment of their devices and the pertinent documentation in
accordance with the MDR. However, not all applicants are adequately prepared. Typical examples of insufficient preparation
include incomplete application forms or inconsistent use of the
intended purpose in the technical documentation. Some companies also overlook the requirement to carry out MDR-related
internal audits or management reviews. In other cases, contractual agreements concluded with distributors and authorised representatives are unsatisfactory.
Before the introduction of the MDR, many companies tended
to use reference values and data from clinical use and/or
scientific literature concerning equivalent products for the
clinical documentation of their class III medical devices. The
new MDR now requires more extensive contractual agreements. In some cases where manufacturers are collecting these data themselves for the first time, data may be incomplete
or fall short of the required level of thoroughness and detail or
quality of information.
In practice, implementation of the UDI and EUDAMED processes, too, proves time and again to be inadequate. According to the MDR, all medical devices and their master data
plus a unique device identification (UDI) will have to be included in the EU-wide database (EUDAMED) in the future. For
the first time, this even applies to some class I medical devices such as medical tweezers.

Technical documentation – a cause for concern
Non-conforming technical documentation is one of the leading
causes of unsuccessful audits. In most cases, not even the
structure, scope and focus of technical documentation are in
conformity with the requirements of Annex II or III to the MDR.
This necessitates correction cycles or the submission of addi-
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tional documents, which in turn delay the certification process. In some cases, developers, designers and companies neglect some of the new aspects of the MDR, such as IT
security, the listing of adjuvants or the requirement for documentation to be in an easily
searchable format. Another important issue in this context is “single fault safety“ in accordance with the General Safety and Performance Requirements (GSPR) of Annex I to
the MDR. This requirement stipulates that medical electrical equipment and its components must be free from any unacceptable risks in the event of a single fault condition
throughout its intended lifetime. This includes failure of a component, for example.

EXCEEDING
YOUR
EXPECTATIONS

Guidance and remote audits
New content, such as the new MDCG guidance, also presents stakeholders with new
challenges. The Medical Device Coordination Group (MDCG) is an expert committee
that provides advice on standardised implementation of the MDR. Since the competent supervisory authorities verify that Notified Bodies also assess compliance with the
MDCG guidance, these guidance documents can be regarded as factually binding on
medical device developers and manufacturers. Takeup of MDR implementation has
been slow over recent months as the Covid-19 pandemic has left Notified Bodies unable to perform some of the initial on-site audits obligatory under the MDR. Apart from
a few exceptions of relevance in the battle against Covid-19, the EU has not approved
remote audits so far. Experts assume that as a consequence, manufacturers in countries less badly affected by the pandemic will be able to launch their products faster on
the market.

Sound planning – the key to success
Manufacturers wishing to maximise the effectiveness of their MDR audit preparation
should focus on and plan the following four aspects:
1. Provide resources – companies should allow for enough qualified employees to manage
additional regulatory requirements and increased complexity.
2. Prepare collaboration – this refers to the coordination of MDR implementation with
the respective distributors and Notified Bodies.
3. Establish communication policy – in view of continually changing requirements,
communication between the stakeholders should be reliably controlled, tried and
tested. This will pay off later on, when new guidance documents impact on the
required sample size or software classification.
4. Act at an early stage – manufacturers who have not yet prepared for the MDR can
now benefit from the extended transitional period. Nevertheless, they should act as
soon as possible – not least to avoid audit bottlenecks.
Disclaimer: This article is a translation of the article originally published in MED engineering 5/20 in October 2020. Changes to the statements given here might have occured.
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Effects of the Medical Device Regulation on communications
between product managers and raw materials suppliers.

There’s a need for
discussion
nformation saves lives – e.g., knowing about an allergy, a
hidden intolerance or an unlikely side effect. Transparent
and understandable information is the be-all and end-all
in medicine and in communications between patients and
physicians. Regulation (EC) No. 2017/745 on medical products (also known as the Medical Device Regulation, MDR),
which due to Covid-19 will only be coming into effect from the
end of May 2021, has a similar aim. It is one of the most important EU laws and regulations for all existing and new medical devices and instruments in the EU market. Intensified
communications between materials suppliers and product
managers and/or distributors is one of the regulation’s key demands, as its requirements include using the same materials
both for prototype production and series production. The MDR
reaffirms that only transparent and understandable communications between raw materials suppliers and the raw materials
certifying authority are able to minimize future risks, optimize
areas of responsibility and avoid legal consequences from the
very start.

As part of the active information obligation required by the
MDR, communications between product managers and
raw material suppliers must be
transparent, complete and understandable. This also applies
to changes and complaints.

MED engineering INTERNATIONAL/2021
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A medical grade plastic should not be changed if at all possible. If a
change cannot be avoided, it’s absolutely necessary to inform the
customer.

Requirements and changes
Although the MDR will result in numerous long-term changes
and costs, these serve the common good and the protection of
individuals, and it is compulsory for manufacturers to implement them. The scandal over poor-quality breast implants is
probably the best-known negative example illustrating the
urgent necessity for this new regulation. It was a decision that
had serious consequences for patients, physicians and
health-insurance companies.
The impetus provided by that scandal and other incidents led
to a proposal to establish an independent approval system for
the whole of Europe in order to make that type of scenario impossible in the future. And the efforts were rewarded: the
linchpin of the MDR is a successful risk management system
and the minimization of risk. As in the previous version of the
MDR, the use of the same material both for the certified prototype and for series production therefore plays a crucial role for
raw materials suppliers. What’s new is that the regulation also
applies to medical devices and products without direct medical uses as long as they have similar properties, such as tinted
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contact lenses, and face masks will also be regulated in much
greater detail.
As part of the active information obligation required by the
MDR, communications between product managers and raw
material suppliers must be transparent, complete and understandable. This also applies to changes and complaints. In
summary, this means that the product manager responsible is
legally obliged to perform a risk management procedure in accordance with ISO 14917 as soon as there is any change in a
medical product, a piece of personal protective equipment, or
a product with similar uses. The crucial factor here is the written evaluation and documentation of the subject and of the
decision taken. That decision is binding and determines who
will be held accountable in case of damage or injury. The planning and implementation involved should be well thought-out
and conducted with foresight, since the burden of proof in case of dispute or damage lies with the product manager. Working without due care may be subject to heavy penalties, ranging up to imprisonment.

»In the worst case, the re-

sponsibility for a change in
materials that may have farreaching consequences – including even breaking the
law – may lie not with the
person deciding on the
change, but with someone
who is unaware of it.«
Raw materials suppliers, in turn, need to evaluate their products and the risks arising from the changes. However: It is impossible for raw materials suppliers to foresee, let alone assess,
probable impacts on the functionality of devices or any interactions with other components, such as drugs, that may occur. In
addition, no risks arise for raw materials suppliers if they make
misjudgments. The product manager has the sole responsibility
for possible risks and side effects that may occur and affect the
patient. This type of scenario inevitably leads to a moral dead
end: In the worst case, the responsibility for a change in materials that may have far-reaching consequences – including even
breaking the law – may lie not with the person deciding on the
change, but with someone who is unaware of it.

challenge, since raw material suppliers and the manufacturers of
medical products use different definitions. The 2017 guideline for
medical grade plastics passed by the Association of German Engineers (VDI) can be helpful here. It states that there is a duty of disclosure as soon as one of the following parameters changes:

+
+
+
+
+
+
+
+
+

Mechanical properties (elasticity, rigidity, flow properties,
impact resistance, etc.)
Thermal properties (heat distortion resistance, etc.)
Morphological properties (structure and homogenization,
crystallization capacity, degree of branching)
Chemical properties (resistance, solubility, etc.)
Optical properties (transparency, color, etc.)
Processing properties (viscosity, gelatinization, shrinkage, shape of granules, etc.)
Biocompatibility (cytotoxicity, extractable and leachable
substances)
Production method
Place of production / production line

In the next step, a risk analysis is carried out, followed by an assessment to determine further actions.

Defining responsibilities, minimizing risks
The larger the number of components in a product, the more
complex is the way the MDR takes effect. This is particularly relevant for compounds that are generally made of different types
of ingredients. For this reason, a medical grade plastic should
not be changed if at all possible. If a change cannot be avoided,
it’s absolutely necessary for raw materials suppliers to inform
their customers through a comprehensible change management process – a standard procedure that KRAIBURG TPE has
always adhered to. So there can only be one way to identify responsibilities: The longer the raw materials list, the stricter the
change management system needs to be. The communications
policy of raw materials suppliers therefore needs to be based on
absolute transparency. Although each change means additional administration work and costs, the benefits of complete documentation outweigh that. And since this is about legal requirements, ignorance is no protection.

Author:
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Materials consistency with the help of VDI 2017
The solution is quite simple: keep the material consistent. But how
is a consistent material to be defined? Here we soon face another
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Strong yet highly elastic, corrosion-resistant and biocompatible:
amorphous metals offer great potential for innovation.

Amorphous metals Multi-talented products
oday, innovations in medical technology are often only
possible with new materials. The demand for advanced
materials is tremendous. Amorphous metals are superior to many other materials and meet the growing demands on
modern materials for high-tech applications because they
combine a number of special properties.

T

It is precisely this chaos that makes amorphous metals multitalented - because they combine properties that were previously mutually exclusive: they are extremely strong and at the
same time highly elastic. They also have very good suspension
properties, are extremely corrosion-resistant, wear-resistant
and shock-absorbing. This makes amorphous metals ideal for
durable scalpels or minimally invasive instruments.
But they are also, and especially, highly interesting for use in
the human body - as the next generation of medical implants.
Their low modulus of elasticity roughly corresponds to the me-

Pictures: Heraaeus AMLOY Technologies GmbH

Amorphous metals are metallic glasses and resemble frozen liquids in their composition. Their secret lies in their disordered
inner structure. Compared to crystalline solidifying metals,
crystallization is suppressed in amorphous metals. They are cooled down from the melt so quickly that an amorphous solid is
formed in which the atoms remain in a largely disordered state.

Use on and in the human body

High-precision surgical tools made of amorphous metals can be manufactured in injection molding in large quantities and durably robust.

MED engineering INTERNATIONAL/2021
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»It is precisely their versatility

that makes amorphous metals so
interesting for innovative hightech applications - and thus also
for medical technology. «

chanical properties of human bone. Compared to the materials used up to now, amorphous metals are therefore much
less rigid and can grow better on the human body. A further advantage is their MRI compatibility.

These amorphous metal elbow implant plates can be customized to fit
the patient and individually produced on a 3D printer - right on site in
the clinic.

To ensure that implants are well accepted by the human body, the biocompatibility of the material is also crucial. „Zirconium-based alloys are suitable for medical technology. In
Amloy-ZR02, we already have a material certified as biocompatible according to ISO 10993-5 and ISO 10993-12,“ explains Eugen Milke, Innovation Manager at Heraeus Amloy.
There is also strong demand in the medical industry for titanium alloys, Milke adds: „Titanium is a proven material for
medical components such as small bone implants or pacemakers. That is why we are currently also conducting research on titanium alloys“.

bent by hand from a piece of metal and fixed to the remaining
bone with screws. These metal ribs, however, can hardly adapt
to the constant movements of the thorax. There is a risk of deformation, fracture or even tearing out of the bone. Amorphous
metals could adapt optimally to the movements of the ribcage
thanks to their high flexibility.

Unique pieces from the 3D printer - series production by injection molding
The combination of innovative materials with the additive manufacturing process opens up revolutionary potential: Using
3D printing, implants that are individually adapted to the patient can be manufactured and inserted directly on site in the
clinics. If the material is processed using 3D printing, it can
also be made porous. This offers the advantage that bone can
grow better on porous materials than on smooth ones.
In addition to additive manufacturing, amorphous metals can
also be processed by injection molding. This process offers
advantages in the manufacture of medical instruments, for
example, because it is very efficient and is particularly suitable for high volumes. „Since amorphous metals have hardly
any shrinkage, precision parts can also be manufactured to very tight tolerances,“ explains Dr. Jürgen Wachter, Head of Heraeus Amloy. Even the smallest details, such as structures in
the gripping zone, can be reproduced precisely without the
need for further post-processing. This greatly shortens the value chain. „Using injection molding and 3D printing, we offer
the right solution for the most diverse challenges in medical
technology in the production of components made of amorphous metals,“ summarizes Dr. Wachter.
Whether unique components from additive production or
standard components in series production: It is precisely
their versatility that makes amorphous metals so interesting
for innovative high-tech applications - and thus also for medical technology.

Perfectly fitting implants from the clinic printer
Together with the University of Graz in Austria, Heraeus Amloy
is currently researching the possible applications of amorphous metals as medical implants. The CAMed (Clinical Additive Manufacturing for Medical Applications) project networks
clinicians, medical scientists, mechanical engineers and industrial partners - with the aim of exploiting the advantages of
additive manufacturing processes for the clinical production
of precisely fitting implants.
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Experts see great opportunities here, especially for complex
orthopedic fractures. Currently, fractures or lesions following
trauma or tumors are usually treated by improvised use of suboptimal implants. Replacements for ribs, for example, are
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Sembach Technical Ceramics manufactures sophisticated components from technical ceramics.

Technical Ceramics: HighPerformance Materials
T

Components that are used in medical devices and instruments must meet particularly high requirements; this includes reliability and failure safety, durability, breaking strength,
and biocompatibility. Technical ceramics are a particularly resistant and durable alternative to proven materials made of
metal or plastic in medical technology.
One of the outstanding properties of technical ceramics is
their tremendous hardness and strength, as required by surgical knives or endoscope tips. One material parameter is

flexural strength, which is used to estimate the strength and
dimensioning of ceramic materials. If a specific value is exceeded, fracture occurs. The flexural strength of aluminum
oxide, a frequently used ceramic material, is up to 580 MPa
at a temperature of 25° Celsius; that of zirconium oxide is
even over 1,000 MPa. In comparison: high-performance
plastic polyether ether ketone (PEEK) has a maximum
flexural strength of 170 MPa and commercial structural
steel (S235JR) 180 MPa.
Another aspect is the compressive strength of ceramics; they
are five to ten times the flexural strength. Therefore, ceramics
should preferably be subjected to pressure. All in all, technical ceramics are characterized by excellent strength.

Filigree components in the micro injection
molding process
Increasingly complex component geometries are possible due
to the continued development of the manufacturing processes
for technical ceramics. A large part of this is due to ceramic
injection molding, which enables high flexibility in shaping.
The smallest parts and very tight tolerances can be achieved
with the micro injection molding process that Sembach has
been offering for some time. Micro injection molding is the
process of choice especially in the field of medical technology,
where small parts are often involved, because it is a controlled
production process that must be fully traceable in medical
technology, despite the small quantities of material.

Endoscope tips made of ZTA
(zirconia toughened alumina)

Extremely hard with high strength: Technical ceramics are particularly suitable for miniature medical components such as endoscope tips
(front) and bushings for pacemakers.

MED engineering INTERNATIONAL/2021

One possible field of application for technical ceramics is endoscope tips for minimally invasive interventions that have to
fulfill different requirements. In one application by Sembach,
the choice of material came down to technical ceramics, as
these are both biocompatible and excellent electrical insulators. In addition, the endoscope tips are coated with metal, so
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echnical ceramics are underrated materials that have
received little consideration in the field of medical
technology compared to metal or plastic. Technical ceramics come into their own when low wear, good electrical insulation or dimensional stability are required. When it comes
to biocompatibility, which plays a crucial role in medical technology, technical ceramics score highly.
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on the requirements of the component. In terms of the mixing
ratio, it depends on whether the emphasis is particularly on
hardness (= higher proportion of aluminum oxide) or on ductility (= higher proportion of zirconium oxide). It is important to
create a synergy between hardness and ductility. If necessary,
Sembach can advise customers on the material properties and
the appropriate mixing ratio.

Wear-free and durable

Sembach uses the micro injection molding process to manufacture
micro parts such as bushings for cardiac pacemakers, which enables
filigree geometries and the tightest tolerances.

In another application, Sembach produced shafts and bearing
bushes for dialysis pumps. Here, too, the customer relied on
the high wear resistance of technical ceramics. Since the
components came into contact with the blood to be pumped,
all parts had to work with as little abrasion as possible and be
dimensionally stable and durable.

that they can be charged with electricity and thus cauterize
body tissue. The properties of plastic, which would also be
electrically insulating, are not sufficient here because it does
not have sufficient heat resistance. Ceramic materials are designed for extremely high operating temperatures: The commonly used aluminum oxide can withstand temperatures between 1,400 and 1,700 °C. Plastic, on the other hand, can only withstand a maximum operating temperature of 300 °C,
and steel, a maximum of 1,000 °C.

In addition to oxide ceramics such as aluminum and zirconium oxide, non-oxide ceramics such as silicon nitride can also be used as bioceramics for medical components. Silicon
nitride is a very effective material in technical ceramics. It has
excellent high-temperature properties and has an extremely
high strength, which makes the material very suitable for grinding sharp structures such as surgical knives (another suitable material for surgical knives is zirconium oxide).

Bioceramics for use in the body

Technical ceramics - a sustainable alternative

Plastic does not meet the requirement of not releasing any residues into the body. Ceramics on the other hand are extremely
hard, therefore extremely wear-resistant, and so very well suited for use in the body. Sembach specializes in medical devices and components that come into brief contact with the bo-

The modern manufacturing processes for technical ceramics
make it possible to produce components in almost any shape
and with a wide range of properties. In terms of resistance and
service life, technical ceramics do significantly better than
metals or plastics. In addition to positive material properties
such as temperature resistance, dimensional stability, low
wear and tear or biocompatibility, the performance and cost
efficiency of technical ceramics are now also persuasive and
are therefore exceptionally suitable for demanding applications in medical technology.
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Components made of technical ceramics are very well suited for minimally invasive treatment procedures, as ceramics have a high level of
biocompatibility.
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that even if the smallest traces of ceramic remained in the body, no negative physical reactions to it would be expected.
High-purity aluminum oxide, zirconium oxide and mixtures of
both are used as the bioceramic base materials for medical
components that come into contact with the body - depending
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Sterilization is indispensable in medical diagnostics and for safe
application of sensitive medical devices.

Safe Sterilization
with rays
ccording to the DIN EN 556-1 standard, a medical
product is claimed sterile if the theoretical probability
of finding a viable reproducible germ on the product is
less than 1:1,000,000. In order to achieve this state, products have to undergo a subsequent sterilization process.
Different procedures and technologies are available to this
end. Among the most common is sterilization using beta or
electron and gamma rays, since this process offers a number
of advantages. X-ray sterilization is in the early stages of development. In addition, chemical processes can be used for
sterilizing, for example, exposure to ethylene oxide (EO or
EtO) or to heat.

A

Similarities and differences between electron
and gamma rays
Beta or electron and gamma rays cause damage of the DNA
molecule in the nucleus of microorganisms. In this way, they
reliably lose their ability to reproduce and die; the devices become sterile. Both technologies follow this principle. The
most important parameter is the radiation dose in order to
Parameter

make this type of sterilization measurable, documentable and
reproducible. This parameter determines the achieved degree
of sterility (SAL = Sterility Assurance Level). The dose rate is
decisive for the final properties of the device.
Beyond these similarities, there are some differences between
electron and gamma rays as Table 1 shows.
The main difference between the two types of radiation is the
penetrability. Irradiation with beta rays is more like particle
radiation with accelerated electrons and therefore has a limited penetration depth. By contrast, gamma rays as electromagnetic wave have a much higher penetration depth.
In plants with electron accelerators, high dose rates are used
with a limited penetration depth, whereas gamma plants have
high penetrability and low dose rates. The dose rate depends
on the installed total activity. In terms of application technology, this means that the dose is applied in electron accelerators
within seconds; to this end, it is necessary to irradiate the
cartons delivered on a pallet individually.

Electron radiation

Gamma rays

Dose rate

high

low

Depth of penetration

medium

very high

Irradiation time

a few seconds

several hours

Energy source

Electric current

Cobalt-60

Irradiation unit

Single cartons

Pallets

Description of procedure

Electrons are emitted from a heated cathode
and then accelerated to a very high velocity in a
high vacuum by means of a strong electric field.
Upon leaving the accelerator, the electron beam is
deflected by a magnetic field onto the product in
lines at a high frequency.

Gamma rays are created through the decay of a
radioactive isotope, e.g. Cobalt-60. The rays have a
high penetration depth and penetrate entire pallets
or lots.
Individual sources of Cobalt-60 are arranged and
integrated into the source rack, by which means a
unique radiation field is generated. The products to
be sterilized are transported through this radiation
field via a fixed pre-specified path.
In the process, the necessary radiation dose is
emitted into the product.

Table 1: Technological differences between electron radiation and gamma rays.
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In the BGS gamma plants, the total radiation dose is applied by
circulating around the source rack multiple times – large
volumes are possible, allowing irradiation of whole pallets at
once. The dwell time in the radiation field varies depending on
the product; this is usually several hours for medical devices.
For physical reasons, the applied radiation sources – electron
accelerators up to a maximum energy of 10 MeV and gamma
rays starting from the cobalt isotope Cobalt-60 – generate no
radioactivity. In order to protect employees and the environment from radiation exposure at all times, operation of the
corresponding facilities are subject to a series of high requirements in respect to occupational health and safety. Knowledge of the rules, the expense and effort of operating a facility
are reasons why sterilization processes are often outsourced to
a specialized service provider.

Prerequisites for application of radiation
sterilization
If the design of a new device to be sterilized is pending, it first
has to be clarified whether the method of radiation sterilization
can be used. The same applies when changing from another
method of sterilization to radiation sterilization. When
evaluating this, amongst other things, the technical design,
functionality, packaging, packaging scheme of the device, and
particularly the materials used play an important role. This is
because material properties change through radiation.
Especially with plastics, the resistance towards ionizing rays
has to be checked, as irradiation can result in discoloration or
even a reduction in functionality. In addition: Radiation sterilization is not suited for devices containing microelectronic
components.
In some cases, radiation sterilization cannot be applied due
to the materials used; exposure to ethylene oxide is an op-

tional procedure in this case. Ethylene oxide sterilization is a
chemical procedure with several process parameters,
amongst them gas concentration, humidity, temperature,
and diffusion time. EtO is an alkylating agent that deactivates the DNA of microorganisms, so that these can no
longer reproduce themselves. The procedure is suited e.g.
for the sterilization of complex, fully assembled instruments
or devices with integrated electronics, provided these are
gas-permeable. Powdery substances, products that cannot
become moist, or which are packed gas-tight, however, are
unsuitable for this type of sterilization. Here in turn, the advantages of radiation sterilization come into effect. Exposing
devices to gas is associated with a desorption phase of several days, i.e. the devices cannot be used immediately. In general, the use of combustible, toxic and carcinogenic gas requires stringent monitoring of the production environment.

Radiation sterilization saves time
Radiation sterilization is the only process of sterilizing devices
in the sealed final packaging without increasing the temperature appreciably or using chemicals. Since the entire device is
irradiated, radiation sterilization is also recommended in the
case of complex geometries, whereby irradiation with
electrons has some limitations depending on the structure
and density of the device. A major advantage of radiation sterilization is the enormous time saving. Under optimal conditions, a complete truckload can be sterilized in a few hours. In
this case, the approved parameter is the applied dose rate,
which is verified with the help of the dosimeter affixed to the
box. Following treatment, the device is ready for use without a
waiting period and can be placed on the market.
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“A major advantage of radiation
sterilization is the enormous
time saving. Under optimal
conditions,
a
complete
truckload can be sterilized in a
few hours. Following treatment, the device is ready for
use without a waiting period
and can be placed on the
market.“
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The ultrashort pulse laser as a guarantee for precision in the
micrometer range.

Precise reworking of
aluminum components
he additive manufacturing process enables the production of completely new geometries and structures
thanks to a previously unknown freedom of design. This
design freedom is of particular interest with regard to medical
technology applications. Within the last ten years, additive
manufacturing technology has made the leap from the laboratory to industrial scale applications. Remarkable progress has
been made in terms of quality, production times and manufacturing costs. In spite of these advances, most of the time, additive-manufactured components require further processing.
In most cases, these additional manufacturing processes are
necessary to ensure the required precision of the component,
i.e. to compensate for process and material variations, to remove supporting structures or material additions and to improve the surface quality. If precision in the single-digit micrometer range is required for post-processing, the ultrashort pulse laser is the tool of choice. Thanks to its good focusability
and the concentration of its energy in ultrashort pulses, the ultrashort pulse laser ablates material precisely with minimal
heat input. However, there are only a few published studies on
the combination of these two photonic manufacturing technologies. For first experiments on the post-processing of additi-

Microdrilling of additive-manufactured
aluminum
The challenge in drilling additive-manufactured AlSi10Mg is
the irregularity of the material with regard to its surface and
porosity. There is a risk that particles adhering to the surface
can have a negative influence, especially on the start of the
drilling process. Pores in the material can impair the propagation of light and thus the hole formation. Quality-reducing
characteristics caused by these irregularities would be, for
example, the occurrence of side channels or an irregular hole
outlet. The goal of the presented study was to investigate if
this material can be drilled with good quality despite the described irregularities.
Initial tests showed that despite the inhomogeneities of the
material, precise and high-quality holes can be produced.
Such a micro hole with a diameter of approximately 150 µm is

Pictures: Lightpulse LASER PRECISION

T

vely manufactured aluminum components at LightPulse
LASER PRECISION, a green ultrashort pulse laser with a pulse duration <1 ps was used.

Figure 1: Micro hole with a diameter of 150 µm (left) and a close-up of the same hole (right).
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presented test results show that the ultrashort pulse laser is a
suitable tool for creating micro holes in additively manufactured components.

Surface finishing
Various types of surface processing are possible with the ultrashort pulse laser. 2.5D geometries can be created by ablation layer by layer, surfaces can be functionalized to obtain
new properties or they can be marked by a change of color. In
the following, layer-by-layer ablation as well as surface marking are discussed.

Figure 2: Light microscope and height profile images of raw material
and machined surfaces.

shown in Figure 1 on the left side. Despite particle build-up on
the surface, a sharp-edged hole exit was created and the particles were also cleanly cut through. The roughness of the hole
wall is only a few 100 nm. Pores with a diameter of 1 µm to 10
µm in the material were also cut through sharp-edged and did
not negatively affect the drilling process. This becomes particularly clear in the close-up of the hole exit on the right side of
Figure 1. The structures that can be seen on the wall of the hole are laser-induced periodic surface structures that are typical for a drilling process with the ultrashort pulse laser. The

In layer-by-layer ablation, the laser beam is moved in parallel
lines at a defined distance over the workpiece to create surfaces. By repeating the process several times, 2.5D structures
can be created. A special challenge in the processing of additively manufactured components is their rough surface. Such
a surface can be seen in Figure 2 on the right-hand side. The
upper image shows a light microscope image and the lower
one the corresponding topography. The surface appears to be
very irregular and rough. The maximum height difference is
70 µm (from dark blue to dark red). It is easy to see that particles of about 20 to 50 µm in size adhere to the surface. Furthermore, the surface shows long-wave height differences which
spread over several 100 µm over the surface. Since the focus
diameter of the used laser beam was smaller than 20 µm, the-
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fed into a control loop as a feedback signal. This is currently
the subject of research. However, smoothing the surface of additively manufactured components is already possible today.
Another possibility of surface processing with the ultrashort
pulse laser is laser marking. As can be seen in the light microscope image in Figure 3, a dark marking was achieved on the
additively produced surface. The described irregularities of the
surface had no significant influence on the marking process.
The optical impression when viewed with the eye can be seen in
the blue framed section. The marking is deep black. This can be
used, for example, for marking the UDI on additive-manufactured aluminum components in medical technology.

Summary
Figure 3: Dark marking on additively manufactured surface.

se long-wave height differences will most likely continue into
the depth during laser ablation.
To investigate the ablation process of additive-manufactured
aluminum, square pockets were generated with different process parameters and the resulting surfaces measured. An
image of such a surface is shown on the right side of Figure 2,
again divided into a light microscopic image and a topography.
The average depth of this pocket was about 100 µm. Minor irregularities such as adhering particles were completely removed and the surface smoothed. Long-wave height differences
with a maximum height difference of 40 µm (from dark blue to
red), on the other hand, have propagated into the depth. While
it is possible to generate smooth surfaces, the achievable accuracy with which 2.5D-structures can be produced is governed by the long-wave height differences of the material. With
currently available system technology it is not possible to avoid these long-wave height differences. To eliminate them, a
controlled removal process would have to be implemented in
which the current depth is measured at regular intervals and

The ultrashort pulse laser is the suitable tool for a variety of
high-precision finishing processes on additively manufactured
components. High-precision micro-drilling, smoothing of surfaces with particle build-up and marking of additive-manufactured aluminum parts were shown. The innovation potential,
which lies in the combination of additive manufacturing and
post-processing with the ultrashort pulse laser, is far from being
exhausted. LightPulse LASER PRECISION is always looking for
new challenges and opportunities for cooperation.

Author:
Dr.-Ing. Christian Freitag
LightPulse LASER PRECISION

Author:
Daniel Förster
LightPulse LASER PRECISION

“With currently available system
technology it is not possible to
avoid these long-wave height differences. To eliminate them, a
controlled removal process would
have to be implemented in which
the current depth is measured at
regular intervals and fed into a
control loop as a feedback signal.
This is currently the subject of research.“
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Optimum positioning for intraoral camera systems through biocompatible and highly flexible USB 3.0 cables.

“Medical-grade“
USB 3.0 cable
or high-resolution camera systems in the medical area,
the manufacturer and system cable specialist SAB
Bröckskes offers high quality cables meeting the high
standards in medical technology. Imaging systems are integral part of medical, diagnostics and surgical treatments. A
brilliant and crystal clear image representation is crucial for a
targeted and successful therapy. Due to the demand for ever
faster transmission systems and interference-free imaging devices, the designers of camera systems are facing a major
challenge selecting the right cable.

F

They often have to deal with the following questions

+
+
+

Does the existing conductor cross section fit the required
cable length and can the transmission standard be achieved?
Can image noise be minimized or even excluded?
Is the cable flexible enough to ensure the handling of a manual guided camera?

The geometric dimension of the camera body and the connection technology in the device are additional factors to be considerated in the development. Admission requirements of UL
authorities demand in addition to the special wall thickness of
the cable insulation, the focus on the fire properties of the ma-

terial. However such material-specific parameters influence
both, flexibility as well as the transmission characteristics.

New developments and production of small
series production
“We find an answer to all those questions and develop by our
modular cable design and many years of experience the right
solution. If we find ourselves reaching boundaries we cannot
push despite plausible theories, we roll up our sleeves, produce a sample and perform the nessesary tests on the finished
product“ says Marc Gerlatzek, product manager for medical
technology at SAB Bröckskes. “As those samples are produced on our serial production equipment, the suitability for
field use is given.“

Ready for serial production “medical-grade“
USB 3.0 cable
To be equipped for the picture imaging of tomorrow a “medical-grade“ USB 3.0 cable has already been developed ready
for series production. Through the finely adjusted balance
between high flexible design features, low weight and safe
data transmission, this innovation is highly suitable for a manual positioning of the intraoral camera systems without affecting the device by unnecessary cable weight.
Cable manufacturer – SAB Bröckskes is a worldwide leading
manufacturer of cables and wires, cable harnessing and
temperature measuring technique. More than 70 years of experience in cable manufacturing as well as in temperature
measuring technique have made out of a one man business a
company with almost 500 staff members. The strength of
SAB Bröckskes is not only the manufacturing of standard cables but also the construction of special items. Every year
SAB manufactures more than 1500 special cables on customer´s request.

L
➚ www.sab-kabel.de

SAB supports imaging with the “medical-grade“ USB 3.0 cable.

www.med-eng.de
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