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Appendix Il - Machine design
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Figure 49. Test setup by Cercelli et all
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Figure 53. Test setup by Saliba et all
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Figure 51. Test setup by Majewicz et all
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Figure 54. Test setup by Zhang et all

Figure 52. Test setup by Wedlick at all



In the figures, all setups and machines from the
found literature are presented. The machines
from Cercelli et all, Saliba et all and Wang et all
(figure 49, 55 and 57) show a product rather than
a test setup. Especially in the machine of Saliba et
all, a clear distinction is seen between a rotational
and linear translation. They are designed as

seperate entities. The setups of Majewicz

and Wedlick (figure 51 and 52) are based on a

linear slider whereupon a rotational encoder is
attached. In fact, all setups are designed with the
seperate entities, except for the setup of Scali et
all (figure 55), whose research was mainly about
needle design but its setup was inspirational,
and for Meng (figure 56), whose machine had
both translation integrated in the form of bionic
fingers.

Bionic finger

Catheter

Clamping motor

Rotation
motor

Figure 56. Test setup by Meng

Figure 57. Test setup by Wang et all
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Appendix Il - Form study

Figure 64. Ventilation pump side view




2. Overview of products similar to needle control robot
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Appendix IV - List of conditions

A'list of conditions is made to define the boundaries of the project and to test the results with the set
boundaries afterwards.

Total device

= The device should be MR-compatible

= The device should fitin an MRI

= The device should be able to be controlled remotely

= The device should hardly be able to move when in use

= The device should be used by medical staff
- The device should be able to be used by laboratory technicians and physicians
- The device must be understandable for assisting staff

= The device should be able to connect to the same plug as the RCM

= The appearance of the device should be connected to the RCM

Motor unit

= The motor should be driven by hydraulic

= The motor should be made from plastic

= The motor should be fixed onto the MR-bed

Driver unit
= Thedriver unit should to able to operate different kind of needles
- The driver should be able to operate needles with diameters of 0,5 to 2,5mm
- The driver should be able to operate needles with different kinds of surfaces, like rubber or
carbon
= Thedriver should produce a linear and rotational movement
= Thedriver should be able to fix position on the patient's skin
= Thedriver should be able to reach all parts of the human skull
= The main dimension of the driver should not be smaller than 5mm
= The main dimension of the driver should not be bigger than 30mm
= Thedriver should be able to perform a maximum speed of 5mm per second
= Thedriver should be able to perform a minimum speed of 0,5mm per second
»  Thedriver should be able to perform a maximum step size of 10mm
= Thedriver should be able to perform a minimum step size of 0,Tmm
= Thedriver should be able to be controlled when in setup phase
= Thedriver should be able to be controlled remotely
- The driver should be able to be controlled by manual input
- The driver should be able to be controlled digitally based on scans
- The control unit should find a path to follow, based on the MRI scans
- The control unit should be open to input from the medical staff where the target is
- The control unit should be open to input from the medical staff what tissue not to
hit



Needle
»  The needleis pre-curved
- The pre-curved length has a minimum of 150mm
- The curvature should fit within a diameter of 10-50mm
»  The needle is hollow to deliver fluids
= The needle should have a range of 150mm into the body
= The needle should be able to rotate endlessly
= The needle should be accessible for the medical staff to intervene at any moment
«  The wire needs 4 DOF's: translational in the X-, Y- and Z-axis and rotational around its inner axis

Material

»  The material is suitable for medical purpose

= The material is suitable for small parts, which have details of 0,05mm
= The material should be digitally manufactured

»  The material should be manufactured for low volume

Delft University of Technology | 2020
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Appendix \/ - Motor concept

In figure 66, the motor concept is seen. The estimation is that it has main dimensions of 100x50x100mm
for one motor. The needle control device needs two motors.

The input is air pressure, the output is the yellow ring which rotates. The motor concept will be explained
from output to input.

The vellow ring is part of a planetary gear system. A planetary gear system consists of a sun (the center
gear), planets (the gear connected to the sun) and the ring which is in this case the yellow ring. A planetary
gear simulator is found on the website mekacademy.com (figure 65) which solves the planetary gear
system for all number of teeth and desired speed. It is a tool to design the right ratio of gears. The ratio
for the motor concept is seen in table 2.

Sun gear 20 teeth
Planet gears 10 teeth
Ring gear 40 teeth

Table 2. number of teeth

Solve for: Ring Gear v

Sun Teeth

Planet Teeth

40
Ring Teeth

& 2,000
Sun Speed

E 1,000
Carrier Speed

&| 0.500
Ring Speed

Figure 65. Planetary gear simulator

The RPM of the yellow ring is the result of the RPM of the planets and the RPM of the sun. The advantage
of this system is that a high speed is easily reached since both RPM'’s could be accumulated. But also,
a higher accuracy in small steps could be made. For example, if the speed of the sun is 2RPM and the
planets are 1RPM, the ring will result in 0,5RPM.

In the motor concept, both are connected to their own sub motor. The sub motor consists of an axis that
is driven by two pistons, but the pistons are not centrically aligned with that axis. They differ 90 degrees.
When one of the pistons gets a boost from the air pressure, this pistons moves downwards. This moves
the other piston and also gets an air pressure boost, resulting in the axis to rotate.

Estimated is that the maximum speed is 120 RPM. It is not known yet what power the gears could have.



Figure 66. Planetary gear simulator
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Appendix VI - Motors and drivers

In the subsection "Motors” on page 46, the
reasoning is given behind the decision of the
NEMA 17 and DRV8825. In this appendix, a more
in-depth explanation is presented of the difference
between the 28BY]-48 motor and the NEMA 17
and its corresponding drivers.

The 28BY]-48 is cheap and easy to work with, but
has very low torque. It slips easily when you grab
the outcoming axis. It is used in many applications
like DVD players and security cameras.

RED |,

RYE Wh

BLUE

GREEN

at -4Q2 -03

The NEMA 17 is a bit more expensive, but is able
to continue rotating when you grab the outcoming
axis. Of course, this depends on the current that
is running through the driver, but it is possible
to create a high torque with the NEMA17. In the
prototype, the current limitis set at 0,5A (explained
in driver paragraph), so the gears will not break
when they are locking. In the case of locking, the
motor will slip. The NEMA 17 also requires external
power, while the 28BYJ-48 could run on the 5V of
the Arduino. It is known for its use in 3D printers,
CNC machines and laser cutters.

/’f“ D -

Figure 68. Nema17
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Figure 69. Difference between a unipolar and bipolar stepper
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The 28BYJ-48 is a unipolar motor which means
that it has multiple windings per phase (see figure
69). With multiple windings, the current has one
direction per winding. This makes it easy to control,
and therefore the stepper driver is affordable. The
NEMA 17 is a bipolar stepper, so one winding per
phase and this means that the current needs to

drive in both directions. The changing direction

of the current makes it harder to control since ;
) ) Figure 70. DRV8825

H-bridges are needed and for unipolar steppers,

this is not necessary. But luckily, there are

multiple drivers on the market which are still quite

affordable.
The difference in appearance is that a unipolar
stepper has five wires (could run up to 8 wires),

and the bipolar motor has just four wires.

Different drivers have been tested for different

motors. In figure 70-73, all drivers are shown.
The L293D H-bridge is a driver that is used for
all bipolar steppers and serves as a driver in the

Figure 71. two-axis stepper control driver

Arduino examples. Therefore this driver was
bought, but after some research, it was found that
the NEMA 17 should be paired with the DRV8825.
The 28BYJ-48 steppers are bought in a package
together with its ULN2003 drivers. So no conscious
choice was made here, but it turned out to work
well. Without any further research, the stepper
could be connected to Arduino and run. The NEMA
17 however, was a different story: it is harder to
connect and caution must be taken in setting
the current limit for the DRV8825. Three times,
a mistake was made in setting the current limit

Figure 72. 293D H-bridge

or placing the driver backward. The result is that
the DRV8825 burns and a small plume of smoke
arises.

The current limitis defined by the stepper and could
be checked with a multimeter and the formula:

Current Limit = Vref x 2

In the prototype, the current limit is set at 0,25V,
so 0,5A.

Figure 73. ULN2003

Delft University of Technology | 2020
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Furthermore, the DRV8825 is adjustable for the
number of steps. It containsan MO, M1 and M2 port
which determine how many steps could be taken.
The options for full step, %, %, 1/8, 1/16 and 1/32
step could be chosen. In table 3, the combination
of ports is shown. To adjust the options and play
with the accuracy, a switch for MO, M1 and M2 is
placed on the PCB for each driver.

At the beginning of the project, also a two-axis
stepper control driver was bought. This is a
module that includes drivers and is pre-set, but
to understand this module and create code, more
knowledge on motors and drivers was needed.
While finding this knowledge, it was chosen to
continue with the separate drivers, since it made
the design process more flexible.

DRVE825 microstep settings

MO M1 M2

Low Low Low
High Low Low
Low High Low
High High Low
Low Low High
High Low High
Low High High
High High High

Microstep resolution

Full step
1/2 step
1/4 step
1/8 step
1/16 step
1/32 step
1/32 step

1/32 step

Table 3. Microstep resolution table



Appendix VIl - Ratio table of gear
transmissions

Aratio tableis used to determine all values that are

need to be inserted in the software of the control

unit. It gave an overview of the impact of changes

in gears and the impact of speed and steps. The

ratio table is created as an Excel-file to be flexible

in adjusting the values (figure 74). The final data

that is inserted in the ratio table is shown in table

4. On the next page, the flow of ratios are shown.

Teeth
Crown Module

Teeth
Pinion Module

Teeth

Axis radius

Axis circumference 6,28...

Grip Grip radius

Grip circumference 7,41...

Table 4. Data of final gears

A B C D E G H | J

1 a 2 = 5 [ 7 3

Tandwiel : Tandwiel Tandwiel > Werplaatsing 5

Maotor Tandwiel E : As Binnen r wverplaatsing draad
Overbreng 4 Binnen crown Binnen Grip (RPM) draad
(RPM) Buiten (RPM) ol [RPMM) 7 [mmjsec)

3 [RPM) (RPMA) pinion (RPEM) {mm/minuut)
3 |Input = motor 120,0 120,0 1929 1929 2571 257¢,1 257,1 1906,5 31,7749657
4 |Input = draad 37.8 37,8 60,7 60,7 80,9 80,9 80,9 600,0 10
5

Tandwiel Tandwiel Tandwiel Bruin |Tandwiel Wit ' y

Motor e = = As Binnen B Verplaatsing
Overbreng Bruin Groot Binnen Binnen Grip (graden)
{graden) (graden) draad (mm)
i} (graden) (graden) (graden) {graden)
7 |Input = mator 10,00 10,00 16,07 16,07 21,43 21,43 21,43 0,44
2 |Input =draad 2.3 23 3,6 3,6 449 49 449 0,1
9 3.6
Aantal
10 |rotaties 0,01 0,01
Aantal

11 |stappen 40 54

Figure 74. Ratio table from the Excel-file
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Appendix VIII - Control unit

Appendix VIl - Control unit

To realize the prototype, the control unit had a
more prominent role than expected. During the
creation of the assignment, it is stated the focus
lays on the driver and the control unit is out of
scope. Still, it is an important part of the prototype
since it is essential in activating the driver and
testing its functionalities.

Creating the prototype started with setups and
codes in Arduino where different motors and

drivers are used (figure 75 and 76).

After the decision of which motor and driver
to use, an inital prototype is created with one
potentiometers (figure 77), later on it expanded
to two potmeters for two motors (figure 78). An
adaption of the example code "Stepper speed
control” is used to drive the motors. Although
the prototype worked as expected, the potmeter
created a lot of noise and therefore, the speed was
not constant.

Figure 76. Scheme of the right motor and driver

u“—;

Figure 77. Explorations with one motor

Delft University of Technology | 2020

Figure 78. Prototype with two active motors
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Appendix VIII - Control unit

To overcome this issue, digital rotary encoders are
used. In function, they are similar to potmeters,
but they translate their angular motion to a digital
output signal. An additional advantage is that they
also act as a button. So, the rotary encoder can be
turned and pushed.

At this moment in time, Hubald stepped in and
helped in creating a PCB for the control unit. In
figure 79, a timeline of the taken steps is shown.
While creating the code, every line is tested
with the prototype, Arduino and corresponding
components. Simultaneously, the corresponding
components are inserted in the program Autodesk
Eagle and the PCB is designed. The finished PCB

design is saved as a Gerber-file and send to China
where it is printed. Within four days, five empty
green PCB's arrived.

Meanwhile, the according parts are ordered. When
assembling the components on the PCB, liquid
tin and a hot air gun are used to solder all small
parts to the base. The bigger parts are done in the
regular way of soldering. The result is a unique
PCB!

The other parts like housing and support are
designed based on the PCB. The design of the PCB
in Autodesk Eagle and the final code are presented
on the following pages.

Figure 79. Explorations with one motor
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Appendix IX - Additional parts of the prototype

Appendix IX - Additional parts of

the prototype

Housing

The housing evolved according to the chosen
motors and gears. The first iterations are
illustrated by a wooden housing (figure 80 and 81).
This was chosen to make fast alternations and is
easy to work with.

When the right dimensions are found, a PLA
version is made (figure 82 and 83). This is more
stiff housing and fits the motor and driver better.

Finally, the complete prototype is made into its
final shape. A transparent appearance is chosen to
present the driver and have a clear view. Before the
transparent Perspex is sent to the laser cutter, a
wooden version is made to check if it all fits (figure
84). A few remarks are corrected in the lllustrator-
file and the final version is sent to the laser cutter.
With Acrifix — the Perspex adhesive, the prototype
is assembled (figure 85-87).

Figure 81. Wooden housing

Figure 82. PLA housing

Figure 83. PLA housing



Figure 86. PLA housing motor and driver

Motor coupling

A distance between the driver and motors is
desired to keep the motors away from the scan
plane in the CT. To bridge the distance, the support
gears are driven by two transparent rods that are
connected to the motors.

This connection is established by two motor
couplings. Next to connecting the rods with the
motors, it takes care of any dislocation of the two

daxes.

Delft University of Technology | 2020

Figure 87. PLA housing control unit

Figure 88. Motor coupling

117



118

Appendix IX - Additional parts of the prototype

Needle

The needle is an angiographic catheter which has
expired its sterility date. The length is 1m and
the size is 5F (French, which corresponds with
1,67mm). It has no side holes and could take max.
1200psi. Two needles have been made available
for testing.

This needle is a good option since it is flexible and
has a pre-curved tip. Cutting the needle into parts
of 0,4m results in one part that has a pre-curved
tip and the rest is straight. By bending the straight
parts around a rod and expose it to a heat gun,
the needles are curved. In figure 89, the curved
needles are shown.

Bearing with Luer Lock

For the transparent rods, standard bearings are
ordered. For the driver, two bearings are designed
and printed with the FDM 3D-printer. These
bearing have two functions: enable the rotations in
the prototype and keeping the driver in place. One
of the bearings is a regular bearing with a cut-out
to keep the driver in place. The other bearing has
the same cut-out, but also has a female connection
of the Luer lock integrated. With this Luer lock,
all medical connectors could be attached to the
bearing and therefore, to the prototype. In figure
90, the technical drawing of a female connection of
the Luer lock is presented. Figure 91 and 92 show
the final bearing.

N>

N

Figure 89. Needles

7 o
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Figure 90. Schematic intersection of dimensions

Figure 91. Bearing with Luer lock

Figure 92. Intersection of the bearing
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Appendix X - Test plan

Doel van testen:
Functioneel prototype (proof of principle): de functie van de tandwielen checken op verwachtingen en
testen of dit ook te zien is op scans. Zo goed mogelijk het nieuwe scenario testen op functionaliteit.

Visueel model (final design proposal): gebruiksvriendelijkheid testen door nieuw scenario te doorlopen met
laborant(en). Tips krijgen van gebruikers hoe bepaalde handelingen moeten lopen, hoe vast te maken
aan het bed, hoe te bedienen, hoe het eruit moet zien.

Verwachtingen:

Functioneel prototype:

In het gunstigste geval klemt de driver de draad in en kan het de draad door de gel sturen zonder te
slippen. Het scherm op de control unit geeft de positie en hoek aan en op de scans van de CT is dit ook te
zien. Ook de digitale modus werkt en met een bepaalde string aan codes kan het prototype de draad naar
een bepaalde locatie sturen. Van de scans wordt een filmpje gemaakt waardoor er in het transversale
vlak geopereerd moet worden.

In het slechtste geval pakt de driver de draad niet en wordt de draad niet bestuurt/de draad slipt. Ook
zou het kunnen dat de voerbuis niet op het prototype past. Het zou kunnen dat de draad te stijf is en niet
door de voerbuis wil of zich niet laat sturen in de gel. Het kan ook gebeuren dat de gel niet wil blijven

liggen.

Het zou jammer zijn als de draden tussen de motor en control unit contact verliezen en daardoor de
control unit in de CT ruimte moet staan. Het kan wel, maar het zou jammer zijn. Net als wanneer de
driver de draad niet pakt, dan zouden de filmpjes met de hand gemaakt moeten worden.

Alles is voorbereid voor het gunstigste geval, maar ter plekke kunnen er dingen misgaan. Daarvoor zijn er
extra driver tandwielen besteld en extra lagers die bevestigd moeten worden aan de voerbuis.

Visueel model:

De verwachting is dat er veel aan te merken is op de manier waarop ik denk dat het product gebruikt zal
worden. De tips zullen bruikbaar zijn om een herontwerp te maken of desnoods aanbevelingen voor het
ontwerp.

Plaats en tijd:
Radboudumc, Nijmegen op dinsdag 14 januari om 17:00. Eindtijd niet bekend, maar naar verwachting
duurt het tot 18:00-18:30. Precieze locatie is de CT scanner met de control ruimte erbij.

Aanwezigen:
Charlotte Kemp, Dennis Bosboom, 1 of 2 laborant(en). Voertaal is Nederlands

Delft University of Technology | 2020
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120 Appendix X - Test plan

Middelen:

Het functionele prototype: base met tandwielen, control unit, kabels, naalden, gel
(meerdere exemplaren)

Het visueel model: 3D prints en eventueel tekeningen, scenario uitgeprint

Middelen om vast te leggen: (opgeladen en lege) Camera van service desk, statief,
geluidrecorder op telefoon, opgeladen powerbank, notitieboek,
pennen, laptop, oplader, muis, bedankje laborant(en)

Reserve onderdelen: extra tandwielen, lagers, draad, schroeven, inbussleutels,
schroevendraaiers

Setup:

Functioneel prototype:

Op het bed van de CT scanner wordt het prototype gelegd. Het prototype is zwaar genoeg om stabiel
te blijven staan. Alle tandwielen en lagers worden op hun plaats gebracht en de voerbuis met luerlock
wordt aangesloten op de base. De naald kan als testje in de voerbuis gebracht worden voordat de driver
tandwielen geplaatst zijn, om te voelen hoeveel druk de 90 graden bocht geeft. Nadat het prototype
gereed is gemaakt, kan de gel geplaatst worden aan de voerbuis. Daarnaast wordt de control unit in de
control ruimte geplaatst en de kabels worden gekoppeld. Het prototype is klaar voor gebruik.

Visueel model:
De 3D geprinte onderdelen worden in elkaar geschroefd, strak genoeg dat het niet uit elkaar valt, maar
er nog wel gedraaid kan worden. Geluidsrecorder aan. Notitieboek met pennen open.

Methode:

Functioneel prototype:

Het bed wordt in de CT geschoven, net zo ver tot de driver wel in het scanvlak ligt, maar de motors
en assenkoppeling niet. De CT gaat scannen terwijl ik/Dennis via de control unit de drivers aanstuur.
Als het goed gaat, wordt de draad dan door de gel geleid. De CT scans worden opgeslagen als filmpje.
De eerste keer zal ik aan de knoppen zitten, een tweede keer Dennis zodat ik kan filmen. Er moet dus
minstens 2x gescand worden, maar ik verwacht meerdere keren om een optimaal filmpje te krijgen.
Na het testen in de CT, wil ik het visueel model testen met Dennis en de laboranten. De test van het
functionele prototype gaat voor.

Visueel model:

Informeel interview met laborant(en). Als eerst uitleggen dat er een informeel interview wordt gehouden
en of de geluidsrecorder aan mag, zodat ik niet hoef mee te schrijven. Wel ligt mijn notitieblok klaar, als
ik toch een kleine aantekening wil maken of iets wil tekeningen voor extra uitleg. Met hem/haar/hen
loop ik het voorlopige gebruikersscenario door en hoor alle op-/aanmerkingen aan. \iragen die ik stel:

- Wat is jullie eerste indruk?

- Hoe zou je het anders doen?

- Hoe kan het veiliger, makkelijker, betrouwbaarder?
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Appendix X - Test plan

Result of the CT test

The CT test is not strictly executed like planned.
Some parts went different than stated in the test
plan and in this appendix, an overview is given of
that day.

The preparations for the test started at 16:30u on
the 30th of January. Dennis and | came went to the
control room of the CT and saw that there was still

an intervention going on. A patient was laying on

the CT bed and approximately eight members of
the medical staff were there. Dennis and | watched
and prepared test.

When the intervention was done, Dennis asked
a laboratory technician to stay for our test. He
could stay for a little while to help, but couldn't
stay long. So we rushed to get the setup ready.
Unfortunately, some aspects did not work.

The tip of the prepared needle
was toorigid, soanother needle
could be used but needed tape.
The number of layers tape also
varied so it was hard to find
a balance in the thickness of
the needle to make it work.
After some repetition, the right
thickness was found.

Figure 93. Adding tape

Suddenly, one motor did not work. This has
never happened at the TU before, so it was a
new problem. By twisting the motor coupling, it
was found that one motor did have any current.
By switching the cables, it was excluded that
there was something wrong with the motor.
Also, the stepper drivers on the PCB were not
hot, so they were still working. It had to do with
the connection between the PCB and the cables.
By unscrewing the cables and fastening them
again, it worked. Still, no idea what was wrong.
This situation happened twice.

i g e
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= I|,\" ) |7L"‘ (4 -j -_‘ & |
5 AL e 8 |

Vo e il
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Figure 94. Control unit in the control room
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In the meantime, the laboratory
technician left the room. He
mentioned a colleague to call
when we needed anything.

The phantoms were positioned
together with the prototype,
the cables were rolled out,
control unit worked. Finally,
we were able to start the test!

Figure 96. Setup

Delft University of Technology | 2020
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Dennis called the colleague to
insert the right settings and
some test scans were made.
Despite the right setup, no
needle showed up in the scans.
It was hard to position the
needle in the right scan plane.

Figure 97. Adjusting the settings

Dose information

60.2 sec

To find the right position for the

needle, the metal parts of the
prototype needed to be in the
scanned area. It caused a lot of
scattering in the images, but
the needle became visible!

Figure 98. Scans with and without scattering



Finally, a continuous scan could
be made and a video of 30
seconds was created. In the
phantom, the straight lines are
visible and show the tracks of
the needle.

Figure 99. Paths in the phantom

Delft University of Technology | 2020
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Appendix XI - Dimensions of the visual model

Appendix X| - Dimensions of the
visual models

In figure 102, the dimensions of the
visual model can be seen. In figure 100
and 101, the visual model is placed in

context and shows that the motor with

its current dimensions cannot be placed
perpendicular to the patients body. \\_/ v
Therefore, it needs four DOF's to reach all

spots in the patient’s head.

Figure 100. Parallel position Figure 101. Perpendicular position
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Figure 102. Dimensions



Appendix XII - Rules and regulation

AppendixXll-Rulesandregulation

For determining in which class the needle control device falls, the Medical Device Classification Flowchart
is used (see next page).
For the European market a CE-mark is required. To qualify for marking, 11 steps need to be undertaken.

CE-marking

1. Compose a essential requirements checklist

In the document of ‘Guideline medical devices; a list is stated with requirements on subjects as design,
production, risk management, materials etc. Not every requirement is suited for the needle control
device, so a list needs to be composed with its essential requirements.

2. Describe the intended use
A scope must be given, which means that the intended use must be stated but also all actions that the
device should not be able to do. This part defines the tests that should be conducted. Also the intended
use must be stated on the label of the device

3. Classify

The device should be ranked on risk for the patient and classified into one of the four classes: |, lla, IIb
and Ill. Next to the flowchart and the scan on the NEN website, the European party MEDDEV could be
consulted for classification. For class | products, the manufacturer himself could classify the product. For
all other classes, an external party needs to classify. This is done by a Notified Body. In The Netherlands,
three Notified Bodies are present: DEKRA, TUV and BSI.

4, Quality Management

The manufacturer could start their own quality management system. It will check the quality of the
production, development of the design, testing, the installations and services of the product etc. This
system needs to apply to ISO 13485. If the manufacturer decides not to start a quality management
system, a Notified Body should do the additional checks.

5. Risk Management

A crucial requirement from step one is that the device should not expose the patient and user to danger.
A risk analysis should be performed and the risks should be estimated on impact. ISO 14971 explains
the process.

6. Testing

Testing is required before a CE-mark could be given. Three aspects need to be shown: (1) the user knows
how the device works and cannot make mistakes — ergonomical safety, (2) the device works as expected
— clinical safety, (3) the device should not have unwanted consequences on the body of the patient
(biological safety).

Multiple tests could be performed: user tests, technical tests, lab and simulation tests, etc.

Delft University of Technology | 2020
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7. Clinical evaluation and research

The clinical evaluation is based on the characteristics, performance and side effects of the device. Many
times literature studies of other similar products are used for prove. If it is not convincing enough and the
risk management and tests also require more clinical research, additional tests need to be conducted.
Often this is required for innovative devices ranked in class Ilb and Ill, so probably this will be the case for
the needle control device. The Notified Body could be consulted for this extra studies and how deep they
must go. Appendix X of the document Guideline Medical Devices states how the clinical evaluation must
be performed. There are also accompanying documents like MEDDEV 2.7 and ISO 14155.

8. Technical documentation

The technical documentation’s aim is to make the process controllable to see if the device applies to
all requirements. This could be done by a Notified Body or in The Netherlands the Inspectie voor de
Gezondheidszorg. The technical documentation describes the device and its design process. Furthermore,
it consists of the description of the label, risk benefit analysis, clinical research and evaluation etc. This
documentation needs to be saved for at least five years after the last device is produced.

9. Rating of the device

The Notified Body will finally give a rating to the device. Depending on the class, the rating is elaborated.
So for the needle control device, it will be an extensive rating. The result will be a declaration of conformity
signed by the Notified Body and the manufacturer, including the technical documentation.

10.  Registration and including the CE-mark

The Notified Body will then register the device for the CE-mark. For class | products, the manufacturer
can do that himself. The CE-mark could be included on the label and the design of the device. It has to
follow strict rules on the design of the CE-mark (figure 103).

11. Post market surveillance
After the introduction on the market, the

manufacter is not done. He keeps responsibility

to track the devices, which means keeping

1T
-

track of complaints or problems so they can

be solved. Also, incidents must be declared

to the Inspectie voor de Volksgezondheid. An

T T
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incident has happened when a patients has

died, or could have died, or when the health of

11 1
LT ITTTTT
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a patient has been dramastically changed. The

way of tracking the complaints, problems and Figure 103, The CE-mark
incidents need to be described in a Post Market

Surveillance plan. It is part of the Technical

Documentation.

CE and FDA marking

These steps need to be fulfilled if the device
wants a CE-mark and be sold on the European
market. For selling in the US, another mark
needs to be applied for: the Food and Drug
Administration (FDA). No further research is
done yet for this mark.
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