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IDE Master Graduation 
Project team, Procedural checks and personal Project brief

IDE TU Delft - E&SA Department /// Graduation project brief  & study overview /// 2018-01 v30 Page 1 of 7

STUDENT DATA & MASTER PROGRAMME
Save this form according the format “IDE Master Graduation Project Brief_familyname_firstname_studentnumber_dd-mm-yyyy”.  
Complete all blue parts of the form and include the approved Project Brief in your Graduation Report as Appendix 1 !

** chair dept. / section:

** mentor dept. / section:

Chair should request the IDE 
Board of Examiners for approval 
of a non-IDE mentor, including a 
motivation letter and c.v..!

!

SUPERVISORY TEAM  **
Fill in the required data for the supervisory team members. Please check the instructions on the right !

Ensure a heterogeneous team. 
In case you wish to include two 
team members from the same 
section, please explain why.

2nd mentor Second mentor only
applies in case the
assignment is hosted by
an external organisation.

!

city:

organisation:

family name

student number

street & no.

phone

email

IDE master(s):

2nd non-IDE master:

individual programme: (give date of approval)

honours programme:

specialisation / annotation:

IPD DfI SPD

!

zipcode & city

initials given name

country:

This document contains the agreements made between student and supervisory team about the student’s IDE Master 
Graduation Project. This document can also include the involvement of an external organisation, however, it does not cover any 
legal employment relationship that the student and the client (might) agree upon. Next to that, this document facilitates the 
required procedural checks. In this document:

• The student defines the team, what he/she is going to do/deliver and how that will come about.
• SSC E&SA (Shared Service Center, Education & Student Affairs) reports on the student’s registration and study progress.
• IDE’s Board of Examiners confirms if the student is allowed to start the Graduation Project.

- -

comments  
(optional)

country

USE ADOBE ACROBAT READER TO OPEN, EDIT AND SAVE THIS DOCUMENT 
Download again and reopen in case you tried other software, such as Preview (Mac) or a webbrowser.

!

Your master programme (only select the options that apply to you):

Appendix 1. Kick-Off Document

Guis

R.N. Sanne

4353331

The Netherlands

★
-

Honours Programme Master

Medisign

Tech. in Sustainable Design

Entrepeneurship

Toon Huysmans HCD/AED

Lina Li HCD/DCC

Jasper den Dekker

REV'IT! Sport International B.V.

Oss The Netherlands

Both supervisors are from HCD, yet they add great value through their 
different specializations as together they cover the ergonomic (Toon) and the 
user research side (Lina) of the project. Also, there is no hierarchical conflict.
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Procedural Checks - IDE Master Graduation

Title of Project

Initials & Name Student number

IDE TU Delft - E&SA Department /// Graduation project brief  & study overview /// 2018-01 v30 Page 2 of 7

APPROVAL PROJECT BRIEF
To be filled in by the chair of the supervisory team.

chair date signature

CHECK STUDY PROGRESS
To be filled in by the SSC E&SA (Shared Service Center, Education & Student Affairs), after approval of the project brief by the Chair.  
The study progress will be checked for a 2nd time just before the green light meeting.

NO

List of electives obtained before the third  
semester without approval of the BoE

missing 1st year master courses are:

YES all 1st year master courses passedMaster electives no. of EC accumulated in total:
Of which, taking the conditional requirements 

into account, can be part of the exam programme

EC

EC

• Does the project fit within the (MSc)-programme of 
the student (taking into account, if described, the 
activities done next to the obligatory MSc specific 
courses)? 

• Is the level of the project challenging enough for a 
MSc IDE graduating student? 

• Is the project expected to be doable within 100 
working days/20 weeks ? 

• Does the composition of the supervisory team 
comply with the regulations and fit the assignment ?

FORMAL APPROVAL GRADUATION PROJECT
To be filled in by the Board of Examiners of IDE TU Delft. Please check the supervisory team and study the parts of the brief marked **.  
Next, please assess, (dis)approve and sign this Project Brief, by using the criteria below.

comments

Content: APPROVED NOT APPROVED

Procedure: APPROVED NOT APPROVED

- -

name date signature- -

name date signature- -

08 11 2021

GuisR.N. 4353331

The design of a subsystem of a MotoGP motorcycle racing boot



6 Kick-Off Document 3

Personal Project Brief - IDE Master GraduationPersonal Project Brief - IDE Master Graduation

Title of Project

Initials & Name Student number

IDE TU Delft - E&SA Department /// Graduation project brief  & study overview /// 2018-01 v30 Page 3 of 7

Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.  
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project. 

project title

INTRODUCTION **
Please describe, the context of your project, and address the main stakeholders (interests) within this context in a concise yet 
complete manner. Who are involved, what do they value and how do they currently operate within the given context? What are the 
main opportunities and limitations you are currently aware of (cultural- and social norms, resources (time, money,...), technology, ...). 

space available for images / figures on next page

start date - - end date- -

The design of a subsystem of a MotoGP motorcycle racing boot

08 11 2021 27 06 2022

The MotoGP Championship is the highest class of motorcycle road (circuit) racing events in the world. The motorcycles 
that are used in this championship are specifically built for this race and are unavailable for purchase by the general 
public and not allowed on the public road (Yamaha Racing, 2021). Riding on a circuit is different from riding on the 
public road. The high speeds and the specific design of the motorcycles call for different riding positions, tactics and 
movements. With racing at such high speeds also comes a higher risk of crashing (Tomida, et al., 2005). However, the 
circuits, motorcycles and the protective gear of the riders are specifically designed with this kept in mind, which makes 
road racing safer than driving on the road (Horner & O'Brien, 1986). In this context, performance and safety are the 
main design drivers for the gear. Many innovations come from the racing world, as price is less of an issue and people 
have to come up with smart solutions to outperform the competition (digitaltrends, 2019). The greatest limitations in 
this field are the safety norms that the designs need to comply with. 
 
All stakeholders for this project can be found in the graph that can be seen in figure 1. They were rated and so 
positioned based on their level of interest and their influence regarding this project. The main stakeholders are the 
following ones: 
 
- REV'IT!: A Dutch company that has been developing motorcycle gear since 1995 and specializes in developing a wide 
range of high-quality gear for a wide range of riders. In 2008 they joined the MotoGP as a sponsor of riding gear for its 
riders. A few iterations of their racing suits and gloves have come out throughout the years, but now they are looking 
to expand their design scope by adding motorcycle racing boots to it. They plan to bring these boots to market in a 
few years. Making a name for yourself at big racing events is a smart way to attract the attention of consumers and to 
show the company's worth. This increases sales in general and as these boots will, afterwards, become available for the 
consumer, it's a good way to advertise them. 
 
- MotoGP racers sponsored by REV'IT!: The direct users of the motorcycle racing boots are the MotoGP participants that 
have a sponsor deal with REV'IT!. Having a pair of good racing boots is important for their performance and safety on 
the racing track and so for their careers and their physical health. Depending on the rider, aesthetics, comfort and price 
could also be attributes they value.  
 
- The team surrounding the rider: They are concerned with getting sponsor deals and with the logistics and research 
behind finding the right gear for their rider. On top of that, the performance and physical health of their rider is in their 
best interest as it influences their career and probably care about their rider. 
 
- Amateur motorcycle riders: New technical innovations from the racing world often bleed into the consumer market. 
On top of that, consumer versions of the gear used in the races often eventually end up in the stores for people that 
are more into the sports look or like to do races on amateur level. They also value performance and safety but for this 
segment price, comfort and aesthetics are of greater importance. 
 
- Me: A student Integrated Product Design from the faculty of Industrial Design Engineering of the TU Delft who will do 
research and develop a concept within the context and scope of the described graduation project at REV'IT!.

GuisR.N. 4353331

The design of a subsystem of a MotoGP motorcycle racing boot
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Personal Project Brief - IDE Master GraduationPersonal Project Brief - IDE Master Graduation

Title of Project

Initials & Name Student number

IDE TU Delft - E&SA Department /// Graduation project brief  & study overview /// 2018-01 v30 Page 4 of 7

introduction (continued): space for images

image / figure 2:

image / figure 1: An overview of the stakeholder and their influence and interest regarding the project.

Examples of currently available motorcycle racing boots suitable for the MotoGP.

GuisR.N. 4353331

The design of a subsystem of a MotoGP motorcycle racing boot
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Personal Project Brief - IDE Master GraduationPersonal Project Brief - IDE Master Graduation

Title of Project

Initials & Name Student number

IDE TU Delft - E&SA Department /// Graduation project brief  & study overview /// 2018-01 v30 Page 5 of 7

PROBLEM DEFINITION  **
Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30 
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASSIGNMENT **
State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed 
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for 
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In 
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

REV'IT! is aiming to have their MotoGP riders wear REV'IT! motorcycle racing boots on the racetrack in a few years, 
instead of the ones of their competitors, so that they are covered in REV'IT! gear from neck to toe. They currently have 
experience with the development of adventure bike boots, race gloves and race suits, as these are already in their 
product portfolio, but in terms of motorcycle racing boots, they are at the start of the analysis phase. To get from this 
point to a race-ready product a lot of research, designing and testing is required. For this project, the scope is limited 
to the development of a concept design of the selected subsystem of the boot. The research and the design within 
this scope should serve as a base for REV'IT!'s development of their full and race-ready boots. 
 
As mentioned, performance and safety are the main design drivers for MotoGP level gear and so also for the racing 
boots. For the rider to perform well, the gear should be comfortable, aerodynamic and lightweight. Furthermore, it 
should allow for freedom of motion in the right directions, and the grip and tactile feel of the footpegs, brake and shift 
lever must be optimal. How these aspects combined with the safety regulations exactly influence the design of the 
boot and whether there are any other influential factors specific for this context will have to be explored. The 
ergonomics including the safety, comfort on and off the bike, freedom of motion and tactile feel will be the focus of 
this project. The MotoGP riders are the considered target group, so the amateur market is left outside the scope. As the 
batch size of the product for this target group is small, the option of personalisation should be considered.  
 
The boot should fit the brand identity of REV'IT!; high-quality, safe, innovative and aesthetic. The market of racing 
footwear is relatively traditional and so REV'IT!'s goal is to implement innovative technology into their design. 
Additionally, other ways to differentiate from the competition should be investigated, while considering current 
patents. 

Analyse the factors that influence the design of a MotoGP level motorcycle racing boot that fits the brand identity of 
REV’IT! with a focus on the ergonomics, and summarize this research into a list of requirements. Then, select the 
subsystem of the boot that, based on the results of the analysis, turns out to be most relevant and fitting with the project 
and design this part so that it balances performance, safety, technological innovation, aesthetics and price.

The kind of solution that I expect to deliver by the end of this project is both a list of requirements for the design of a 
MotoGP level motorcycle racing boot and the concept design of a subsystem of the motorcycle boot that is taken up 
to the technology readiness level 4 (TRL 4). This means that the core mechanisms and functions are tested in a 
laboratory environment with the use of a prototype. The results of this test will be an update of the LoR, an iteration of 
the conceptual design and recommendations. 
 
The analysis that will be the base for the list of requirements will consist of research regarding the target group, user 
context, fit, tactile feel, comfort, anatomy and biomechanics of the lower leg, current market supply (competitors of 
REV'IT!), current patents, production processes, relevant technological developments and other trends, safety 
regulations, brand identity and the possibility for personalisation of the boot for the riders.  
 
Examples of subsystems of the racing boot are (a) the anti-torsion system that prevents damage caused by 
overstretching the ankle joint, while it should allow for freedom of motion in the right directions, (b) the sole of the 
boot that protects the foot from being crushed from the side and provides grip and tactile feel, (c) the fitting system 
that could ensure an optimal fit and so comfort for the rider or (d) the ankle, heel and toe protection system that 
protect these parts from impact and from being crushed. 

GuisR.N. 4353331

The design of a subsystem of a MotoGP motorcycle racing boot
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Personal Project Brief - IDE Master GraduationPersonal Project Brief - IDE Master Graduation

Title of Project

Initials & Name Student number

IDE TU Delft - E&SA Department /// Graduation project brief  & study overview /// 2018-01 v30 Page 6 of 7

PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your 
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within 
the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term 
meeting, green light meeting and graduation ceremony. Illustrate your Gantt Chart by, for instance, explaining your approach, and 
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance 
because of holidays or parallel activities. 

start date - - end date- -8 11 2021 27 6 2022

Due to the passing of my little sister half a year ago and because of my new job as Operations Manager of the D:
DREAM Hall, I decided to spread the required 100 working days so that, in general, three days a week are designated to 
my graduation project. Some weeks this will be four days, to be able to schedule a week of vacation without extending 
the graduation too far into the summer holiday. Combining this reduced workload with the variation that my job 
brings, should allow me to execute this project in a healthier and more sustainable manner.  
 
During the analysis phase, the goal is to gather the information that can be summarized into a list of requirements, 
design drivers, personas, user scenario and a redefinition of the problem statement. The data will be gathered through 
literature reviews, interviewing experts and the target group, physical testing for objective data and user research. First 
a general analysis will be done that applies to the whole boot (diverging) to determine which subsystem to focus on 
(converging). After this, a subsystem a chosen which will be the focus of further analyses. By the end of this phase, a 
design goal will be stated that fits the project and findings, and first ideas will be presented at the Mid-Term 
Evaluation. From there, more ideation methods are used, and the chosen ideas are turned into concepts. Within the 
synthesis phase research will be done to support design decisions (Research through Design). Prototyping and (user) 
testing will support this process. From these concepts, one will be brought along into the embodiment phase, in 
which iterations will be generated and tested. The final concept is presented at the Green Light Meeting. The final 
evaluation of a prototype of this concept is done in the weeks to follow and will be the basis for recommendations. 
 
The idea is to start off with meetings with both the chair and mentor on a biweekly basis. Depending on the phase and 
the emphasis in the research or design phase, the frequency, the nature of the meeting and who is present will be 
altered accordingly. Updating the client will be done when relevant and more continuously.

GuisR.N. 4353331

The design of a subsystem of a MotoGP motorcycle racing boot
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Personal Project Brief - IDE Master Graduation

Title of Project

Initials & Name Student number

IDE TU Delft - E&SA Department /// Graduation project brief  & study overview /// 2018-01 v30 Page 7 of 7

MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your 
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed. 
Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives 
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a 
specific tool and/or methodology, ... . Stick to no more than five ambitions.

FINAL COMMENTS
In case your project brief needs final comments, please add any information you think is relevant. 

In 2017 I joined the D:DREAM Team Nova Electric Racing which is a student team that spends a year designing, 
building and racing an electric racing motorcycle. I joined the team fulltime for two years and learned a lot about 
motorcycles in general and about racing them. I got to work with our riders for the ergonomic side of the bodywork 
that I designed, which I enjoyed a lot. I joined this team as I had recently started my motorcycle driving lessons around 
that time and that's when I started to develop my love for motorcycles. As REV'IT! is my go-to in terms of motorcycle 
gear, I'm excited to work with them on this project. My goal is to learn more in-depth about protective gear and with 
that about the safety, design and ergonomics behind it. Throughout the courses of my master, it became apparent 
that my interests lie in user research, ergonomics, prototyping, electronics, CAD modelling, ideation, video editing and 
project management. These are competences I would enjoy developing further and hope to be able to use during this 
project, but there are a few ambitions I specifically have for this project: 
 
- Time Management 
A great challenge for me this project will be the time management. I tend to be too optimistic when it comes to 
estimating how much time something will take and I generally want to do things too well, which often leads me to 
overwork. My goal is to maintain a healthy work/life balance throughout this project.  
 
- Use Tools from the IDE Physical and Ergonomics Lab 
If I get the chance, I would like to become familiar with 3D scanning and/or motion capture. I've used 3D scanning 
before to adapt the bodywork of the motorcycle to our rider, but I'm far from experienced with it. That's why I would 
either like to get more acquainted with this or would like to learn a new skill by exploring motion capture. 
 
- Applying Ideation Methodologies 
With courses like Design Theory & Methodology and Creative Facilitation I learned new ideation techniques that I 
would like to put to practice during this project. This way I would like to get more familiar with these methods and 
learn my preferences in this area. 
 
- Talking to Experts 
Talking to experts is my preferred way of retrieving information. My pitfall, however, is often that I want to be too well 
prepared before entering set meeting and postpone it too long because of that. This is the reason why I strive to talk 
to the relevant experts early on into the project and continue to work with them throughout the project, to force 
myself to get over this.  
 
- Visual Communication 
Through MSc projects I've been able to practice my visual communication skills, but I want to become more 
experienced. Especially in terms of computer-generated visuals in reports and presentations. That's why my ambition is 
to create a visual report instead of a thesis that resembles a paper. 

GuisR.N. 4353331

The design of a subsystem of a MotoGP motorcycle racing boot
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Appendix 2. Analysis Brand Im
age REV’IT! 

The brand identity of R
E

V’IT! is designed by R
E

V’IT! itself. The portray them
selves the w

ay they w
ould like to be seen by the outside w

orld. Interesting to 
investigate, how

ever, is w
hether this identity m

atches the w
ay the w

ay the outside w
orld sees them

. A
nd if not, w

hat the reason behind this is. In this situation 
R

E
V’IT! could decide to change som

ething in their product design or portfolio or to change their m
arketing strategy. For this analysis the Facebook, Instagram

, and 
LinkedIn of R

E
V’IT! (R

E
V’IT!, 2022b, 2022c, 2022d, 2022e) and other channels review

ing R
E

V’IT!’s products w
ere looked at. A

ll the com
m

ents in w
hich people 

expressed an opinion, good or bad, w
ere screenshotted and can be found below

.  

Conclusion 

In general people think of R
E

V’IT! as a high-end brand, that delivers very good looking, high-quality products that m
ake people feel safe and com

fortable. M
ost of 

the com
m

ents w
ere positive and enthusiastic about the brand. M

any com
m

ents about products w
ere saying that this w

as the best product in this category they 
ever ow

ned. O
n their com

m
unication channels R

E
V’IT! m

ostly represents people in their 30’s, but their custom
ers seem

 to range greatly in age (16-60 years old 
(R

E
V’IT!, n.d.)). People seem

 to really appreciate the diversity of the m
odels and the high-production value of the photos and videos they output. This fits w

ith the 
w

ay they w
ant to portray them

selves. A
s their gear is rather pricey, w

hich is pointed out from
 tim

e to tim
e, they are m

ostly selling to riders from
 the m

iddle and high 
class.  

There w
ere a few

 rem
arks, how

ever. The m
ost frequently m

entioned is the one that w
om

en don’t feel like R
E

V’IT! tailors to their needs in term
s of aesthetics and 

available options. They state that the gear is rather stereotypical, as there is alw
ays som

e pink or an anim
al print on it, w

hich is som
ething they don’t w

ant. O
f 

course, there w
ill be w

om
en that do appreciate this, but seeing the com

m
ents, there seem

s to be a lot of frustration in the group of w
om

en that don’t. They feel 
these design decisions w

ere m
ade by sm

allm
inded m

en that feel like w
om

en are only on a m
otorcycle w

hen they are sitting on the back of their m
en’s bike. This 

im
age does not m

atch R
E

V’IT!’s identity of being user oriented, young/m
odern and inclusive. R

E
V’IT! says to be w

orking on it, but they w
ill have to show

 it in 
practice to change this im

age. This com
plaint is not specific to R

E
V’IT!, how

ever, but they could be a good exam
ple to other brands and use this to prom

ote the 
brand identity of R

E
V’IT! w

hile m
aking users happy. G

enerally, racing boots are unisex, even though they are m
ostly targeted tow

ards m
en. There are a few

 brands 
m

aking w
om

en’s racing boots, but these are never the top-segm
ent boots w

ith the best protection and usually fem
inine in design (M

otorcycle G
earhub, n.d.-a; 

n.d.-b). A
s fit is an im

portant factor in the efficacy of the protection of the boot, focussing on a racing boot w
ith the safety, sizing and the aesthetic preferences of 

w
om

en in m
ind could be an interesting step to explore for R

E
V’IT! and to m

aybe even sponsor a fem
ale rider, like M

oto3 rider C
arrasco (M

otorsport, 2022), at 
som

e point. O
f course, at this point the m

arket is sm
all, but it’s grow

ing and there is the potential that m
ore representation results in the grow

th of a m
arket. A

lso, 
R

E
V’IT! says to be a challenger in the sport segm

ent, so it could be a good m
arketing strategy to com

m
unicate this status. A

 few
 com

m
ents on the videos about 

the w
om

en adventure team
 w

ere already very positive, as they appreciate the attention R
E

V’IT! is paying to it. 

A
nother com

m
ent w

as about the range of sizes. P
eople felt left out as they w

ere either too big or too sm
all for the R

E
V’IT! products. H

ow
ever, this com

es dow
n to a 

trade-off as at som
e point the investm

ents required to accom
m

odate for these sizes probably w
ill not be com

pensated by the revenue that is generated by them
. 

There w
ere a few

 (very few
) com

plaints that w
ere gear related. B

ut a dow
nfall of being know

n for being so high-quality and for being in the higher price segm
ent, is 

that people get nit-picky and are quick to point out som
ething is w

rong w
ith the item

s they bought. This w
ill also be som

ething to consider for the high-end racing 
boots R

E
V’IT! plans to bring to the consum

er m
arket. B

ut R
E

V’IT! handles these com
m

ents in a kind, helpful and understanding m
anner. W

hich only contributes to 
the good im

age people have of the brand. 
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Appendix 3. Com
petition Analysis 

To create an understanding about w
hat the current consum

er m
arket deem

s im
portant w

hen it com
es to m

otorcycle boots an analysis 
w

as done of the review
s that people leave on w

ebsites like R
evzilla.com

 and under review
s on YouTube (S

idiS
port, 2018; M

K
C

 M
oto, 

2019; _A
tS

peed, 2020; C
ham

pion H
elm

ets, 2018a-b, 2019; C
ount G

reffi, 2020a-b, 2021; S
illy S

ide D
ow

n, 2017; S
portbike Track G

ear, 
2015, 2019a-c, 2021; R

evZilla, 2015, 2017, 2018, 2019a-b, 2021 2022a-i; M
otoG

eo, 2021; R
S

Finch, 2020). This helps R
E

V’IT! 
understand the aspects the different consum

ers like and dislike and so w
hat to consider in their ow

n design. The selection of boots w
as 

m
ade based on the m

arket that R
E

V’IT! is planning on entering, w
hich is the one of professional level road racing boots. The 

com
panies that R

E
V’IT! w

ill directly be com
peting against are D

ainese, A
lpinestars, TC

X, S
idi, Form

a B
oots, G

aerne, Füsport and XP
D

. 
A

 selection of these boots w
as m

ade for the analysis based on their presence in the cham
pionship, their level of quality and the 

availability of inform
ation. The boots of XP

D
 are high-end and w

orn by quite a few
 M

oto2 &
 M

oto3 riders, but there is barely any 
inform

ation available regarding these boots. S
o, if this is deem

ed necessary, a recom
m

endation w
ould be to w

ait a few
 years until 

these review
s w

ill be available. The conclusions per pair of boots w
ere noted in the results. A

n overview
 of all the analysed review

s can 
be found below

.  

Results 
The D

ainese A
xial D

1 A
ir 

•
O

n R
evZilla they score a 4.9 out of 5.0 stars (19 +

 7 (non-perforated) ratings).
•

You need to get a size bigger than your actual size.
•

They are available in size 40-47.
•

They cost $ 529.95.
•

They run on the narrow
er side.

•
S

cores:
o

B
ang for the buck: 4.5

o
P

rotection &
 D

urability: 4.8
o

Features: 4.8
o

C
om

fort: 4.9
o

S
tyle: 4.8

o
A

irflow
: 4.3

Strengths 
•

N
o break-in period is needed, they are com

fortable right out of the box, but they becom
e even m

ore com
fortable over tim

e.
•

They are very com
fortable even to w

alk around in all day.



24 Competition Analysis

•
P

eople experience them
 as one of the safest boots (even though the C

E
 levels don’t indicate this).

•
The longevity of these boots is great. E

ven w
ith the necessary crashes these boots last very long for consum

ers.
•

It’s the lightest pair of boots there is.
•

The freedom
 of m

ovem
ent and the range of m

otion are great in the dorsi- and plantarflexion direction.
•

B
ecause of the sm

all profile they are less likely to grip the road w
hile cornering and they are m

ore aerodynam
ic.

•
They allow

 for big calves, due to the elastic Velcro straps and the zipper in the back.
•

The back entry is m
uch appreciated. It’s easy to get them

 on and off.
•

The suit to boot fastening system
 is good for aerodynam

ics, the protection of the ankle joint, the com
fort, the adherence of the

rider’s leg to the vehicle and the likeliness to get caught in the m
otorcycle during a fall or in general to get hooked behind certain

parts.
•

The ankle distortion control system
 is lightw

eight, very strong and it distributes im
pacts over a larger area and stops objects from

entering the boot.
•

The soles becam
e m

ore resistant to dam
age by the sharp foot pegs, w

ith the new
 m

odel.
•

G
reat grip, shifter feel, feel on the bike and great feel on the bottom

 of the foot.
•

They are easy to com
bine w

ith pairs of pants and m
ore discrete.

•
N

o issues w
ith the laces.

•
N

o forced riding position.
•

The titanium
 sliders don’t grip the asphalt.

•
P

eople like the style of the boots.
•

They are very breathable.
•

The toe box is very com
fortable.

C
om

plaints 
•

E
ven the perforated version barely flow

s air, so the ventilation isn’t that good.
•

The toe box can be insufficient in the protection of the toes against crushing and im
pact. H

ow
ever, according to R

evZilla (2019),
race boots need to balance im

pact and flex protection w
hile also giving a slim

 profile and a good feel for shifting, so you w
on’t

have super-arm
oured toes on road-race boots.

•
They are a bit expensive, but overall people think it’s w

orth the m
oney.

•
The toe area is a little narrow

 (but som
e say this im

proves gear shifting).
•

They are less high w
ithout m

uch of a shin protector, w
hich m

akes som
e people feel like they are less protective than the

S
upertech R

’s.
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• 
H

aving the ankle distortion system
 be kept in place by Velcro straps and having this flexible of a system

 m
akes it feel less 

trustw
orthy. 

• 
They can’t be w

orn w
ith short socks as the zipper seam

 in the back rubs and because the upper liner is itchy to the bare skin. 
• 

P
eople w

ould like som
e m

ore colour options. 
• 

N
ot available for w

om
en w

ith sm
all to norm

al sized feet. 
• 

They becom
e looser over tim

e, so going up a size is not alw
ays recom

m
ended. 

• 
N

o 360-degree ankle protection against im
pact. 

• 
M

ore tightening support on the inside w
ould have been nice. 

• 
The heel seem

s a little too loose in som
e cases. 

• 
They are not that w

ide ranging in their fit and not very adjustable. P
eople w

ith a high instep, w
on’t fit them

 that w
ell. 

• 
The zipper can be difficult to zip up. 
 

The A
lpinestars S

upertech R
 Vented 

• 
O

n R
evZilla they score a 4.6 out of 5.0 stars (7 +

 3 (non-perforated) ratings). 
• 

You need to get a size sm
aller than your actual size. 

• 
They are available in size 39-48. 

• 
They cost $ 499.95. 

• 
They run on the narrow

er side. 
• 

S
cores: 
o 

B
ang for the buck: 3.9 

o 
P

rotection &
 D

urability: 4.9 
o 

Features: 4.7 
o 

C
om

fort: 4.7 
o 

S
tyle: 4.6 

o 
A

irflow
: 4.8 

Strengths 
• 

They are very com
fortable, even right out of the box. 

• 
They give great confidence in feet, ankle, and shin protection. 

• 
G

reat freedom
 of m

ovem
ent. 

• 
The closure system

 is easy to use. 
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•
They are w

ell m
ade boots.

•
P

eople feel very protected, and people have good experiences w
ith them

 reducing the dam
age during a crash.

•
They look great.

•
G

reat ankle support.
•

S
ufficient ventilation.

•
N

o squeaking w
hen w

alking around.
•

A
 lot of grip on the pegs.

•
You barely notice the protection.

•
H

aving the ankle support structure on the inside of the boot results in a big contact area w
hich m

akes it nicer to interact w
ith the

heel guards of the bike on the m
edial side of the foot. You could otherw

ise also latch onto the heel guards, w
hich is dangerous

and takes aw
ay focus.

•
The m

icrofiber panel on the m
edial side creates a better feeling in contact w

ith the bike.
C

om
plaints 

•
They are tight on people’s calves!

•
The inner lacing system

 is too frail, and the laces rip the stitching of the inner boot!
•

The top is difficult to tighten sufficiently for a good fit w
hen you have slim

m
er legs.

•
If during a crash, you slide on the side of the boots, you w

ill m
ost likely dam

age the zipper, w
hich m

akes the w
hole boot

unusable.
•

S
om

eone w
ishes they w

ould stop m
aking sym

m
etrical boots and that they w

ould rem
ove the shift pad, but others say this is for

special cases in w
hich shifting is done by the other foot (this is quite rare though, so it could be som

ething to consider).
•

P
eople still break their bones, but overall, the people are very happy w

ith the protection and injury reduction.
•

N
ot that

•
A

 bit pricey

The Form
a Ice P

ro Flow
 

•
O

n R
evZilla they score a 4.1 out of 5.0 stars (7 +

 5 (non-perforated) ratings).
•

You need to get a size sm
aller than your actual size.

•
They are available in size 38-47.

•
They cost $ 349.00.

•
S

cores:
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o 
B

ang for the buck: 4.3 
o 

P
rotection &

 D
urability: 4.7 

o 
Features: 4.1 

o 
C

om
fort: 4.6 

o 
S

tyle: 4.4 
o 

A
irflow

: 4.7 
Strengths 

• 
They are quite com

fortable right out of the box. 
• 

G
reat ventilation. 

• 
They look great. 

• 
A

 lot of replaceable parts. 
• 

The toes curve up a bit to avoid touching the asphalt w
ith the toes, this m

akes them
 a little uncom

fortable to w
alk in though. 

• 
M

ore affordable than the rest of the boots. 
• 

They don’t interfere w
ith shifting/the gear shifting is precise. 

• 
The soles sit on and grip the pegs just right. 

• 
The zipper w

orks quite sm
oothly. 

• 
The rachet buckle on the calf increases the ease of the adjustm

ent of the boot. 
• 

P
eople feel w

ell protected in them
. 

• 
G

ood m
obility. 

• 
G

ood m
oisture m

anagem
ent. 

• 
A

ntibacterial liner, but people don’t m
ention this in their review

s. 
• 

A
n air pum

p system
 in the m

em
ory foam

 sole (no com
m

ents about this). 
• 

R
ubberized panels on the m

edial side for great grip on the bike. 
• 

A
chilles heel protection. 

C
om

plaints 
• 

The ankle cage pivots can rub against the ankle after a w
hile. 

• 
They squeak a little. 

• 
The toe box can be a little too tight. 

• 
S

om
e people had difficulty operating their bike w

ith them
. 

• 
They are quite bulky and heavy. 
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The S
idi R

ex A
ir 

•
O

n R
evZilla they score a 4.5 out of 5.0 stars (10 (non-perforated) +

 3 ratings).
•

You need to get a size larger than your actual size.
•

They are available in size 39-48.
•

They cost $ 499.99.
•

They run narrow
er than the other boots.

•
Its predecessor had a replaceable sole and m

any people w
ant that back. H

ow
ever, the sales did not indicate this. O

n top of that,
from

 a tactile response/flexibility standpoint w
ithout it, it’s m

uch m
ore ergonom

ic and easier to use and you get m
ore feel out of

the peg. The replaceable part m
ade it beefier and stiffer, w

hich m
eant less feedback to your foot (R

evZilla, 2021).
•

S
cores:
o

B
ang for the buck: 4.4

o
P

rotection &
 D

urability: 4.9
o

Features: 4.8
o

C
om

fort: 4.1
o

S
tyle: 4.8

o
A

irflow
: 4.8

Strengths 
•

M
any replaceable parts, w

hich increases the longevity of the boots and allow
s for the users to w

ear them
 in m

uch better, w
hich

increases the com
fort.

•
The fit is custom

izable and allow
 for a snug fit for different types of users.

•
The closure system

 is very easy to use, quick and intuitive.
•

Very effective vents that can be opened and closed.
•

They fit around larger calves.
•

Very flexible so great freedom
 of m

ovem
ent.

•
R

eflective pieces for on the road.
•

The low
er adjuster allow

s for the heel to get w
ell secured into the heel cup for better protection.

•
C

om
fortable to w

alk around in, but not too special. They are m
ore com

fortable on the bike.
•

P
eople like the style.

•
N

o pinching or hot spots.



29Competition Analysis

C
om

plaints 
• 

The top-entry isn’t ideal. The predecessors of this boot allow
ed side-entry w

hich m
ade it m

uch less painful take off and put on 
after an injury and m

uch easier to adjust your socks. 
• 

The soles w
ear quickly. 

• 
They need som

e breaking in tim
e, they are a little stiff at the beginning. 

• 
They are quite heavy. 

• 
They look a bit clunky. 

• 
Very expensive. 

• 
The exoskeleton could get caught on the bike. 

• 
P

eople have the feeling the neoprene part in the flex zone is dangerous. 
• 

The side support piece is constantly pushing your suit zipper into your skin. 
• 

The hard m
ounting post/point, for the inner ankle braces, are only secured by the leather and are subject to tearing. This is not a 

replaceable part and is not covered by w
arranty. This is a point the boots fail on. 

• 
They are not subtle, so they are not that suitable for com

m
uting, if this is som

ething that bothers you. 
 The TC

X R
T-R

ace P
ro A

ir 
• 

O
n R

evZilla they score a 4.6 out of 5.0 stars (10 ratings). 
• 

They fit true to size. 
• 

They are available in size 38-49. 
• 

They cost $ 499.99. 
• 

S
cores: 
o 

B
ang for the buck: 4.1 

o 
P

rotection &
 D

urability: 4.3 
o 

Features: 4.1 
o 

C
om

fort: 4.4 
o 

S
tyle: 4.7 

o 
A

irflow
: 4.0 

Strengths 
• 

The feel and the break in of this boot is great directly: this com
es from

 the m
otion panels in the front, the stretch area around the 

zipper and the stretch area in the back (m
ore m

otion panels) 
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•
The soles are great of the box, no break in needed and no slipping.

•
They are com

fortable to w
alk around in.

•
The ventilation quite good.

•
The grip and feel of the M

ichelin soles are am
azing.

•
The tactile feel of the boots is great as there are less layers (no inner boot).

•
They are considered very safe.

•
The heel and sole are m

ore durable for riding and w
alking.

•
They are lightw

eight, yet rather sturdy.
•

They seem
 to fit som

e people that couldn’t fit com
fortably in any other boots.

•
E

asy to get in and out of.
•

C
ool colour schem

es.
•

They are non-bulky.
•

G
reat m

obility/freedom
 of m

ovem
ent.

•
They com

e w
ith a carrying back.

•
They are good for people w

ith bigger calves.
•

The lasting board is strong, yet flexible in the toe area, it becom
es thinner there.

•
They are produced in R

om
ania, w

hich m
eans a m

ore refined product.
C

om
plaints 

•
S

om
eone had the low

er piece of the torsion control system
 that slots in at the heel w

ould com
e out of its channel.

•
P

eople w
ould like to see an easier w

ay to close the boots; the closing system
 on top gets in the w

ay of attaching the Velcro at
the top of the zipper.

•
P

eople feel the ankle support m
ight lim

it the plantarflexion a little too m
uch.

•
N

ot a really good shifter feel.
•

They can be a bit squeaky.
•

They are less protective and com
fortable than the S

upertech R
.

•
They are considered a little difficult to put on by som

e w
ith the inner lacing system

 and tongue. A
 lot of w

iggling is required to get
in.

•
They have a low

 foot bridge, so that can be too tight for som
e people.

•
They feel flim

sy, so som
e people question the safety of the boots.



31Competition Analysis

Conclusion 
A

ll the findings w
ere sum

m
arized in an overview

 of scores from
 1 to 5, w

ith 1 being good and 5 being bad: 
  

Alpinestars 
Supertech R Vented 

Dainese Axial D1 Air 
TCX RT-Race PRO

 Air 
Sidi Rex Air 

Form
a Ice Pro Flow

 

O
verall Review

 
Consum

er 
4,6 

4,9 
4,6 

4,5 
4,3 

W
orth the M

oney 
3,9 

4,5 
4,1 

4,4 
4,3 

Com
fort 

4,7 
4,9 

4,4 
4,1 

4,4 
Protection &

 Durability 
4,9 

4,8 
4,3 

4,9 
4,6 

Features 
4,7 

4,8 
4,1 

4,8 
4,2 

Style 
4,6 

4,8 
4,7 

4,8 
4,5 

Airflow
 

4,8 
4,3 

4,0 
4,8 

4,7 
Donning/Doffing Ease 

4 
4 

3 
5 

2 
Custom

ization (Fit) 
3 

2 
3 

5 
3 

Aerodynam
ics 

4 
4 

4 
3 

2 
Bulkiness 

4 
4 

5 
3 

1 
Stiffness Ankle Brace 

4 
5 

2 
3 

3 
Repairability 

3 
1 

3 
5 

4 
Longevity 

4 
4 

3 
5 

3 
Sliding Capabilities 

4 
3 

3 
3 

4 
Q

uality M
aterials 

5 
5 

4 
4 

3 
Fit (True to Size) 

2 
4 

5 
3 

4 
Innovativeness 

3 
4 

2 
4 

2 
Technicality solutions 

3 
4 

2 
5 

2 
Freedom

 of M
ovem

ent 
4 

5 
4 

5 
3 

Inclusiveness of Size 
Range 

2 
1 

4 
2 

3 

Donning/Doffing tim
e 

27 seconds 
20 seconds 

35 seconds 
28 seconds 

41 seconds 
Protection Level (CE) 

2017: 2-2-2-1 
2017: 2-1-1-1 (W

AD) 
2015:2-2-2 (SRA) 

2017:2-2-2-2 
2017:2-1-2-1 (W

AD) 
Price 

$499,95 
$529,95 

$499,99 
$499,99 

$349 
W

eight (per boot) 
1168 g 

910 g 
965 g 

1166 g 
1167 g 
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https://w
w

w
.revzilla.com

/m
otorcycle/alpinestars- supertech- r- vented- boots

https://w
w

w
.revzilla.com

/m
otorcycle/alpinestars- supertech- r- boots

https://w
w

w
.youtube.com

/w
atch? v=N

KYJFU
_jz4Q

&
t=4s

https://w
w

w
.youtube.com

/w
atch? v=JzvYRZ1O

m
rw

https://w
w

w
.youtube.com

/w
atch? v=iM

PPp5G
D

2jM
&

t=4s
https://w

w
w

.youtube.com
/w

atch? v=5vSegTcY9Xk
https://w

w
w

.youtube.com
/w

atch? v=_cFkLTO
W

p18
https://w

w
w

.youtube.com
/w

atch? v=G
xCD

gqd4O
SY
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https://w
w

w
.youtube.com

/w
atch? v=YyXG

SCyavaI
https://w

w
w

.youtube.com
/w

atch? v=w
IlJLseG

D
jA

https://w
w

w
.youtube.com

/w
atch? v=SM

kuO
Ci2LU

w
https://w

w
w

.revzilla.com
/m

otorcycle/form
a- ice- pro- flow

- boots

Perforated
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N
iks op 

RevZilla

 w
w

w
.revzilla.com

Spidi XP9-R Boots -
RevZilla
Shop RevZilla for your Spidi XP9-R Boots
today! Free Shipping, Low

est Price
G

uaranteed &
 Top of the Line Expert

Service.

https://w
w

w.fc- m
oto.de/epages/fcm

.sf/en_G
B/? O

bjectPath=/Shops/10207048/Products/XPD
- 

XP9- R
- M

otorcycle- Boots/SubProducts/XPD
- XP9- R

- M
otorcycle- Boots- 

0019&View
Action=View

ProductR
ating

https://w
w

w.youtube.com
/w

atch? v=gnuYlU
C

p2LY&t=13s

G
ood fit, it 

has a good 
w

idth

H
igh 

perform
ance 

sport boots

N
ot really the 

best option for 
people w

ith 
big calves

A little extra 
im

pact 
protection in 

the outer side 
of the boot

Ankle 
protection 

on the 
inner boot

H
igh 

quality 
m

aterials

Enough 
string 
area

The ankle 
brace is 

adjustable in 
term

s of 
placem

ent

Sm
ooth on 

the m
edial 

side

Aerodynam
ics 

are great

Vents in 
the heel 

cup

W
ell 

ventilated

Sm
all 

stretch 
panel next 

to the zipper

N
o issues 
zipping 

up
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APPENDIX 4. PREPATATIONS RIDER SESSION
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Name: .....................................................................

Shoe Size: ..............................................................

How many pairs of boots do you estimate to use in 1 racing season? .........................

1 2 3 4 5 6 7

Comfort vs Safety

1 2 3 4 5 6 7

Performance vs Safety

1 2 3 4 5 6 7

Freedom of 
Movmement vs

Ankle stability / 
protection

1 2 3 4 5 6 7

Aesthetics vs Functionality

1 2 3 4 5 6 7

Weight vs Protection

1 2 3 4 5 6 7

Ventilation vs Protection

1 2 3 4 5 6 7

Aerodynamics vs Protection

1 2 3 4 5 6 7

Sti� Sole vs Flexible Sole

1 2 3 4 5 6 7

Innovation vs Tradition

1 2 3 4 5 6 7

Grippy, more 
wearing sole

Less grippy, less 
wearing solevs

Appendix 4. Template, Plan & Visual Stimulation for Brainstorm/
Interactive Rider Session
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R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

W
hat is the goal

of this presentation?

W
e are curious. 

W
e are passionate.

W
e are em

pathic.

W
e w

ould like to learn m
ore about your dem

ands 
tow

ards the riding gear of the future (footw
ear in 

specific) allow
ing you to perform

 at your best

- P
rotection

- W
eight

- C
om

fort
- Fit
- Technology
- A

djustm
ent

- W
eight R

eduction
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R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

H
istory of

R
acing G

ear

O
nly by understanding the 

history of racing gear and 
rider needs w

ill allow
s us 

to shape its future. 

You are giving shape to m
otorcycle racing history 

each race so w
ho better to ask w

hat can change.  

1979

1990
2000

2010
2021
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R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

R
ider nam

e:
R

ace C
lass:

W
hat developm

ents do you foresee that w
ill influence the 

look of your racing gear in the future? 

R
iding styles

influences
P

rotection needs

-Leg out
-Lean angle
-S

lider position

Technological developm
ents allow

 rider to keep 
pushing the lim

its of their m
achines and riding style. 

The better the tires, the higher the speed, the bigger 
the lean angle in corners. These developm

ents allow
 

riders to be faster then ever before and dem
and m

ore 
durable protection solutions to be applied to ensure 
riders can focus on their perform

ance w
ithout having 

to w
orry on their safety.
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R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

N
o Lim

itations 

N
o m

atter the reason for a 
dem

and, it m
ay never

sacrifice your perform
ance 

You are the best version of yourself w
hen you perform

 
at the  

Shifting up - top view
Shifting up - bottom

 view

Shifting up - top view

Shifting dow
n - top view

Shifting up - bottom
 view

Shifting dow
n - bottom

 view
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R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

W
alking aw

ay from
 a 

C
rash gives you the 

C
onfidence to go 

Faster

C
rashes are an inherent 

part of m
otorcycle racing. 

W
hat w

as your m
ost high speed crash?

H
ow

 m
uch do you value protection system

s in your 
racxing gear?
W

hich is the m
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Future Vision

In a w
orld w

here N
othing 

is left to chance and every-
thing is done to go Faster 
no oppertunity is left un-
touched to beat your
C

om
petitor

W
hat w

ould the gear of 
your preference look like?

In other sports there seem
s to be m

uch m
ore innova-

tion on m
aterial, foam

s, inserts, w
hich help athletes to 

enhance their perform
ance. P

ushing the lim
its of 

technology and production capabilities.

W
hat do you find im

portant?

-A
erodynam

ics
-P

rotection
-A

djustability
-C

onfidence
-Freedom

 of M
ovem

ent
-Technology
-C

ustom
isation

-W
eight reduction



70 Prepatations Rider Session

R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

R
acing S

uit

W
hat can be im

proved?
S

ketch and note dow
n your ideas

-C
om

fort
-W

eight
-M

aterials
-A

erodynam
ics

-Freedom
 of M

ovem
ent

P
a

g
e

 1
 o

f 4
R

ID
E

R
 N

A
M

E
:



71Prepatations Rider Session

R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

R
ID

E
R

 N
A

M
E

:

B
O

TTO
M

 VIE
W

TO
P

 VIE
W

B
A

C
K

 VIE
W

FR
O

N
T VIE

W
LA

TE
R

A
L VIE

W
M

E
D

IA
L VIE

W

E
rgonom

ics

Indicate w
here you w

ould like to get feedback from
the bike/boot during racing.

S
ketch and note dow

n your ideas 

P
a

g
e

 2
 o

f 4



72 Prepatations Rider Session

R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

B
O

TTO
M

 VIE
W

TO
P

 VIE
W

B
A

C
K

 VIE
W

FR
O

N
T VIE

W
LA

TE
R

A
L VIE

W
M

E
D

IA
L VIE

W

P
rotection

Indicate w
here you w

ould like to be protected during
racing and w

hich area you w
ant to be flexible

S
ketch and note dow

n your ideas 

R
ID

E
R

 N
A

M
E

:
P

a
g

e
 3

 o
f 4



73Prepatations Rider Session

B
A

C
K

 VIE
W

FR
O

N
T VIE

W
LA

TE
R

A
L VIE

W
M

E
D

IA
L VIE

W

B
O

TTO
M

 VIE
W

TO
P

 VIE
W

R
ID

E
R

 N
A

M
E

:
P

a
g

e
 4

 o
f 4

R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

S
ketch your Future

R
acing B

oot



74 Prepatations Rider Session

R
E

V
'IT

! R
ID

E
R

 E
V

E
N

T
 - S

E
A

S
O

N
 2

0
2

2
 |

 B
R

A
IN

S
T

O
R

M

R
ide S

afe!



75Prepatations Rider Session

TH
A

N
K

 Y
O

U



76 Prepatations Rider Session

M
otoG

P 
dag

45 m
in 

de tijd

Vragen 
stellen

3D
 scan 

voet?
Contactgegevens 

verzam
elen

H
un 

Context

H
un 

huidige 
laarzen

G
eschiedenis 
van hun 
laarzen

Kleine 
brainstorm

sessie

W
at m

oet 
er beter? 

PAP --> PAG

D
e ideale 

m
otorrijlaars

Brainw
riting 

+ W
arm

ing 
up

W
at zijn de 

belangrijkste 
eisen op het 
gebied van 

laarzen?

Crashes 
gehad? 

Blessures 
onderbeen?

Schoenm
aten 

verzam
elen

W
at zijn de 
voor en 

nadelen?

H
oeveel 

laarzen 
versleten?

Voor 
versturen 
vragenlijst

W
hat does 

tactile feel 
m

ean for 
you?

W
hat does 

your day at the 
track look like? 
D

o you keep 
your boots on?

Tekeningen 
- kale 

schoen 
laten zien

Inspiratie 
aan de 
m

uur

Custom
ization? 

In term
s of 

sizing

W
hat does 
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APPENDIX 5. FILLED IN HAND-OUTS RIDERS
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Zonta vd G
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Appendix 5. Filled in Hand-Outs Riders

P1
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Lorenzo D
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P2



83Filled in Hand-Outs Riders

Jake D
ixon
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Alvaro Bautista

P5
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Alessandro Zaccone

P6
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Augusto Fernandez

P7
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P6
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APPENDIX 6. RESULTS REV’IT! RIDER EVENT
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Appendix 6. Results REV’IT! Rider Event 

On the 10th of December the Riders of REV’IT! were invited to the headquarters of 
REV’IT!. The day had to be interactive, and an hour was reserved for the senior footwear 
designer and me for us to fill in to our liking. As this was the opportune moment to gain 
as much insight as possible regarding their experience with their racing boots and what 
they like and dislike, we had to set up a good plan. The result was a co-creation/Q&A 
session in which the riders could fill in the templates that were made for them and start 
discussions about certain questions. On top of that, we let them fill in a questionnaire. 
The templates, plan and visual stimulation used for this session can be found in 
Appendix 4. In this appendix the results can be found and including the conclusions 
based on Appendix 5 (results rider session). 

Results 

Results based on the results of the questionnaire, elaboration by Schamp (2021) and 
REV’IT! (2022e): 

Results of the questionnaire: 

Results filled in hand-outs riders 

Improvements Racing Suit 

• A lighter suit (indicated more frequently) – especially important in Moto3 and 2.
• An airbag at the knees.
• A narrower speed hump.

Name Category Number Origin Age Shoe Size

Boots per 
season

(2 to 15)
p1 Moto2 37 Spain 24 42,5 10
p2 Moto2 19 Italy 24 40,5 15
p3 Moto3 38 Spain 18 42/43 5 or 6
p4 Moto2 96 United Kingdom 25 8 (41-42) 7
p5 Moto2 84 The Netherlands 16 43 15
p6 WSBK 19 Spain 37 38 13 (3 test)
p7 Moto2 61 Italy 22 43 10 to 12
p8 Moto3 10 Brazil 17 41 2
p9 (not present) MotoGP 40 South Africa 23 - -
p10 (not present) Moto2 12 Czech Republic 19 - -
p11 (not present) MotoGP 9 Italy 31 - -

Name

Freedom of Movemement (1)
vs

Ankle stability/protection (7)

Comfort (1)
vs

Safety (7)

Aerodynamics (1)
vs

Protection (7)

Ventilation (1)
vs

Protection (7)

Weight (1)
vs

Protection (7)

Aesthetics (1)
vs 

Functionality (7)

Performance (1)
vs

Safety (7)

Innovation (1)
vs

Tradition (7)

Grippy, more wearing sole (1)
vs

Less grippy, less wearing sole (7)

Stiff sole (1)
vs 

Flexible sole (7)
Moto2 3 3 5 5 3 6 4 4 4 7
Moto2 3 2 4 1 2 6 3 1 5 7
Moto3 3 4 4 6 3 2 5 1 4 4
Moto2 4 4 4 7 4 5 4 4 5 5
Moto2 4 4 5,5 4 5 6 4 1 1 4
World SBK 5 5 7 5 4 7 4 3 4 6
Moto3 3 3 3 3 4 5 3 3 4 6
Moto3 4 5 3 6 2 4 5 3 4 5

Average 3,6 3,8 4,4 4,6 3,4 5,1 4,0 2,5 3,9 5,5
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• Better aerodynamics of the suit (on the back) and the boots.
• Improved freedom of movement.
• There were some areas that were too tight or left seam imprints.
• Having all the protection parts adjusted to the size of the rider (customization).
• Making the interior tighter/with less material so it avoids wrinkles, especially in the arm

and leg area.
• A better fixture at the top of the zipper, sometimes the zipper opens.
• Less “wings” on the legs, when sitting in tucked in position.

Ergonomics 

• The mobility in the plantar/dorsiflexion direction is very important (indicated more
frequently). But sideways movements should be prevented to avoid ankle injury.

• It’s important that it’s easy to put the boots on and take them off, especially when they
have an injury.

• The lasting board under the ball of the foot should be flexible (indicated multiple
times).

• Low weight.
• Good ventilation is important (in the flex area) (indicated multiple times).
• The boots should be comfortable on the inside, especially in the toe area.
• Moto2 rider prefers holes on the leather to have a soft surface of the boot.
• A hard, but grippy sole.
• A more durable outer sole.
• At the ball of the foot the sole should be soft, to feel the shift lever.

Protection 

• It’s important to have a good protector on the heel (indicated multiple times). They don’t
need mobility or sensibility there.

• The structure around the ankle should be stiffer.
• Shin protection is nice, but aerodynamics must be kept in mind.
• The protection in terms of transverse rigidity could be improved, without losing mobility

or feedback in the sole.
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• Plastic protection just behind the toes to prevent blisters (Moto2 rider):

• Titanium protection to avoid breaking the boot (Moto2 rider), here:

• The flex area should be flexible, yet protective.
• There should be ankle protection on the medial and lateral side of the ankle and on the

side of the smaller toes.
• There should be protection for the ankle joint.

Boot of the Future 

• A slider under the ball of the foot for putting the feet on the ground before a curve, a
zipper, sliders on the side of the boot for sliding, an airbag in the heel cup and a toe
slider (Moto2 rider)

• Perforated material, a closer fit to the toes, an internal carbon fibre ankle joint protector,
titanium protection on the side of the foot (toe slider area), a grippy design on the
medial side of the foot (on the top parts), titanium protection on the heel cup, titanium
plate on top of the boot (shifter pad) (Moto2 rider).
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• Ankle brace, small/no shin protector (Moto2 rider):

• An inner boot, a more durable outer sole, and a thinner toe slider (Moto3 rider).
• Heel protection, shin protection, protection for the shift lever, an extra part on the sole

we use to put on the ground in brakes before a turn, a not too tight fit in case they have
an injury and the foot gets swollen, good fixture above the foot on the shin, a very
flexible material in the flex are that allows good movement and a good fixture of the
ankle to not allow it to move to the side:
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• A bigger heel on the outer sole, an ankle brace, a bigger slider on the side of the foot,
an air inlet in the front and a softer sole under the ball of the foot:

• Air intake in the front of the boot, a better material on the sole that wears less, a very
flexible boot in the ankle area while providing great protection in the meantime and a toe
slider (Moto3 rider):
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Other Comments in Q&A Session 

• Maximum speed crashes > 200 km/h crashes. A highside – the speed is not so high,
but the impact is worse, at higher speeds it’s mostly sliding. So, you can crash at 200
km/h without any problem, but when you highside at 50 km/h you can have a big
problem. This is a big problem in the Moto3 class.

• After crashing during a race, you’re mostly mentally unsettled. Fortunately, when you
crash 10 times only once you feel pain/have an injury. This is due to the gear; this
became better over time.

• Having injuries takes away the focus from riding. Having a crash without injury makes it
mentally easier than having a crash with injuries.

• The highsiders can cause a lot of pain, the lowsiders tend to hurt less.
• The problem with a highside is also that you don’t have any control on how you will land

(shoulder, feet, arms, etc.). But the feet always hit the ground hard (even if they follow
the hands or something. The hips usually come afterwards and around the shoulders
you have an airbag. Around the feet you only have the boots. And it’s quite easy to
injure the feet. The current boots limit injuries, but it’s still easy to injure them. A broken
ankle is what you see quite often. An airbag in the boot would be nice, but that’s
impossible as it is so stiff, so it doesn’t expand.

• It’s not a necessity to improve in terms of safety, as it’s not too dangerous at this point,
but there is a lot of room for improvement. Especially in the boot area.

• Zonta gets the boots right of the shelf, no customization.
• The customization of the boots is just in terms of size.
• They all wear socks.
• The comfort needs to be kept into account though when looking at protection.
• The delicacy in the boots is like the gloves.
• With the improvement of the technology, it helps the mind as you feel safer.
• Bautista: The replaceable parts on the boots are very nice as this means the boots can

break in nicely and can become very comfortable. This weighs up against the added
weight that comes with that.

• Ankle injuries still happen, ideal would be to have an airbag around the foot.

DDoonnnniinngg//DDooffffiinngg  

• Top entry can be very painful while donning/doffing, side entry is much more
comfortable.

• They usually always have some kind of injury, that’s why it’s important to consider that in
the design. They are not always fit.

DDeessiiggnn  DDrriivveerrss  

• The weight and aerodynamics of the boots are very important. In terms of aerodynamics
Dainese probably has the best ones. But just in the wind tunnel. In lap times it doesn’t
show.

• A few grams go unnoticed, but a big difference in weight doesn’t.

OOuutteerr  SSoollee  

• The outer soles wear very quickly.
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• The outer soles can get destroyed in one session and holes can form. How grippy the
soles must be, depends on the rider. Someone lets their soles be filed down they are
smooth on the foot pegs, otherwise they are too sticky to the pegs.

HHeeaatt  

• On the exhaust side is where foot gets the hottest (especially). This can become too
hot.

• They use the ventilation vents, but it’s not sufficient
• In rainy conditions, Bautista uses boots without perforation, so his feet stay a little drier,

otherwise he wears perforated ones.
• The ventilation is really important, especially in hot conditions.
• The boots run very hot and almost get painful because of the heat of the bike. This

however differs greatly per bike, but in general this could be a big improvement.
• Moto2, Moto3, MotoGP bikes run hotter as they are more aero, than superbikes.
• They generally don’t run cold, as they can wear warmer socks and they are constantly

moving. They are on the bike for 40-45 minutes. You can forget the cold, but you can’t
forget the heat.

• The Dainese boots run hot, more aero, feels safer as it is stiffer, even though you still get
good movement, Alpinestars are a little less warm, but bulkier, they feel flimsy and less
safe. But it is probably all up to preference.

• After a race they take off the boots, especially in warm conditions.
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APPENDIX 7. ANALYSIS FOOT POSITIONS
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(H

eel G
uard)

Turn Left
N

eutral
N

eutral
P

lantar flexion
G

rip
Footpeg

Turn Left
N

eutral
N

eutral
D

orsiflexion
G

rip
Footpeg
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Turn Left
Inversion

A
dduction

D
orsiflexion

G
rip

Footpeg

Turn Left
Inversion

A
bduction

P
lantar flexion

G
rip

Footpeg

Turn Left
Inversion

A
bduction

P
lantar flexion

G
rip

Footpeg
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Turn Left
Inversion

A
bduction

P
lantar flexion

G
rip

Footpeg

Turn Left
N

eutral
A

bduction
D

orsiflexion
G

rip
Footpeg & B

ike
(H

eel G
uard)

Turn Left
Inversion

A
bduction

D
orsiflexion

G
rip

Footpeg & B
ike

(H
eel G

uard)
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Turn Left
N

eutral
A

bduction
D

orsiflexion
S

hift U
p

Footpeg &
 S

hift
Lever

Turn Left
N

eutral
N

eutral
D

orsiflexion
S

hift D
ow

n
Footpeg &

 S
hift

Lever

Turn Left
N

eutral
N

eutral
P

lantar flexion
S

hift D
ow

n
Footpeg &

 S
hift

Lever
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Foot against chain
Inversion

A
dduction

D
orsiflexion

G
rip

Footpeg & B
ike

(H
eel G

uard &
C

hain)

Leg D
angle Left

N
eutral

N
eutral

D
orsiflexion

Leg D
angle

-

Leg D
angle Left

N
eutral

N
eutral

D
orsiflexion

Leg D
angle

-
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M
ethod

The footage of the foot of P
etrucci riding on the track w

as analysed. E
very tim

e the posture of one of the feet w
as changed, a new

 screenshot
w

as taken. P
er foot, a description of the kinem

atics of the foot and the specific action per foot and of the rider w
ere noted dow

n.

C
onclusions

-
P

lantar flexion and dorsiflexion and plantar flexion are the m
ost prom

inent m
ovem

ents of w
hich a w

ider range of m
ovem

ent is used. The
riders also indicate this as the m

ost im
portant area for freedom

 of m
ovem

ent.
-

If the upcom
ing turn goes left, the left leg is dangled and if the upcom

ing turn goes right, the right leg is dangled.
-

The leg dangle isn’t perform
ed before every turn. It’s m

ainly done at the end of a longer straight that is follow
ed by a turn.

-
For both sides: The boot should allow

 for the m
axim

um
 range of dorsi- and plantar flexion:

For both sides plantarflexion occurs m
ore than dorsiflexion

-
P

otential to m
ake the pair of boots asym

m
etric:

-
There is m

ore force involved in braking than in shifting and the brake is used m
ore than the shifter.

-
The greatest w

ear of the sole com
es from

 dragging it over the circuit and w
hat area that is, is greatly dependent on the rider.

It w
ould be interesting to look at this per rider and adapt the sole to this.

-
D

epending on w
hether the track is driven clockw

ise or counter-clockw
ise, one boot w

ears m
ore than the other; D

ifferent sole per
circuit - depending on the foot that w

ill be dragged m
ost

-
The shifter pad on the right foot isn’t used, only the side of it is a point of contact.

-
S

hifting requires a greater range of m
otion than braking. A

nd in this boot it’s m
ore im

portant that perform
ing dorsiflexion is

com
fortable for shifting dow

n.
-

The shifter pad could cover m
ore of the toes as in som

e cases the shift lever is m
anoeuvred by the tips of the toes.

-
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-
The contact points of the boots w

ith the bike are:
-

B
oth sides: The font of the sole - Footpeg

-
Left sides: The font of the sole - Shift lever

-
R

ight sides: The toes area of the sole - Brake Pedal

-
R

ight side: The lateral side of the sole - Brake Pedal
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-
B

oth sides: The m
edial side of the sole/forefoot - C

hassis &
 The lateral side of the sole/forefoot - Footpegs

-
B

oth sides: The m
iddle of the sole - Footpegs

-
B

oth sides: A
rea surrounding the m

edial m
alleolus - C

hassis

-
B

oth sides: The heel (sole and back of the boot) - C
hassis
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-
Left side: The shifter pad - S

hift Lever

--
B

oth sides: The sole - C
ircuit

-
E

version and inversion are m
ainly happening to m

aintain grip w
ith the bike w

hile cornering, but the use of the m
ovem

ent in this direction
is fairly lim

ited.

N
otes-

R
ider styles differ per rider (foot placem

ent of the pegs, etc.)
-

H
ow

 they slide their foot over the asphalt differs per rider.
-

I w
ould recom

m
end R

E
V

'IT! to do m
ore in depth research in this area to define m

ore precisely w
hat angles are m

ade and w
hat the

difference per rider is. It w
ould be interesting to see how

 they ride w
hen their ankle w

ould be com
pletely fixed in all directions but the

one on dorsi and plantarflexion.
-

For now
 I w

ill assum
e the need for a full range of m

otion in the flexion/extension direction. The goal is to design a structure that allow
s

all the natural m
ovem

ents, but prevents hyper-rotation in the direction of inversion, eversion, adduction and abduction.
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APPENDIX 8. BRAINSTORM PER AREA OF 
IMPROVEMENT
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Problem Finding - Adjustment

Problem Statement
What does the ideal adjustment system of a motorcycle racing boot for the MotoGP rider look like?

First Ideas

New Problem Statement
What does the perfect MotoGP boot donning and doffing system look like?

Write down any statements that come 
to mind
No limitations
Readable, concise, specific

SPARKing SPARK the PAG to create the PAP

Specific: Essence, concrete

Relevant: feasible, important

keep it simple: easy to understand, no jargon, no abbreviations

Positive: no denials nor criteria

ambitious: energizing, immersive

Spark

Flower Association

What do you asscociate it with?
What does it remind you of?
What type of aspects does it consist of?

Adjustment

5 min

5 min

10 
min

How can we 
make sure a 

boot stays on 
the foot of a 

MotoGP rider?

Straps Sizing Fit Ergonomics Flexible Range Buckles BOA Comfort Adaptable

Motor skills Change Materials Engineering Growth Belts Fixation Loosening Out of the box Forces Process Movement Appearance Result New situation Time PositionOrientation Improvement Correction Valence Choices

What does the ideal 
donning/doffing 

system of a MotoGP 
motorcycle boot 

look like?

How can we make 
releasing and 

attaching a 
MotoGP boot 

from and to a foot 
ideal?

How can we 
strap a MotoGP 
rider foot into a 

protective 
structure?

What's the 
easiest way to 

put on a 
MotoGP boot?

What's the 
fastest and 

easiest way to 
don and doff a 

boot?

What does the ideal adjustment system of a motorcycle racing boot for the MotoGP rider look like?

Quick Intuitive

Not 
compromising 

the safety
Lightweight

Should not 
obstruct 

movement

How can we 
make sure a 

boot stays on 
the foot of a 

MotoGP rider?

What does the ideal 
donning/doffing 

system of a MotoGP 
motorcycle boot 

look like?

How can we make 
releasing and 

attaching a 
MotoGP boot 

from and to a foot 
ideal?

How can we 
strap a MotoGP 
rider foot into a 

protective 
structure?

What's the 
easiest way to 

put on a 
MotoGP boot?

What's the 
fastest and 

easiest way to 
don and doff a 

boot?

FixatingTightening Anthropometrics ComfortErgonomics Sizing ComfortAnthropometrics PhysicalCognitive Materials Stiffness Differences Flexibility Fixation Straps StringsOne wayTurning knob Discomfort Haptics Senses ChangeVariableShape shifting

LocationStaticConstruction Positive Norm Direction FocusMovementLearning Adapting Characteristics MechanicsDynamics Progress Pants Bond Breaking Creative Energy Continuation Forward Design Habits Integration Scarce

How can we make 
the donning and 

doffing of a 
motorcycle boot 
comfortable and 

safe?

What does the 
donning and 
doffing of a 

futuristic MotoGP 
boot look like?

What does the 
fastest donning 

and doffing 
system of a 

MotoGP boot look 
like?Disconnecting 

the boot from 
the foot

Keeping 
the boot 
in place

Easy Comfortable 
for the rider

Possible to 
attach the 
boot while 

injured

Parts/Requirements How can we 
strap MotoGP 

riders into 
their boots?

How can we 
make the fastest 
donning/doffing 
experience with 
MotoGP boots?

How can we 
attach and 

detach MotoGP 
riders from their 

boots?

What does the 
perfect MotoGP 

boot donning and 
doffing system 

look like?

Not interfering 
with the ritual 

of a rider

Comfortable 
interaction

What does the 
perfect MotoGP 

boot donning and 
doffing 

interaction look 
like?

Appendix 8. Personal Brainstorm Session & 
Expected Following Processes per Direction 
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BOA 
system Laces

Automatic 
lacing system 
- back to the 

future

Inflating 
air 

pocket

Sock with 
stretchy 
material

Automated 
straps

Problem Statement
What does the perfect MotoGP boot donning and doffing system look like?

Idea Generation - Adjustment

First Ideas

Write down any solution that comes to 
mind
No limitations
Readable, concise, specific

Criminal Round

Note down any criminal/illegal idea 
that will put you in jail

Force Fitting

Took an excursion to loosen up the 
mind for out of the box ideas
Now select an option/direction
What does this option suggest for the 
problem statement?
What does this option make you think 
in relation to the problem statement?

5 min

10 
min

5 min

What does the perfect MotoGP boot donning and doffing system look like?

Shaping 
material - 
thermal 
memory

Buckles Selftightening 
buckles

Seal them 
around 

their foot

Melt the 
halves of 
the boot 
together

Print it around 
the foot and 

dissolve it 
afterwards

Clay it 
around 

their feet

Black 
panther 

style

Make the 
boot part 

of their skin

Force them to 
sign a contract 
that they can 

never take the 
boots off

Glue the 
boots to 

the rider's 
feet

Alter their DNA 
to make their 
lower limbs 
sticky when 
they want

Steal many 
BOA 

systems

Grow a layer 
of protective 

skin over 
their feet

Steal all the IP including 
their CAD files from 

other motorcycle boot 
brands and combine it 
into the best donning 

and doffing system

A structure 
that "grows" 
around the 
feet of the 

riders

A perfectly 
fitted 3D 
knitted 

structure

Make the inner 
layer "stick" to 
the suit or the 

skin

Use BOA 
as a 

sponsor
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Melt the 
halves of 
the boot 
together

Brainwriting with Post- Its

Note down any option that comes to 
mind.
One option per post- it
Readable, concise, specific

15 
min

What does the perfect MotoGP boot donning and doffing system look like?

Best 
Ideas

Clusters
New 
ideas

Ideas from 
previous 
sections

Spontaneous Clustering

Group similar options based on 
similarities of any kind (feeling & 
intuition)
Name the cluster with a catchy and 
methaphorical title (with a verb)

5 min

BOA 
system

Laces

Automatic 
lacing system 
- back to the 

future

Inflating 
air 

pocket

Sock with 
stretchy 
material

Automated 
straps

Shaping 
material - 
thermal 
memory

Selftightening 
buckles

Seal them 
around 

their foot

Print it around 
the foot and 

dissolve it 
afterwards

Clay it 
around 

their feet

Black 
panther 

style

A structure 
that "grows" 
around the 
feet of the 

riders

A perfectly fitted 
3D knitted 
structure 

around 3D scan

Make the inner 
layer "stick" to 
the suit or the 

skin

Zip 
different 

pieces 
together

Ski boot 
buckles

Velcro

Tie 
wraps

Ratchet 
BuckleCuff 

buckle

Locking 
Elastic 
Laces

Autogrip 
Buckle

Cam 
Buckle

Flip top 
buckle Double 

Ring 
Buckle

Pin- and- 
tuck 

closure

Screws

Springs Elastics

Slide 
adjuster

One way 
gate

Ladder 
Lock 

Buckle

Snap 
fit

Hooks 
and Eye 
closure

Quick 
release 
buckles

Strap 
Winder

Buttons

Magnets

Guy 
cord 

buckle
Tongue 
buckle

Let it 
grow on 

you

Just lay 
back

Buckle 
down

Fits like 
a glove

Thermoshape 
around their 

feet

Opposites 
attract

Strap it 
down
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Adjustment

Research 
adjustment 

systems

Talk to riders

Research patents

Research 
materials

Prototype 
different 

adjustment 
systems - 3D 

printing?

Research 
anatomy of the 

lower limbs - 
where do we 

need adjustment

More detailed 
analysis current 

adjustment 
systems on 

competitor boots

Prototype 
different 

topologies

Iterate on the 
final design with 

prototypes

Material Analysis

Research Ideation Prototyping

Combine all best 
results into a 
final design

Research 
comfort on the 

skin

More detailled 
list of 

requirements

Testing

Ideate types of 
adjustment - 

sketching

Ideate different 
adjustment 
topologies - 

sketching > CAD

Iterate on the 
final design

Concepts based 
on the different 

ideations

On the Damstadt 
- abrasion testing

On the robot 
arm > Flexibility

Glue to an 
existing boot and 

walk in them > 
grip and comfort

Glue to an 
existing boot and 

make rider use 
them > grip and 

feel

Expected Following Process
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First Ideas

Problem Finding - Ankle Brace
Problem Statement

What does the ideal ankle brace of a motorcycle racing boot for the MotoGP rider look like?

New Problem Statement
How to make an ankle joint and its supporting structure survive any MotoGP crash?

SPARKing

Specific: Essence, concrete

Relevant: feasible, important

keep it simple: easy to understand, no jargon, no abbreviations

Positive: no denials nor criteria

ambitious: energizing, immersive

Spark

Flower Association

Ankle

5 min

5 min

10 
min

How do we 
protect the ankle 
of a MotoGP rider 

from 
overstretching 
while crashing?

How do we prevent 
damage to the 
muscles and 
ligaments of 

MotoGP riders 
around their ankles?

How can we 
provide the 

perfect ankle 
stability for 

MotoGP riders?

How do we 
restrict 

movement?

How can we allow 
for wanted 

movement while 
restricting 
unwanted 

movement?

How can we 
support an 
ankle under 
enormous 

forces?

How can we 
prevent ankle 

injury in 
MotoGP 
riders?

Ligaments

Muscles TendonsBonesComplex jointStrainsSprainsFractures Overstretching Walking Injury Stability Sports BiomechanicsDorsiflexion

Brace Running Balancing Overpronation Gait Tilting Plantarflexion Inversion Eversion Complex Evolution Humans Soccer

Shoes

ProtectionDisability

How do we 
protect the ankle 
of a MotoGP rider 

from 
overstretching 
while crashing?

How do we prevent 
damage to the 
muscles and 
ligaments of 

MotoGP riders 
around their ankles?

How can we 
provide the 

perfect ankle 
stability for 

MotoGP riders?

How do we 
restrict 

movement?

How can we allow 
for wanted 

movement while 
restricting 
unwanted 

movement?

How can we 
support an 
ankle under 
enormous 

forces?

How can we 
prevent ankle 

injury in 
MotoGP 
riders?

Prevent 
crushing

Prevent strains 
and sprains 
around the 
ankle joint

No 
pressure 
points on 
the skin

Lightweight

Allow for 
walking 

and riding 
movements

How can we 
protect the 
ankle of a 

MotoGP rider 
during a race?

How do we 
restrict damaging 
movement of the 

ankle of a MotoGP 
rider?

How do can 
we protect the 

ankles of 
MotoGP rider?

How can we prevent 
injury in the 

ligaments and 
muscles 

surrounding the  
ankle of a MotoGP 

rider?

What does the 
ideal anti- ankle- 

strain- and- sprain 
device look like 
for a MotoGP 

rider?

How to make an 
ankle joint and its 

supporting 
structure survive 
a MotoGP crash?

How can be 
prevent 

overstretching 
of a joint under 

great forces?

How can we 
protect the 
ankle of a 

MotoGP rider 
during a race?

Connection Bones JointsSupportPrevention Fast Gait Gravity PainInsoles WalkingBalancing Feet Angles AwayBending Twisting Twisting Systems Strengths Survival BiologyBiomechanics BallGrass Restrictions

Movement Force Bone Pain Ligaments TearingDiscomfort Damage MusclesTendons Bending Towards Feet SizesGaitLegs Engineering PainRestriction Support BalanceSupport

Adaptvity

Muscles Bone Engineering AnatomyErgonomics

SafetyNorms

Health

What does the ideal ankle brace of a motorcycle racing boot for the MotoGP rider look like?

Parts/Requirements
Torsion - 

overflexion

Write down any statements that come 
to mind
No limitations
Readable, concise, specific

SPARK the PAG to create the PAP

What do you asscociate it with?
What does it remind you of?
What type of aspects does it consist of?
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Problem Statement
How to make an ankle joint and its supporting structure survive any MotoGP crash?

Idea Generation - Ankle Brace

First Ideas

Write down any solution that comes to 
mind
No limitations
Readable, concise, specific

Criminal Round

Note down any criminal/illegal idea 
that will put you in jail

Force Fitting

Took an excursion to loosen up the 
mind for out of the box ideas
Now select an option/direction
What does this option suggest for the 
problem statement?
What does this option make you think 
in relation to the problem statement?

5 min

10 
min

5 min

How to make an ankle joint and its supporting structure survive any MotoGP crash?

Airbag that 
stiffens on 

impact

Carbon fiber 
lay up that 
bends in a 

specific 
direction

Wires Exo- L
Wear an 

ankle brace 
inside

Tape it like 
you would 

with an 
ankle injury

Operate and 
put a structure 

between the 
bones

Operate and 
strenghten 

the ligaments 
and tendons

Operate and 
replace the 

ligaments and 
tendons by 

stronger materials

Put on 
ski 

boots

Special 3D 
printed 

structure
Gears

Springs 
and 

dampers

Blockage of 
the hinge 

system during 
a crash

Bar- 
linkage

Remove the ankle 
joint and replace 

it by a mechanical 
system that can 
withstand the 

forces

Cut off their 
feet and 

replace them 
by a prothesis

Lock up anyone 
that doesn't have 
the right ankles 

for racing - 
natural selection

Breed the 
perfect 

ankle joint 
in a lab

Sabotage all the 
other rider so that 

the riders can 
take it slow and 
not risk ankle 

injury

Eliminate the people 
that get an ankle 

injury from the race 
so that the riders 
will come up with 

their own solutions

Steal money 
to affort the 

required 
surgery

Start a drugs lab 
that sells drugs 
that strengthen 
ankles - ankle 

doping

Constantly spike 
the riders with 
pain killers so 
they won't feel 

the injury

Cut off their lower 
legs whenever 

they get an injury 
and keep on 

replacing it by 
donor legs

A mechanical 
structure - 

linkage 
system

A structure with 
sensors to detect 

when it's 
necessary to 

interfere (active 
system)

My thought: The ankle 
joint is well engineered 
but isn't equipped for 
the impact of a crash 

and should be 
supported or 
strengtened

External 
"ligaments" 

and 
"muscles"

A shocking 
device that 
stiffens the 
muscles for 

impact

A structure that 
supports/ 

strenghtens the 
ankle joint in its 

capabilities

A piece of 
material in the 

right places that 
acts as a brake in 
certain directions 
(passive system)
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Brainwriting with Post- Its

Note down any option that comes to 
mind.
One option per post- it
Readable, concise, specific

15 
min

How to make an ankle joint and its supporting structure survive any MotoGP crash?

Best 
Ideas

Clusters
New 
ideas

Ideas from 
previous 
sections

Spontaneous Clustering

Group similar options based on 
similarities of any kind (feeling & 
intuition)
Name the cluster with a catchy and 
methaphorical title (with a verb)

5 min

Airbag that 
stiffens on 

impact

Carbon fiber 
lay up that 
bends in a 

specific 
direction

Wires

Exo- L
Wear an 

ankle brace 
inside

Tape it like 
you would 

with an 
ankle injury

Operate and 
put a structure 

between the 
bones

Put on 
ski 

boots

Special 3D 
printed 

structure

Gears
Springs 

and 
dampers

Blockage of 
the hinge 

system during 
a crash

Bar- 
linkage

A mechanical 
structure - 

linkage 
system

A structure with 
sensors to detect 

when it's 
necessary to 

interfere (active 
system)

External 
"ligaments" 

and 
"muscles"

A structure that 
supports/ 

strenghtens the 
ankle joint in its 

capabilities

A piece of 
material in the 

right places that 
acts as a brake in 
certain directions 
(passive system)

Being free 
was never 
an option

Material 
properties

Make 
sacrifices 
for what 
you love

Listen to 
the 

medics

Build 
upon your 
strengths

Fabrics that 
stretch to a 

certain point 
and then act 

like stiff wires

A 
walking 

cast

Superfabrics

Bearing 
that block 

at a certain 
point

Flat 
springs

StrapsShape 
shifting 
material

Layer of sand with 
air flowing 

through 
(flexibable) that 

turns off during a 
crash

Origami 
structure Build 

your 
network

Shape shifting 
by 

temperature 
change 

(memory alloy)

External 
ankle 
joint

External 
ball and 

socket joint

Metamaterials

Electro 
magnets that 
get triggered 

and turned on 
on impact

We're there  
for you 

when you 
need us

Pneumatics

Air 
compartments 
that blow up 

tubes in certain 
directions

Motorized 
ankle 
brace

3D printing 
with carbon 

fiber

 robohub.org

A variable stiffness
fiber that self-heals -
Robohub
A group from Floreano Lab, EPFL and
NCCR Robotics has today published
their novel variable stiffness fibre with
self-healing capability. Soft "hardware"
components are becoming more and
more popular solutions within the field
of robotics. In fact softne…

Sliding metal 
parts that grip 

- due to a 
mechanical 

stop

Sliding metal 
parts that grip 

- due to an 
electrical 
current

Strings that 
are blocked 
on impact

Trust the 
mechanism

Choose 
the right 
thread

Shear 
Thickening 

Fluids

 www.smithsonianmag.com

Could This Strange
Fluid Prevent
Concussions and
Twisted Ankles?
Army researchers, academics and
industry have been using shear
thickening fluids for body armor, better
football helmets, rehabilitation tools
and more

 www.sciencedir…

Synthesis, processing
and characterization of
shear thickening fluid
(STF) impregnated
fabric composites
Shear thickening is a non-Newtonian
fluid behavior defined as the increase of
viscosity with the increase in the applied
shear rate. The shear thicken...

STF - Shear thickening fluid for antiballistic applications
YouTube

Non-Newtonian Fluids
YouTube
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Brainwriting with Post- Its

Note down any option that comes to 
mind.
One option per post- it
Readable, concise, specific

15 
min

How to make an ankle joint and its supporting structure survive any MotoGP crash?

Best 
Ideas

Clusters
New 
ideas

Ideas from 
previous 
sections

Spontaneous Clustering

Group similar options based on 
similarities of any kind (feeling & 
intuition)
Name the cluster with a catchy and 
methaphorical title (with a verb)

5 min

Airbag that 
stiffens on 

impact

Carbon fiber 
lay up that 
bends in a 

specific 
direction

Wires

Exo- L
Wear an 

ankle brace 
inside

Tape it like 
you would 

with an 
ankle injury

Operate and 
put a structure 

between the 
bones

Put on 
ski 

boots

Special 3D 
printed 

structure

Gears
Springs 

and 
dampers

Blockage of 
the hinge 

system during 
a crash

Bar- 
linkage

A mechanical 
structure - 

linkage 
system

A structure with 
sensors to detect 

when it's 
necessary to 

interfere (active 
system)

External 
"ligaments" 

and 
"muscles"

A structure that 
supports/ 

strenghtens the 
ankle joint in its 

capabilities

A piece of 
material in the 

right places that 
acts as a brake in 
certain directions 
(passive system)

Being free 
was never 
an option

Material 
properties

Make 
sacrifices 
for what 
you love

Listen to 
the 

medics

Build 
upon your 
strengths

Fabrics that 
stretch to a 

certain point 
and then act 

like stiff wires

A 
walking 

cast

Superfabrics

Bearing 
that block 

at a certain 
point

Flat 
springs

StrapsShape 
shifting 
material

Layer of sand with 
air flowing 

through 
(flexibable) that 

turns off during a 
crash

Origami 
structure Build 

your 
network

Shape shifting 
by 

temperature 
change 

(memory alloy)

External 
ankle 
joint

External 
ball and 

socket joint

Metamaterials

Electro 
magnets that 
get triggered 

and turned on 
on impact

We're there  
for you 

when you 
need us

Pneumatics

Air 
compartments 
that blow up 

tubes in certain 
directions

Motorized 
ankle 
brace

3D printing 
with carbon 

fiber

 robohub.org

A variable stiffness
fiber that self-heals -
Robohub
A group from Floreano Lab, EPFL and
NCCR Robotics has today published
their novel variable stiffness fibre with
self-healing capability. Soft "hardware"
components are becoming more and
more popular solutions within the field
of robotics. In fact softne…

Sliding metal 
parts that grip 

- due to a 
mechanical 

stop

Sliding metal 
parts that grip 

- due to an 
electrical 
current

Strings that 
are blocked 
on impact

Trust the 
mechanism

Choose 
the right 
thread

Shear 
Thickening 

Fluids

 www.smithsonianmag.com

Could This Strange
Fluid Prevent
Concussions and
Twisted Ankles?
Army researchers, academics and
industry have been using shear
thickening fluids for body armor, better
football helmets, rehabilitation tools
and more

 www.sciencedir…

Synthesis, processing
and characterization of
shear thickening fluid
(STF) impregnated
fabric composites
Shear thickening is a non-Newtonian
fluid behavior defined as the increase of
viscosity with the increase in the applied
shear rate. The shear thicken...

STF - Shear thickening fluid for antiballistic applications
YouTube

Non-Newtonian Fluids
YouTube

Ankle Brace

Talk to a 
specialist in ankle 

injuries

Talk to material 
specialist - 
structures, 

composites, 3D 
printing

Analyse other 
ankle bracing 

systems in depth

Rapid prototype 
different 

concepts - 3D 
printing?

Analyse the 
functionality of 

the ankle 
joint/anatomy

More detailed 
analysis current 
ankle braces on 

competitor boots

Prototype 
iterations 
concept

Iterate on the 
final design

Motion Analysis

Research Ideation Prototyping

Combine all best 
results into a 
final design

Patents ankle 
braces (in 

motorcycle 
boots)

Customization?

More detailled 
list of 

requirements

Testing

Ideate to create 
different 

concepts for a 
"hinge" - 
sketching

Compare the 
different 

solutions and 
select one

Deep dive in the 
"hinge solution" - 

ideate on 
different designs

Iterate on the 
final concept

User testing: 
Wear it inside 
boot or while 

walking

On the robot 
arm > Safety

On the robot 
arm > 

Movements

FEM analysis

Interview a race 
medic/research 

injuries

Interview riders

Research exo- l

3D scan foot

Research testing 
strategies

Expected Following Process
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First Ideas

Problem Finding - Outer Sole
Problem Statement

What does the ideal outer sole of a motorcycle racing boot for the MotoGP rider look like?

New Problem Statement
How can we create the perfect connection between the sole of a MotoGP rider and their surroundings?

SPARKing

Specific: Essence, concrete

Relevant: feasible, important

Keep it simple: easy to understand, no jargon, no abbreviations

Positive: no denials nor criteria

Ambitious: energizing, immersive

Spark

Flower Association

Outer Sole

What does the ideal outer sole of a motorcycle racing boot for the MotoGP rider look like?

How do we 
provide the 

MotoGP rider 
with the 

perfect grip?

How can we 
make sure the 
rider doesn't 
slide of their 
foot pegs?

How can we 
prevent the outer 

sole of the 
MotoGP rider 

boot from 
wearing?

How can we 
match the 

functionality of 
the sole with the 

wishes of the 
MotoGP rider?

How do we create 
the perfect balance 
between the wear 
and the grip of the 
outer sole of the 

boot of a MotoGP 
rider?

Design the 
best outer sole 
for a MotoGP 

rider boot.

5 min

5 min

Grip

Wear Rubber

Compounds

Replacable or not Contact point of feet

Slippery Structures

Matching with surface foot

Heel

Toes

Flexible

Tires

Michelin

Different functions

Vibram Staining

Glued

Different compartments

BootsInsulation

Going through it

Profile

Logo

Rain

Oil

Sliding on asphalt

10 
min

How do we 
provide the 

MotoGP rider 
with the 

perfect grip?

How can we 
make sure the 
rider doesn't 
slide of their 
foot pegs?

How can we 
prevent the outer 

sole of the 
MotoGP rider 

boot from 
wearing?

How can we 
match the 

functionality of 
the sole with the 

wishes of the 
MotoGP rider?

How do we create 
the perfect balance 
between the wear 
and the grip of the 
outer sole of the 

boot of a MotoGP 
rider?

Design the 
best outer sole 
for a MotoGP 

rider boot.

MotoGP 
rider

Motorcycle 
boots

Outer 
Sole

Perfect grip 
with 

motorcycle 
and road

Sliding when 
crashing and 
putting  feet 

to the ground

Longlasting

Long lasting

Feel of feet with surroundings

Feel 
with the 

bike

Not restricting 
in the 

movement of 
the foot

Parts/Requirements

Not heating 
up through 

friction

How can we create 
the perfect 

connection between 
the bottom of the 
foot of a MotoGP 

rider and their 
motorcycle?

What does the ideal 
connection between 

the bottom of the 
foot of a MotoGP 

rider and their 
surroundings look 

like?

How can we 
create the perfect 

connection 
between sole of a 
MotoGP rider and 
their motorcycle?

How can we create 
the perfect 

connection between 
sole of a MotoGP 

rider and their 
surroundings?

StickyAttachment RubberMaterials SlidingLetting go Shapes LiftShoes LooseAdaptive TiresRubber ShoesExpedition DirtResidue

Degration

Sensation Slippery Branding Rupture Connection

Time Flexibility Longevity PressureSticky FeelHealingSustainable FrictionWearing WetSlippery Structure Electricity Warmth Chemicals Multitool ProfileRepairs Rubber Anthropometrics Feet

Write down any statements that come 
to mind
No limitations
Readable, concise, specific

SPARK the PAG to create the PAP

What do you asscociate it with?
What does it remind you of?
What type of aspects does it consist of?
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Idea Generation - Outer Sole

Suction 
cups

Glue 
underneath 

the sole

Magnetic 
sole

Shapeshifting 
material - 

sometimes grippy 
sometimes sliding

Special rubber 
compounds at 

the perfect 
spot

All kinds of 
special rubber 
structures/text

ures

Composite 
of different 
materials 2k 

moulding

Combination 
of attracting 
and repelling 

pieces

Spider 
web

Sole with the 
pegs carved 
out - shaped 

to motorcycle

Play- 
doh/clay

Shapeshifting 
material

Gecko 
feet

Hovering 
shoes

Pins that come 
out to change 
the shape of 
the surface

Problem Statement
How can we create the perfect connection between the sole of a MotoGP rider and their surroundings?

First Ideas

Write down any solution that comes to 
mind
No limitations
Readable, concise, specific

Criminal Round

Note down any criminal/illegal idea 
that will put you in jail

Force Fitting

Took an excursion to loosen up the 
mind for out of the box ideas
Now select an option/direction
What does this option suggest for the 
problem statement?
What does this option make you think 
in relation to the problem statement?

5 min

10 
min

5 min

How can we create the perfect connection between the sole of a MotoGP rider and their surroundings?

Replace the feet of 
the riders with robot 
feet that can make a 

mechanical 
connection with the 

bike

Replace feet 
with 

replacable (in 
case of crash) 
soft robotics

Breed the largest 
gecko feet with all 
protective features 

inside to replace the 
feet of riders, so 

that they can ride 
barefoot

Create a drug that 
makes the riders 

very aware of their 
surroundings and 
the feeling in their 

feet - for the perfect 
feel

Steal information 
from all the 

known outer sole 
makers to figure 

out the best 
designs

Blackmail the 
designers of all 

outer sole 
production 

companies to design 
the perfect one for 

racing boots

Steal old 
tires to melt 

them into 
new soles

Alter the DNA of the 
riders to have the 
perfect foot soles, 
so that they won't 

need an extra 
external layer

My thought: the perfect 
connection provides sliding 
 and gripping properties at 

the same time while 
providing feedback of the 
surroundings to the rider, 
that lasts at least a race

A gecko 
sole

An outer sole that is 
shaped according to the 

bike of the rider  (cut outs 
for foot pegs, angled 

surfaces, sliding piece 
where they touch the 
gound) (customizable)

A high- tech 
material that 
provides all 
properties

A normal rubber 
sticky sole that 

has  an appearing 
protective layer 

once the sliding is 
necessary

A "living" outer sole 
material that adapts 
to the needs of the 

rider (different 
properties in 

different zones)

A sliding material 
that comes out of 
the sole when it's 
triggered by the 

heat of the 
friction



188 Brainstorm per Area of Improvement

Brainwriting with Post- Its

Note down any option that comes to 
mind.
One option per post- it
Readable, concise, specific

15 
min

How can we create the perfect connection between the sole of a MotoGP rider and their surroundings?

A sole for an 
analysis of the 

required material 
properties at the 

right spots per rider 
to base the sole 

design on

Soft 
robotics on 
under the 

foot

Speed 
bicycle shoe 
connections Braking block 

like a skeeler 
attached to 

the boot 
somewhere

Tiny wheels 
under the sole 
to glide over 
the asphalt 

with

Suction 
cups

Glue 
underneath 

the sole

Magnetic 
sole

Shapeshifting 
material - 

sometimes grippy 
sometimes sliding

Special rubber 
compounds at 

the perfect 
spot

All kinds of 
special rubber 
structures/text

ures

Composite 
of different 
materials 2k 

moulding Combination 
of attracting 
and repelling 

pieces

Spider 
web

Sole with the 
pegs carved 
out - shaped 

to motorcycle

Play- 
doh/clay

Shapeshifting 
material

Gecko 
feet

Hovering 
shoes

Pins that come 
out to change 
the shape of 
the surface

A gecko 
sole

An outer sole that is 
shaped according to the 

bike of the rider  (cut outs 
for foot pegs, angled 

surfaces, sliding piece 
where they touch the 
gound) (customizable)

A high- tech 
material that 
provides all 
properties

A normal rubber 
sticky sole that 

has  an appearing 
protective layer 

once the sliding is 
necessary

A "living" outer sole 
material that adapts 
to the needs of the 

rider (different 
properties in 

different zones)

A sliding material 
that comes out of 
the sole when it's 
triggered by the 

heat of the 
friction

Online tool for 
the rider to 
design their 

own ideal sole

Modular sole 
for the riders 

to play 
around with

Lego bricks 
that the 
rider can 

put together

A velcro sole that 
can be replaced 

after every race to 
prevent the riders 

from wearing 
through them

A sole made 
from a texture 

that shapes 
around its 

surroundings

A sole that 
detaches during 
a crash so that a 

sliding part 
apears

Heat and air 
responsive shape 
shifting material - 

Work with air 
pockets and heat

Spontaneous Clustering

Group similar options based on 
similarities of any kind (feeling & 
intuition)
Name the cluster with a catchy and 
methaphorical title (with a verb)

5 min

Make 
it stick

Let go of 
the shape 
you know

Adapt and 
overcome

Be your 
best self

Creating 
the perfect 

material

Teamwork 
makes the 

dream 
work

The 
future is 

here

Connect 
your 
bike

Customize 
to serve all

Stop using 
your sole 
as a brake

Easily attachable 
and detachable 
sole that can be 

replaced - 
different sole per 

circumstance

Best 
Ideas

Clusters
New 
ideas

Ideas from 
previous 
sections

Build 
your 
own

Don't get 
too 

attached
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Brainwriting with Post- Its

Note down any option that comes to 
mind.
One option per post- it
Readable, concise, specific

15 
min

How can we create the perfect connection between the sole of a MotoGP rider and their surroundings?

A sole for an 
analysis of the 

required material 
properties at the 

right spots per rider 
to base the sole 

design on

Soft 
robotics on 
under the 

foot

Speed 
bicycle shoe 
connections Braking block 

like a skeeler 
attached to 

the boot 
somewhere

Tiny wheels 
under the sole 
to glide over 
the asphalt 

with

Suction 
cups

Glue 
underneath 

the sole

Magnetic 
sole

Shapeshifting 
material - 

sometimes grippy 
sometimes sliding

Special rubber 
compounds at 

the perfect 
spot

All kinds of 
special rubber 
structures/text

ures

Composite 
of different 
materials 2k 

moulding Combination 
of attracting 
and repelling 

pieces

Spider 
web

Sole with the 
pegs carved 
out - shaped 

to motorcycle

Play- 
doh/clay

Shapeshifting 
material

Gecko 
feet

Hovering 
shoes

Pins that come 
out to change 
the shape of 
the surface

A gecko 
sole

An outer sole that is 
shaped according to the 

bike of the rider  (cut outs 
for foot pegs, angled 

surfaces, sliding piece 
where they touch the 
gound) (customizable)

A high- tech 
material that 
provides all 
properties

A normal rubber 
sticky sole that 

has  an appearing 
protective layer 

once the sliding is 
necessary

A "living" outer sole 
material that adapts 
to the needs of the 

rider (different 
properties in 

different zones)

A sliding material 
that comes out of 
the sole when it's 
triggered by the 

heat of the 
friction

Online tool for 
the rider to 
design their 

own ideal sole

Modular sole 
for the riders 

to play 
around with

Lego bricks 
that the 
rider can 

put together

A velcro sole that 
can be replaced 

after every race to 
prevent the riders 

from wearing 
through them

A sole made 
from a texture 

that shapes 
around its 

surroundings

A sole that 
detaches during 
a crash so that a 

sliding part 
apears

Heat and air 
responsive shape 
shifting material - 

Work with air 
pockets and heat

Spontaneous Clustering

Group similar options based on 
similarities of any kind (feeling & 
intuition)
Name the cluster with a catchy and 
methaphorical title (with a verb)

5 min

Make 
it stick

Let go of 
the shape 
you know

Adapt and 
overcome

Be your 
best self

Creating 
the perfect 

material

Teamwork 
makes the 

dream 
work

The 
future is 

here

Connect 
your 
bike

Customize 
to serve all

Stop using 
your sole 
as a brake

Easily attachable 
and detachable 
sole that can be 

replaced - 
different sole per 

circumstance

Best 
Ideas

Clusters
New 
ideas

Ideas from 
previous 
sections

Build 
your 
own

Don't get 
too 

attached

Outer Sole

Talk to a 
specialist 

regarding outer 
soles

Talk to material 
specialist

Research 
structures

Research Rubber 
Compounds

Prototype 
different 

structures - 3D 
printing?

Define the 
functionality of 

every part of the 
sole

More detailed 
analysis current 

soles on 
competitor boots

Prototype 
different sole 

topologies

Gather different 
Materials

Material Analysis

Research Ideation Prototyping

Combine all best 
results into a 
final design

Iterate on the 
final design

Patents Soles

Customization?

More detailled 
list of 

requirements

Testing

Ideate different 
structures - 

sketching > CAD

Ideate different 
sole topologies - 
sketching > CAD

Brainstorm 
different 

solutions for the 
wanted 

functionality

Concepts based 
on the different 

ideations

Iterate on the 
final design

On the Damstadt 
- abrasion testing

On the robot 
arm > Flexibility

Glue to an 
existing boot and 

walk in them > 
grip and comfort

Glue to an 
existing boot and 

make rider use 
them > grip and 

feel

Analyse the foot 
strike

Attachment of 
the sole to the 

boot

Weighing parts

Analyse hole in 
the market/ 
innovation - 

Added 
functionality?

Expected Following Process
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Problem Finding - Temperature
Problem Statement

How do we protect the feet of the MotoGP rider against the heat of their motorcycle?

First Ideas

New Problem Statement
How do we make MotoGP riders unaware of temperature of their feet?

SPARKing

Specific: Essence, concrete

Relevant: feasible, important

keep it simple: easy to understand, no jargon, no abbreviations

Positive: no denials nor criteria

ambitious: energizing, immersive

Spark

Flower Association

Heat Shielding

5 min

5 min

10 
min

Cooling In changing 
environments

Not 
compromising 

the safety
Lightweight

Should not 
obstruct 

movement

RadiationConvection Conduction

Insulation

Ventilation Active cooling Passive cooling

Cooling fluid Hoses Pumps Fans Burns Discomfort Fire

Friction Temperature Heat transfer coefficientThermal equilibrium Energy transfer Thermal conductivity coefficient

ThermodynamicsAerodynamics Air pockets Air vents Air flow Cooling

Material properties Air outlet Ice Thermal receptors Skin

Pain Keeping out

How do we 
protect the 

feet of 
MotoGP riders 

from burns?

How do we protect the feet of the MotoGP rider against the heat of their motorcycle?

How can we 
keep the 

temperature of 
MotoGP boots 

at an ideal level?

How do we 
protect the feet of 

MotoGP riders 
from discomfort 

casued by 
overheating?

How do we 
cool the feet 
of MotoGP 

riders?

How do we keep 
the feet of 

MotoGP riders 
cool whilst not 
compromising 

their safety?

How do we 
keep the feet 

of MotoGP 
riders cool?

How do we 
protect the 

feet of 
MotoGP riders 

from burns?

How can we 
keep the 

temperature of 
MotoGP boots 

at an ideal level?

How do we 
protect the feet of 

MotoGP riders 
from discomfort 

casued by 
overheating?

How do we 
cool the feet 
of MotoGP 

riders?

How do we keep 
the feet of 

MotoGP riders 
cool whilst not 
compromising 

their safety?

How do we 
keep the feet 

of MotoGP 
riders cool?

Parts/Requirements

The sun Airco Fluids Air Heat Slowing down Energy WarmthCold ConvectionEnergy transfer Balance Conduction CES Edupack Airflow Cold Senses Sensation

ShieldingOverstimulationFridge FreezerAerodynamicsWindInsulation SustainabilitySpeed Racing Energy balanceHeatDanger FoodAnnoyanceFlammazineSummerWaterRadiatorsMotorcyclesSlowing downThermos bottle Houses

SolidsFluids

How do we keep 
the heat out of 

the boots of 
MotoGP riders?

How do we keep 
the heat from 
reaching the 

feet of MotoGP 
riders?

How do we 
keep the heat 
out of the feet 

of MotoGP 
riders?

How do we 
protect the 

feet of 
MotoGP riders 
from the heat?

How do we create 
the perfect barrier 
between the hot 

surroundings and 
the feet of 

MotoGP riders?

How do we create 
the perfect 

temperature 
around the foot of 
a MotoGP rider?

How do we make 
the temperature 

of the feet 
unnoticable for a 

MotoGP rider?

How do we 
make MotoGP 
riders unaware 
of temperature 

of their feet?

Write down any statements that come 
to mind
No limitations
Readable, concise, specific

SPARK the PAG to create the PAP

What do you asscociate it with?
What does it remind you of?
What type of aspects does it consist of?
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Cooling 
sole with 

thermostat

Fan with ice 
on the 

front of the 
shoes

Air bubble 
between 
materials

Super 
insulation 
material

Super 
heat 

shield

Putting the 
boots in the 

freezer 
before racing

Thickest 
boots 
ever

Completely 
perforated 

boot

Leaf 
blower 
in front

Aerogel 
layer

Fridge 
system Airco

Layer of 
ice inside 
the boot

Fireman 
clothing 

socks

Force the riders to 
cut off the nerves 
connected to the 
heat receptors in 

their skin

Numb the heat 
receptors in 

the skin of the 
riders with 

drugs

Shoot clouds 
into the sky to 
make the area 

really cold

Steal the 
boots of 
firemen

Steal the 
boots of 

astronauts

Freeze or 
burn the feet 
of the riders 
beforehand

Blackmail the 
organizers of the 

events to have the 
races in colder 

climates

Blackmail the 
engineers working on 
the bike to have the 
bikes be designed in 
such a way that they 
don't burn the feet of 

riders

Breed thermal 
resistant 

people to race

Steal NASA 
IP about 

insulating 
materials

Hack the 
producer of the 
best insulating 

material to steal 
their info

My thought: making 
them unaware would 

mean a perfect 
temperature, so a 
perfect protection 

against heat build up

Perfect 
insulating 

boot 
material

Cooling 
fabric 

around the 
feet - mint?

Better bike 
designs keeping 
the temperature 

of the feet in 
mind

Changing surroundings 
- Adapting system with 

sensors or a 
thermostat for 
measuring the 

temperatures and 
adapting its strategy

Promoting the 
natural ability of 
the body to keep 

itself cool - 
breathability & 

sweat

Problem Statement
How do we make MotoGP riders unaware of temperature of their feet?

Idea Generation - Temperature

First Ideas

Write down any solution that comes to 
mind
No limitations
Readable, concise, specific

Criminal Round

Note down any criminal/illegal idea 
that will put you in jail

Force Fitting

Took an excursion to loosen up the 
mind for out of the box ideas
Now select an option/direction
What does this option suggest for the 
problem statement?
What does this option make you think 
in relation to the problem statement?

5 min

10 
min

5 min

How do we make MotoGP riders unaware of temperature of their feet?
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 demonerosso.dainese.com

What is the best
insulating material for
winter sports?
Natural fibers or synthetic materials,
tips for choosing

Layer of 
fat around 

the feet

Brainwriting with Post- Its

15 
min

How do we make MotoGP riders unaware of temperature of their feet?

Note down any option that comes to 
mind.
One option per post- it
Readable, concise, specific

Best 
Ideas

Clusters
New 
ideas

Ideas from 
previous 
sections

Spontaneous Clustering

Group similar options based on 
similarities of any kind (feeling & 
intuition)
Name the cluster with a catchy and 
methaphorical title (with a verb)

5 min

Cooling 
sole with 

thermostat

Fan with ice 
on the 

front of the 
shoes

Air bubble 
between 
materials

Super 
insulation 
material

Super 
heat 

shield

Putting the 
boots in the 

freezer 
before racing

Thickest 
boots 
ever

Completely 
perforated 

boot

Leaf 
blower 
in front

Aerogel 
layer

Fridge 
system

Airco

Layer of 
ice inside 
the boot

Fireman 
clothing 

socks

Perfect 
insulating 

boot 
material

Cooling 
fabric 

around the 
feet - mint?

Better bike 
designs keeping 
the temperature 

of the feet in 
mind

Changing surroundings 
- Adapting system with 

sensors or a 
thermostat for 
measuring the 

temperatures and 
adapting its strategy

Promoting the 
natural ability of 
the body to keep 

itself cool - 
breathability & 

sweat

Add a 
layer

Bring in 
the cold

Choose 
your fabric 

wisely

Ventilate 
those 
feet

Change 
the 

context

Keep 
the heat 

out

Tiny fans 
inside 

the shoe

 research.tudelft.nl

A 3D Printed Thermal
Manikin Head for
Evaluating Helmets for
Convective and
Radiative Heat Loss
Thermal performance of three bicycle
helmets for radiative and convective
heat loss was evaluated through heat
loss experiments in a wind tunnel. A 3D
printed thermal manikin head of a 50th
percentile western male population was
developed. Thermal perfo…

 iopscience.iop.org

ShieldSquare Captcha
Application of graphene and 
aerogel in winter running shoes 
products
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 demonerosso.dainese.com

What is the best
insulating material for
winter sports?
Natural fibers or synthetic materials,
tips for choosing

Layer of 
fat around 

the feet

Brainwriting with Post- Its

15 
min

How do we make MotoGP riders unaware of temperature of their feet?

Note down any option that comes to 
mind.
One option per post- it
Readable, concise, specific

Best 
Ideas

Clusters
New 
ideas

Ideas from 
previous 
sections

Spontaneous Clustering

Group similar options based on 
similarities of any kind (feeling & 
intuition)
Name the cluster with a catchy and 
methaphorical title (with a verb)

5 min

Cooling 
sole with 

thermostat
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A 3D Printed Thermal
Manikin Head for
Evaluating Helmets for
Convective and
Radiative Heat Loss
Thermal performance of three bicycle
helmets for radiative and convective
heat loss was evaluated through heat
loss experiments in a wind tunnel. A 3D
printed thermal manikin head of a 50th
percentile western male population was
developed. Thermal perfo…

 iopscience.iop.org
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Appendix 10. Transcript Interview Kelvin de Wit - Product Expert MKC Moto 
[Dutch]. 
 
‘Wij zijn verkopers, geen ontwikkelaars, maar hebben wel de nodige kennis’ 
 
De eerste motorrijlaarzen waren paardrijlaarzen van leer zonder bescherming; alleen een 
slijtvaste buitenlaag en geen protectie die rekening hield met de houding van de voet, gewoon 
rechttoe, rechtaan. De laatste jaren is er steeds verder ontwikkeld en de enkelbrace is een van 
de nieuwste innovaties die high-end-merken in de racerij tegenwoordig hebben. Alpinestars is 
daar oorspronkelijk mee begonnen en is qua laarzen een van de meest ervaren fabrikanten wat 
dat betreft. Andere fabrikanten zijn daar min of meer in gevolgd. Dainese heeft heel veel zelf 
ontwikkeld en die kijken heel erg naar wat er in de natuur gebeurt. Wij hebben niet echt een 
voorbeeld van wat ze daarin hebben bedacht, maar bij de samenstelling van de rugprotectoren 
gebruiken ze wel een beetje de honingraatstructuur zoals je die in de natuur ziet en van planten 
of de bladeren. Op die manier kijken ze van de natuur af wat goede samenstellingen of 
structuren zijn om te kunnen toepassen in producten. Dainese is de enige die een in-suit laars 
hebben, de rest heeft dat niet. Dainese heeft dat daadwerkelijk ontwikkeld en ze hebben er echt 
geloof in dat dat goed functioneert. Daar maken ze echt een verschil mee. Het is goed te 
merken in gewicht en het geeft veel minder bulk. Het is een glad ontwerp dat in de broekspijp 
komt en daardoor is er veel minder materiaal, eigenlijk externe bulk dat ook weer ergens achter 
kan blijven hangen of wat ook. Dat is in de racerij van belang. Als je gaat glijden, moet je blijven 
glijden en dus niet dat er iets op je weg komt waardoor je in het asfalt ‘hapt’ en meer kans op 
letsel hebt dan als je doorglijdt en als het ware van het asfalt afglijdt. Naast dit doorglijden is 
ook de flexibiliteit een voordeel. Het is een hele compacte laars met heel veel gevoel met de 
motor en dan ook nog de zitpositie waarvan je weet dat die goed is. 
 
Waarom heeft Alpinestars dan nog het oude systeem? Hun laars is onlangs herontwikkeld, dat 
is voornamelijk een update geweest in het design. Het eerdere design stamt uit 2015 en daar 
hebben ze de afgelopen jaren weinig mee gedaan. Ik denk dat een bepaalde traditie die 
Alpinestars er altijd in heeft. Het zijn Italianen en die zijn altijd een beetje trots op wat ze op de 
markt brengen en daar hebben ze allemaal hun eigen beeld bij. De laars van Alpinestars heeft 
een andere samenstelling dan zo’n Axial maar biedt ook uitstekende bescherming. Alleen heeft 
Dainese iets gedaan, dit is voor hen de ultieme laars, goed gewicht, minder bulk aan het been 
en het is zo dat de enkelbrace van Dainese direct op de enkel wordt geplaatst zonder dat er 
veel materiaal tussen zit. Bij Alpinestars is dat minder; je hebt een binnenlaars die uitneembaar 
is en aan de buitenkant daarvan zit de enkelbrace. Die is aan de buitenkant niet zozeer 
zichtbaar. Deze zal van thermoplastic of TPU zijn, waarbij die van Dainese is gemaakt van 
carbon en dat scheelt gewicht.  
Bij Dainese is het ook vaak zo dat hun pakken zijn voorzien van klittenband aan de binnenkant 
en is het dus echt een samenspel van pak en laars. Bij Alpinestars heeft de laars een harde 
scheenbeenprotector. Bij Dainese is dat niet het geval en is de laars veel korter, minder richting 
het scheenbeen of daar net iets onder en gebruiken ze iets langere protectoren op de knieën 
van de racepakken. Omdat die al zo ver doorlopen wordt de scheenbeenprotector opgevangen 
door het kniestuk in het pak. Dus uiteindelijk komen ze dan op hetzelfde neer als bij Alpinestars 
op het moment dat je alles samenstelt. Dat zie je over het algemeen wel terug in de hele 
collectie als je niet alleen naar de laars kijkt, maar naar alle producten in de racerij, dat Dainese 
daar net iets geavanceerder mee omgaat dan Alpinestars en iets creatiefs op technisch vlak 
heeft bedacht. 
 
Bij Sidi zie je inderdaad dat de constructie meer naar de buitenkant gaat, terwijl je zo’n 
constructie zo dicht mogelijk op je enkel wil hebben zodat er zo minimaal mogelijke ruimte 
ontstaat om te bewegen op een manier die je eigenlijk niet wil. Op het moment dat je het op de 
buitenkant plaatst, zitten er nog wat lagen stof tussen en heb je minder contact en dus meer 
kans op beweging. Dat kan inderdaad obstructies veroorzaken en dat is een van de grote 
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redenen van die Axial dat alles zo geplaatst is dat alles in de broek verdwijnt, zodat bijvoorbeeld 
niet met je straps achter je motor blijft haken. Dat kan daar allemaal aan bijdragen. 

Dainese is in die markt gestapt, geldt dat ook voor andere merken? Ik weet niet precies de 
tijdslijn, maar je hebt natuurlijk merken van oudsher die je zelf al hebt genoemd. Dainese, 
Alpinestars, TCX en Sidi zijn ook een van de grondleggers. TCX dat vroeger XPD heette en 
uiteindelijk tot een merk is samengevoegd. En dan nog kleinere motormerken zoals Stylmartin 
en ook nog in Engeland iets. Dan heb je denk ik wel het grootste gedeelte gehad van de 
laarzen en de fabrikanten die het meest in de ontwikkeling ervan stoppen en voor jou het meest 
interessant zijn. Op het circuit zie je Dainese, Alpinestars en TCX ook wel, is ook afhankelijk van 
de sponsoren. Als je een Alpinestars pak draagt, draag je ook de laarzen en dat geldt hetzelfde 
bij Dainese. Maar er zijn ook merken als REV’IT! die je op het circuit ziet en die hebben geen 
eigen laarzen en dan zie je vaak dat er of een Sidi of een TCX wordt gedragen. 

In het topsegment is er dus niet heel veel keuze, omdat je veel in de ontwikkeling moet stoppen 
en er dan dus veel budget gaat in een relatief kleine markt. Je ziet bij ons ook in de verkoop 
aan consumenten dat het minimaal is wat we aan racelaarzen verkopen. Het zijn voornamelijk 
sportlaarzen die daarvan afgeleid zijn of touringlaarzen voor dagelijks verkeer naar je werk of 
voor professionals die bij de motorpolitie zitten of dat soort zaken. Daarom zit er ook zo lang 
tussen de verschillende versies, soms 6 of 8 jaar. Het is puur op de racerij gericht, maar de 
laars die op het circuit wordt gedragen wordt bij ons 1-op-1 aan de consument verkocht. Dat 
geldt voor alle merken. Het is een identieke laars, waarbij materialen of technieken om laarzen 
beter of veiliger te maken in het topmodel naar de betaalbare modellen worden doorgesluisd, 
eventueel op een lichtere, kleinere of compactere manier, zodat bijvoorbeeld een enkelbrace op 
een andere manier wordt opgebouwd, maar wel dezelfde werking heeft. Dat is voor hen in hun 
productontwikkeling van groot belang, dat ze alles wat ze in de motorracerij en de GP 
ontwikkelen ook in andere producten kunnen toepassen, of het nu gaat om sportlaarzen of 
laarzen voor dagelijks gebruik. Er valt verder vrij weinig te ontwikkelen. Er worden steeds 
ontwikkelingen gedaan die ook daadwerkelijk weggezet moeten worden, om het commercieel 
interessant te maken moet het product dat je ontwikkelt wel een bepaalde levenscyclus hebben 
van een aantal jaren. Als je dat maar twee jaar kunt verkopen rendeert het niet, dat doet het wel 
als je het 6 jaar kunt verkopen. Juist met zo’n investering in de racerij. Het is wel een redelijk 
traditionele markt, die niet echt openstaat voor veel innovatie. Bij de Alpinestars uit 2015 of uit 
2009 zijn geen grote aanpassingen gedaan en dat geeft aan dat er op dat vlak niet zo heel veel 
innovatie wordt toegepast.  

Een van de nieuwste innovaties van de afgelopen jaren zijn de Airbagsystemen voor de rijder 
zelf die standalone werken. Buiten dat zie je wel nieuwe technologieën qua materialen ontstaan 
maar geen totaal nieuwe innovaties waarvan je denkt dat ze schokkende wijzigingen zijn. Er 
wordt grotendeels en vooral voortgeborduurd op wat er al was en dat wordt met hele kleine 
stapjes verbeterd. Mensen zijn vaak ook niet klaar voor veel heftigere dingen en dat kan ook 
hier het geval zijn. Je ziet dat de consumenten naar bekende samenstellingen of producten 
vragen en bij nieuwe innovaties niet direct bereid zijn daarvoor te gaan. Als iets al bewezen 
goed is, waarom zou je dat dan veranderen? 
In de racerij ontwikkelde innovatie gaat door naar de consumentenmarkt, dat zag je met 
racelaarzen en airbagsystemen die voor consumenten beschikbaar komen, dus ontwikkelingen 
op het circuit vinden hun weg naar de consument. De racerij, MotoGP of WSBK zijn de 
proeftuin voor de consumentenproducten. 

Wat zijn belangrijke factoren in de keuze van de consument? Als je dat toespitst op de racerij, 
dan zijn het vooral pasvorm en het gevoel van bescherming. Dus ze kopen als ze gaan racen 
eerder een stuggere laars omdat dat veiliger voelt dan een laars die misschien veiliger is maar 
wat comfortabeler of flexibeler voelt.  
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De Axial D1 scoort qua CE-keuring lager dan Supertech en Sidi’s terwijl mensen in de reviews 
aangeven dat die superveilig zijn. Hoe kan dat? Ik weet niet exact hoe die keuring specifiek op 
laarzen gaat. Maar ik kan me ook voorstellen dat Supertech die wat meer versteviging heeft op 
het scheenbeen, dat dat onderdelen zijn die ze meenemen in de test, maar dat de Axial daar 
zelfstandig niet zo heel goed op scoort omdat die dan geen bescherming heeft, maar 
combineer je hem met het pak zoals je zou moeten doen dan wordt dat opgeheven, dus dan 
biedt deze laars wel de juiste bescherming. Ik kan me indenken dat het daarmee te maken 
heeft. 
 
Maar de consument kijkt niet zozeer naar de normering, zeker niet de gemiddelde consument 
en dat geldt ook voor de racerij, dat mensen niet zo heel veel affiniteit hebben met de bekleding 
of wat het ook is dat hen beschermt, als het maar goed beschermt waarvoor ze het kopen en 
dat het comfortabel zit. Dat geldt ook voor andere professionals. Als je een motoragent vraagt 
wat hij op zijn hoofd heeft, dan wat hij dat ook vaak niet en die heeft de helm de hele dag op 
zijn hoofd. Mensen hebben gewoon affiniteit met het product. 
 
Veiliger betekent een stuggere laars, maar dat is wel afhankelijk van het type rijder. Iemand die 
sportief motor wil rijden op de straat zal een sportief ogende laars die comfortabel zit kopen. 
Mensen die voor het eerst in de winkel komen, zijn gewend om sneakers te dragen. Als die zo’n 
laars aantrekken hebben ze het gevoel dat ze een harnas aandoen. Dus het niveau waarop 
mensen binnenkomen verschilt. Buiten pasvorm en bescherming maakt het niet zoveel uit. De 
consumenten, de gemiddelde motorrijders, zijn niet zo bezig met welk materiaal er op de neus 
of in de zool zit. Ze willen een product waarvan ze het gevoel hebben dat het veilig is en dat als 
ze hun voet uitsteken op het asfalt ze grip hebben. Als dat zo is, is het goed en maakt de 
samenstelling niet uit.  
 
Is er sprake van een identity voor Dainese of Alpinestars? Alpinestars is wat meer marketing-
gedreven en zet meer in op design en veiligheid, terwijl Dainese veiligheid daadwerkelijk 
bovenaan heeft staan en daarna volgt design. Alpinestars is meer ‘likeable’, valt meer in de 
smaak op uiterlijk, waar Dainese het vooral van veiligheid moet hebben. Soms maakt het ook 
uit van wie in de racerij je fan bent. Het is vergelijkbaar met Nike en Adidas, het zijn soms twee 
verschillende kampen, maar er is niet echt een typische Dainese of Alpinestars persoon, dat is 
niet haarscherp aan te geven, zit vertroebeling in. 
 
Wat betreft het verschil tussen laarzen in het topsegment en van lagere kwaliteit: dat kun je zo 
breed nemen als je wil, op allerlei verschillende facetten. Het is een totaal andere laars als je 
van Supertech gaat naar bijvoorbeeld een instaplaars van Alpinestars, dat is echt niet te 
vergelijken. Dat begint al bij de buitenzool waar een ander materiaal voor wordt gebruikt en de 
binnenlaars geen enkelbrace of iets van versteviging heeft. Het is de totale laars die afwijkt. De 
laars is wel afgeleid van het topmodel, die vind je daar wel in terug, bijvoorbeeld in de toeslider. 
Dus je ziet wel invloeden van het topmodel terug, maar op een heel ander niveau. Dat geldt ook 
voor andere merken. Dat is puur om geld te besparen. Je kunt een laars van 220 of 240 euro 
aanbieden, voeg je een brace toe dan komt er 100 euro bij, een binnenlaars maakt 100 euro 
duurder. Het gros van de mensen vindt de basis wel genoeg. 
 
Alpinestars heeft een aparte schoen, een binnenlaars terwijl Dainese die structuur heeft 
vastzitten. De Axial vormt een soort binnenlaars van zichzelf omdat je die heel nauw aantrekt en 
je hebt dan die Torque 3’s, dan is dan zeg maar wat meer vergelijkbaar met het Alpinestars 
model en die heeft dan wel wat meer binnenlaars die je dan ook wel kunt aantrekken, die je 
kunt stellen. En Alpinestars is de enige binnenlaars die echt uitneembaar is. Maar uiteindelijk is 
die functie wel enigszins vergelijkbaar. Bij Alpinestars ligt het voordeel erin dat de enkelbrace 
wat dichter op de voet, op het been zit waardoor die wat stijver kan aansluiten. Net als bij de 
Axials. 
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Of ze bij schade aan de buitenlaars de binnenlaars kunnen behouden durf ik niet te zeggen. Je 
ziet dat die laarzen afzonderlijk van elkaar worden aangetrokken en ze wel op een betere 
manier de binnenlaars afstellen en dat dat echt nauw je voet omsluit ten opzichte van de laars 
die eromheen vastzit. Bij Alpinestars zie je dat de hele laars geperforeerd is zodat die optimaal 
kan ademen. 

Een hitteschild is bedoeld om de warmte van de motor buiten te houden, maar ook om op het 
moment dat je gaat glijden en er veel warmte vrijkomt dat je die moet zien op te vangen. Het 
gaat dus om een combinatie van die twee. De temperaturen die een warmteschild kan hebben 
variëren. Bij Alpinestars wordt Kevlar gebruikt en dat kan temperaturen rond de 700 tot 800 
graden hebben. 
In het pak zelf zit leer. Ook dat is goed bestand tegen hitte en slijtvast. In laarzen zijn het altijd 
microfibers, synthetisch leer, en daar zit een extra hitteschild in omdat microfibers minder 
bestand zijn tegen smelten of tegen hitte die vrijkomt. Waarom er geen microfiber in het pak zit 
en leer in de laars? Microfiber is bewerkelijker en stijver dan leer. Leer rekt en dat wil je niet bij je 
voeten hebben, daar moet het maatvast zijn. Je ziet vaak perforatie in de laars en dat moet je 
nauwkeuriger doen als je microfiber hebt dan bij leer. Motorrijders geven echt om die perforatie. 
Vooral op het parcours heb je alleen maar geperforeerde laarzen en pakken, omdat het 
topsport is. Je moet het in perspectief zien. Laarzen die niet geperforeerd zijn, zie je vaak toch 
wel terug bij mensen die op straat rijden. Iemand die op een circuit rijdt, is drie kwartier tot een 
uur aan het racen. Rijd je een hele dag, dan heb je een andere inspanning en warmteopname. 
Dus motorrijders die in Nederland rijden maken vandaar vaak de keuze voor niet geperforeerd. 
Ook ventilatiegaten met grote stukken leer erachter werken, want daar gaat een soort 
luchtkanaal doorheen, door het mesh of langs het wreefgedeelte. Bij Alpinestars hebben ze 
vaak een geperforeerde scheenbeenprotector en dat loopt daar doorheen, door de voering, 
richting de geperforeerde binnenlaars. Dat zorgt wel degelijk voor ventilatie, heeft zeker een 
effect. Het is een soort grote luchthapper die zorgt dat er actieve luchtstroming in de laars komt 
waardoor je koele voeten hebt. Mensen zeggen dat het lijkt alsof je sokken aan hebt als je rijdt 
met geperforeerde laarzen aan. Dus het werkt. Bij de Axial is weinig perforatie, maar ze zijn er 
wel in geperforeerd leer. Je hebt minder oppervlakte om perforatie toe te passen en uiteindelijk 
wil je een goede mix hebben van veiligheid en ventilatie. Heb je een hele open structuur, dan 
wordt het minder slijtvast. Dat heb je natuurlijk ook in het pak, dat loopt langer door. Je hebt 
dezelfde lengte. Maar meer op het been of onderbeen wat vrij toegankelijk is, dus op het 
onderbeen wordt wat meer perforatie toegepast. Maar er zijn geen klachten dat het bij Dainese 
minder goed zou ventileren. Er zijn niet echt dingen waarin Dainese of Alpinestars beter is, is 
Nike vs Adidas, waar geloof je in, welk merk vind je sympathieker, maar ik ga dat mijn collega 
vragen. 

Wat is de ideale racelaars, wat zijn de designaspecten waarmee rekening moet worden 
gehouden? Het gaat om performance tegenover safety/protectie. Daar een optimale mix in 
vinden, die optimaal veilig is, maar technisch kan voldoen aan flexibiliteit om optimaal te 
kunnen presteren. Dat vond ik interessant aan je vragenlijst, waarom de linker- en 
rechterschoen identiek zijn. Dat is puur kostentechnisch, want dan hoef je maar één laars te 
ontwerpen en die te spiegelen. Maar je kunt je voorstellen dat het wenselijk is om af te wijken in 
de vorm of materialen om te zorgen dat je remvoet, je remlaars anders is opgebouwd dan de 
voet, de laars waarmee je schakelt om alleen daar protectie op te zetten waar je de kracht op 
zet. Gewicht is superbelangrijk, maar ook daar is het weer de mix van minder materiaal en 
veiligheid. Ik denk dat de Axial nu de meest geavanceerde laarzen zijn. 

Wat betreft de toekomst verwacht ik dat er slimmere materialen komen die lichter zijn en 
dezelfde bescherming bieden als de huidige materialen en ook dat er materialen komen die 
zelfhelend zijn, die dus als er iets stuk gaat zichzelf kunnen herstellen. Airbags om de voet, daar 
geloof ik niet in. 
Het zou goed zijn als je inzage kunt krijgen in de MotoGP; hoeveel zijn er gecrasht, bij welke 
laarzen, hoeveel enkels gebroken. Op het circuit kom je denk ik weinig mensen tegen die 
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daadwerkelijk hun voet ofzo breken. Als dat minimaal is, heb je je doel bereikt en zitten we qua 
safety op de juiste hoogte.  

Wat nog beter kan, is de afstelling van de laars, dat die op maat gemaakt kan worden. De wens 
van maatwerk geldt voor de laars en de kleding. Bij Alpinestars hebben ze vaak net niet de 
maat die mensen hebben en het is nu heel beperkt mogelijk om iets in te stellen zodat het wel 
goed zit bij de binnenlaars aantrekken en de sluiting op de zijkant. Het racegebeuren is 
allemaal redelijk eenzijdig, als het maar snel gaat. Bij de touringlaars waarmee je op straat wil 
rijden, gehard, ongehard, en op weg wil kunnen landen is meer technologie nodig. Dat luistert 
nauwer dan een racelaars die is ontwikkeld om op hoge snelheden te beschermen.  

Een enkelbrace heeft zeker effect. De enkel kan niet meer zijdelings bewegen, dus de enkel 
verzwikken kan niet meer, die wordt in een natuurlijke houding gehouden waarop je ‘m kunt 
bewegen op een natuurlijke manier als je zo’n laars aantrekt. Je overbelast of forceert niets, 
maar de verdere beweging is eruit gehaald. Dat zie je bij elk type laars wel terug. Het is best 
een kleine structuur die toch zoveel voorkomt op zo’n snelheid. 

Wat betreft de zolen: ze zijn allemaal hittebestendig en kunnen tegen olie en zo om grip te 
houden. Elke fabrikant heeft daar zijn eigen invloed op. Bij Dainese zie je dan weer de meest 
geavanceerde zool met verschillende typen patronen. Dat heeft te maken met de manier 
waarop je je voet neerzet; als je laag hangt, zet je je voet op het stepje en daar zit dan ook weer 
een ander patroon in om zo optimaal grip te hebben. Dat geldt ook voor de andere kant, als je 
volledig op je stepje staat, ook daar worden bepaalde patronen toegepast zodat als je je voet 
naar voren beweegt of zijdelings je optimale grip hebt. Wat dat betref heeft Dainese de meest 
geavanceerde zool. Bij Dainese noemen ze dat D-Tech technologie. Bij Alpinestars hebben ze 
één eigen patroon op de zool, is gevulkaniseerd rubber is hittebestendig, maar er is minder 
onderscheid gemaakt op welke manier je je voet neerzet, welke toepassing en wat dan het 
beste is. Materialen die zachter zijn, slijten sneller, maar bieden wel meer grip. Maar mensen 
kijken daar niet naar. Ze vinden Dainese het mooist om hoe erover is nagedacht in de 
verschillende situaties en de manier waarop je de laars kunt neerzetten. Maar als je dat niet 
hebt of er geen last van hebt, dan letten mensen daar niet op. 

De sliders zien er verschillend uit. Bij Dainese hebben ze een lange toeslider die helemaal naar 
de voorkant gaat en nog iets kleins op de enkel. Je hebt aan beide kanten van de enkels ook 
nog wel een slider. Doel is om zo min mogelijk wrijving te creëren zodat als je gaat glijden, je 
blijft glijden en je daardoor minder impact op je voet hebt. De energie moet er zo vanaf worden 
geleid en dat zie je bij elke laars wel terug. Altijd van metaal, titanium, aluminium of magnesium. 
Bij Dainese zijn ze overgegaan van titanium naar aluminium. De prestaties zijn hetzelfde, maar 
het is prijstechnisch interessanter. Magnesium heeft een hoger smeltpunt. Het is voor als je 
gaat glijden op de weg, bij crashen, bij voet te ver van het pedaal of stepje, dat je laars niet in 
het asfalt hapt maar er overheen glijdt. Vandaar dat ze ook altijd afneembaar zijn zodat je ze bij 
slijtage kunt vervangen. Ze zitten op de enkel en hiel zodat ze zo min mogelijk weerstand 
geven. 

Na een crash is het goed kijken naar de staat van de laars aan de buitenkant. Bij Dainese gaat 
het ook om de staat van het carbon. Dat is heel stijf en daardoor enigszins kwetsbaar. Het is 
afhankelijk van hoe je crasht, maar in het algemeen valt de schade aan een laars na een crash 
mee en kan je deze weer gebruiken. Het kan zijn dat een coureur zijn eigen voorkeuren heeft en 
een slider weghaalt of vervangt door een stukje plastic.  

Het is een hele bijzondere wereld. 

De manier van aantrekken van een laars is per persoon verschillend. Heb je een hoge wreef, 
dan is het fijn om de laars iets te kunnen stellen. Sidi heeft veel buckles en die laars valt vaak 
wat smaller. Het is maar net hoe je qua voet zit. Smalle of brede voet, hoge of lage wreef; het 
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heeft invloed op je keuze. Als je een productconcept hebt waarbij je dat soort variabelen kunt 
tackelen, door ze verstelbaar te maken, dan heb je wel een plus. 
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APPENDIX 11. CRASH ANALYSIS

Appendix 11. Crash Analysis. 

A small crash analysis was done to investigate the need for the toe and heel box and 
sliders. On top of that, it was useful to see whether any more protection is needed in 
certain areas and what would be a good location for the closure system (as keeping 
this out of the abrasion zone is ideal for the longevity of the boot). For this analysis 
screenshots were taken of the video “Top 10 Crashes of the Decade.” (MotoGP, 2022). 
The number of crashes was limited to six as this already provided some useful insights 
and the analysis was mainly done to confirm other findings. 

Results 

Crash 1 
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Appendix 11. Crash Analysis. 

A small crash analysis was done to investigate the need for the toe and heel box and 
sliders. On top of that, it was useful to see whether any more protection is needed in 
certain areas and what would be a good location for the closure system (as keeping 
this out of the abrasion zone is ideal for the longevity of the boot). For this analysis 
screenshots were taken of the video “Top 10 Crashes of the Decade.” (MotoGP, 2022). 
The number of crashes was limited to six as this already provided some useful insights 
and the analysis was mainly done to confirm other findings. 

Results 

Crash 1 
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- Lowsider with Alpinestars Supertech R boots
- Starts sliding and ends up tumbling
- At multiple points the rider is at risk for hyper-inversion.

- The following areas were used for sliding and absorbed impact:
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- The following areas were used for sliding and absorbed impact:
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Crash 2 
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- Topsider with Dainese Axial D1 boots
- Flies up into the air and starts thumbling and then sliding and turning
- At multiple points the rider is at risk for hyper-eversion.
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- The following areas were used for sliding and absorbed impact:
Crash 3 

- Lowsider with Alpinestars Supertech R boots
- High bike slides away, he gets launched a little and then he start sliding and tumbling
- At multiple points the rider is at risk for hyper-abduction and adduction.
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- The following areas were used for sliding and absorbed impact:
Crash 3 

- Lowsider with Alpinestars Supertech R boots
- High bike slides away, he gets launched a little and then he start sliding and tumbling
- At multiple points the rider is at risk for hyper-abduction and adduction.
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Crash 4 
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- Highsider Alpinestars Supertech R boots
- Flies up into the air and starts thumbling and then sliding and turning
- At multiple points the rider is at risk for hyper-adduction, hyper-abduction, hyper-flexion,

hyper-inversion.
- The following areas were used for sliding and absorbed impact:
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Crash 5 
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- Lowsider with Alpinestars Supertech R boots
- Flies up into the air and starts thumbling and then sliding and turning
- At multiple points the rider is at risk for hyper-inversion.

- The following areas were used for sliding and absorbed impact:



219Crash Analysis

- Lowsider with Alpinestars Supertech R boots
- Flies up into the air and starts thumbling and then sliding and turning
- At multiple points the rider is at risk for hyper-inversion.

- The following areas were used for sliding and absorbed impact:
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Crash 6 
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- Highsider with Alpinestars Supertech R boots 
- Flies up into the air and starts thumbling and then sliding and turning  
- At multiple points the rider is at risk for everything but hyper-flexion.  
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- The following areas were used for sliding and absorbed impact: 
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- The following areas were used for sliding and absorbed impact: 

 

 

 

  

Conclusion 

- The toe box and heel box are there for a reason. Almost all impacts where in
these locations.

- The shin protector remained fairly unused.
- The flex area remained out of the abrasion zone. It might be interesting to

consider this area for the closure system (zipper/buckles), to keep it intact.
- The edges of the outer sole endure a lot of abrasion.
- The sample size was too small to conclude anything regarding the difference per

boot.
- The sliders on the lateral side of the boot (toe, ankle, shin) and the heel fulfil a

function and are not just there for show.

This is what a combination off all the crashes looks like for both boots: 
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APPENDIX 12. LIST OF ADDTIONAL 
REQUIREMENTS

See Confidential Appendix
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APPENDIX 13. RESEARCH KNITTING 
PATTERNS
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Appendix 13. Research Knitting Patterns.  
 
With knitting a very stiff thread can be used to make a stretchy strap (Plaude, 2023). For the 
application of the ankle brace, movement up onto a certain point should be allowed and then be 
block it after that. Thus, we want a range of stretch followed by stiffness. That is why knitting the 
straps with a very stiff and strong fibre like Kevlar would be a solution for this application. A knit 
structure keeps the fibres bound together and flat upon compression. If you would directly attach 
the fibres from one hard part to another, they would move around, potentially get caught and 
buckle when unstretched. There are different knitting patterns that could be applied, that result in 
different amounts of stretch, making some more suitable than others. As no research is available 
regarding this topic, tests were done to find the best suitable structures for this application. As 
Kevlar fibre is more difficult to work with due to it being difficult to cut, the following tests were 
performed with another stiff thread, polyamide rope. The conclusions form the base for the 
development of the Kevlar straps and makes it so that less Kevlar straps need to be made and 
tested for the final prototype. For the ankle brace it is important that the straps remain as thin as 
possible, respond uniformly to stretch (decreases the chance of breakage under great force), do 
not curl up and have a minimal chance of getting caught behind a structure within the boot. These 
wishes stem from the boot design drivers: slim profile, protective and freedom of movement. 
 
MMeetthhoodd  
All samples were hand-knitted with straight bamboo knitting needles. A few different variables 
were created, sample with a different: needle size (2.5, 4, 2.5 & 4 combined and 8 mm needles), 
knitting pattern (knit, rib, stockinette and seed stitches) and knitting method (loose and tight). 
The samples were made to be about 2.5 by 8 cm. When finished the length of the sample was 
measured in neutral state. Then the sample would be stretch out by hand until no more stretch 
could be obtained by hand, as at this point the stretch is no longer provided by the structure, 
but by the material. In this state the length of the sample would be measured again. See the 
figure below for an overview of the measurement method. 
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RReessuullttss  
Created Knitting Patterns 
 

Knit Stitch Pattern in Length 
Direction (Tightly Knitted) | 

Needle Size: 2.5 mm 

Knit Stitch Pattern in Length 
Direction (Loosely Knitted) | 

Needle Size: 2.5 mm 

Knit Stitch Pattern in Length 
Direction | Needle Size: 2.5 

and 4 mm Combined 

   
 

Knit Stitch Pattern in Length 
Direction | Needle Size: 4 mm 

Knit Stitch Pattern in Length 
Direction | Needle Size: 8 mm  

Knit Stitch Pattern in Width 
Direction | Needle Size: 4 mm 
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Single Rib Stitch 
Pattern in Length 

Direction | Needle 
Size: 4 mm 

Double Rib Stitch 
Pattern in Length 

Direction | Needle 
Size: 4 mm 

Stockinette Stitch 
Pattern in Length 

Direction | Needle 
Size: 4 mm 

Seed Stitch Pattern in 
Length Direction | 
Needle Size: 4 mm 

    
 
Stretch Measurement 
Different Stitching Patterns 
Knitting Pattern (4 mm) L0 (cm) L1 (cm) Delta (cm) Elongation (%) Comparison 
Knit - Length 8,5 11,5 3,0 35,3 Norm: 1,00 
Stockinette - Length 7,6 9,2 1,6 21,1 0,60 
Knit - Width 7,7 9,3 1,6 20,8 0,59 
1x Rib - Width 8,2 11,6 3,4 41,5 1,17 
2x Rib - Width 9,4 11,7 2,3 24,5 0,69 
Seed - Width 9,7 11,6 1,9 19,6 0,55 

 
Different Needle Sizes 
Needle Size (Knit Stitch in Length) L0 (cm) L1 (cm) Delta (cm) Elongation (%) Comparison 
2,5 mm (Tight) 7,6 8,7 1,1 14,5 0,41 
2,5 mm (Loose) 7,1 8,9 1,8 25,4 0,72 
2,5 & 4 mm 7,5 9,5 2,0 26,7 0,76 
4 mm 8,5 11,5 3,0 35,3 Norm: 1,00 
8 mm 7,2 12,0 4,8 66,7 1,89 

 
During the making of the different samples, it became apparent that some of the options curled 
up (the stockinette stitch) when stretched or did not stretch uniformly (the rib stitches and the 
seed stitch), making them unsuitable for the application.  
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APPENDIX 14. OVERVIEW IDEATION RESULTS
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Based on the norm in both tables, which is the same sample (4 mm Knit Stitch in Length 
Direction), translations can be made calculating the stretch of a certain knitting pattern with a 
different needle size. Besides the knit stitch in the length direction, the knit stitch in the width 
direction is the only knitting pattern that is suitable for the ankle brace. That is why only for this 
pattern the influence of the different needle sizes was calculated: 
 
Knit - Width Factor % 
4 mm 1,0 20,8 
2,5 mm (Tight) 0,41 8,5 
2,5 mm (Loose) 0,72 14,9 
2,5 & 4 mm 0,76 15,7 
8 mm 1,89 39,2 

 
CCoonncclluussiioonn  
The knitting pattern made of knit stitches in both the length and width direction are the best 
suitable for the application of straps for the ankle brace system.  
 
Based on the found elongations, in theory, the following knit structures would be best suitable 
for the staps for the following movements: 

- IInnvveerrssiioonn:: the maximal wanted elongation is 19.6 %, so a knit stitch in width direction 
with a 2.5 and 4 mm needle (15.7 %). 

- EEvveerrssiioonn:: the maximal wanted elongation is 13.0 %, so a tight knit stitch in width 
direction with a 2.5 mm needle (8.5 %). 

- SSuuppiinnaattiioonn::  the maximal wanted elongation is  25.9 %, so a loose knit stitch in length 
direction with a 2.5 mm needle (25.4 %).  

- PPrroonnaattiioonn::  the maximal wanted elongation is  12.0 %, so a tight knit stitch in width 
direction with a 2.5 mm needle (8.5 %).  

- AAdddduuccttiioonn:: the maximal wanted elongation is  6 %, so no knitting structure is suitable, 
and the fibres should directly be connected from hard part to hard part.  

- AAbbdduuccttiioonn:: the maximal wanted elongation is  5 %, so no knitting structure is suitable, 
and the fibres should directly be connected from hard part to hard part.  

 
These types of knit structures should be made with out of Kevlar fibre too and then tested in 
practice. 
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Appendix 14. Overview Ideation Results.  
 
1144..11..  GGeenneerraall  CCoonncceepptt  GGeenneerraattiioonn  
Based on the initial Brainwriting session of Appendix 8 with the following problem statement: 
“How to make an ankle joint and its supporting structures survive any MotoGP crash?”, a next 
step was taken to turn these ideas into concepts applied to a boot. The method of Brain Drawing 
(Van Boeijen et al., 2013) was applied to take this step and to diverge. With Brain Drawing ideas 
are not written down in words, but as the name suggests they are drawn and the goal is to create 
quantity in terms of ideas to generate quality. This allows for better communication of the 
generated ideas. Naturally, some ideas jump out to you more then others, but to make sure no 
interesting ideas are tossed, reverging, and spending some time with all ideas is important. To 
reverge and so consider all the presented ideas, the method of “Clustering” was used (Heijne & 
Van der Meer, 2019). The clusters were made and named according to shared characteristics. 
Not all ideas can and should be turned into concepts. Choosing the one that best fits the design 
drivers is the goal. Therefore, converging is necessary. So, a first purge was done to select the 
most promising concepts. This initial selection was done with the “Hits and Dots”-method (Heijne 
& Van der Meer, 2019). A graduated Integrated Product Design Student was asked to help in the 
selection. The discussion resulted in the choice of six concepts, as we chose to allow the vote of 
one dot per cluster. To make a final choice between the concepts, the “Harris Profile”-method 
was applied (Van Boeijen et al., 2013). From the stated design drivers and requirements, the 
most important and differentiating wishes were selected. These wishes were ranked in terms of 
importance and the concepts were rated per wish based on personal insight. From this 
comparison the concept that came out best was the one with a structure of stiff straps that mimic 
the ligamentous structures around the ankle, to support the already present ankle support of the 
human body.   
 
Results – Braindrawing, Clustering, Hits & Dots 
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Concept Choice – Harris Profile 

IIddeeaa::  11::  AAiirrbbaagg  44::  AArrtt  77::  NNeeww  JJooiinntt  1100::  DDaammppeerrss  1144::  LLiiggaammeenntt  2266::  VVoollttss  

Wish -2 -1 +1 +2 -2 -1 +1 +2 -2 -1 +1 +2 -2 -1 +1 +2 -2 -1 +1 +2 -2 -1 +1 +2 

Protection                         

Freedom of Movement                         

Weight                         

Bulk                         

Manufacturability                         

Complexity                         

Looking at the little block towers idea 14 comes out best, then idea 7 and then idea 10. Idea 14 
will be the starting point of the development of the concept.    
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1144..22..  IIddeeaattiioonn  SSuubb--PPrroobblleemm::  HHooww  ttoo  mmaakkee  aa  ssttiiffff  ssttrraapp  aa  lliittttllee  ssttrreettcchhyy..    
Based on calculations and material research the choice was made to select Kevlar as the optimal 
material for the straps. A woven Kevlar strap, however, is very stiff and will buckle when not put 
under tension. Furthermore, it does not provide any support to the ankle within the active range 
of motion. As the riders value feeling safe and would like to feel the presence of the ankle brace, 
it is important that the straps offer some counteracting force when the ankle is moved into a 
certain direction. Not so much that it feels limiting, but enough to make it feel like something is 
there to catch you, when necessary. Just like a seat belt. 
For this ideation round the following problem statement was defined: “How to make a stiff strap 
a little stretchy?” Also here the method of Brain Drawing (Van Boeijen et al., 2013) was applied to 
diverge and create fluency, so a larger quantity of ideas. Reverging was done with the method of 
“Clustering” (Heijne & Van der Meer, 2019). The clusters were made and named according to 
shared characteristics. The initial selection was done with the “Hits and Dots”-method (Heijne & 
Van der Meer, 2019), which resulted in the choice of four ideas. To make a final choice between 
these ideas, the “Weighted Objectives”-method was applied (Van Boeijen et al., 2013). From the 
stated design drivers and requirements, the most important and differentiating wishes were 
selected. These wishes were ranked in terms of importance and rated with a weight factor. Then 
the ideas were rated on a scale from 1 to 10 and multiplied with the weight factor of the wish. 
Summing up all these multiplied scores per wish results in a final score. The higher this score, 
the better the idea fits with the stated design drivers. Looking at the scores the idea that came 
out best was the one where the Kevlar yarn is knitted into a structure, as a knitted structure allows 
for stretch up onto a certain point depending on the structure. After that point the flexibility of the 
strap is defined by the Young’s Modulus of the material. Furthermore, a knitted structure would 
allow for the freedom of movement in a sideways direction, which on the boot would be the 
movement of plantar- and dorsi flexion. To check whether this finding was correct an expert 
meeting was arranged with the textile expert of the faculty of Industrial Design Engineering. She, 
Plaude (2022), confirmed this finding, showed different types of knitting patterns, and provided 
instructions to make these knitting structures for the creation of prototypes.  
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Weighted Objectives 
 

 
22::  SSpprriinngg  

SSttrriinngg  
55::  EEllaassttiicc  

LLoocckk  
66::  EEllaassttiicc  

TTuubbee  
99::  KKnniitttteedd  

KKeevvllaarr  
Wish Weight Score Total Score Total Score Total Score Total 
Strength 30 6 180 7 210 8 240 9 270 
Reliability 20 7 140 6 120 9 180 9 180 
Manufacturability 20 6 120 5 100 8 160 7 140 
Sturdy look 
(Sense of safety)  15 6 90 6 90 7 105 9 135 

Longevity 10 8 80 6 60 9 90 9 90 
Bulk 5 7 35 5 25 7 35 7 35 
TToottaall  100  645  605  810  850 

  
Looking at the resulting scores, the most fitting concept would be idea 9, then idea 6 and then 
idea 5. Idea 9 will be implemented in the overall design.   
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1144..33..  IIddeeaattiioonn::  KKeeeeppiinngg  tthhee  KKeevvllaarr  ssttrraappss  iinn  ppllaaccee  oonn  tthhee  lloowweerr  lliimmbb..  
For the straps to do their job, they need to have a stable support structure that keeps them in 
place. This support structure needs to be stiff and strong.  
For this ideation round the following problem statement was defined: “How to keep the Kevlar 
straps in place on the lower limb?” The method of How To combined with Brainwriting (Van 
Boeijen et al., 2013) was applied to diverge. The reverging step was done with the “vALUe”-
method (Van Boeijen et al., 2013), stating the advantages, limitations, and unique findings. To 
make a final choice between these ideas, the “Hits and Dots”-method was applied (Heijne & Van 
der Meer, 2019). The final choice was made for making a 3D printed or CNC’ed shape based on 
a 3D scan of the rider that is strapped to the rider’s leg and connected to the inner boot. The 
structures of the leg would divide the force over the leg and keep the base part that connects to 
the straps in place. An interesting note was connecting the straps to the inner boot and the inner 
boot to the suit. This formed the basis for the next ideation round. 
 
1144..33..  IIddeeaattiioonn::  HHooww  ttoo  pprreevveenntt  tthhee  iinnnneerr  bboooott  ((IIBB))  ffrroomm  ccrruummpplliinngg  uupp  uunnddeerr  tthhee  ffoorrcceess  ooff  tthhee  
ssttrraappss??  
As mentioned an interesting idea arose to connect the straps to the inner boot and the inner boot 
to the suit. This would allow the straps to stay in place even better and to alleviate some of the 
pressure caused by the great forces put on the straps and create more stability. 
For this ideation round the following problem statement was defined: “How to prevent the inner 
boot (IB) from crumpling up under the forces of the straps?” The method of How To combined 
with Brainwriting (Van Boeijen et al., 2013) was applied to diverge. The reverging step was done 
with the “PMI”-method (Van Boeijen et al., 2013), stating the advantages, limitations, and unique 
findings. To make a final choice between these ideas, the “Hits and Dots”-method was applied 
(Heijne & Van der Meer, 2019). The final choice was made for attaching the inner boot to the suit 
via a zipper. This distributes the forces evenly over the protective structures and is already a 
principle that is applied for connecting the upper and lower parts of two-piece suits. 
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1144..55..  IIddeeaattiioonn::  CCoonnnneeccttiinngg  tthhee  KKeevvllaarr  ssttrraappss  ttoo  tthhee  hhaarrdd  ppaarrttss..  
Naturally the straps have to be connected to the hard part that connects to the inner boot. 
Important for this connection is that it is strong and stiff. No extra stretch should come from the 
connection as this makes it hard to predict the behaviour of the strap. Furthermore, the strap 
should stay in place and the hard part should be able to handle the forces that are applied to it 
through the straps. 
For this ideation round the following problem statement was defined: “How to connect a knitted 
Kevlar strap to a rigid hard part?” The method of Brain Drawing (Van Boeijen et al., 2013) was 
applied to diverge. Reverging was done with the method of “Clustering” (Heijne & Van der Meer, 
2019). The initial selection was done with the “Hits and Dots”-method (Heijne & Van der Meer, 
2019), which resulted in the selection of four ideas. To make a final choice between these ideas, 
the “Weighted Objectives”-method was applied (Van Boeijen et al., 2013). Looking at the scores 
the idea that came out best was the one where the Kevlar yarn is stitched through small holes at 
the edge of the hard part. Another expert meeting with Plaude (2022) indicated this to be the best 
solution. To get a better feel for the manufacturability and the look and feel of the connections, 
multiple prototypes were made. These can be found in Appendix 16. 
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9 

 

18 

 

    19 

 
  
Weighted Objectives 
 

 
44::  SSmmaallll  hhoollee  

ssttiittcchhiinngg  
99::  AAddddeedd  
SSttrruuccttuurree  

1100::  TThhee  
TTuunnnneell  

1155::  MMoouulldd  
iinnsseerrttss  

 Weight Score Total Score Total Score Total Score Total 
Strength 30 9 270 7 210 7 210 9 270 
Longevity 25 8 200 7 175 7 175 8 200 
Manufacturability 20 8 160 7 140 6 120 6 120 
Sturdy look 
(Sense of safety)  15 7 105 6 90 7 105 8 120 

Bulk 10 8 80 7 70 5 50 9 90 
TToottaall  100  815  685  660  800 

  
Looking at the resulting scores, the most fitting concept would be idea 4, then idea 15 and then 
idea 9. With idea 4 as a basis, prototypes were created to get a better understanding of the 
advantages and disadvantages of the solution and to improve the idea, see Appendix 16. 
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APPENDIX 15. CALCULATIONS ANKLE BRACE
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> > 

https://www.roadracingworld.com/news/bazs-alpinestars-suit-recorded-299-g-impact-in-180-mph-crash-
at-sepang/ 
https://drbiomechanics.com/motorcycle-accident-reconstruction-2/

Kinematics

Appendix 15. Calculations Ankle Brace.Inversion
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> > 

(1.1)(1.1)

> > 

(1.2)(1.2)

(1.3)(1.3)

> > 

(1.4)(1.4)

> > 
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> > 

> > 

(2.1.1)(2.1.1)

> > 

(1.4)(1.4)

(1.5)(1.5)

85.87129698

Eversion
Assumptions: all forces are translated in to movement.
The friction coefficient of the asphalt is 1 when the foot grips, so there will be no sliding.

Degrees to Elongation
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> > 

(2.1.6)(2.1.6)

(1.4)(1.4)

> > 

(2.1.1)(2.1.1)

(2.2.1)(2.2.1)

Forces & Moments
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(2.2.7)(2.2.7)

(2.2.8)(2.2.8)

> > 

(2.1.1)(2.1.1)

(2.2.10)(2.2.10)

> > 

(1.4)(1.4)

(2.2.4)(2.2.4)

(2.2.9)(2.2.9)

(2.2.2)(2.2.2)

> > 

> > 

> > 

> > 

> > 

> > 

(2.2.3)(2.2.3)

(2.1.6)(2.1.6)

(2.2.6)(2.2.6)

(2.2.5)(2.2.5)

> > 

> > 
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> > 

> > 

> > 

(2.2.11)(2.2.11)

> > 

(2.1.1)(2.1.1)

(2.2.13)(2.2.13)

(2.2.12)(2.2.12)

(1.4)(1.4)

> > 

(2.2.2)(2.2.2)

> > 

> > 

(2.2.1.2)(2.2.1.2)

(2.2.15)(2.2.15)

> > 

(2.2.1.1)(2.2.1.1)

(2.2.1.3)(2.2.1.3)

(2.2.1.4)(2.2.1.4)

> > 

> > 

> > 

(2.1.6)(2.1.6)

> > 

> > 

> > 

(2.2.14)(2.2.14)

Material Properties 
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(2.2.1.2.1)(2.2.1.2.1)

> > 

> > 

> > 

(2.2.1.2.4)(2.2.1.2.4)

(2.1.1)(2.1.1)

(2.2.1.2.3)(2.2.1.2.3)

> > 

> > 

(2.1.6)(2.1.6)

(1.4)(1.4)

> > 

(2.2.2)(2.2.2)

(2.2.1.2.2)(2.2.1.2.2)

> > 

> > 

> > 

Kevlar - Minimal Surface Area
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(1.3)(1.3)

> > 

> > 

> > 

> > 

(1.2)(1.2)

(1.1)(1.1)

(1.4)(1.4)

Eversion
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(1.5)(1.5)

> > 

> > 

(2.1.1)(2.1.1)

(1.4)(1.4)

> > 

85.87129698

Inversion
Assumptions: all forces are translated in to movement.
The friction coefficient of the asphalt is 1 when the foot grips, so there will be no sliding.

Degrees to Elongation
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(2.1.3)(2.1.3)

(2.1.2)(2.1.2)

(2.1.4)(2.1.4)

(2.1.5)(2.1.5)

> > 

> > 

(2.1.1)(2.1.1)

(1.4)(1.4)

> > 

> > 
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> > 

(2.1.1)(2.1.1)

(1.4)(1.4)

(2.1.6)(2.1.6)

Forces & Moments
The equation of subtalar joint stiffness (inversion/eversion) is y = 0.0583*x2, with x being the 
angle in degrees (Kjaersgaard-Andersen et al, 1988).
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> > 

(2.1.6)(2.1.6)

> > 

> > 

> > 

(2.2.2)(2.2.2)

(2.2.1)(2.2.1)

(2.1.1)(2.1.1)

(1.4)(1.4)

(2.2.1.1)(2.2.1.1)

   

Trial
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(2.1.5)(2.1.5)

(2.1.4)(2.1.4)

(2.1.3)(2.1.3)

> > 

> > 

(2.1.2)(2.1.2)

(2.1.1)(2.1.1)

> > 

(1.4)(1.4)

> > 
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(2.2.3)(2.2.3)

> > 

(2.2.5)(2.2.5)

(2.2.1.3)(2.2.1.3)

(2.2.6)(2.2.6)

> > 

> > 

> > 

(1.4)(1.4)

(2.2.4)(2.2.4)

> > 

(2.2.1.2)(2.2.1.2)

(2.1.6)(2.1.6)

> > 

(2.1.1)(2.1.1)

(2.2.1.1)(2.2.1.1)

> > 
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> > 

(2.2.14)(2.2.14)

> > 

(2.2.8)(2.2.8)

(2.2.7)(2.2.7)

> > 

(2.2.10)(2.2.10)

> > 

> > 

(2.2.15)(2.2.15)

(2.2.13)(2.2.13)

(1.4)(1.4)

> > 

> > 

> > 

(2.2.9)(2.2.9)

> > 

> > 

(2.2.11)(2.2.11)

> > 

> > 

(2.1.6)(2.1.6)

> > 

> > 

(2.2.2.1)(2.2.2.1)

(2.1.1)(2.1.1)

(2.2.1.1)(2.2.1.1)

(2.2.2.2)(2.2.2.2)

(2.2.12)(2.2.12)

> > 

Material Properties 
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> > 

> > 

(2.2.2.1.1)(2.2.2.1.1)

> > 

(2.2.7)(2.2.7)

> > 

> > 

> > 

> > 

(2.2.2.3.1)(2.2.2.3.1)

(1.4)(1.4)

> > 

> > 

(2.2.2.3.2)(2.2.2.3.2)

(2.2.2.4)(2.2.2.4)

> > 

(2.2.2.3)(2.2.2.3)

(2.1.6)(2.1.6)

(2.2.2.1.3)(2.2.2.1.3)

> > 

(2.2.2.1.4)(2.2.2.1.4)

> > 

(2.1.1)(2.1.1)

(2.2.2.1.2)(2.2.2.1.2)

(2.2.1.1)(2.2.1.1)

(2.2.2.2)(2.2.2.2)

Bepalen kracht voor trektest

Kevlar - Minimal Surface Area
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> > 

> > 

(2.2.2.3.4)(2.2.2.3.4)

> > 

(2.2.7)(2.2.7)

(2.1.6)(2.1.6)

> > 

> > 

(2.2.2.3.3)(2.2.2.3.3)

(2.1.1)(2.1.1)

(1.4)(1.4)

(2.2.1.1)(2.2.1.1)

(2.2.2.2)(2.2.2.2)

> > 
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> > 

(1.1)(1.1)

> > 

> > 

(1.2)(1.2)

(1.4)(1.4)

(1.3)(1.3)

> > 

Updated Inversion: Straps & Brace
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> > 

(2.1.1)(2.1.1)

> > 
(1.5)(1.5)

(1.4)(1.4)

> > 

85.87129698

Inversion
Assumptions: all forces are translated in to movement.
The friction coefficient of the asphalt is 1 when the foot grips, so there will be no sliding.

Degrees to Elongation
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(2.1.1)(2.1.1)

> > 

> > 

> > 

(2.1.4)(2.1.4)

(2.1.2)(2.1.2)

> > 

(2.1.5)(2.1.5)

(1.4)(1.4)

(2.1.3)(2.1.3)
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(2.1.1)(2.1.1)

> > 

(2.1.6)(2.1.6)

> > 

(2.1.5)(2.1.5)

(1.4)(1.4)

Forces & Moments
The equation of subtalar joint stiffness (inversion/eversion) is y = 0.0583*x2, with x being the 
angle in degrees (Kjaersgaard-Andersen et al, 1988).
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(2.1.1)(2.1.1)

> > 

(2.2.1)(2.2.1)

(2.2.1.1)(2.2.1.1)

> > 

(2.1.5)(2.1.5)

(2.2.2)(2.2.2)

> > 

(1.4)(1.4)

> > 

   

Trial
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(2.1.1)(2.1.1)

(2.2.1.1)(2.2.1.1)

(2.2.4)(2.2.4)

(2.2.6)(2.2.6)

(2.2.1.3)(2.2.1.3)

(2.2.5)(2.2.5)

> > 

> > 

> > 

(2.2.3)(2.2.3)

(2.1.5)(2.1.5)

(2.2.1.2)(2.2.1.2)

> > 

(1.4)(1.4)

> > 

> > 

> > 
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> > 

> > 

(2.2.8)(2.2.8)

(2.1.1)(2.1.1)

> > 

> > 

> > 

> > 

(2.2.11)(2.2.11)

(2.2.1.1)(2.2.1.1)

> > 

> > 

> > 

(2.2.10)(2.2.10)

(2.2.9)(2.2.9)

(2.2.15)(2.2.15)

> > 

> > 

(2.2.2.1)(2.2.2.1)

(2.2.12)(2.2.12)

> > 

(2.2.2.2)(2.2.2.2)

(2.2.7)(2.2.7)

(2.2.13)(2.2.13)

(2.2.14)(2.2.14)

(2.1.5)(2.1.5)

> > 

> > 

> > 

(1.4)(1.4)

Material Properties 
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> > 

(2.1.1)(2.1.1)

(2.2.1.1)(2.2.1.1)

> > 

> > 

> > 

(2.2.2.1.2)(2.2.2.1.2)

(2.2.2.1.3)(2.2.2.1.3)

(2.2.2.1.4)(2.2.2.1.4)

(2.2.2.4)(2.2.2.4)

> > 

> > 

> > 

(2.2.2.3)(2.2.2.3)

> > 

(2.2.2.2)(2.2.2.2)

(2.2.7)(2.2.7)

> > 

(2.1.5)(2.1.5)

> > 

(2.2.2.1.1)(2.2.2.1.1)

> > 

(1.4)(1.4)

(2.2.2.3.1)(2.2.2.3.1)

Bepalen kracht voor trektest

Kevlar - Minimal Surface Area
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> > 

(2.1.1)(2.1.1)

> > 

(2.2.1.1)(2.2.1.1)

> > 

(2.2.2.2)(2.2.2.2)

(2.2.7)(2.2.7)

(2.2.2.3.3)(2.2.2.3.3)

(2.2.2.3.4)(2.2.2.3.4)

(2.2.2.3.2)(2.2.2.3.2)

> > 

(2.1.5)(2.1.5)

> > 

> > 

> > 

(1.4)(1.4)
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> > 

(2.1.1)(2.1.1)

> > 

(2.2.1.1)(2.2.1.1)

> > 

(2.2.2.2)(2.2.2.2)

(2.2.7)(2.2.7)

(2.2.2.3.3)(2.2.2.3.3)

(2.2.2.3.4)(2.2.2.3.4)

(2.2.2.3.2)(2.2.2.3.2)

> > 

(2.1.5)(2.1.5)

> > 

> > 

> > 

(1.4)(1.4)

APPENDIX 16. DESIGN CHOICE SUPPORTING 
TESTS
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Appendix 16. Design Choice Supporting Tests 
 
1166..11..  FFiirrsstt  MMeeaassuurreemmeennttss  
Calculating the amount stretch required for purely inversion and eversion is doable, as also data 
was available for these calculations. Combining the movement of inversion and eversion with 
plantar and dorsiflexion makes this very complex. To avoid getting lost in the theory, simple 
measurements were done of the amount needed to be provided to allow for the maximum active 
joint angles. At first the special contraption below was made to see how the different motions 
overlap, as to not limit other movements by limiting one. After that measurements were taken of 
other test subjects to get an understanding of the variance per person. The results were the 
foundation for the needed stretch per strap indicated in Appendix 18 about the knitting patterns. 
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1166..22..  TTooppoollooggyy  SSttrraappss  
The ligamentous structure on the lateral side is made up out of three connections. The ATF, CF 
and PTF ligaments of the collateral lateral ligament, connect the anterior (front) side of the talus 
and fibula, calcaneus and fibula and the posterior (back) side of the talus and fibula, respectively. 
The way they are laid out makes it so that they prohibit motion up onto a certain angle in different 
scenarios involving inversion. These scenarios are inversion combined with plantar flexion (ATFL), 
inversion combined with dorsiflexion (PTFL) and purely inversion (CFL). Compared to the deltoid 
ligament or collateral medial ligament (combined ligamentous structure on the medial side of the 
ankle), these are just small straps connecting the bones making them the most prone to damage. 
Therefore, preventing hyper rotation in all directions of inversion has the priority, but the other 
ligamentous structures are also considered. Supporting or even entirely relieving the ligaments is 
the main purpose of the ankle brace as these structures are not made for the enormous amount 
of force that would be applied to them during a crash. For this reason, the choice was made to 
create a system out of strong and stiff straps that mimic the ligamentous structures and to 
potentially add structures to limit adduction and abduction. Important is that the movement of 
plantar flexion and dorsiflexion should be as free as possible, as this does not result in injury and 
is indicated as an important design choice by the riders (Alpinestars, n.d.; Appendix 5). In theory 
this should be the case with the use of straps, but to be sure a rapid prototype was created with 
the use of strings and tape. Not only was this test about experiencing whether it would be possible 
to limit a certain set of movements and allow for another set, but the goal was also to figure out 
the right topology of the straps in the case of inversion and eversion in all scenarios. Moreover, a 
strap solution for limiting adduction and adduction was explored. 
 
Neutral 

Plantar flexion Neutral Dorsiflexion 

   
 
Inversion 

Plantar flexion Neutral Dorsiflexion 
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Eversion 
Plantar flexion Neutral Dorsiflexion 

   
 

Adduction Abduction 

  
 
The tests showed that three straps would be necessary to limit inversion and eversion in 
maximal plantar flexion and dorsiflexion and in a neutral position as the straps would tension at 
different angles. Interestingly in any foot position, the strings would not limit plantar flexion not 
dorsiflexion, which was the goal to be able to provide the wanted freedom of movement. In 
terms of the location of the straps it turned out to be important to avoid the malleoli as these are 
sensitive to pressure. Furthermore, the strap for plantarflexion and xversion should be placed as 
far to the forefoot as possible. 

Though a good approximation, the initial test was done with strings instead of straps. To make 
sure the small pressure area was not the foundation of the conclusions, the same tests were 
done with knitted straps. This resulted in the same conclusions. 

 
 
The findings were confirmed by another test person: no straps on the malleoli and no crossing 
the straps over the foot: 
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Takeaways 

• The straps should be guided alongside the lateral and medial malleolus.  
• The straps should not cross over the foot. 
• Per side at least three straps are required for xversion while in plantar flexed, dorsiflexed 

or neutral position. 
• The strap construction does not limit plantar flexion nor dorsiflexion which is exactly the 

way the riders wanted their freedom of movement to be. 
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1166..33..  CCoommppaarriinngg  AAccttiivvee  BBrraacciinngg,,  PPaassssiivvee  BBrraacciinngg  &&  TTaappiinngg  
The figure below shows a prototype of the active brace of Betterguards, a passive brace of 
Orthobroker and a taping structure. I considered it important to feel the difference between the 
different available options, potentially taking something away from the experience for the design 
of the ankle brace.  
 
The BetterGuard is a softshell brace that offers more and less support depending on the velocity 
of the extension of the micro-damper (Betterguards, n.d.). The brace limits the movement of 
inversion combined with plantarflexion. Talking to a former employee of the company made clear 
that it was truly making a difference in the sports world and that they are the first to try this type 
of brace. As velocity influences the likelihood of an injury, the idea arose to create a system that 
responds to this rapid movement. Though proven to work both in theory and in practice, issues 
with tensioning the straps were indicates. Users would not know how to do this properly and 
explaining it is fairly difficult. Wearing the brace for a while it very interesting to feel the difference 
in support depending on the speed of the movement. Yet, the brace was very uncomfortable to 
wear. This was also indicated in tests (OTWorld, 2022). 
 

 
 
 
Takeaways 

• The passive stiff brace barely prevents movement. 
• Active bracing is relatively new but could be a great solution that stretches the 

displacement and decelerates slower, which is less uncomfortable.  
• The tensioning of the active brace is apparently a big struggle and wearing it so tight that 

you could sense the support was a rather uncomfortable experience. 
• As the bottom of the active brace was soft, the brace only worked when standing on it 

and then twisting the ankle. Otherwise, the sock-like structure would move along. 
• The active brace was quite tight and therefore difficult to put on. 
• With stiff tape a good foundation can be made that actually limits movement. 
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1166..44..  SSttrraapp  CCoonnnneeccttiioonn  PPrroottoottyyppeess  
Based on the ideation the step was taken to compare different types of connections to see how 
they would function in practice. The first prototype was born by poking holes in cardboard, but 
the versions that followed were 3D printed and connected to the straps already created for the 
knitting pattern research.  

 

The version with the smaller holes was the winner as this allowed the fibers to remain in places 
even when moved sideways. The connections were really stiff and  

A static computer test and a real-life test will be done to confirm if the stiffness and strength of 
the connection is sufficient. 

Based on these findings an iterated version was created: 
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1166..55..  HHaarrdd  PPaarrtt  PPrroottoottyyppeess  
Based on the ideation sessions and with the help of a scan, multiple concepts were created and 
compared to the concept of REV’IT!. The initial test was to see whether the hard parts would fit 
well. 3D prints were made and these prints were strapped to the foot. Over the inner boot, in the 
inner boots and without an inner boot. 

 

Takeaways 
• The 3D prints were so comfortable on the foot, that I would forget that I was wearing 

them. 
• The edges of the lower part should be less curved inwards. 
• Wearing the brace inside the inner boot, would be an interesting area to explore. 
• The shapes should be slightly larger for the situation of the brace being worn over the 

inner boot. 
• The situation with no inner boot and the hard parts over the inner boot were most 

comfortable. 
• Compared to the version of REV’IT! less pressure points were felt and the extra freedom 

of movement was very nice. 
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APPENDIX 17. QUESTIONNAIRE RIDER INPUT 
ANKLE PROTECTION
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Appendix 17. Questionnaire Rider Input Ankle Protection 

This is the paper version of the interactive Qualtrics questionnaire that was created to get an insight into the 
preferences of the riders regarding the ankle protection of the boots. 

IInnttrroo  

Hi! Thank you so much for participating in this survey regarding ankle injuries in top-level riders. During the 

Rider Event at REV'IT! last year, it became clear that ankle protection is an area of improvement for racing 

boots. That's why we would like to dive deeper into this topic, to strive for a system that helps you perform 

best and keeps you as protected as possible. It should take up to 10 minutes to complete.  

The results of this survey will be used to draw conclusions for my graduation project, and they will only be 

shared with REV'IT! (at the end of the study, you can indicate whether you would like your results to be 

stored and stored anonymously). In any case, the medical data will be stored and shared anonymously and 

deleted at the end of my project. 

There's no guarantee that REV'IT! will be able to implement the findings of this research, but they will serve 

as a base for future developments regarding the racing boots of REV'IT!. If you've got any questions or 

remarks or if at some point you would like me to remove your data, please feel free to contact me via 

R.N.Guis@student.tudelft.nl. 

Best regards, 

Sanne Guis 

R&I Intern REV'IT! 

IInnffoo  

NNaammee  

AAggee  

NNaattiioonnaalliittyy  

AAtt  aabboouutt  wwhhaatt  aaggee  ddiidd  yyoouu  ssttaarrtt  rrooaadd  rraacciinngg??  
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RRaacciinngg  CCoommppeettiittiioonn  &&  LLeevveell  pprreevviioouuss  sseeaassoonn  
  

MotoGP 

 Moto2 

 Moto3 

  Other 
 
 

WWhhiicchh  bboooottss  ddoo  yyoouu  wweeaarr  nnooww  wwhhiillee  rraacciinngg??  
  

  
RReemmaarrkkss//EEllaabboorraattiioonn::  

  

  
  

TThhee  BBoooott  
  

IInn  ggeenneerraall,,  oonn  aa  ssccaallee  ffrroomm  11  ttoo  1100::  
  11  22  33  44  55  66  77  88  99  1100  
  
HHooww  iimmppoorrttaanntt  iiss  tthhee  aannkkllee  pprrootteeccttiioonn  ssyysstteemm  iinn  
yyoouurr  bboooottss  ttoo  yyoouu??    

11  = I would leave it out if I could  

1100 = I wouldn't wear a boot that doesn't have one  

                    

HHooww  wwoouulldd  yyoouu  rraattee  tthhee  aannkkllee  pprrootteeccttiioonn  pprroovviiddeedd  
bbyy  yyoouurr  ccuurrrreenntt  bboooottss??  
11 = They don't protect my ankles at all 

1100 = They protect my ankles in any type of crash  

                    

 
 

EEllaabboorraattiioonn//RReemmaarrkkss::  
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IInn  wwhhiicchh  ddiirreeccttiioonn((ss))  wwoouulldd  yyoouu  ll iikkee  yyoouurr  bboooott  ttoo  rreessttrr iicctt  oovveerrssttrreettcchhiinngg??  

Which direction(s) is/are the most important in your opinion? 

 

 

 

 

 

 

 
 

 

NNoonnee  ooff  tthhee  ddiirreeccttiioonnss OOtthheerr 
 

 
 

RReemmaarrkkss::  
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PPlleeaassee  iinnddiiccaattee  wwhhaatt  yyoouu  ccoonnssiiddeerr  ttoo  bbee  mmoorree  iimmppoorrttaanntt  wwhheenn  iitt  ccoommeess  ttoo  yyoouurr  bboooottss::    

SSoo,,  iiff  yyoouu  hhaadd  ttoo  cchhoooossee  bbeettwweeeenn  tthheessee  ffaaccttoorrss,,  wwoouulldd  yyoouu  ffiinndd  tthhee  aannkkllee  pprrootteeccttiioonn  mmoorree  iimmppoorrttaanntt  oorr  tthhee  

ootthheerr  ffaaccttoorr  ((wweeiigghhtt,,  bbuullkk,,  eettcc..))..  

  

For example…  

• When I find the weight of the boot way more important than how well my boot protects my ankle, I would indicate 

this below with a 5, 6 or a 7 in Protection VS Weight.  

• If I find the protection way more important than the weight was the other way around, I will indicate this below with 

a 1, 2 or a 3 in Protection VS Weight.  

• If I would find both factors equally important, I indicate this with a 4. 

 
  11  22  33  44  55  66  77  

Best ankle protection (1) VS Best freedom of movement while riding (7)                 

Best ankle protection (1) VS Feeling safe (7) 
If you had to choose between an ankle protection system in your boot that you don't feel at all, but 
that does offer proven protection (1) and a system that feels sturdy and safe but that isn't proven 
to offer any protection (7), which one would you choose?          

              

Best ankle protection (1) VS Less bulkiness (7)                 

Best ankle protection (1) VS Less weight (7)                

Best ankle protection (1) VS Best tactile feel (7)               

Best ankle protection (1) VS Best freedom of movement while walking (7)                
  

RReemmaarrkkss::  
  

  
IIss  tthheerree  aannyytthhiinngg  yyoouu  ddoo  ttoo  pprreevveenntt  aannkkllee  iinnjjuurryy??  

E.g., training, applying tape, wearing special socks. 
 

 

WWhhiicchh  ooff  tthhee  bboooottss  yyoouu''vvee  ttrr iieedd  bbeeffoorree  pprroovviiddeess  tthhee  bbeesstt  aannkkllee  pprrootteeccttiioonn  aanndd  wwhhyy??  

E.g., they prevented injury, feel sturdy and safe, don't limit my movement. 
 

 
 

WWhhaatt  mmaakkeess  aa  bboooott  ffeeeell  ssaaffee??  WWhhaatt  pprrooppeerrttiieess  ccoonnttrr iibbuuttee  ttoo  tthhaatt  ffeeeelliinngg??  

Maybe that it feels tight, comfortable, stiff and/or heavy? Or that it looks technical, like what you know, qualitative, and/or expensive? Or that the CE-levels of the 

boot are high? Anything goes! 
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TTyyppee  ooff  IInnjjuurryy  
  

  

    

  TTeennddoonnss  are connective tissues connecting muscles to bones. 

  LLiiggaammeennttss  are connective tissues connecting one bone to another bone. 
 
 

 
  
  

  
WWhhiillee  rrooaadd  rraacciinngg,,  ddiidd  yyoouu  eevveerr......  

Including tests, trainings, qualifications, races, etc. on circuits going as far back in time as you remember. 
 

   YYeess NNoo 

... overstretch any lliiggaammeennttss  in the area between your knee and toes?            

... tear any lliiggaammeennttss  in the area between your knee and toes?            

... break any bboonneess  in the area between your knee and toes?            

... overstretch any tteennddoonnss  in the area between your knee and toes?            

... tear any tteennddoonnss  in the area between your knee and toes?            

... overstretch any mmuusscclleess  in the area between your knee and toes?            

... tear any mmuusscclleess  in the area between your knee and toes?            

... injure yourself in the area between your knee and toes but it wwaassnn''tt  cclleeaarr  
what exactly got damaged (from the abovementioned options)? 

 

PPlleeaassee  eellaabboorraattee  oonn  yyoouurr  iinnjjuurriieess::  

- Do you recall which injury you specifically endured? 
 

- How did this happen (highsider, lowsider, slip of the foot peg, etc.)? 
 

- How long were you unable to ride? 
 

- Which boots were you wearing during the incident (if you remember)? 
 

- What helped you in your recovery? 
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6/6  

AAfftteerr  tthhee  iinnjjuurryy  
  

IIss  tthheerree  aannyyoonnee  yyoouu  ggoo  ttoo  oonnccee  yyoouu''vvee  ggoott  aann  iinnjjuurryy??  IIff  ssoo,,  wwhhoo??  

E.g., the circuit medics, your doctor, a physical therapist 
 

 
 

IIss  tthheerree  aannyytthhiinngg  yyoouu  ddoo  ddiiffffeerreennttllyy  oonnccee  yyoouu''vvee  ggoott  aann  aannkkllee  iinnjjuurryy??  

E.g., less riding, different trainings, extra physical exercises, wearing a brace, applying tape, wearing different boots. 
 

 
 

PPrroocceessssiinngg  
  

HHooww  wwoouulldd  yyoouu  ll iikkee  mmee  ttoo  pprroocceessss  yyoouurr  ddaattaa??  
  

Onymously 

 Anonymously 

 

WWoouulldd  yyoouu  bbee  ookkaayy  wwiitthh  ddooiinngg  aa  ffoollllooww  uupp  iinntteerrvviieeww  rreeggaarrddiinngg  yyoouurr  aannsswweerrss??  
  

Yes 

 No 

 

PPlleeaassee  ffii ll ll   iinn  tthhee  ccoonnttaacctt  iinnffoo  yyoouu  wwoouulldd  ll iikkee  mmee  ttoo  uussee::  
  

  
  
AAnnyy  ssuuggggeessttiioonnss,,  ggeenneerraall  rreemmaarrkkss  oorr  qquueessttiioonnss??  

  

 



288 Results Questionnaire Rider Input

APPENDIX 18. RESULTS QUESTIONNAIRE 
RIDER INPUT
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Appendix 18. Results Questionnaire Rider Input Ankle Protection  

These are the results of the questionnaire of Appendix 17. This Qualtrics questionnaire was sent out 
to all eleven riders of REV’IT! to fill in on their mobile devices and even a paper version was 
distributed. Unfortunately, despite a lot of time and effort, not that many riders had the opportunity to 
fill it in. Therefore, the research was expended with acquainted riders from other competitions. The 
sample group is six people of which three are REV’IT! riders. Obviously, this means no conclusions 
of significance can be drawn. However, it can serve as a first step in understanding the rider’s 
preferences, opinions, and experiences. 

RReessuullttss  

Summary Results 

PPaarrttiicciippaanntt  1 2 3 4 5 6   
AAggee  17 18 22 25 30 40   

RRiiddiinngg  LLeevveell  Moto2 Moto3 Moto3 
British 

Superbike 

Dutch 
ONK OW 

Cup National   

BBoooott  

Alpinestars 
Supertech R 

V2 XPD 
Forma 
Boots 

Dainese 
Axial D1 

Difi 
mugello Sidi 

AAvv
gg  

IImmppoorrttaannccee  ooff  AAnnkkllee  
PPrrootteeccttiioonn  8 6 9 10 8 6 7,8 
CCuurrrreenntt  AAnnkkllee  PPrrootteeccttiioonn  8 10 10 10 3 7 8,0 

WWaanntteedd  MMoovveemmeenntt  
LLiimmiittaattiioonnss  Inv Dorsi Abd Inv, Ev 

Add, Abd, 
Inv, Ev 

Add, 
Abd, Inv, 

Ev   
AAPP  ((11))  vvss  FFooMM  wwhhiillee  RRiiddiinngg  
((77))  4 5 4 5 5 3 4,3 
AAPP  ((11))  vvss  FFeeeelliinngg  SSaaffee  ((77))  4 5 4 4 1 5 3,8 
AAPP  ((11))  vvss  BBuullkk  ((77))  4 3 4 1 5 6 3,8 
AAPP  ((11))  vvss  WWeeiigghhtt  ((77))  4 5 5 5 5 5 4,8 
AAPP  ((11))  vvss  FFooMM  WWaallkkiinngg  ((77))  4 4 3 7 2 3 3,8 
AAPP  ((11))  vvss  TTaaccttii llee  FFeeeell  ((77))  4 4 4 4 5 5 4,3 
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While road racing, did you ever... Including tests, trainings, qualifications, races, etc. on circuits going as 
far back in time as you remember. 

 

# Question Yes  No  Total 

1 
... overstretch any ligaments in the area between your 

knee and toes? 
50.00% 3 50.00% 3 6 

2 
... tear any ligaments in the area between your knee and 

toes? 
0.00% 0 100.00% 6 6 

3 
... break any bones in the area between your knee and 

toes? 
33.33% 2 66.67% 4 6 

4 
... overstretch any tendons in the area between your knee 

and toes? 
33.33% 2 66.67% 4 6 

5 
... tear any tendons in the area between your knee and 

toes? 
16.67% 1 83.33% 5 6 

6 
... overstretch any muscles in the area between your knee 

and toes? 
33.33% 2 66.67% 4 6 

7 
... tear any muscles in the area between your knee and 

toes? 
16.67% 1 83.33% 5 6 

8 
... injure yourself in the area between your knee and toes 

but it wasn't clear what exactly got damaged (from the 
abovementioned options)? 

83.33% 5 16.67% 1 6 
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Please elaborate on your injuries:  - Do you recall which injury you specifically endured? - How did this 
happen (highsider, lowsider, slip of the foot peg, etc.)?  - How long were you unable to ride?  - Which boots 
were you wearing during the incident (if you remember)?  - What helped you in your recovery? 

The muscles on my ankle and my Achilles 

High sided and on another occasion stuck between motorcycle and the asphalt. Grinded down 
on ankle side. Both were Berik. 
Bruised ankle/top of foot, low sider where my foot got under the motor, was not very severe, 
could still ride training was a bit difficult and took some rest for 2 weeks, I wore Difi Mugello at the 
crash, in the recovery helped cooling and rest 

With Alpinestars, I had injured ankle and toe. One toe broke little when I hit. 

- I overstretched something before / twisted my foot, basically whilst coming out of a corner on a 
karting track, I lost control, the bike wheelied and my foot slipped off, it twisted (leg straight, but 
foot touching the tarmac with the outside or inside, I can’t remember which way). I am not sure 
where exactly, but I know it was my left foot that ‘twisted’   
- I broke one toe when slamming into a tire barrier after a crash, broke a small bone in my foot 
highsiding in Misano (T5) and twisted my foot on the ‘Junior Track’ in Assen   
- 1 other small bone in my foot (separate crash)  I was wearing Alpinestars Supertech R 

 

Is there anyone you go to once you've got an injury? If so, who?  E.g. the circuit medics, your doctor, a 
physical therapist 

Medics and fysio 

Circuit medic, and if the problem is lasting longer then an x period, or something I can't work 
around during x period, my doctor 

Physical therapist 

No 

My doctor 

I have a therapist in the Netherlands that I visit when I have broken bones. 

  

Is there anything you do differently once you've got an ankle injury?  E.g. less riding, different trainings, 
extra physical exercises, wearing a brace, applying tape, wearing different boots 

Fysio and tape 

Adjust and adapt riding 

Less riding and different trainings to reduce load on the ankle, after enough rest slowly build up 
the training again. 

Nothing 
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I haven’t had one so I can’t confirm, but I guess try to stress it less. So let’s say if you run often, 
do it less or not at all. 

 

In general, on a scale from 1 to 10: 

##  FFiieelldd  MMeeaann  

2 
How would you rate the ankle protection provided by your current boots?   1 = They 

don't protect my ankles at all  10 = They protect my ankles in any type of crash 
88..0000  

1 
How important is the ankle protection system in your boots to you?  1 = I would 

leave it out if I could  10 = I wouldn't wear a boot that doesn't have one 
77..8833  

  
##  

FFiieelldd  MMiinniimmuumm  MMaaxxiimmuumm  MMeeaann  
SSttdd  

DDeevviiaattiioonn  
VVaarriiaannccee  CCoouunntt  

1 

How important is the ankle 
protection system in your 

boots to you?  1 = I would 
leave it out if I could  10 = I 

wouldn't wear a boot that 
doesn't have one 

6.0 10.0 7.8 1.5 2.1 6 

2 

How would you rate the ankle 
protection provided by your 

current boots?   1 = They 
don't protect my ankles at all  
10 = They protect my ankles 

in any type of crash 

3.0 10.0 8.0 2.5 6.3 6 

 

Elaboration/Remarks: 

De dainese laarzen waar ik mee rijd hebben mijn al een paar keer gered tegen een blessure. De 
laarzen zitten ook goed en comfortabel 
Hardened and stiff leather with carbon plate reinforcement. I'd like to think top 70% regarding to 
feet and ankle safety. Could be better, could be worse. Price vs wear and tear plays a big part. 
Only side protection, no stifferers in the boots that prevent over stretching or limit ankle 
movement 
I have personally never had a ankle injury, hence why I am not sure how much it’d influence. 
Although, I reckon (depending on the injury) it could greatly affect it, since you won’t be able to 
put pressure on the footpeg. 
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In which direction(s) would you like your boot to restrict overstretching?  Which direction(s) is/are the most 
important in your opinion? 

##  AAnnsswweerr  %%  CCoouunntt  

1 Dorsiflexion 

 

7.69% 1 

2 Plantarfexion 

 

0.00% 0 

3 Adduction 

 

15.38% 2 

4 Abduction 

 

23.08% 3 

5 Eversion 

 

23.08% 3 

6 Inversion 

 

30.77% 4 

7  None of the directions 0.00% 0 
8  Other 0.00% 0 
  Total 100% 13 

Remarks: 

High side and "landing" protection 
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Please indicate what you consider to be more important when it comes to your boots:  So, if you had to 
choose between these factors, would you find the ankle protection more important or the other factor 
(weight, bulk, etc.).    For example, if I find the weight of the boot way more important than how well my 
boot protects my ankle, I would indicate this below with a five, six or a seven (depending on how important I 
think find the weight), but if it was the other way around, I would fill in a one, two or three. If I would find 
both factors equally important, I indicate this with a four. 

 

##  FFiieelldd  MMiinniimmuumm  MMaaxxiimmuumm  MMeeaann  
SSttdd  

DDeevviiaattiioonn  
VVaarriiaannccee  CCoouunntt  

1 
Ankle Protection (1) VS 

Freedom of Movement while 
riding (7) 

3.00 5.00 44..3333  0.75 0.56 6 

2 

Ankle Protection (1) VS 
Feeling Safe (7)  If you had to 

choose between an ankle 
protection system in your 

boot that you don't feel at all, 
but that does offer proven 

protection (1) and a system 
that feels sturdy and safe but 

that isn't proven to offer any 
protection (7), which one 

would you choose? 

1.00 5.00 33..8833  1.34 1.81 6 

3 
Ankle Protection (1) VS 

Bulkiness of the boot (7) 
1.00 6.00 33..8833  1.57 2.47 6 

4 
Ankle Protection (1) VS 

Weight of the boot (7) 
4.00 5.00 44..8833  0.37 0.14 6 
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5 
Ankle Protection (1) VS 

Freedom of Movement while 
walking/running (7) 

2.00 7.00 33..8833  1.57 2.47 6 

6 
Ankle Protection (1) VS Tactile 

Feel (7) 
4.00 5.00 44..3333  0.47 0.22 6 

 

# QQuueessttiioonn  11    22    33    44    55    66    77    
TToo

tt  

1 

Ankle 
Protection (1) 

VS Freedom of 
Movement 

while riding (7) 

0.0% 0 0.0% 0 
16.7

% 
1 

33.3
% 

2 
50.0

% 
3 0.0% 0 0.0% 0 6 

2 

Ankle 
Protection (1) 

VS Feeling 
Safe (7)  If you 
had to choose 

between an 
ankle 

protection 
system in your 

boot that you 
don't feel at all, 

but that does 
offer proven 

protection (1) 
and a system 

that feels 
sturdy and safe 

but that isn't 
proven to offer 
any protection 
(7), which one 

would you 
choose? 

16.7
% 

1 0.0% 0 0.0% 0 
50.0

% 
3 

33.3
% 

2 0.0% 0 0.0% 0 6 

3 

Ankle 
Protection (1) 

VS Bulkiness of 
the boot (7) 

16.7
% 

1 0.0% 0 
16.7

% 
1 

33.3
% 

2 
16.7

% 
1 

16.7
% 

1 0.0% 0 6 

4 

Ankle 
Protection (1) 
VS Weight of 
the boot (7) 

0.0% 0 0.0% 0 0.0% 0 
16.7

% 
1 

83.3
% 

5 0.0% 0 0.0% 0 6 

5 
Ankle 

Protection (1) 
VS Freedom of 

0.0% 0 
16.7

% 
1 

33.3
% 

2 
33.3

% 
2 0.0% 0 0.0% 0 

16.7
% 

1 6 
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Movement 
while 

walking/running 
(7) 

6 

Ankle 
Protection (1) 

VS Tactile Feel 
(7) 

0.0% 0 0.0% 0 0.0% 0 
66.7

% 
4 

33.3
% 

2 0.0% 0 0.0% 0 6 

  

Is there anything you do to prevent ankle injury?  E.g. training, applying tape, wearing special socks. 

Wearing the right boots 

Not really 

No 

I never had ankle injuries but I have a lot less pain in my ankle and feet with forma boots than 
Alpinestars. It was little painful to crash with Alpinestars 

Nothing 

- 
 

Which of the boots you've tried before provides the best ankle protection and why?  E.g. they prevented 
injury, feel sturdy and safe, don't limit my movement. 

Dainese, i got the best feeling with them on They have good movement and. 

The sidi's I got now has "tighting straps" the strap them firm and feels like an exoskeleton. And 
still gives me the feeling I can "dance" on my steps. 

Have only had one set of boots 

Forma had the best protection in my experience. But it is little more uncomfortable till you get use 
to it. 
I have only really ran with Alpinestar boots (when I just started with racing, I started of with Sidi’s, 
but this was only on NSF100, some years ago). They have always made me feel safe, and as 
said, never had a ankle injury, although I have had 2 other injury’s on my foot. 

 

What makes a boot feel safe? What properties contribute to that feeling?  Maybe that it feels tight, 
comfortable, stiff and/or heavy? Or that it looks technical, like what you know, qualitative, and/or 
expensive? Or that the CE-levels of the boot are high? Anything goes! 

The quality off the boots 

The seperate "shielding" parts prohibit the feel to make unnatural movement. So stiff and regit 
with the visual shielding and tighting straps make me feel saver 
That it fits well with your foot, that the material feels sturdy, hard protection plates at key areas, 
fits tight around your foot, so not too loose 
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I don’t think boots need to be so long, but ankle protection is important. 

Interior boots 

What exactly makes it feel safe, I am not sure. I have only seriously ridden with 1 boot supplier so 
I can’t say the difference / what makes it feel safe, since I don’t have a comparison. 

 

Any suggestions, general remarks or questions? 

We consider falling off, or highsiding a rare occasion, even though it occurs way more often than 
we would think. Our goal is going fast, not feeling safe. Even the most expensive Dainese boots 
can result in a broken ankle or permanent physical disability. We try not to think of that too often. 
Likely, I have had more injuries than pointed out in here, like I know I hurt my knee sometime 
whilst doing Supermoto training, just have no clue what was wrong, and it didn’t last long (a day 
or 2). All the injury’s spoken about are all the main ones that have affected me stronger / I can 
properly remember. 

 

CCoonncclluussiioonnss  

All the riders that participated wear different boots. There is no consensus about which boot is safest. 
The only person who reviewed the ankle protection in their current boots poorly wears lower-level 
racing boots. The rest, however, rated their ankle protection very high, despite the theoretically low 
level of protection. All riders indicated the importance of ankle protection to be significant. On 
average, they rated it with a 7,8 on a scale from one to ten. The rating of trade-offs concerning the 
design drivers for the ankle brace made it clear that the level of protection was almost as important 
as the other design drivers. 

Interestingly, the riders indicated that when choosing between an ankle protection system they do 
not feel at all yet offers proven protection and a system that feels sturdy and safe but is not proven 
to offer any protection, they choose the option somewhat in-between. This means they want to feel 
the protection is there even when it is made of less well-proven technology. Naturally, they most likely 
would like everything at an ideal level. However, it is interesting to see where they draw the line. What 
feels safe is up for debate as they indicate different characteristics. Some interesting ones were 
creating a snug fit, sturdy and stiff materials, the perceived quality of the boots, the visible presence 
of hard parts, an inner boot and ankle protection. 

The weight, freedom of movement while riding and tactile feel were considered slightly more 
important than other design drivers. In contrast, freedom of movement while walking and bulk were 
rated slightly less important. Limiting inversion was indicated four times, eversion and abduction 
three times, adduction two times and dorsiflexion once. Dorsiflexion and plantarflexion were shown 
not to be linked to injury patterns in the MotoGP, so this will be left out of the design.  

None of the riders has remained unharmed. What they damaged exactly was, most of the time, 
unknown. Twisting and hurting the ankle and breaking forefoot bones were mentioned multiple times, 
however. Generally, the riders do not undertake something to prevent ankle injury other than wearing 
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their boots. Once injured, they visit medics or physical therapists or do nothing. However, for ankle 
injuries, there is not one method they apply. One does physical therapy and uses tape, one adapts 
their riding style, and one would try to put less stress on it. 

Finally, an interesting remark of one of the riders is that they “consider falling off, or high-siding a rare 
occasion, even though it occurs way more often than we would think. Our goal is going fast, not 
feeling safe. Even the most expensive boots can result in a broken ankle or permanent physical 
disability. We try not to think of that too often.” Feeling safe was indeed indicated as a means for 
performing better and going faster in the REV’IT! rider session. The fact that they do not consider 
crashing to be of high risk because of the low likelihood, could be the reason why they feel well 
protected by their boots, even though they all endured injury. This means the riders require less from 
their boots in terms of protection than they theoretically should and rate them well in terms of 
protection even without proof. This makes it easier for designers but raises an ethical question; 
should we focus on making the riders feel safe to perform better and save money and resources on 
the development of protection the riders do not know they miss, or should we invest and protect the 
riders much better even when they would not necessarily notice the difference.  

More research into the topics of when does a boot feel safe, the influence of the rider’s risk perception 
on the overall appreciation of a boot and the influence of feeling safe on the actual risk of riders is 
recommended to create a better understanding of the effect of choosing to focus on one or the other. 
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APPENDIX 19. MATERIAL STUDY RESULTS
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Page 1 of 1Stage 1: Young's modulus, Yield strength (elastic limit)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.

 Can't find the property you are looking for?
General properties
Mechanical properties

Minimum Maximum
Young's modulus GPa6,7

Shear modulus GPa

Bulk modulus GPa

Poisson's ratio

Yield strength (elastic limit) MPa633

Tensile strength MPa

Compressive strength MPa

Elongation % strain

Hardness - Vickers HV

Fatigue strength at 10^7 cycles MPa

Fracture toughness MPa.m^0.5

Mechanical loss coefficient (tan delta)
Thermal properties
Electrical properties
Optical properties
Critical Materials Risk
Processability
Durability: water and aqueous solutions
Durability: acids
Durability: alkalis
Durability: fuels, oils and solvents
Durability: alcohols, aldehydes, ketones
Durability: halogens and gases
Durability: built environments
Durability: flammability
Durability: thermal environments
Geo-economic data for principal component
Primary material production: energy, CO2 and water
Material processing: energy
Material processing: CO2 footprint
Material recycling: energy, CO2 and recycle fraction

Appendix 19. Material Study Results.
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Stage 2: Young's modulus (GPa) vs. Yield strength (elastic limit) (MPa)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.
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Page 1 of 1Stage 1: Young's modulus, Yield strength (elastic limit)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.

 Can't find the property you are looking for?
General properties
Mechanical properties

Minimum Maximum
Young's modulus GPa12,8

Shear modulus GPa

Bulk modulus GPa

Poisson's ratio

Yield strength (elastic limit) MPa1215

Tensile strength MPa

Compressive strength MPa

Elongation % strain

Hardness - Vickers HV

Fatigue strength at 10^7 cycles MPa

Fracture toughness MPa.m^0.5

Mechanical loss coefficient (tan delta)
Thermal properties
Electrical properties
Optical properties
Critical Materials Risk
Processability
Durability: water and aqueous solutions
Durability: acids
Durability: alkalis
Durability: fuels, oils and solvents
Durability: alcohols, aldehydes, ketones
Durability: halogens and gases
Durability: built environments
Durability: flammability
Durability: thermal environments
Geo-economic data for principal component
Primary material production: energy, CO2 and water
Material processing: energy
Material processing: CO2 footprint
Material recycling: energy, CO2 and recycle fraction
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Stage 2: Young's modulus (GPa) vs. Yield strength (elastic limit) (MPa)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.
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Page 1 of 1Stage 1: Young's modulus, Yield strength (elastic limit)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.

 Can't find the property you are looking for?
General properties
Mechanical properties

Minimum Maximum
Young's modulus GPa23,2

Shear modulus GPa

Bulk modulus GPa

Poisson's ratio

Yield strength (elastic limit) MPa2201

Tensile strength MPa

Compressive strength MPa

Elongation % strain

Hardness - Vickers HV

Fatigue strength at 10^7 cycles MPa

Fracture toughness MPa.m^0.5

Mechanical loss coefficient (tan delta)
Thermal properties
Electrical properties
Optical properties
Critical Materials Risk
Processability
Durability: water and aqueous solutions
Durability: acids
Durability: alkalis
Durability: fuels, oils and solvents
Durability: alcohols, aldehydes, ketones
Durability: halogens and gases
Durability: built environments
Durability: flammability
Durability: thermal environments
Geo-economic data for principal component
Primary material production: energy, CO2 and water
Material processing: energy
Material processing: CO2 footprint
Material recycling: energy, CO2 and recycle fraction
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Stage 2: Young's modulus (GPa) vs. Yield strength (elastic limit) (MPa)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.
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Page 1 of 1Stage 1: Young's modulus, Yield strength (elastic limit)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.

 Can't find the property you are looking for?
General properties
Mechanical properties

Minimum Maximum
Young's modulus GPa5

Shear modulus GPa

Bulk modulus GPa

Poisson's ratio

Yield strength (elastic limit) MPa521

Tensile strength MPa

Compressive strength MPa

Elongation % strain

Hardness - Vickers HV

Fatigue strength at 10^7 cycles MPa

Fracture toughness MPa.m^0.5

Mechanical loss coefficient (tan delta)
Thermal properties
Electrical properties
Optical properties
Critical Materials Risk
Processability
Durability: water and aqueous solutions
Durability: acids
Durability: alkalis
Durability: fuels, oils and solvents
Durability: alcohols, aldehydes, ketones
Durability: halogens and gases
Durability: built environments
Durability: flammability
Durability: thermal environments
Geo-economic data for principal component
Primary material production: energy, CO2 and water
Material processing: energy
Material processing: CO2 footprint
Material recycling: energy, CO2 and recycle fraction
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Stage 2: Young's modulus (GPa) vs. Yield strength (elastic limit) (MPa)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.
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Page 1 of 1Stage 1: Young's modulus, Yield strength (elastic limit)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.

 Can't find the property you are looking for?
General properties
Mechanical properties

Minimum Maximum
Young's modulus GPa9,6

Shear modulus GPa

Bulk modulus GPa

Poisson's ratio

Yield strength (elastic limit) MPa999

Tensile strength MPa

Compressive strength MPa

Elongation % strain

Hardness - Vickers HV

Fatigue strength at 10^7 cycles MPa

Fracture toughness MPa.m^0.5

Mechanical loss coefficient (tan delta)
Thermal properties
Electrical properties
Optical properties
Critical Materials Risk
Processability
Durability: water and aqueous solutions
Durability: acids
Durability: alkalis
Durability: fuels, oils and solvents
Durability: alcohols, aldehydes, ketones
Durability: halogens and gases
Durability: built environments
Durability: flammability
Durability: thermal environments
Geo-economic data for principal component
Primary material production: energy, CO2 and water
Material processing: energy
Material processing: CO2 footprint
Material recycling: energy, CO2 and recycle fraction
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Stage 2: Young's modulus (GPa) vs. Yield strength (elastic limit) (MPa)
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Page 1 of 1Stage 1: Young's modulus, Yield strength (elastic limit)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.

 Can't find the property you are looking for?
General properties
Mechanical properties

Minimum Maximum
Young's modulus GPa17,3

Shear modulus GPa

Bulk modulus GPa

Poisson's ratio

Yield strength (elastic limit) MPa1810

Tensile strength MPa

Compressive strength MPa

Elongation % strain

Hardness - Vickers HV

Fatigue strength at 10^7 cycles MPa

Fracture toughness MPa.m^0.5

Mechanical loss coefficient (tan delta)
Thermal properties
Electrical properties
Optical properties
Critical Materials Risk
Processability
Durability: water and aqueous solutions
Durability: acids
Durability: alkalis
Durability: fuels, oils and solvents
Durability: alcohols, aldehydes, ketones
Durability: halogens and gases
Durability: built environments
Durability: flammability
Durability: thermal environments
Geo-economic data for principal component
Primary material production: energy, CO2 and water
Material processing: energy
Material processing: CO2 footprint
Material recycling: energy, CO2 and recycle fraction
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Stage 2: Young's modulus (GPa) vs. Yield strength (elastic limit) (MPa)

 Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its affiliated companies. All rights reserved.
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APPENDIX 20. INTERVIEW MOTO2 RIDER
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AAppppeennddiixx  2200..  IInntteerrvviieeww  ZZoonnttaa  vvaann  ddeenn  GGoooorrbbeerrgghh..  
 

A few of the REV’IT! Riders filled in the questionnaire of Appendix 17. In that survey one of the 
questions was whether the rider would be okay with doing a follow up interview to go deeper 
into the topics influencing the ankle brace. Zonta said yes and so a Zoom meeting was 
scheduled. The asked questions and link to the recording can be found below. 

 

QQuueessttiioonnss  ((iinn  DDuuttcchh))  
- Je gaf de huidige enkelprotectie een 8. 

o Waar baseer je dat op? Kijk je ooit naar CE-labels of is het meer een gutfeeling? 
 Wat bepaalt dat? 

o Vind je veiligheid op zich überhaupt iets belangrijks of is het belangrijk omdat 
het ten kosten kan gaan van je prestatie? Is dat zo voor alle coureurs? 

o Heb je het gevoel dat je laarzen je beschermd hebben of heb je het gevoel dat 
je geluk hebt gehad? 

o Zou het je iets boeien als de braces nog veiliger zouden worden gemaakt? Denk 
je dat dat nodig is? Zou je daarvoor van laars switchen? 

o Is de veiligheid van jullie materialen iets waar over wordt gepraat? 
o Wat vind je van het idee om een brace te hebben waarbij je de 

bewegingsvrijheid zou kunnen aanpassen naar jouw voorkeuren?  Per coureur 
of zelfs per race? 

- Je gaf aan dat het hebben van een enkelbrace belangrijk is. In welke situaties komt 
deze van pas? In welke situaties wil je je enkels beschermen? 

o Wat mag in jouw ogen ten kosten gaan van die bescherming? 
o Wat is voor jou “veilig”? Sidi’s veiliger? 
o Zie jij andere coureurs dingen doen om hun enkels te beschermen? 
o Maakt het je iets uit hoe de brace er uit ziet? Qua looks 

- Waarop selecteer jij jouw laarzen? Als je ze in de winkel zou moeten kopen? 
- Heb jij bepaalde rituelen die je uitvoert om tot rust te komen of focus te krijgen? Hoe 

ervaar jij die stress?  
o Speelt het aantrekken van je pak etc. daar een rol in? Moet dat zo snel mogelijk 

of zo comfortabel mogelijk? 
- Wat is jouw ogen een misvatting die mensen die zelfs nog nooit hebben geraced 

hebben? 
- Is er in jouw ogen iets waar ontwerpers van bijv. laarzen totaal niet bij stilstaan terwijl dat 

voor jullie iets super logisch is?  
- Waar staat in jouw ogen REV’IT! voor? 
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FFuullll  vveerrssiioonn  ooff  IInntteerrvviieeww  

  

The entire recording of the interview can be downloaded via this link or QR-Code: 

 

Download Link 

See Confidential Appendix
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APPENDIX 21. CAD-MODEL DESIGNS

See Confidential Appendix
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APPENDIX 22. COMPRESSION TESTS 
CONCEPTS
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AAppppeennddiixx  2211..  MMeecchhaanniiccaall  CCoonncceepptt  TTeesstt  

The EN13634 standard does not state a way to evaluate the efficacy of the ankle brace. Alpinestars 
is currently the only one trying to express this level of protection in numbers (Den Dekker, 2021). They 
put a pivoting lower leg model into a compression testing machine and saw how much force was 
required to rotate the foot, providing a sense of the stiffness. The machine measured this rotation as 
the distance the compressor was moved downwards. Inspired by the test setup they used, a setup 
was designed for the Faculty of Industrial Design Engineering testing facility: the 10 kN Zwick. The 
Zwick does not have a tool to perform this specific test, so it was designed and handmade in the 
workshop. The foot model inside the prototype was a 3D print of the lower leg scan that pivoted 
around two axes: one that mimics the movement of xflexion and one xversion. his way, the most 
injury-prone position could be simulated: plantarflexed inversion. This model had limitations based 
on the angles defined in Chapter 17. For xflexion, the limit was the aROM and for xversion, the injury 
angle, as the latter is the one of interest for finding the resultant force required to rotate it. This model 
was used to calibrate the machine and define the travel distance to reach the injury angle in all 
positions unrestrictively. Going beyond this point would give a skewed perspective, as the force 
would be generated by the foot model and not by the brace. The machine was forced to stop at that 
point. 

TTeesstt  SSeettuupp  

For the test setup a 3D printed model was created of a lower limb, that would fit a regular racing 
boot. A 3D scan was made as a basis for the model. An axis of motion was simulated by creating 
hinge points along an axes that were found in literature, as seen below. 
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https://clinicalgate.com/ankle-and-foot/ 

MMeetthhoodd  

All concept models with significant structural adaptations were put to the test. As Alpinestars is 
considered the best, their inner boot was also tested to compare results. The tests were done in 
different positions: neutral with the compressor on the middle of the foot and the forefoot (Abduction) 
and strapped into a plantar and dorsiflexed position. Most tests were done in an inverted position. 
The goal was to see how the concepts compared to each other. In principle, eversion occurs 
similarly. The difference, however, is that the aROM and injury angle are slightly smaller, meaning on 
that side, the stiffness should be even greater and the strings tighter on that side.  

 

RReessuullttss  

The results can be seen be seen below. Some data was left out due to it being unusable.  
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MMeetthhoodd  

All concept models with significant structural adaptations were put to the test. As Alpinestars is 
considered the best, their inner boot was also tested to compare results. The tests were done in 
different positions: neutral with the compressor on the middle of the foot and the forefoot (Abduction) 
and strapped into a plantar and dorsiflexed position. Most tests were done in an inverted position. 
The goal was to see how the concepts compared to each other. In principle, eversion occurs 
similarly. The difference, however, is that the aROM and injury angle are slightly smaller, meaning on 
that side, the stiffness should be even greater and the strings tighter on that side.  

 

RReessuullttss  

The results can be seen be seen below. Some data was left out due to it being unusable.  
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Test 
Subject 

Alter-
nations Xversion Xflexion 

Force 
Location 
Foot 

Deform. 
Rate Test 

# Code per Case Code 

Fmax 
Average 
Fmax 

Deform. 
at Fmax FBreak 

Deform. 
at break 

mm/s N N mm N mm 

Inner Boot 
(IB) 

  

Inversion (I) Neutral 
(N) 

Forefoot 
(F) 

8,3 (S) 

1 IB-I-N-F-S-1 

IB-I-N-F-S 

5,1 

4,9 

70,0     
  2 IB-I-N-F-S-2 4,8 70,0    
  3 IB-I-N-F-S-3 4,9 70,0    
  4 IB-I-N-F-S-4 4,8 70,0    
  

Inversion (I) Neutral 
(N) Middle (M) 8,3 (S) 

1 IB-I-N-M-S-1 

IB-I-N-M-S 

11,7 

11,3 

29,5     
  2 IB-I-N-M-S-2 11,5 29,9    
  3 IB-I-N-M-S-3 11,2 30,0    
  4 IB-I-N-M-S-4 10,7 30,0    

Velcro (V) Inversion (I) Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 IBV-I-N-F-F-1 

IBV-I-N-F-F 

9,2 

9,6 

69,9     
2 IBV-I-N-F-F-2 9,5 70,0    
3 IBV-I-N-F-F-3 9,4 70,0    
4 IBV-I-N-F-F-4 10,4 70,0     

Concept 2 
(C2) 

  Inversion (I) Neutral 
(N) 

Forefoot 
(F) 

16,6 (F) 

1 C2-I-N-F-F-1 

C2-I-N-F-F 

41,9 

28,6 

70,0    
2 C2-I-N-F-F-2 22,9 70,0    
3 C2-I-N-F-F-3 23,9 70,0    
4 C2-I-N-F-F-4 25,9 70,0    

One 
Support 
Strap (S) 

Inversion (I) Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 C2S-I-N-F-F-1 

C2S-I-N-F-F 

27,7 

28,0 

68,8     
2 C2S-I-N-F-F-2 27,7 69,8    
3 C2S-I-N-F-F-3 28,5 70,0    
4 C2S-I-N-F-F-4 28,0 70,0    

Double 
strap (DS) Inversion (I) 

Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 C2DS-I-N-F-F-1 
C2DS-I-N-F-F 30,5 30,5 69,2     

Triple 
strap (TS) Inversion (I) Neutral 

(N) 
Forefoot 

(F) 16,6 (F) 1 C2TS-I-N-F-F-1 C2TS-I-N-F-F 31,2 31,2 69,9     

  Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 C2-I-N-M-F-1 

C2-I-N-M-F 

84,1 

75,0 

29,7     
2 C2-I-N-M-F-2 68,1 29,6    
3 C2-I-N-M-F-3 69,9 29,9    
4 C2-I-N-M-F-4 77,9 29,8    

  Inversion (I) Neutral 
(N) Middle (M) 8,3 (S) 

1 C2-I-N-M-S-1 

C2-I-N-M-S 

74,8 

74,2 

29,9     
2 C2-I-N-M-S-2 73,5 30,0    
3 C2-I-N-M-S-3 75,4 29,9    
4 C2-I-N-M-S-4 73,1 29,9    

Double 
strap (DS) 

Inversion (I) Neutral 
(N) 

Middle (M) 16,6 (F) 1 C2DS-I-N-M-F-1 C2DS-I-N-M-F 
122,7 

122,7 
29,9     

Triple 
strap (TS) 

Inversion (I) Neutral 
(N) 

Middle (M) 16,6 (F) 

1 C2TS-I-N-M-F-1 

C2TS-I-N-M-F 

143,0 

132,7 

29,8     
2 C2TS-I-N-M-F-2 132,3 29,9    
3 C2TS-I-N-M-F-3 128,4 29,9    
4 C2TS-I-N-M-F-4 127,1 29,9    

3D Print 
REV'IT! 
(REV) 

  Inversion (I) 
Neutral 

(N) 
Forefoot 

(F) 8,3 (S) 

1 REV-I-N-F-S-1 

REV-I-N-F-S 

34,5 

38,7 

68,5     
2 REV-I-N-F-S-2 42,8 69,6    
3 REV-I-N-F-S-3 39,5 69,9    
4 REV-I-N-F-S-4 38,1 69,9    

  Inversion (I) Neutral 
(N) 

Forefoot 
(F) 

16,6 (F) 

1 REV-I-N-F-F-1 

REV-I-N-F-F 
36,6 

37,0 
69,5     

2 REV-I-N-F-F-2 39,2 70,0    
3 REV-I-N-F-F-3 35,1 69,9    

4 REV-I-N-F-F-4 37,0 70,0    

  Inversion (I) Neutral 
(N) 

Middle (M) 16,6 (F) 

1 REV-I-N-M-F-1 

REV-I-N-M-F 

121,5 

113,1 

30,0     
2 REV-I-N-M-F-2 111,2 30,0    
3 REV-I-N-M-F-3 110,3 30,0    
4 REV-I-N-M-F-4 109,5 30,0     

Alpinestars 
Supertech 
R V1 Inner 
Boot (AS) 

  Inversion (I) 
Neutral 

(N) 
Forefoot 

(F) 16,6 (F) 

1 AS-I-N-F-F-1 

AS-I-N-F-F 

126,6 

125,8 

29,7     
2 AS-I-N-F-F-2 123,9 29,7    
3 AS-I-N-F-F-3 127,0 29,7    
4 AS-I-N-F-F-4 125,6 29,7     

  Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 AS-I-N-M-F-1 

AS-I-N-M-F 

80,1 

77,8 

16,2    
2 AS-I-N-M-F-2 77,9 16,1    
3 AS-I-N-M-F-3 74,9 16,1    
4 AS-I-N-M-F-4 78,1 16,2     

  Inversion (I) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 AS-I-P-F-F-1 

AS-I-P-F-F 

114,5 

106,4 

27,3     
2 AS-I-P-F-F-2 107,7 27,9    
3 AS-I-P-F-F-3 100,9 28,2    
4 AS-I-P-F-F-4 102,4 28,3    

  Inversion (I) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 AS-I-D-H-F-1 

AS-I-D-H-F 

60,1 

58,6 

8,0     
2 AS-I-D-H-F-2 58,1 8,0    
3 AS-I-D-H-F-3 57,0 8,0    
4 AS-I-D-H-F-4 59,3 8,1     

  Eversion (E) Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 AS-E-N-F-F-1 

AS-E-N-F-F 

37,9 

35,1 

16,6     
2 AS-E-N-F-F-2 34,7 16,6    
3 AS-E-N-F-F-3 34,5 16,6    
4 AS-E-N-F-F-4 33,4 16,6     

  Eversion (E) Neutral 
(N) Middle (M) 16,6 (F) 

1 AS-E-N-M-F-1 

AS-E-N-M-F 

172,7 

137,3 

8,9    
2 AS-E-N-M-F-2 120,4 7,5    
3 AS-E-N-M-F-3 144,6 7,5    
4 AS-E-N-M-F-4 148,5 7,5    
5 AS-E-N-M-F-5 135,6 7,5    

  Eversion (E) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

2 AS-E-P-F-F-1 

AS-E-P-F-F 

69,8 

56,8 

33,7     
3 AS-E-P-F-F-2 46,8 33,7    
4 AS-E-P-F-F-3 66,1 33,7    
5 AS-E-P-F-F-4 44,7 33,7     

  Eversion (E) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 AS-E-D-H-F-1 

AS-E-D-H-F 

80,3 

82,7 

10,7     
2 AS-E-D-H-F-2 82,0 10,7    
3 AS-E-D-H-F-3 84,5 10,7    
4 AS-E-D-H-F-4 84,0 10,7     

Concept 4 
(C4)   Inversion (I) 

Neutral 
(N) Middle (M) 16,6 (F) 

1 C4-I-N-M-F-1 
C4-I-N-M-F 

252,5 
337,9 

25,0     
2 C4-I-N-M-F-2 329,4 29,9    
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Test 
Subject 

Alter-
nations Xversion Xflexion 

Force 
Location 
Foot 

Deform. 
Rate Test 

# Code per Case Code 

Fmax 
Average 
Fmax 

Deform. 
at Fmax FBreak 

Deform. 
at break 

mm/s N N mm N mm 

Inner Boot 
(IB) 

  

Inversion (I) Neutral 
(N) 

Forefoot 
(F) 

8,3 (S) 

1 IB-I-N-F-S-1 

IB-I-N-F-S 

5,1 

4,9 

70,0     
  2 IB-I-N-F-S-2 4,8 70,0    
  3 IB-I-N-F-S-3 4,9 70,0    
  4 IB-I-N-F-S-4 4,8 70,0    
  

Inversion (I) Neutral 
(N) Middle (M) 8,3 (S) 

1 IB-I-N-M-S-1 

IB-I-N-M-S 

11,7 

11,3 

29,5     
  2 IB-I-N-M-S-2 11,5 29,9    
  3 IB-I-N-M-S-3 11,2 30,0    
  4 IB-I-N-M-S-4 10,7 30,0    

Velcro (V) Inversion (I) Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 IBV-I-N-F-F-1 

IBV-I-N-F-F 

9,2 

9,6 

69,9     
2 IBV-I-N-F-F-2 9,5 70,0    
3 IBV-I-N-F-F-3 9,4 70,0    
4 IBV-I-N-F-F-4 10,4 70,0     

Concept 2 
(C2) 

  Inversion (I) Neutral 
(N) 

Forefoot 
(F) 

16,6 (F) 

1 C2-I-N-F-F-1 

C2-I-N-F-F 

41,9 

28,6 

70,0    
2 C2-I-N-F-F-2 22,9 70,0    
3 C2-I-N-F-F-3 23,9 70,0    
4 C2-I-N-F-F-4 25,9 70,0    

One 
Support 
Strap (S) 

Inversion (I) Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 C2S-I-N-F-F-1 

C2S-I-N-F-F 

27,7 

28,0 

68,8     
2 C2S-I-N-F-F-2 27,7 69,8    
3 C2S-I-N-F-F-3 28,5 70,0    
4 C2S-I-N-F-F-4 28,0 70,0    

Double 
strap (DS) Inversion (I) 

Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 C2DS-I-N-F-F-1 
C2DS-I-N-F-F 30,5 30,5 69,2     

Triple 
strap (TS) Inversion (I) Neutral 

(N) 
Forefoot 

(F) 16,6 (F) 1 C2TS-I-N-F-F-1 C2TS-I-N-F-F 31,2 31,2 69,9     

  Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 C2-I-N-M-F-1 

C2-I-N-M-F 

84,1 

75,0 

29,7     
2 C2-I-N-M-F-2 68,1 29,6    
3 C2-I-N-M-F-3 69,9 29,9    
4 C2-I-N-M-F-4 77,9 29,8    

  Inversion (I) Neutral 
(N) Middle (M) 8,3 (S) 

1 C2-I-N-M-S-1 

C2-I-N-M-S 

74,8 

74,2 

29,9     
2 C2-I-N-M-S-2 73,5 30,0    
3 C2-I-N-M-S-3 75,4 29,9    
4 C2-I-N-M-S-4 73,1 29,9    

Double 
strap (DS) 

Inversion (I) Neutral 
(N) 

Middle (M) 16,6 (F) 1 C2DS-I-N-M-F-1 C2DS-I-N-M-F 
122,7 

122,7 
29,9     

Triple 
strap (TS) 

Inversion (I) Neutral 
(N) 

Middle (M) 16,6 (F) 

1 C2TS-I-N-M-F-1 

C2TS-I-N-M-F 

143,0 

132,7 

29,8     
2 C2TS-I-N-M-F-2 132,3 29,9    
3 C2TS-I-N-M-F-3 128,4 29,9    
4 C2TS-I-N-M-F-4 127,1 29,9    

3D Print 
REV'IT! 
(REV) 

  Inversion (I) 
Neutral 

(N) 
Forefoot 

(F) 8,3 (S) 

1 REV-I-N-F-S-1 

REV-I-N-F-S 

34,5 

38,7 

68,5     
2 REV-I-N-F-S-2 42,8 69,6    
3 REV-I-N-F-S-3 39,5 69,9    
4 REV-I-N-F-S-4 38,1 69,9    

  Inversion (I) Neutral 
(N) 

Forefoot 
(F) 

16,6 (F) 

1 REV-I-N-F-F-1 

REV-I-N-F-F 
36,6 

37,0 
69,5     

2 REV-I-N-F-F-2 39,2 70,0    
3 REV-I-N-F-F-3 35,1 69,9    

4 REV-I-N-F-F-4 37,0 70,0    

  Inversion (I) Neutral 
(N) 

Middle (M) 16,6 (F) 

1 REV-I-N-M-F-1 

REV-I-N-M-F 

121,5 

113,1 

30,0     
2 REV-I-N-M-F-2 111,2 30,0    
3 REV-I-N-M-F-3 110,3 30,0    
4 REV-I-N-M-F-4 109,5 30,0     

Alpinestars 
Supertech 
R V1 Inner 
Boot (AS) 

  Inversion (I) 
Neutral 

(N) 
Forefoot 

(F) 16,6 (F) 

1 AS-I-N-F-F-1 

AS-I-N-F-F 

126,6 

125,8 

29,7     
2 AS-I-N-F-F-2 123,9 29,7    
3 AS-I-N-F-F-3 127,0 29,7    
4 AS-I-N-F-F-4 125,6 29,7     

  Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 AS-I-N-M-F-1 

AS-I-N-M-F 

80,1 

77,8 

16,2    
2 AS-I-N-M-F-2 77,9 16,1    
3 AS-I-N-M-F-3 74,9 16,1    
4 AS-I-N-M-F-4 78,1 16,2     

  Inversion (I) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 AS-I-P-F-F-1 

AS-I-P-F-F 

114,5 

106,4 

27,3     
2 AS-I-P-F-F-2 107,7 27,9    
3 AS-I-P-F-F-3 100,9 28,2    
4 AS-I-P-F-F-4 102,4 28,3    

  Inversion (I) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 AS-I-D-H-F-1 

AS-I-D-H-F 

60,1 

58,6 

8,0     
2 AS-I-D-H-F-2 58,1 8,0    
3 AS-I-D-H-F-3 57,0 8,0    
4 AS-I-D-H-F-4 59,3 8,1     

  Eversion (E) Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 AS-E-N-F-F-1 

AS-E-N-F-F 

37,9 

35,1 

16,6     
2 AS-E-N-F-F-2 34,7 16,6    
3 AS-E-N-F-F-3 34,5 16,6    
4 AS-E-N-F-F-4 33,4 16,6     

  Eversion (E) Neutral 
(N) Middle (M) 16,6 (F) 

1 AS-E-N-M-F-1 

AS-E-N-M-F 

172,7 

137,3 

8,9    
2 AS-E-N-M-F-2 120,4 7,5    
3 AS-E-N-M-F-3 144,6 7,5    
4 AS-E-N-M-F-4 148,5 7,5    
5 AS-E-N-M-F-5 135,6 7,5    

  Eversion (E) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

2 AS-E-P-F-F-1 

AS-E-P-F-F 

69,8 

56,8 

33,7     
3 AS-E-P-F-F-2 46,8 33,7    
4 AS-E-P-F-F-3 66,1 33,7    
5 AS-E-P-F-F-4 44,7 33,7     

  Eversion (E) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 AS-E-D-H-F-1 

AS-E-D-H-F 

80,3 

82,7 

10,7     
2 AS-E-D-H-F-2 82,0 10,7    
3 AS-E-D-H-F-3 84,5 10,7    
4 AS-E-D-H-F-4 84,0 10,7     

Concept 4 
(C4)   Inversion (I) 

Neutral 
(N) Middle (M) 16,6 (F) 

1 C4-I-N-M-F-1 
C4-I-N-M-F 

252,5 
337,9 

25,0     
2 C4-I-N-M-F-2 329,4 29,9    
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3 
(Bre
ak) 

C4-I-N-M-F-3 

431,8 35,7 297,4 36,5 

Broken 
(B) Inversion (I) Neutral 

(N) Middle (M) 16,6 (F) 
1 C4B-I-N-M-F-1 

C4B-I-N-M-F 
139,3 

127,8 
37,0     

2 C4B-I-N-M-F-2 116,3 36,3    

Looser 
strings (L) 

Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 C4L-I-N-M-F-1 

C4L-I-N-M-F 
36,6 

78,4 
17,7     

2 C4L-I-N-M-F-2 71,4 35,0    
3 C4L-I-N-M-F-3 85,4 37,0     

Less 
Loose 
strings 
(LL) 

1 C4LL-I-N-M-F-1 

C4LL-I-N-M-F 
186,9 

178,9 
49,9    

2 C4LL-I-N-M-F-2 175,6 50,0    
3 C4LL-I-N-M-F-3 174,3 50,0     

  Inversion (I) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 C4-I-P-F-F-1 

C4-I-P-F-F 

127,1 

104,9 

55,2    
2 C4-I-P-F-F-2 95,0 47,0    
3 C4-I-P-F-F-3 91,7 47,4    
4 C4-I-P-F-F-4 105,8 50,1    

  Inversion (I) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 C4-I-D-H-F-1 

C4-I-D-H-F 

40,9 

115,2 

24,9     
2 C4-I-D-H-F-2 72,2 34,9    
3 C4-I-D-H-F-3 129,3 39,6    
4 C4-I-D-H-F-4 144,1 44,7    

Concept 5 
(C5) 

  Eversion (E) 
Neutral 

(N) Middle (M) 16,6 (F) 

1 C5-E-N-M-F-1 

C5-E-N-M-F 

291,6 

395,3 

29,8     
2 C5-E-N-M-F-2 403,1 34,9    
3 C5-E-N-M-F-3 393,2 34,9    
4 C5-E-N-M-F-4 389,7 34,9     

  Eversion (E) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 C5-E-P-F-F-1 

C5-E-P-F-F 

266,2 

276,7 

29,8    
2 C5-E-P-F-F-2 249,8 29,9    
3 
(Bre
ak) 

C5-E-P-F-F-3 

314,1 33,1 250,3 34,1 

  Eversion (E) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 C5-E-D-H-F-1 

C5-E-D-H-F 

207,7 

440,2 

20,0    
2 C5-E-D-H-F-2 456,8 29,9    
3 C5-E-D-H-F-3 438,4 29,9    
4 C5-E-D-H-F-4 425,2 29,9    

Concept 7 
(C7) 

  Inversion (I) Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 C7-I-N-F-F-1 

C7-I-N-F-F 

172,1 

201,4 

27,5     
2 C7-I-N-F-F-2 218,7 29,7    
3 C7-I-N-F-F-3 196,1 29,7    
4 C7-I-N-F-F-4 198,9 29,7    
5 C7-I-N-F-F-5 191,9 29,7     

  Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 C7-I-N-M-F-1 

C7-I-N-M-F 
488,5 

470,2 
16,1    

2 C7-I-N-M-F-2 470,5 16,2    
3 C7-I-N-M-F-3 451,4 16,2    

Tightened 
(T) Inversion (I) Neutral 

(N) Middle (M) 16,6 (F) 

1 C7T-I-N-M-F-1 

C7T-I-N-M-F 

722,3 

692,6 

16,1     
2 C7T-I-N-M-F-2 699,8 16,2    
3 C7T-I-N-M-F-3 680,2 16,2    
4 C7T-I-N-M-F-4 668,2 16,2    

 

  Inversion (I) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 C7-I-P-F-F-1 

C7-I-P-F-F 

239,3 

236,5 

28,4     
2 C7-I-P-F-F-2 241,3 28,4    
3 C7-I-P-F-F-3 234,0 28,4    
4 C7-I-P-F-F-4 231,5 28,4     

Concept 9 
(C9) 

  Inversion (I) 
Neutral 

(N) 
Forefoot 

(F) 16,6 (F) 

1 C9-I-N-F-F-1 

C9-I-N-F-F 

301,4 

272,7 

29,7     
2 C9-I-N-F-F-2 279,9 29,7    
3 C9-I-N-F-F-3 262,8 29,7    
4 C9-I-N-F-F-4 261,1 29,7    
5 C9-I-N-F-F-5 258,2 29,7     

  Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 C9-I-N-M-F-1 

C9-I-N-M-F 

560,3 

541,4 

16,1    
2 C9-I-N-M-F-2 535,3 16,2    
3 C9-I-N-M-F-3 537,2 16,2    
4 C9-I-N-M-F-4 532,9 16,2    

  Inversion (I) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 C9-I-P-F-F-1 

C9-I-P-F-F 

233,1 

221,9 

28,3     
2 C9-I-P-F-F-2 223,2 28,4    
3 C9-I-P-F-F-3 218,3 28,4    
4 C9-I-P-F-F-4 213,0 28,4    

  Inversion (I) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 C9-I-D-H-F-1 

C9-I-D-H-F 

227,8 

219,3 

8,0     
2 C9-I-D-H-F-2 220,9 8,0    
3 C9-I-D-H-F-3 215,8 8,0    
4 C9-I-D-H-F-4 

212,5 8,0     
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3 
(Bre
ak) 

C4-I-N-M-F-3 

431,8 35,7 297,4 36,5 

Broken 
(B) Inversion (I) Neutral 

(N) Middle (M) 16,6 (F) 
1 C4B-I-N-M-F-1 

C4B-I-N-M-F 
139,3 

127,8 
37,0     

2 C4B-I-N-M-F-2 116,3 36,3    

Looser 
strings (L) 

Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 C4L-I-N-M-F-1 

C4L-I-N-M-F 
36,6 

78,4 
17,7     

2 C4L-I-N-M-F-2 71,4 35,0    
3 C4L-I-N-M-F-3 85,4 37,0     

Less 
Loose 
strings 
(LL) 

1 C4LL-I-N-M-F-1 

C4LL-I-N-M-F 
186,9 

178,9 
49,9    

2 C4LL-I-N-M-F-2 175,6 50,0    
3 C4LL-I-N-M-F-3 174,3 50,0     

  Inversion (I) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 C4-I-P-F-F-1 

C4-I-P-F-F 

127,1 

104,9 

55,2    
2 C4-I-P-F-F-2 95,0 47,0    
3 C4-I-P-F-F-3 91,7 47,4    
4 C4-I-P-F-F-4 105,8 50,1    

  Inversion (I) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 C4-I-D-H-F-1 

C4-I-D-H-F 

40,9 

115,2 

24,9     
2 C4-I-D-H-F-2 72,2 34,9    
3 C4-I-D-H-F-3 129,3 39,6    
4 C4-I-D-H-F-4 144,1 44,7    

Concept 5 
(C5) 

  Eversion (E) 
Neutral 

(N) Middle (M) 16,6 (F) 

1 C5-E-N-M-F-1 

C5-E-N-M-F 

291,6 

395,3 

29,8     
2 C5-E-N-M-F-2 403,1 34,9    
3 C5-E-N-M-F-3 393,2 34,9    
4 C5-E-N-M-F-4 389,7 34,9     

  Eversion (E) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 C5-E-P-F-F-1 

C5-E-P-F-F 

266,2 

276,7 

29,8    
2 C5-E-P-F-F-2 249,8 29,9    
3 
(Bre
ak) 

C5-E-P-F-F-3 

314,1 33,1 250,3 34,1 

  Eversion (E) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 C5-E-D-H-F-1 

C5-E-D-H-F 

207,7 

440,2 

20,0    
2 C5-E-D-H-F-2 456,8 29,9    
3 C5-E-D-H-F-3 438,4 29,9    
4 C5-E-D-H-F-4 425,2 29,9    

Concept 7 
(C7) 

  Inversion (I) Neutral 
(N) 

Forefoot 
(F) 16,6 (F) 

1 C7-I-N-F-F-1 

C7-I-N-F-F 

172,1 

201,4 

27,5     
2 C7-I-N-F-F-2 218,7 29,7    
3 C7-I-N-F-F-3 196,1 29,7    
4 C7-I-N-F-F-4 198,9 29,7    
5 C7-I-N-F-F-5 191,9 29,7     

  Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 C7-I-N-M-F-1 

C7-I-N-M-F 
488,5 

470,2 
16,1    

2 C7-I-N-M-F-2 470,5 16,2    
3 C7-I-N-M-F-3 451,4 16,2    

Tightened 
(T) Inversion (I) Neutral 

(N) Middle (M) 16,6 (F) 

1 C7T-I-N-M-F-1 

C7T-I-N-M-F 

722,3 

692,6 

16,1     
2 C7T-I-N-M-F-2 699,8 16,2    
3 C7T-I-N-M-F-3 680,2 16,2    
4 C7T-I-N-M-F-4 668,2 16,2    

 

  Inversion (I) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 C7-I-P-F-F-1 

C7-I-P-F-F 

239,3 

236,5 

28,4     
2 C7-I-P-F-F-2 241,3 28,4    
3 C7-I-P-F-F-3 234,0 28,4    
4 C7-I-P-F-F-4 231,5 28,4     

Concept 9 
(C9) 

  Inversion (I) 
Neutral 

(N) 
Forefoot 

(F) 16,6 (F) 

1 C9-I-N-F-F-1 

C9-I-N-F-F 

301,4 

272,7 

29,7     
2 C9-I-N-F-F-2 279,9 29,7    
3 C9-I-N-F-F-3 262,8 29,7    
4 C9-I-N-F-F-4 261,1 29,7    
5 C9-I-N-F-F-5 258,2 29,7     

  Inversion (I) Neutral 
(N) Middle (M) 16,6 (F) 

1 C9-I-N-M-F-1 

C9-I-N-M-F 

560,3 

541,4 

16,1    
2 C9-I-N-M-F-2 535,3 16,2    
3 C9-I-N-M-F-3 537,2 16,2    
4 C9-I-N-M-F-4 532,9 16,2    

  Inversion (I) 
Plantar 
flexed 

(P) 

Forefoot 
(F) 16,6 (F) 

1 C9-I-P-F-F-1 

C9-I-P-F-F 

233,1 

221,9 

28,3     
2 C9-I-P-F-F-2 223,2 28,4    
3 C9-I-P-F-F-3 218,3 28,4    
4 C9-I-P-F-F-4 213,0 28,4    

  Inversion (I) 
Dorsi-
flexed 

(D) 
Heel (H) 16,6 (F) 

1 C9-I-D-H-F-1 

C9-I-D-H-F 

227,8 

219,3 

8,0     
2 C9-I-D-H-F-2 220,9 8,0    
3 C9-I-D-H-F-3 215,8 8,0    
4 C9-I-D-H-F-4 

212,5 8,0     
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CCoonncclluussiioonn  

It shows that with every iterative step, the concept became better. Only Concept 7 once exceeded 
the final version when the strings were tightened so that the joint in the hard part no longer allowed 
for xversion. In Concept 9, the strings were a little looser to provide more FOM. With the same 
looseness of the strings, Concept 9 performed slightly better, which is interesting as Concept 9 is 4 
mm thick and Concept 7 is 2 mm. The curves show that the model allows for a certain range of 
motion with limited resistance and, after that point, becomes stiffer, which is the ideal behaviour. 
Finally and most importantly, it can be concluded that the new brace design requires 2.2, 7.0, 2.1, 
and 3.7 times more force to push the towards the inversion injury angle in a neutral (with the 
compressor on the forefoot and middle of the foot), plantar flexed and dorsiflexed position, 
respectively, compared to the brace of Alpinestars. Meaning the goal was achieved.   
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APPENDIX 23. ANKLE BRACE COLOUR STUDY
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AAppppeennddiixx  2244..  AAnnkkllee  BBrraaccee  CCoolloouurr  SSttuuddyy..  

Colour does not only affect the aesthetic of a product, but it can also function as a means to 
communicate a certain message to the user. In the case of the inner boot and ankle brace, the 
message would be about the interaction, functionality, and branding. In this study, the goal was to 
explore what colour combination would give off the right message; the only interaction required is 
the tightening of the inner boot with the use of the lacing system and the straps are part of the support 
system of the brace that should come off as qualitative and so trustworthy to increase the sense of 
safety of the riders. Less mandatory are the objectives to clearly communicate that the ankle brace 
is of REV’IT! and to make it so that the ankle brace looks aesthetically pleasing. The ankle brace will 
be covered by an outer shell once it is incorporated into the racing boot. Most likely, only part of the 
brace will be visible during donning and doffing, which is for an insignificant amount of time. 

MMeetthhoodd  
With the use of SolidWorks and with the requirements in mind 22 colour variants were created. A first 
selection of colours was made based on looks, the style of REV’IT! and the general association with 
colours. The colours that fit and looked best were red, blue, black and white. The colour symbolism 
chart of Colour Meanings (2023) was used to get an understanding of the different meanings of 
colour. This is of course no exact science, but it is an interesting base for creating a narrative that fits 
the design story and to make a choice based on something as there are endless amounts of colour. 
Red is generally associated with aggression, power and confidence, which fits the context of a racing 
boot. Blue is generally associated with security, trust and calmness, which is an association that fits 
the goal of providing a sense of security. Black stands for protection, power and sophistication and 
is a main colour of REV’IT!. And finally white communicates cleanliness, purity and perfection, while 
also being a main colour of REV’IT!. Also, different metals colours for the lacing hoops were tested 
beforehand, silver, black and gold and the best-looking combination was with gold rings. Gold is 
generally associated with success, optimism, and confidence, which is, even with its limited 
presence, a nice touch.  

The colour variants were, all at once, presented to six participants and they were asked to make a 
top three of the designs that fit the above-described requirements best. They were asked: “Which 
colour combinations communicate best that the only thing you have to do is adjust the laces to your 
liking, seems the most trustworthy and looks most aesthetically pleasing in your opinion. Please 
select your three favourites.”  

The following pictures were shown to the participants: 

 



344 Ankle Brace Colour Study

11  22  33  

44  55  66  

77  88  99  

1100  1111  1122  
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1133  1144  1155  

1166  1177  1188  

1199  2200  2211  

2222  
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RReessuullttss  
Per participant their three favourites were noted, see left table below. All votes were then counted 
and summed up per concept, see right table below.  

PPaarrttiicciippaanntt  FFaavvoouurriitteess  
1 19 7 18 
2 18 14 1 
3 18 14 21 
4 1 14 13 
5 14 18 6 
6 17 18 6 

 

CCoonncclluussiioonn  
According to the participants of this small study, concept 18 communicates best that the only 
interaction required is the tightening of the lacing system, while exuding trustworthiness and looking 
aesthetically pleasing. Therefore, this will be the colour combination that will be applied to the final 
concept. 

Concept 18 

 

CCoonncceepptt  ##  1 6 7 13 14 17 18 19 20 
SSccoorree  2 2 1 1 4 1 5 1 1 
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APPENDIX 24. INVOICE FOR PA11 MJF 3D 
PRINTING
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