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1 INTRODUCTION
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The results are highly promising and deserve to be further developed in future ex
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he reasons of the research

quality of life

literature and clinic experiences agree that a constant use, every night, of night 

Ankle Foot Orthosis, together with proper and constant physiotherapy, can extend 

problems that could be improved:

-

Technique of manufacturing

Costs

Comfort

choice could be extremely important in the process of psychological accept
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to make the child get used and familiar with the orthosis and improve the 
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The aim of the research and expected results 

if we draw upon technology to improve some processes we have to consider that 
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1.4 – Methodology and approaches to design process

a problem of method: 

to do 

Quality 

of Life

and 

highlighted the opportunity of recurring to product design methods that consider 

the USER 

Customer Centered and User Centered Design 

the design process tout court

“what users WANT

user
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The cost factor is another key point that has to be carefully evaluated since an ex

cessive cost will discourage parents from buying the orthoses or to their periodical 

technology

design approach at this stage is translated in the criterion of 

technology possible for the user. 

Quality of Life

nobody will ever consider an healthcare orthopedic device as an element capable 
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have to give up our favorite pair of shoes in order to do a bulky plaster or simply 

the pleasure of choosing what to do
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Universal Design, Inclusive Design and Design for all

the fundamentals of Design for disability

Quality 

process was considered the one that suited best with every

done clearly evidences what could be done and which are the margins of improve

ment in order to create -
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hases of the research process

Part one – The DMD disease and context analysis on orthoses

more one of the most evident outcomes of this research was the extreme confu

Part two – Methods and Developments 

value of a  and  that consider the user as 
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the globally known theories of 

are discussed

This complex process provided at the end the guidelines for the design of a really 

 

Part three –  exposes the results of the re
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PART ONE 

DUCHENNE MUSCULAR DYSTROPHY 





2 DUCHENNE MUSCULAR DISTROPHY
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and focuses more on the system of integrated care management that globally involves the life of 

dystro-

tural stability to the 
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2. Duchenne Muscular Dystrophy
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History

muscles shows 

php
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2.1.1 - Dystrophinopathies and disease transmission

 

immunity system provides to clean

 in the muscle is 

their death

  

mother

of Health 
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2. Duchenne Muscular Dystrophy
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2.1.2 - Symptoms and diagnosis

Gower’s sign -

over four and half years of age
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2.2.1 - Early ambulatory phase

This period is more crucial and stressful for parents who discover and have to ac

posture to balance and establishing passive hip stability: they assume a lumbar lor
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establish a passive stability

childhood for many reasons:

to make the child used to clinical environments and physiotherapist at an age 

The use of daily foot orthoses is not recommended since they add weight on leg 
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2.2.2 - Middle ambulatory phase

 20
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Releases

contractures in the 

make small cuts in 

(1) muscles at the 

front of the thigh 

(2) a muscle at the 

with 

(3)

 (4)

Understanding Heel 

the cord

the loss of their 
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2.2.3 - Early non ambulatory phase

-

in
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2.2.4 - Late non ambulatory phase

the auxilia that can help the boy to maintain the higher level of possible autonomy 
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29

always to be perfectly ahead of the events and well prepared in advance on the next 

  

  

-

 

  

 

  The 

to all the professionals who are in every level involved in the treatment of neuromuscular diseas
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ANALYSIS

INTEGRATED CARE MANAGEMENT OF DMD
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-

 was 

“The diagno-

diomyopathies

once or twice a year by physiotherapists with special experience in neuromuscular 

-

-

-
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2.3.1 Pharmacological therapies

:

cataract

  

43
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progression

general feeling is that in very near future future important pharmacological changes 
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2.3.2 – Legal management

These documents contain the calendar of all the medical checks to monitor con
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2.3.3 – Psychological management

ents as well are exposed to an high risk of depression and of couple issues and then 

help parents in discussing with them how to communicate with their son about 

children

-

 in  

  

  

  

46



A
N

A
LY

S
IS

2.3.4 – Speech and language management

 – They are both common and likely to happen 

Monitor and treat swallowing problems
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2. Duchenne Muscular Dystrophy



A
N

A
LY

S
IS

2.3.6 – Cardiac management

blood

or by severe scoliosis that could cause direct cardiac compression

The most common diagnosis of the cardiologist is a dilated cardiomyopathy: the 

 and
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2.3.7 – Respiratory management

cough
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2.3.8 - Skeletal management

Osteoporosis

Fractures

of their muscle weakness that decrease their agility and rises the percentage of risk 

Scoliosis

integrity
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2.3.9 – Orthopaedic management

-

 

  -

 

  

  

story from the discovery of the illness through the decision of proceed into a heel cord tenotomy and 
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the late teens 

-
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most of the cases this passage is hardest for parents than for children who found 
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Heel cord tenotomy
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strength

  

  

com

shoulders and arms are 

held back awkwardly 

wen walking

sway back

back to take weight

thick lower leg muscles 

walk on toes

weak muscles in front 

   in walking

weak belly muscles 
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STAGES OF DISEASE AND CARE CONSIDERATION
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In 1980 the 

, or  in order to pro-

, together with  the  approved 

the -
1

Disability is not more considered as an unalterable la-

-

1  WORLD HEALTH ORGANIZATION, , 
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-
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Complete 

One or two 

declare to have 
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- ARTICOLAZIONE AL GINOCCHIO

 - CON ARTICOLAZIONE ARRETRATA

  - CON ARTICOLAZIONE ARRETRATA

   

, Centro 
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Developmental delay
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Diplegia 

Hemiplegia 
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Special Instructions: _________________________________ Send Cast and this Form to:

__________________________________________________ D-Bar Enterprises, LLC

__________________________________________________ 748 Marshall Ave.

__________________________________________________ Webster Groves, MO 63119

Call (314) 968-8555 for Questions Fax (314) 968-3561 www.dobbsbrace.com

Shipping & Billing Information

Company Name: ____________________________________

Patient Name:_______________________________________

Patient DOB: _______________________________________

Shipping Address: ___________________________________

City___________________ State _______ Zip ___________

Billing Address ____________________________________

City___________________ State ________ Zip ___________

Phone_____________________________________________

Device Type Size

Description Sm. Rg. Qty.

DCB – Free Motion Dobbs Bar

DCBMD – w/ Mitchell Attachment Bar

QDCB- Quick Release w/ Spring Assist Bar

Clubfoot AFO with molded inner boot

Shipping Method: (Ground /Second / Next)

Payment Method:

Check Visa Master Card Discover

CC# ___________________________________________

PO # ________________ Exp. Date _________________

AFO Pattern & Colors (circle one)

Lavender Butterfly Pink & Purple Bunnies Fly & Drive

Ice Age Military Camouflage Tornado

Green Soccer Handprints Dinosaurs

White (no pattern) Black (no pattern) Ladybug

Number Right Left
Circle
One Type

Measurement 1 Inch / cm Length

Measurement 2 Inch / cm M-L

Measurement 3 Inch / cm M-L

Measurement 4 Inch / cm Cir.

Measurement 5 Inch / cm Cir.

Measurement 6 Inch / cm Cir.

Measurement 7 Inch / cm M-L

Shoulder Width Inch / cm Width

Ankle Set At: Neutral (90°) or Dorsiflexion ______°

CLUBFOOT AFO

CAST MOLD AND MEASUREMENTS

REQUIRED

#2

#3

#1

#4

#5

#6

#7

City__ __ State __ __ Zip _

T MO

MAFO

CROW Boot

Solid AFO Semi-Solid AFO
PLS AFO

FRAFO

e-mail address________________________ SMO FRAFO + strut

L R L R

AS IS 90 Saggital

_____ DF ______ PF

Material: Other: 

S M L

Ultraflex Universal Joint

Other:________________________

S L

Thickness: 1/8" 3/16" 1/4"

 Diagnosis:________________________

R-Wrap (3/32" PE) None 

ROM Limiters NonePadding None 

Other ______________________

Before Pull After Pull

Plastazote Black Puff

Bilam ({plastazote OR p-cell} + poron) 

Elastic

Other: ______________________

Calf Strap:

Velcro Dacron

Aliplast P-cell

Lift _________

Club foot mod

Type:

XL

Due Date:_____________

Medial Column

Lateral Column
Medial Malleolus

Medial butress Lateral butress

Other: ___________________________

Neutral

Fax # 770-267-0655

None

Full

Type:

Navicular build up

Height:

Modifications

SMO

Lateral Malleolus

C-fold

Material:

3/16"

1/4"

None Toe Dorsum

1/4"

Ph # 866-216-8012

Peachtree Prosthetic & 

Orthotic Fabricators 
173 H D Atha Rd

Monroe, GA 30655

Color: ___________________________

mini ped

Standard DA

Lateral forefoot

Tamarack

Age ________ Ht: __________

Other: ____________________

A: _____

B: _____

C: _____

D: _____

Stretch:

Contact ph # _________________________Practitioner ________________________

Male / Female 

5/32"

ST mod

Arch Increase

Standard

Finished height

Minimal

Posterior calcaneus build up

Base of 5th build up

1/16"

3/32"

1/8"

PP

CP

PE
Duraflex

Measurements
Other: 

SMO

PE
Duraflex

Other: 

1/16"

3/16"

1" 2"

Plastic 90° stop

Ear-muff Posterior seam

None

Submalleolar

USS (adult)

Slimline DA (inside recess)

Other: _____________________

Medial forefoot

1.5"

Plantar foot 

Posterior: Anterior:

Transfer: ______________________________

_________ _________

PP

CP 3/32"

1/8"
5/32"

Sulcus Mets

Other: _____________________

Full

Other: ____________________

Footplate Length

Notes/ Additional Instructions

SMO style

Full orthosis

Navicular 

Wt: __________

Ship To:

Valgus Varus

Valgus flange

Extend medial

Extend lateral

Dorsal wrap

Other: _____________________

Full

RL B

Acct #_____________ PO# ____________

Trimlines

Patient Name: ______________________________________   Date: ________________

Cast Correction

AFO Workorder Form

internal use only

Inner boot (Duraflex)  None 

Plastic

Posting

Joint Type

Straps

DA Tamarack         75           85           95

Oklahoma

USG HD (ped)

1.5"

Velcro D-ring Plastic D-ring

PAS
MCL

Overlap D-ring Rivet

Other:_______________________

adult

X-strap

Other: ______________________

Control (optional): 

Articulated "

Pre-artic "

Standard

Varus flange

Ankle Strap:
5/8" 1"

Peac

AAAAAAAAAA

BBBBBBBBBB

DDDDDDDDDD

CCCCCCCCCCCC
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Cascade Dafo, Inc. 

1360 Sunset Avenue, Ferndale, WA 98248 

www.cascadedafo.com

ph: 800.848.7332

fax: 877.856.2160

intl: +00 1 360 543 93606

–

–

–

1

2

3

4

AFO Style (Choose one, check all appropriate options)

 SureStep Advanced (Solid Ankle)

 SureStep PullOver (Hinged)

 SureStep Indy 2 Stage

Solid Ankle  Hinged

  SureStep Hinged AFO

***4 day fab time, CASTS & MEASUREMENTS REQUIRED

Footplate (Choose one)

 Full Length (Standard, 10 & 11 required)

 SureStep Trimlines

Other Options

 Metatarsal Arch Support

 Toe Plateau 

AFO Form

06/2013

866-700-7837
Customer Service 877-462-0711

Date: ______________________  Right     Left    Bilateral

Pt Last Name _________________________________________

Pt First Name _________________________________________

M    F

Company Name ______________________________________

Contact ______________________________________________

Phone Number ________________________________________

Billing Address _______________________________________

City____________________________ ST ______ Zip_________

Shipping Address _____________________________________

City____________________________ ST ______ Zip_________

Email _______________________________________________

PO _________________________________________________

____ Fax  ____ Email

Pattern Options (Circle One)

Peace Signs Construction Brown Camo Yellow

Comic Book Dinosaurs Pink Camo Pink

Sports  Farm Friends Happy Daisies Blue

Strap Options (Circle One)

Black  Royal Blue Lt. Blue  Pink

Yellow  Purple  White  Red

Green

Chafe Option (Circle One)

Plastic - Standard   Dacron - Optional, no charge

 

1

2

3

Diagonal circumference 

Smallest supra-malleolar 

circumference

Midfoot 

circumference 

 

 

 4

9 8
Height to 

medial 

malleolus

 = Circumference         

= Width              

= Distance

LATERAL                                      MEDIAL

 

5

67

Width at met-heads 

(simulated weight bearing)

Posterior 

calcaneus 

1st met-head

Posterior 

calcaneus to 

met-head

LATERAL       MEDIAL

**Shoes are available 

for feet measuring 

2 7/8” -  5 3/8”

Height to 

lateral 

malleolus

Posterior heel to 

length
Posterior heel to 10

12 Circumference at 

11

height of AFO13

www.surestep.net *Plantar Flexion Stop not available

*With Plantar Flexion Stop

 

_____________________________________________

_____________________________________________

_____________________________________________

SureStep Children’s Footwear

Shoes are available in sizes 3T through 12Y 

(Measurement #6= 27/8” 3/8”)

  Size  Color

Athletic Shoes _____      White/Pink White/Blue

Sandals  _____      Pink/Gray Black/Red

*For volume orders, please refer to our shoe order form

Shipping Options

 UPS Ground  No Charge

 2nd Day (by noon) $25.00

$45.00

 24 HOUR RUSH!  $60.00 ADDED FEE 

 *Shipping charges apply separately

Need by date

Send Casts to

*Includes Double Adjustable Hinge
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Comic Book Fairytale

SureStep
SM

SureStep
SM

SureStep
SM

SureStep
SM

SureStep
SM

Skateboard

Pink Blue Yellow

Pink Camo Brown Camo

NE
W
!

NE
W
!

NE
W
!

NE
W
!

NE
W
!

Pattern Guide
2 0 1 2

SureStep
SM

White

Black

Royal Blue

Light Blue

Pink

Red

Purple

Yellow

Green

-
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-
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WALK ON

WALK ON

HINGED
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but what clearly appeared was a dichotomy between: 

-

“in 

CACTUS Project

PRODUCT DESIGN METHODS

including 

User Centered Design methods and to the 

Universal Design, Inclusive Design, Design for All, Design for Disability

 proved to be the 

173
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human centered design theories is presented to 

 

CACTUS Project
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Henry Dreyfus “The Measure of Man”

Vitruvian man 

Cor-
busier with his Modulor

The classic design method is the product centered design

 

-

is a 

joy to own

that is desirable from the market and therefore from the larger amount and typol

Donald Norman

-
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“Eason9 -

10

The 

2010 issues the six rules for a user centered design: 

or personas

Use case

single moment how the story can evolve or change and if and when the ob
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concept of the 

design comes as 

involved in every 

included the phase of 

the launch of the 

diverse professional backgrounds compared to professional designers

Some of the most relevant theories that can be included in the User Centered De

sign approach are the Universal Design, the Inclusive Design and the Design for All. 
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The idea of an universal access to goods took its origin from the need of free access 

Ron Mace
promoted the term Universal design

 to guides design community through 

-

 

approach to a new form of design aimed to be usable by the greatest variety of 

Equitable use

Flexibility in use

Tolerance for error

Size and space for approach and use

in 

  

  T
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designer on 
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“In this context, Inclusive Design is seen as a progressive, goal oriented process, 

or a performance measure.” 19 

The aim of an 

20

could generate a too high compromise and for this reason it has to be evaluated 

pursuing the inclusivity in a product does not 

  -

  

  -

  

180



A
N

A
LY

S
IS

  

  in 
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Enhanching the quality of life through Design for All but it is the Dec

“Design for All is the design for human 

diversity, social inclusion and equality”.

  

  

The breakfast mug 

with two handles is 

a typical example of 

for people  with 

simmetrical design 
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goes slightly further issuing that what it is not important only to use something 

-

  -
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with a temporary or permanent physical or mental impairment concern the Design 

social 

 

pated most of modern thinking on design for disability

World Plan of Ac-

a tutel

Aus-

ICF
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-

 

-

 it is con

improvement if it remains relegated to this sector since there will be always more 

future. 
 

  

  -
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ture of and fashion issues may appear in contrast with their theo

 

some progresses have already been made: fashionable clothes are available in a 

  

  

and actress 

photographed by 

for the 
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usable

latent needs

  

pairs of legs that 

elaborately carved 

elm woods leg that 

designed for the 

model

plaster corset for 

most of her life 

because her spine 

was too weak 

to support itself 

and she was used 

to décor corsets 

her personal style
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-

 

-

This tendency developed during the late eighteenth and early nineteenth centuries 

41
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dons that feels them for themselves: 

-

-
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the most important theories that can be included in the group of the User Centered 

 each theory develops 

orthopaedic device addressed exclusively to these people and therefore it has not 

: glasses were born as an aid for visual 

 

without misunderstandings 

:

Expressed needs

purchasing and for this reason they have to be carefully analysed from the 

Implicit needs

Latent needs

clares in 

of the design should be: 
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Product Devel

(PDMA) 
as 

-
47

must be considered more as  than an instru

ment that limits 

o 

o Design by drawing

o Brainstorming
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o 

o is not a single method but the collec

o Checklist

o 

be listed and then ordered in a tree graph from the more general to the 

o 

are expressed as blocks that transforms inputs into outputs and orga

o 

o 

es of the design and it includes even the comparison with concurrent 

o Morphological chart or Strategic Design

o 

o 

strategy49
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o Concurrent engineering

-

in the approaches suggested by 

:

QFD

Strategic Design

Concurrent engineering

 the table doesn’t include con

current engineering

The 

CACTUS Project th
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Concurrent Engineering can be com

 

The table

the Voice Of Customer

CACTUS Project
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A comparison of customer focused design tools

T
h

re
e

S
tr

a
te

g
ic

 
D

e
si

g
n

 

Highly visual

Tanks customer needs

ally been understood

sis of a large amount of data
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Voice Of the Customer

  

 Here the binomial  was considered one of the keys 

perceived quality in order to make it coincide or 

even get over expected quality

pushing a technology into the marketplace without truly understanding customer 
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Deployment

-

 

The 

House of Quality

 allow 

The  is composed by six parts: 

1. User Requirements;

2. Planning Matrix;

3. Technical Requirements;

4. Roof;

5. 

6. Targets.
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1. 

 as well and some authors 

 

2. PLANNING MATRIX 

product

Improvement Factor

Sales Point

3. 
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4.      ROOF

5.      INTERRELATIONSHIPS

6. TARGETS 

Targets
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The is composed by:

7. Deployment Matrix

8. Planning Matrix

9. 

7. DEPLOYMENT MATRIX

8. PLANNING MATRIX

9. 

  

Product 

Matrix

Design Matrix

Requirement Matrix

Manufacturing 
Purchasing Matrix

Matrix
Design 

design

purchasing 
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4.4.1 - Conclusion

considered. 
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DMD NIGHT AFO’S DESIGN

User Centered Theories Design for All and  were 

House of 

Quality

survey of users’ requirements

“imaginary personas” was 

comparison between 

the best products found on market analysis

of  and even probable 

main 
principles of Design for All and Design for Disability that I would like to transfer in 
my project. 

205
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PRINCIPLES SUGGESTION FOR THE DESIGN PROCESS

Engagement of all the 

“users”, in a broader 

sense

considering all the phases in an integrated system 

method

The overall analysis of the product implies the 

survey to the manufacturing and management of the 

uses all their senses to know the world around them 

important to evaluate them under any sensorial 

Ergonomics

The right of beauty 

but fashion and beauty have to permeate the 

The right of change

depending on the mood of the day or the occasion 

Economic

beauty and variety intrinsic parts of orthoses and not 
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1

the family towards one product despite another and manufacturers who physically 

2

tant to think 

This book 

-
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documents to include a new product in this list.

Trade Fairs

Literature

Experts

were precious occasions to meet 

User Projects
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Other Methods

Informal contacts Direct interviews were integrated by the lecture 

of the numerous blogs opened to discuss online 

discuss topics and seek for advices from people who 

since they were communicated in a real informal and 

expose personal doubts or feelings without the fear 

-

were collected but most of all direct talks with the parents who could frankly ex

press their opinions and exchange views with the others proved to be more inter-
 in let latent needs emerge

pressed was huge and it became necessary to give them an order and to select and 

method of Personas

the creator of the no-
personas

4    

The imaginary characters were: 

4 

To Restore The Sanity

209
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LUCA – 

years old but almost every evening he discusses with 

his parents since he would prefer to sleep without 

MARIA and PIETRO – 

the ground and went to the hospital for some medical 

and MARTINA

results.

FILIPPO and RICCARDO are the owner and the 

very well known in the sector since they produce high 
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 since his natural growth and since during his life since the progression of the 

LUCA

MARIA and PIETRO
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and MARTINA

ordered them

that moment but without causing pains

during the day

blisters

FILIPPO and RICCARDO

costlier
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that described the “Voice of the Customer”. 

prevent the foot drop

the reason why they are prescribed by doctors and therefore this is their inalienable 

not to move during the night from 
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Safety

Comfort

- as in natural unconscious movements during the 

- 

- Weight 

in the house and has to be related with the concept of bulkiness that could 

- Touch 

Usability

Appearance

appropriate relevance to expressed or latent needs related to the appearances of 
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of customer 

EFFICACY 

They have to prevent the foot drop

SAFETY

They must not break easily

Hygiene They have to be easily washable

COMFORT

or is making his school homework

They must not make me sweat

Lightweight

They have not to be bulky

Touch They must be pleasant at the touch

USABILITY They have to be cheap to change them easily when his foot grows or change

APPEARANCE 
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Technical Requirements “Voice of the Engineer”

represent the HOWS -

very 
few technical details were provided by manufacturers

217

5. DMD night AFO’s design



D
E

S
IG

N

the shoes

Total weight

Morphology

Technical details
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-
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x

-

x

x
x

x
x

-

x
x

x

Percentage of open surface on the general 

encumbrance of the shoes

Number of buckles

Number of pieces in which it can be 

decomposed

Maximum thickness

Minimum thickness

Breaking strength

Flexural strength of the sole

Total weight

Breathability (g/m2die)

Webbing strength

Number of days spent since the acquisition 

of use

Number of revision of the AFOs required 

after the plaster cast, before using a new 

AFO

Number of different colors or texture 

available

Average time in seconds to wear an AFO

Te
ch

n
ica

l 

2
1
9

5
. D

M
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ig
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Table in the House 

NEEDS AND CHARACTERISTICS

white circle
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Table in the House 

Morphology Technical details

e
n

cu
m

b
ra

n
ce

 o
f 

th
e

 s
h

o
e

s

To
ta

l 
w

e
ig

h
t

EFFICACY 

The foot has not to move from the correct 

SAFETY

They must not break easily

Hygiene They have to be easily washable

COMFORT

They must not make me sweat

Lightweight

They have not to be bulky

Touch They must be pleasants at the touch

USABILITY They have to be cheap to change them easily 

when his foot grows or change

APPEARANCE 

CORRELATION MATRIX
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Table in the House of 

Planning Matrix

The four AFOs that had the best scores were included 

This phase is called benchmarking on perceived quality
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PRODUCTS’ COMPARISON 

AMONG 20 SELECTED PRODUCTS
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Morphology Technical details
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EFFICACY 

The foot has not to move from 

SAFETY

They must not break easily

Hygiene They have to be easily washable

COMFORT

They must not make me sweat

Lightweight

They have not to be bulky

Touch They must be pleasants at the touch

USABILITY They have to be cheap to change 

them easily when his foot grows 

or change

and tests

movimg from home

from your house to order a new 

APPEARANCE 

309 227 47 95 69 99 165 93 84 188 267 99 108 90 27

ANALYSIS OF COMPETITORS 

The four selected products 

2
2
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Table in the House of 

OF AN AFO

The results of this process of  is 

synthesis of the needs that will be considered as targets in the design of a new type 

ture that was of interest in the design process:
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lect and 

ate the progression of the disease compared with the physiotherapy 

indirect survey could 
be easily done in the same clinical centre where the boy usually does 
his physiotherapy.

ondly parents would not be obliged to physically move  to the manu

Parametric modelling 

Dorsal AFOs

Increment percentage of open surfaces  

improve the breathability of the orthosis and this could be a relevant 

229
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One piece AFO 
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PART THREE 

DESIGN PROPOSAL 

AND EXPERIMENTATIONS 





OVERVIEW ON ALTERNATIVE 

TECHNIQUES OF LOWER LIMBS’ SURVEY6
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 highlighted 

 The proposal of an in

The main steps of the design process are: 

Parametric design

Manufacturing 

choice or choices are applied to the aim of the research to move a step forward in the design 

the previous chapter 

AFO on the shape of DMD child’s leg

orthosis

pas

sage from a virtual model to a solid object
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phase that will be illustrated as follows:

PART THREE:

: 

Parametric design

Manufacturing

to impress the appropriate stretching and alignment for each single child in that 

Chapter 6

of the AFO. 
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more on indirect techniques of 

visible body parts. indirect foot survey highlighted how this tech

techniques of survey 

foot scanners
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security

forensic

clothing

industrial design

health

in Proceedings of the 4th

of the kayak was 
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Quality and type of result:

Background knowledge

Cost: 

range of processes of design of products and even the way they are conceived

person but it can really bring a step forward to the theory of User Centered Design

Anthropometric measures
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moving only his face 

mance as reference 

when moving his 

sessions performet at 

@ 

gallery

avatars as gadgets at 

the Department of 

developed a study 

body as a changing 

element that can 

The 

The so called 4D scanning are already a reality that is going to grow rapidly in the 

in Acts of 
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The measure of the 

growth of a child 

and more common 

body survey

measures

analysis:

Direct survey 

manufactured with 
plaster cast of the lower limb and making a 

 

 

Three-

245



A
N

A
LY

S
IS

 

Lower limb molds silicone, resin, 

rubber, foam Silicone mold,

part

Foam System

 

 

  

-

246



A
N

A
LY

S
IS

hot water and 

then gently put on 

minutes it becomes 

hard and is ready 

to be used in the 

low 
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wavelenghts of light 

produce lectures of 

caused by exposure 

of an indirect survey compared with a direct one are undoubtable : 

    

 

-
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: 

odontology
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the most common are: 
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These instruments and technologies are rapidly becoming extremely common in 

cost can apparently be considered 

in the comparison between tradi

process
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6.6.1 – Laser Scanner

laser scanner survey

Accuracy

 is 

intended as the minimum distance achievable with a single scan between one point 

orate the coordinates of each point: 
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of laser light onto 

inferring depth from 

point and from 

the geometric 

laser source and the 

seconds

@

coordinates of the point in space
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composed as an example by 

o 

o 

Full head scanner

Desktop scanner

Hand held scanner

Foot scanner

The Accuracy
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6.6.2 Image-based modelling 

Stereo Photo Matching: also called Computer Vision

or 

 in 

advantages of the accurate measurement of the photogrammetry and of 

Shape from Shading

Photometric Stereo
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of cameras and 

@ 

-
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the mesh and 

@ 

have a complete vision of it from all the points of view but the scans have an instant 

put on a net and a simple command can be operated on a device to make them all 

photo-based scanning system has a lower cost

extract taken from 25

Tripod-mounted laser scanners

o 

o 

o 

o 

o 

o 

Desktop laser or structured light scanners

o 

o 

o 

Photo-based scanning

o 

o 

o 

o 

o 

o 
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illuminates with 

dark and light bars 

the images and the 

the bars with respect 

6.6.3 - White Light Scanner and others  

Millimeter – wave radar – 

258



A
N

A
LY

S
IS

scanner

measuremet of data

6.6.4 -  Foot Scanners 

Foot scanners

categories: 

The 

-

in 

259



A
N

A
LY

S
IS

and processing data 

elaborated with an 

hand scan

2D Plantar Foot Scanning

Contact footscanner is an array that uses a technology borderline between a direct 
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foot measures compared with manual measurements and with the commercially 

algorithm

ISO 20685 of 2010 that “addresses 

refers to the ISO 7250-1:2008

European CEC 

Made Shoe project

  -

-

tabases

  

 

  

in 
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several brands that 

How is it possible to create a product more comfortable without knowing the stand

ards for comfort or discomfort for that single user? 

  The Story of Lasts
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The shoes of the 

fastes man in the 

from a scan of his 

   

-

when buying foot-

of the foot

that each individual foot shape may be predicted to a mean accuracy of something 

 

  

  

  

  

  

  in
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 even when the shoes are not 

directly tried on

the increases in length and breadth between unloaded and half 

6.7.2 - User Oriented Footwear

-

However it must 

User Oriented Footwear

  

in 
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a 

:

varus feet

“Using what 

-
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of silicone made 

Laser survey of the 

sane foot 
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a real mile

  

  -
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set of technologies that could be tested in order to understand if they can  improve 

User Cen

tered Design approach was crucial even in this phase since every technology was 

sidered as: 

the suitability of the technology for the aim of the research

the costs

the easiness of use

its smartness of the technology and its integrability with the other phases of the 

its psychological impact 

its safety

its environmental impact

of the orthosis: 

Desktop scanner

Hand scanner
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Foot scanner. 

The recurs to this technology for survey pourposes  

270



7 TESTS OF DMD LOWER LIMBS’ SURVEY
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This chapter illustrates  in order to 

best process to acquire the shape of the foot

were all used to compare results and 

an User Centered approach

a special support, a bench with a resemblance of a rocking horse was designed

recovered trying to apply a stretching force at the moment of wrapping with ban

273
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BY OPTICAL TRIANGULATION SCANNER

AIM OF THE TEST

INSTRUMENTS:

Konica Minolta 

RANGE 5 Non-

MEASURAMENT 
METHOD: T

OBJECT DISTANCE 
RANGE:

ACCURACY:

MAX RESOLUTION: 

PRECISION:

OUTPUT FORMAT:

DIMENSION: 

WEIGHT: 

Konica Minolta 

Non-contact 3D 

MEASURAMENT 
METHOD: 
light stripe method

The test was made in the photographic laboratory of the Depart

mounted on a tripod and the space all around the table where the 

275
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OBJECT DISTANCE 
RANGE:

ACCURACY: 

MAX RESOLUTION:

OUTPUT FORMAT: 

DIMENSION: 

WEIGHT: 

CARRYING OUT OF THE TEST

 

PROCESSING OF DATA

: each scan had its own reference system that 

Cleaning

Alignment: 

Blending of the single scans to obtain a single point cloud 

of the point cloud to transform points into a 
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CONSIDERATION ON THE RESULTS

INSTRUMENT:

NUMBER OF STATIONS: 

OF POINTS PER EACH 
SCAN: 

EXECUTION TIME: 

LOCATION: Department 

DATE: 
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CARRYING OUT OF THE TEST

PROCESSING OF DATA

STRETCHING POSITION BY A THERAPIST AT THE POLICLINICO 

GEMELLI IN ROME 

AIM OF THE TEST

INSTRUMENTS:

Konica Minolta 

Non-contact 3D 

MEASURAMENT 
METHOD: 
light stripe method

OBJECT DISTANCE 
RANGE:

ACCURACY: 

MAX RESOLUTION:

OUTPUT FORMAT: 

DIMENSION: 

WEIGHT: 
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applying a stretching force

environment and the body of the therapist had to be removed in 

CONSIDERATION ON THE RESULTS

tant parts of the body of the child and the resultant shape was 

Orthosis

is unavoidably at least slightly harmful and the test was uninten

 she complained an excessive 

INSTRUMENT: 

NUMBER OF STATIONS: 

OF POINTS PER EACH 
SCAN: 

EXECUTION TIME: 

LOCATION: 

DATE: 

279
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scope

 

physiotherapist needs and problems that could emerge in these 

and 

the role of the 

foot on the support and in its secure locking in a way that would 

boy  was scared even before entering in the room about the idea 

be extremely important to try to create a relaxed atmosphere and 
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then we preferred a blue background in order to create an higher 

the mold was located on a tv turntable to make it rotate gradually 

CARRYING OUT OF THE TEST

Calibration of the camera

suggested in fact to print the grid in a scale similar to the dimen

mounted on a tripod and the target was placed on a larger white 

AIM OF THE TEST

281

7. Tests of DMD lower limbs’ survey



D
E

S
IG

N

282



D
E

S
IG

N

INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght: 

Diaphragm: 3.61

Dimension: 

EXECUTION TIME: 

LOCATION: Department 

DATE:

INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght:

Diaphragm: 3.61

EXECUTION TIME: 

LOCATION:
Laboratory of the 

Department of 

DATE:

Mannequine’s photographic acquisition

FIRST SERIES OF TESTS - FAILED

SECOND SERIES OF TESTS - FAILED

The second test was made in the photographic laboratory and 
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INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght: 

Diaphragm: 3.61

Dimension: 

POINTS ELABO-
RATED:

EXECUTION TIME: 

LAST SERIES OF TESTS

have an higher contrast between the dark background and the 

to was fulled for most of its frame by the leg and between each 

PROCESSING OF DATA

applied randomly on the surface of the leg to facilitate the process 

- 

- 
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- 

- 

INSTRUMENT:

Camera Sony Alpha 

DSLR-A350

RESOLUTION: 14.20 
Megapixel

LENS: 

 

ISO: 

SHUTTER:

285
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CONSIDERATIONS ON THE RESULTS
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an height that allowed an easy framing in the photos of the lateral 

CARRYING OUT OF THE TEST

plain them generally the aim of my research and in detail the pro

DATA PROCESSING

Agi

the coverage of the surface with drawings and sketching and the 

The number of photos was even exceeding since from the report 

we can read that in the medium all the points that compose the 

BRUNO KESSLER FOUNDATION OF TRENTO

AIM OF THE TEST

order to compare the results between the photo scanned model of the chalk leg and the one 

INSTRUMENT:

Camera Nikon Digital 

SLR Camera D800

RESOLUTION: 

SENSOR SIZE: 

 

ISO: 

DIMENSION:

WEIGHT:

287

7. Tests of DMD lower limbs’ survey



D
E

S
IG

N

in Trento

Align Photos

single dense point cloud

scale

mum two markers have to be added in the model and a related 
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INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght: 

Dimension: 

POINTS ELABO-
RATED:

EXECUTION TIME: 

LOCATION:

DATE:
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cluded the two shapes were once more aligned with the “Best Fit 

Alignment”

it was located mainly at the heel and in the posterior part of the 

following tests
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CONSIDERATION ON THE RESULTS

have to be considered:

- The orthosis will be made 

in a rigid material and therefore broader tolerance margins 

- 
the shape of the AFO.

- Padding. 

INSTRUMENTS:

Konica Minolta 

RANGE 5 Non-

MEASURAMENT 
METHOD: T

OBJECT DISTANCE 
RANGE:

ACCURACY:

MAX RESOLUTION: 

PRECISION:

OUTPUT FORMAT:

DIMENSION: 

WEIGHT: 
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A REAL ONE

AIM OF THE TEST

thermore it must be considered that mistaken a survey could be re

the parents it must be considered even the disposability of the child 

Therefore all the following tests were aimed at proving the reliabil

arrangement of photographic headlights: they were dislocated all 

around the body to provide as much as possible a uniform light

too strong and this causes an overexposure of some parts and some 
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CARRYING OUT OF THE TEST

ideally located at the center of the knee of the leg that had to be 

has to be done following the three 

293
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INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght: 

ISO:

Dimension: 

EXECUTION TIME: 

LOCATION:
door garden

DATE:

INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght: 

ISO:

Dimension: 

EXECUTION TIME: 

LOCATION:
graphic Laboraratory

 DATE:

These tests were conducted outdoor in order to avoid all 

to test if it was possible to carry a survey in a more friendly 

of the camera 

all around the leg
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INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght: 

ISO:

Dimension: 

EXECUTION TIME: 

LOCATION:
door garden

DATE:

INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght: 

ISO:

Dimension: 
----------------
INSTRUMENT:

Dimension: 
---------------

EXECUTION TIME: 

LOCATION:

DATE:

old girl in order to perfect several details of the protocol of the 
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DATA PROCESSING 

the measure of the pieces of the bench that support the child and 

the pieces of the pedal which stops the foot were used to scale the 

al camera to the basic camera of a smartphone and both proved to 

CONSIDERATION ON THE RESULTS

top quality 

dent distance between is crucial to determine the result of the pho

INSTRUMENT:

Camera Canon 

EOS 500D

RESOLUTION: 15.10 
Megapixel

FOCAL LENGHT: 

 

ISO: 

SHUTTER:

Smartphone 
Samsung S4

RESOLUTION: 13 
Megapixel

296



D
E

S
IG

N

CARRYING OUT OF THE TEST

DATA PROCESSING 

CONSIDERATION ON THE RESULTS

HAND SCAN

AIM OF THE TEST

INSTRUMENT:

3D SYSTEMS 3D 

Sense - Scanner 3D

POWER CABLE: 

SOFTWARE: 

 

DIMENSION: 
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INSTRUMENT: 

OPERATING RANGE: 

SPATIAL X/Y RESOLUTION

EXECUTION TIME: 

NUMBER OF MESH TRI-
ANGLES ELABORATED: 

LOCATION: 

DATE: 

 

The line marked in blue shows the 

path made by the and scanner all 

hand scanner survey
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CARRYING OUT OF THE TEST

rotate slowly all around the leg from all the points of view and at 

DATA PROCESSING 

CONSIDERATION ON THE RESULTS

 

AIM OF THE TEST

INSTRUMENT:

3D SYSTEMS 3D 

Sense - Scanner 3D

POWER CABLE: 

SOFTWARE: 

 

DIMENSION: 
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INSTRUMENT: 

OPERATING RANGE: 

SPATIAL X/Y RESOLUTION

EXECUTION TIME: 

NUMBER OF MESH TRI-
ANGLES ELABORATED: 

LOCATION: 

DATE: 

The line marked in blue shows the 

path made by the and scanner all 

hand scanner survey
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to collaborate at the test in a garden when many other toys were 

CARRYING OUT OF THE TEST 

The set of photos was taken proceeding following the three circles 

of orthogonal system of axis centered in the knee and aligned with 

ly constant the distance between the camera and the closer point 

DATA PROCESSING 

put in evidence all the relevant part that needed to be virtual re

leave visible even all the elements that were not part of the leg but 

created a sparse point cloud containing common point visible in 

7.9 – Final test of survey of a child’s leg using Image-Based modelling 

and Hand Scan 

AIM OF THE TEST

INSTRUMENT:

3D SYSTEMS 3D 

Sense - Scanner 3D

POWER CABLE: 

SOFTWARE: 

 

DIMENSION: 
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CONSIDERATION ON THE RESULTS

camera to maintain in focus all the elements in the picture could solve 

problems appeared and this lead to the decision of changing some 

   

parison among the two shapes was carried out with the support 

the most relevant errors are located will not be interested in the 

INSTRUMENT: 

NUMBER OF PHOTOS:

F-stop: 

Focal lenght: 

ISO:

Dimension: 

Number of mesh tri-
angles elaborated: 

EXECUTION TIME: 

LOCATION: 

DATE:

mesh and comparison between this 

hand scan survey 
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Desktop scanners

Hand scanners

be considered acceptable and case by case it can be decided which one is more 
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DESIGN OF A SUPPORT TO SURVEY 

LOWER LIMBS IN STRETCHING POSITION8
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LIMBS IN STRETCHING POSITION

 

307



D
E

S
IG

N

bench for the 
-

utes of the indirect survey

Dystrophy in his 

maximum stretching 
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8.1.1 – Users’ needs 

Ergonomic 
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probably not be daily and it could be desirable if it could be packed and stored in 

The surface of the lower limb must be as much visible as pos
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The transfer from the wheelchair to the bench has to be as much simple as 

The child must not be scared by the aspect of the support
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Safety

pital is closer to Hygiene

Psycological 

Economic 
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forefoot, midfoot hindfoot.
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upward movement caused by the ankle that brings 

downward movement caused by the ankle that 

 turning the ankle and the foot 

but the weight is on the medial edge of the foot

turning the ankle and the foot 

the weight is on the medial edge of the foot

eversion, turning the ankle and the foot outward and the weight is on the 

internal edge of the foot

inversion, turning the ankle and the foot inward and the weight is on the 

external edge of the foot

toe extension

foot
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8.2 FROM THE DESIGN TO THE REALIZATION OF THE 
PROTOTYPE

8.2.1 The pedal

of the design was to create something that: 

was locked to a head of a camera tripod that guarantees a simultaneous control on 

and at the long circumference of the heel
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prototype 

of the pedal

of the pedal and 

design idea

prototype
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parents diagnose the disease and his doctors prescribes him the use of night splint 

years old cm

old

@ 
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in the passage from infancy to adolescence

various ages

@ 

arms and legs in 

between a child of 

six months and a 

319



D
E

S
IG

N

8.2.3 – FROM THE DESIGN TO THE REALIZATION OF THE 

PROTOTYPE: the support

The support is 

designed to be 

adaptable for 

children of every age
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sketchs of possible 

exterior panels and 

concept of prototype
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prototype with 
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prototype with 
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of support for the 

child during the 

minutes of their 

survey
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of support for the 

child during the 

minutes of lower 
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strengths

weaknesses

the calf 

this was maybe the most important 

succeeded in remedy to this problem 

 

the design of the pedal to lock the 

further improvements could be 

and leave more visible the sole 

tween metatarsal heads and the 
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Lack of a support 

as can be seen from the photos of the 

tests it was located too low respect to the 

Uselessness of the handles

Lacks of belts

and for wheelchair bounded adolescents 
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Excessive weight

essary material and it was paid 

with an extra weight that makes 

Lack of a reference measurement

be an advantageous device in the case of an image based 

Washability 

since the presence 

of some hardly 

reachable points in 

Safety

some protrusion and 
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SECOND PROTOTYPE

it behaves appropriately in its 

transportable, since it was heavy and bulky, it was made by a single piece and it 

wasn’t possible to separate  for transport it if necessary.

Therefore the new prototype was designed with the aim of 

one

posed by four main parts:

hinged legs as a sawhorse

 is wedged between the 

 a backrest with two foldable side wings
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tail: the support for metatarsal heads and for the heel is no more aligned with 

desired parts and this contact between the skin and the metal bar is 

second prototype 

of support for the 

child during the 

minutes of their 

survey
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The iron bar slides 
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The foot rest 

supports the leg that 

is not being surveyed
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prototype

The foot is allocated 

in this special pedal 

and can be oriented 

by the therapist in its 
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The foot rest can be 

easily moved from 

one side to the other 

and regulated in its 

high depending on 

the age of the boy

The pedal allows 

control of the foot in 

be regulated 

of every age 
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The backrest can 

be easily allocated 

can be used 

by children that 

can sit on it
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The support can 

lenghten in order to 

match with legs of 

children of every age

The set of the test of 

the second support 

for the child for the 

his leg

336



D
E

S
IG

N

of support for the 

child during the 

minutes of his lower 

337



child wants to ride and it eliminates the support for tablets to reduce weight as 

calls the features of a rocking horse and that can be easily moved in an outdoor gar

The prototype demonstrates how it is possible to achieve the same result but in a 

is concluded and in the following paragraph the design of the morphology of the 
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PARAMETRIC DESIGN 

OF A NIGHT DMD AFO9
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a 3D model of the user’s lower limb;

a list of 

341

9. Parametric design of a night DMD AFO  



D
E

S
IG

N

1. Manufacturing of the 3D model of the lower limb and thermoforming of the 

AFO on the mold of the user’s lower limb;

2. Manual Solid modelling of the AFO on the 3D mesh of the limb. 

3. Parametric modelling of the AFO on the 3D mesh of the limb.

:

This feature is maybe the most important 

 if we want to operate a sin
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-

-

2  Therefore it is clear how 

the result

cally

 

-

ing the design instances in architecture
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PARAMETRIC DESIGN 

of parametric design

The term “one of a 

-
7

weights on each arch he could observe how this change propagated on all the arch

com

computer graphics

Sketchpad

each other using constraints

 – 
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Pro/Engineer

CATIA and Digital Project 
elling in architecture and found one of the mains and more important promoter in 

11

Revit

SolidWorks 

Autodesk 3DSMax 

-

coined the name 

12 

but to program their tools: Rhino Script or RhinoCom-

Grasshopper  and then re

  

   

  

345

9. Parametric design of a night DMD AFO  



A
N

A
LY

S
IS

for a Table that has a 

that experiment 

parametric design in 
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one of the most 

famous architects 

that explore the 

of expresion of 

parametric design to 
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9.2.1 –  Parametric Design with Grasshopper 

these elements in: 

o 

o 

o 

฀�
฀� that deal with decimal numbers

o 

COMPONENTS, 

o 

o 

o check point where the tools verify certain 

o 

o 

o 

knowledge in computer programming is able to act not only to the parameters of 
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obtained trough 

a parametric 

design made with 

an exstract of a 
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the algorithm 

depth analysis aimed at the understanding of:

basic terminology

casion of the design of the pedal of the support of the child during the mo

points in which tendons connect muscles to the bones

 in Duchenne 

the analysis of the points

considered crucial by others manufactures of 

dedicated to the 

ogy of the foot
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of the shape of the 

foot by manual 

Tibial metatarsal

The head of the second metatarsal

The most lateral point of the lateral 

malleolus

The most medial point of the medial 

malleolus

Higher point of the medial heel

Tibial metatarsal

th

The most posterior point of the heel

The most prominent point of the external 

calcaneus

The most prominent point of the internal 

calcaneus

nd
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points on the leg 

planned algorithm to 
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Three dimensional mesh of the shape of the foot obtained as a result of the 

15 marker points

thickness of the orthosis

algorithm for the 
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following pages it is represented and it is illustrated how each coloured rectangle 
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EXTRACT OF GRASSHOPPER ALGORITHM 

FOR THE DESIGN OF THE NIGHT AFO FOR DMD
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bi-dimensional drawings

 that can scoop out the 

 and it is based on a set of 

-

breathability

Voronoi parametric diagram17

  

  

360



D
E

S
IG

Ndiagram
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9.5 - Conclusion of the parametric design of the AFO

the decision of the technique of 

design went in parallel with the choice of the technique of manufacturing

since parametric design allows a freedom of design that could be lost if translated 
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FROM 3D PARAMETRIC MODEL TO 3D PRINT

The phase of Manufacturing of the AFO 

facturing technique. 

 

USERS’ NEEDS - 
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CURRENT PROCESSES OF MANUFACTURING OF AFO  The most common 

COMPATIBILITY WITH THE DESIGN PROCESS  This topic proved to be ex

that single step but has to include as crucial and determinants elements of 

methods

incoming of digital manufacturing technology but they have to be framed in a con

-

-

one of the most common names to include a group of related technologies associ

The  are countless 

and can be reassumed in:
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-

2

ing geometric complexity or intricacy

 since it is proved that the longer one product 

decrease in the general cost

broadly present in each technological fair of trade show and many companyes are 

probably than in the next ten years this technology will have a down and a sort of 

years it is highly probably that it will become a common process of many sectors of 
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colors

rapid prototyping However nowadays the applica

other terms as  

layered manufacturing and others
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disadvantages

 and on the volume of the 
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Rapid prototyping

-

-
12

Rapid tooling

Rapid manufacturing

complete 

  

  

  

 

-
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the design possibility

sign complexity

rapid manufacturing is that it produces 

  

  

  

@ fdecomite
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19

Stereolithog

raphy

prototypes are usually weaker and less accurate in the 
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for model airplane

in pure brass plated 

sheen

tooling

rintersonlinesto

screws
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10.2.3 Technologies

to wait some years to observe which of these technologies will have a real impact 

10.2.3.1 - STEREOLITHOGRAPHY (SLA)

fragile

  

  

  

stereolithography 

process
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sintering process

@ Laurens van 

Lieshout

ber moves down for the high of one layer and simultaneously the lateral chambers 

27

medicine

10.2.3.3 - LAMINATED OBJECT MANUFACTURING (LOMTM)
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manufacturing

@Laurens van 

Lieshout

10.2.3.4 - FUSED DEPOSITION MODELLING (FDM)

Laser Powder Forming (LPF) or similar ones that 

use high power laser to melt metal powder
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spool

spool

10.2.3.5 - SOLID GROUND CURING (SGC)
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PolyJet

-

 This technology seems to be the most forefront 
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made with 

translucent perfume 

modeled on the 

body of the dancer 

dress is based on the 

it was assembled 
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10.2.4 Materials

complete and lacking since every day new materials come on the market and many 

ABS, Acrylonitrile Butadiene Styrene 

PVA, polyvinyl alcohol is used as a dissolvable support material or for special 

Nylon

Alumide

White resin 

Fusion Wax 

Peek
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Metals’ powders

Brass and silver 

tain the mold and it is used to drain brass and silver that will solidify before 

Full color Sandstone

Glass powder

Bio Ink

Skin

Bone material

Food

Digital Materials

Tango 
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materials that can be 
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the most complex or paediatric cases

  

  

“The 

-
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@ Layerwise 

 

 

of 

ISO 10993 and 

ISO 10993-1:2009

:

— 

— 

— 

— 

—  in vitro 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 
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that medical device should assure in order to protect humans from poten

-

         

 and it is what would 

— 

  

  Reference Standards

  

ear

is mainly used 

nowadays to plan 

surgeries in the most 

industry 

where doctors 

this year claimed 

they successfully 

implanted one into 

the spine of a bone 
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Layer by Layer

10.3.2.1  FASHION AND ARTISTIC EXPRESSIONS

design

  Layer by Layer
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material and with 

textures

Feetz Company55

3D Shoes Company56

-

-

XYZ 

shoe58
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printed spike plate

 

Designed by Luc 

like United Nude60

New Balance

Nike 

faster

Luc Fusaro
printed running shoe branded 

-
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aid that provides 

to underdeveloped 

muscles of disabled 

people

legs for a dog printed 

exoskeleton helps 

paralysed users walk 

again

10.3.2.3  PROSTHETICS AND ORTHOTICS FACILITIES

rd

foot

  

  

  

  The Verge

hand is narrated at: 
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of the exoskeleton are based

BeSpoke 

custom made and 

  

391

10. From 3D Parametric Model to 3D Print



D
E

S
IG

N

this technology was already available in the Laboratory of the Department of the 
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with the design process that has to carefully evaluate the manufacturability of the 

product to avoid bad feedbacks in this phase and the necessity of changing some 

MANUFACTURING OF A NEW TYPE OF 
ANKLE FOOT ORTHOSIS FOR DMD

This last topic of the third part is dedicated to the manufacturing of the AFO. The research on the 
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3D PRINTER:

Dimension 1200es Series

MODEL MATERIAL: 

SUPPORT MATERIAL: 

BUILD SIZE: 

LAYER THICKNESS: 

SOFTWARE: 

CatalistEX

PREPARATION OF THE BUILD JOB

AIM OF THE TEST

in two parts for the 
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PHASE OF BUILDING

model and support was put in the support removal tank with a wa

FINAL CONSIDERATIONS

 

PRINT DATA:

Dimension 1200es Series

DATE: 

DIMENSION: 
TOP:  

BOTTOM: 

MODEL INTERIOR: 

SUPPORT FILL: 

LAYER RESOLUTION: 

TIME OF 
MANUFACTURING: 

material
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The upper and lower parts inside 

material

removal of support material 

of the two parts
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PREPARATION OF THE BUILD JOB

PHASE OF BUILDING

3D PRINTER:

Dimension 1200es Series

MODEL MATERIAL: 

SUPPORT MATERIAL: 

BUILD SIZE: 

LAYER THICKNESS: 

SOFTWARE: 

CatalistEX

AIM OF THE TEST
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reduce the weave caused by the thin layers of material overlapped 

FINAL CONSIDERATIONS
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The breakdown of the print suggested to increase the density and 

 

PRINT DATA:

Dimension 1200es Series

DATE: 

DIMENSION: 

(Bounding Box): 

MODEL INTERIOR: 

SUPPORT FILL: 

LAYER RESOLUTION: 

MODEL’S MATERIAL: 

SUPPORT’S MATERIAL: 

TIME OF 
MANUFACTURING: 

then stopped
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3D PRINTER:

Dimension 1200es Series

MODEL MATERIAL: 

SUPPORT MATERIAL: 

BUILD SIZE: 

LAYER THICKNESS: 

SOFTWARE: 

CatalistEX

AIM OF THE TEST

The last test was aimed at solving the problems encountered in the previous test and at verifying 

PREPARATION OF THE BUILD JOB

PHASE OF BUILDING
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FINAL CONSIDERATIONS

or machines could be tested in future to analyse and compare the 

more support material
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PRINT DATA:

Dimension 1200es Series

DATE: 

DIMENSION: 

(Bounding Box): 

MODEL INTERIOR: 

SUPPORT FILL: 

LAYER RESOLUTION: 

MODEL’S MATERIAL: 

SUPPORT’S MATERIAL: 

TIME OF 
MANUFACTURING: 

of the model that was successfully 

printed 
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11.5  Padding and closure systems   

Poron 

the inner 

surface

shape

the pad was riddle
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two bands were prepared to lock the heel and the AFO 

behind the calf

the 

be tested and demonstrated and it could be referred only as a possible chance for 

materials evaluated 

409

11. Manufacturing of a new type of Ankle Foot Orthosis for DMD



D
E

S
IG

N

The foam padding 

was microperforated 

to improve 

breathability

the foam on which it 

sides with spray glue 
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its removal when is 

necessary to wash it
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paddings were all 

mirrored for right 

paddings in violet
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11.6  POSSIBILITIES OF AESTHETIC CUSTOMIZATION OF THE 

DMD’S NIGHT AFOS   

it is proved that the process of 

personal life, his tastes, hobbies, his personality

 This op

Parallel drilling of a texture, even parametric, applied on the surface. This 
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skilled designer professionals able to clearly understand desire and latent needs 

  

be printed in 
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11.7 TEST OF TRY ON AFO ON THE CHILD

Try on of the 

the tester    
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Try on of the 

the tester    
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Try on of the 

on the tester    
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11.8  CONCLUSIONS  ON MANUFACTURABILITY

industry evidences that almost all of the products were made in nylon and apply

it is predictably that this renewall will certainly involve in the very next future even 
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AND FUTURE PERSPECTIVES12



to do 

one
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to the sphere of industrial design

in the process of awareness of their rights and encouraging governments and 

concept of disability that is no more related to the diagnosis of an illness but it is 

the orthosis is evaluated in a new 

New technologies for old needs

cost factor has to be carefully evaluated 

accorded 

preference to low cost technologies was the best warranty of applicability and 
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each phase: 

given for this phase is the use of an indirect survey

remote ordering

could in fact be made in the same clinical center where Duchenne boys have 

database of surveys

Parametric design of the orthosis 

– is the last element of freedom introduced in the 

described process and the indicated family of technologies have to be considered 

Ordering a new pair of orthoses could be fun
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support with the appearance of a rocking horse that puts the leg in a stretching 

during the night and the child will have only a playful memory of few minutes spent 

Skills in design

General management

427
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