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Traditional Casts

Bulky, poor breathability, molding requires training
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Traditional Casts

[Image source: www.drycast.com]
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* Daily usage
* Thermal-comfort
3D printed
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[Evill 2016]

[Karasahin 201

Related Work
- 3D Printed Casts

[Xkelet 2016]
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Related Work
- 3D Printed Casts

\\\
~ ‘ [Kim and Jeong 2016]

[Lin et al. 2016]
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Environment |

Environment |l

Individual A

\

-
-~

Individual B

Design Principles

l 38°C

I 28°C

cast design goals:

1. custom shape
2. mechanical stiffness

3. thermal-comfort
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Thermal-Comfort: Data Acquisition

Log window

9:17:10 PM: Process stopped (46.2 sec)
9:18:30 PM: Preview started

| 9:18:51 PM: Process stopped (20.9 sec)
9:18:58 PM: Preview started
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Thermal-Comfort: Data Acquisition
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Thermal-Comfort: Data Acquisition
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Thermal-Comfort Sensitivity

index  thermal-comfort thermal-comfort sensitivity

4 very comfortable 1

2 comfortable C(X) — 14+e—®AT(x)

+0 just comfortable

-0 just uncomfortable AT'(x): local skin temperature change
-2 uncomfortable < : coefficient

-4 very uncomfortable

[Zhang et al. 2010]
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Thermal-Comfort Sensitivity

bare skin temperature distribution covered skin temperature distribution
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thermal-comfort sensitivity
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Voronoi Tessellation

min FE(V) =|Ep(V)

+ AEp(0)

Pattern control term

Ep (\Ij) — centroidal Voronoi
tessellation

Uniform distribution
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Voronoi Tessellation

min E(¥) = Ep(¥) + NEr(¥)

Thermal term

Thermally sensitive distribution

Ep (\Ij) — centroidal Voronoi
tessellation

[0 Sensitive to temperature
|| Not sensitive

3
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Voronoi Tessellation

min E(¥) = Ep(¥) + NEr(¥)

Thermal term

Thermally sensitive distribution

Ep (\Ij) — centroidal Voronoi
tessellation

solid part of cast:
Voronoi cell edges

[0 Sensitive to temperature
|| Not sensitive
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Pattern Generation

E(T) = Ep(¥) +NEr (D)

Contrast coefficient
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Structural Enhancement

3-point bending test

- Material: PLA
- - Boundary: 2 extreme sides
\ - Force: applied mid-span
| /1.0 MPa
boundary

<. 0.0
boundary '
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Structural Enhancement

FEA result for uniform thickening (4mm)
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Structural Enhancement

boum%ary

rboundary
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Structural Enhancement

bounéary

boundary

FEA result for non-uniform thickening (4-6mm)
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Non-uniform
thickness

Structural Enhancement

Same weight

Uniform
thickness
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Prototypa A

Protelype(C

Our Casts
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Thermal Verification

Uniform Cast Our Cast

Conditions:
 office

* raised temperature
» 30 minutes
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Thermal Verification

Uniform Cast Our Cast

Conditions:

« office

* raised temperature
« 30 minutes
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Thermal Verification

Uniform Cast Our Cast

Conditions:
¢ sauna room
* raised temperature
» 30 minutes
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Thermal Verification

Uniform Cast Our Cast

Conditions:
¢ sauna room
* raised temperature
» 30 minutes
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Thermal Verification

Uniform Cast Our Cast |

Conditions:

« office

* raised temperature
* 15 minutes
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Thermal Verification

Uniform Cast Our Cast

Conditions:

« office

* raised temperature
* 15 minutes

I 35°C
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Conditions:

« office

* raised temperature
» 30 minutes

Thermal Verification

Uniform Cast
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Thermal Verification

Uniform Cast

Conditions:

« office

* raised temperature
» 30 minutes
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Thermal Verification
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Mechanical Verification

Uniform Thickness Cast (U) (4.4mm)

weight(V) = weight(U)

Force (N)
g
\ S
oy
c

&

2 3
Displacement (mm)
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User Feedback

I fiberglass cast

Participant A — Right Arm

. uniformly-sparse cast

10
. our optimized cast

Questionnaire on 5 aspects:
* Q1 --- lightweight

Qz --- appearance

Q3 --- thermal-comfort

Q4 --- tactility

Qs --- facility
* facility is an overall assessment of perception with
the cast regarding regular activities, itchiness and
its resistance to wear and tear

Ql: Q2: Q3: Thermal  Q4:
Lightweight Appearance comfort Tactility Fac1l1ty
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User Feedback

B fiberglass cast Participant A — Right Arm Participant B — Left Arm

10

. uniformly-sparse cast

. our optimized cast

Questionnaire on 5 aspects:

* Qi --- lightweight ’
* Q2 --- appearance 0 0
Ql: Q2: Q3: Thermal Q4: Q5: Ql: Q2: Q3: Thermal Q4: Q5:
Lightweight A fort | Tactility  Facilit Lightweight A d fort | Tactility  Facility
N Q3 L t herma l- com fO r t ightweight Appearance] comfo actili acility ightweight Appearance] comfo: actilif acilil
* Qq --- tactility . Participant C — Neck . Participant D — Left Leg

Qs --- facility

* facility is an overall assessment of perception with
the cast regarding regular activities, itchiness and
its resistance to wear and tear 4

Ql: Q2: Q3: Thermal Q4: Q5: Ql: Q2: Q3: Thermal Q4: Qs5:
Lightweight Appearancqd comfort | Tactility Facility Lightweight Appearancg] comfort | Tactility Facility
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I fiberglass cast

. uniformly-sparse cast

. our optimized cast

Questionnaire on 5 aspects:
* Q1 --- lightweight

* Q2 --- appearance

Q3 --- thermal-comfort

Q4 --- tactility
Qs --- facility

* facility is an overall assessment of perception with
the cast regarding regular activities, itchiness and
its resistance to wear and tear
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User Feedback

Participant A — Right Arm

Participant B — Left Arm

1

Lightweight Bppearance  comfort Tactility

Q3: rmal

Participant C — Neck

Q5:
Facility

Ql:
Lightweight|

IAppearance  comfort

Participant D — Left Leg

Q2: Q3: Thermal

Q4:
Tactility

Q5:
Facility

I
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I fiberglass cast

. uniformly-sparse cast

. our optimized cast

Questionnaire on 5 aspects:
* Q1 --- lightweight

* Q2 --- appearance

Q3 --- thermal-comfort

Q4 --- tactility
Qs --- facility

* facility is an overall assessment of perception with
the cast regarding regular activities, itchiness and
its resistance to wear and tear
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User Feedback

Participant A — Right Arm

Participant B — Left Arm

Ql: Q2:
Lightweigh| Appearance

3: Therma] Q4:
comfort Tactility

Participant C — Neck

Q5:
Facility

Ql:
Lightweigh|

Participant D — Left Leg

Q2:

Appearance

3: Therma
comfort

Q4:
Tactility

Q5:
Facility

Ql: Q2: 3: Therma Q4: Q5: Q2: 3: Therma Q4: Qs5:
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Heuristic Evaluation

Interview with an orthopedic surgeon

* Improvements
- Thermal-comfort
- Custom-fit

* Challenges |
- 3D scanning of injured body Doctor Leon Diederix

- Tactile-comfort
- Post-processing
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