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Materials and Mechanics in Medicine
Exercise Lesson 1: Biomaterials 1
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 Tuesday 15:15- 16:00
 15 min theory recap
 30min interaction

 4 papers to be read in advance
 Required to solve the moodle quiz (+0.25 Bonus!)
 5 questions per Paper  Total: 20 points
 You need 16/20 to get the bonus
 Not mandatory
 Papers are also relevant for the exam

 Questions: kendallj@ethz.ch
 Slides on: Moodle and at end of Semester
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Admin
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 08.10.19 - Paper 1: Particle hydrogels based on 
hyaluronic acid building blocks.

 29.10.19 – Paper 2: 3D Bioprinting of collagen to rebuild 
components of the human heart.

 05.11.19 – Touch, Tension and Transduction – The 
Function and Regulation of Piezo Ion Channels.

 03.12.19 – A Joint Coordinate System for the Clinical 
Description of Three-Dimensional Motions: Application to 
the knee.
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Papers (on Moodle)
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Lecture recap

 Ceramics
 Metals/Metal alloys
 Polymers

Presenter
Presentation Notes
Alloys = LegierungBefore class:  what is exactly weak? Tough? Strong? Ductile?-Explain and highlight stress shieldingWhy are metal ions a „cons“?How to recognise small toughness by looking at the graph?
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 Pro
 Biocompatible
 No corrosion
 Strong in compression

 Cons
 Expensive
 Brittle catastrophic failure
 Difficult to machine and shape
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Biomaterials - Ceramics

Presenter
Presentation Notes
Corrosion= ZersetzungBrittle= spröde
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 Ionic bonding
 No slip dislocation  brittle
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Biomaterials - Ceramics

 Crystalline: ordered
 Amorphous: random

Presenter
Presentation Notes
Brittle= sprödeSharp blow= harter schlagAmorphous= nicht kristallin, ungeformt; nennen wir GLAS (Keramik besteht aus 2 unterschiedliche Atomtypen, die ionisch oder kovalent miteinander verbunden sind
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 Pros
 Ductile (=deformable)
 Strong
 Resistance to fracture
 Tough
 Ease of manufacturing

 Cons
 Form oxides upon electron 

lossCorrosion
 Stress shielding
 Debris 
 Metal ions
 Thermally and electrically 

conductive
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Biomaterials - Metals

Presenter
Presentation Notes
Debris= Trümmerteile, Bruchstücke-Stress shielding: Knochen wird weniger belastet an bestimmten Regionen lokale Knochenabbau-Viele orthopädische Vorrichtungen haben metallische Teile z.B. Hüfte und Kniegelenkersatz(S. 241 lesen)Ein solches Hüftgelenkersatz besteht vorallem aus metalische MaterialienNachteil: «Stress shielding» d.H. dass es eine abschirmende Wirkung hat auf den Knochen, sodass der Knochen weniger mechanisch belastet wird was schliesslich zu einem lokalen Knochenabbau führt, dort wo der Knochen weniger belastet wird.-Metallische Platte: Um Knochen zusammenzuhalten bei Frakturen während dem Heilungsprozess. Und werden dann entfernt Andere Materialansprüche (z.B. keine Zellintegration)
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 Delocalized electrons
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Biomaterials - Metals

Presenter
Presentation Notes
Grund weshalb Metalle nicht spröde sind wie bei Keramik der Fall ist
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 Delocalized electrons
 Metal Lattices
 Cristallinity
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Biomaterials - Metals

Presenter
Presentation Notes
Metal lattices= Metalgitter
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 Combine properties of different metals
 Examples: Carbon + Iron
 3 Main types used: Stainless steels(=iron-base alloys), 

cobalt-base alloy, titanium-base alloys
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Biomaterials – Metal Alloys

Presenter
Presentation Notes
-Einige Metalteile werden ersetzt-Metalteile aus einer anderen Sorte wird im Zwischenraum hinzugefügt
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 Pros
 Ease of manufacturing
 Biocompatible and 

biodegradable
 Flexible
 Tunable
 Low friction
 Inert

 Cons
 Toxic degradation byproducts
 Sterilization
 Weak
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Biomaterials - Polymers

Presenter
Presentation Notes
Inert= reaktionsträgeCervical Interbody Fusion System
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 Crystalline
 Amorphous
 Semicrystalline: Consists of both
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Biomaterials - Polymers

Presenter
Presentation Notes
Amorphous= nicht kristallin, ungeformt, zufällig geordnetCrystalline = geordnet
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Ceramics Metals Polymers
Pros Biocompatible, No 

corrosion,
Strong in 
compression

Ductile, Strong, Tough, 
ease to manufacturing, 
high resistance to 
fracture

Ease of 
manufacturing, 
biocompatible, 
biodegradable, 
flexible, tunable, 
low friction, inert

Contras Expensive,
Brittle,
Difficult to machine 
and shape

Form oxides upon 
electron loss, stress 
shielding, Debris, Metal 
ions, thermally and 
electrically conductive

Toxic degradation 
byproducts, 
sterilization, weak
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Review
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 Strength: Measures how much 
stress the material can handle 
before permanent deformation
or  fracture

 Yield Strength: The Stress at 
which material begins to deform 
plastically (=non-linear)

 Ultimate strength: Maximum 
stress before failure occurs.

 Stiffness(E): Resistance of the 
material to elastic deformation.

 Toughness: How well the 
material can resist fracturing 
when force is applied. Requires 
strength and ductility.
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Stress – Strain Curve

 Resilience: Ability of the material to spring back 
into shape; elasticity

 Ductility: Ability of a material to undergo 
permanent deformation through elongation

Presenter
Presentation Notes
Yield strength = Dehngrenze (ab diesem Punkt: kein linearer Verlauf mehr). Bis hier «elastisch»; Danach plastischStress= Defines the strength of the material. Strength: Measures how much stress the material can handle before permanent deformation or fracture occursSlope= Steigung=stiffness: measures the resistance to elastic deformationUltimate Strength=Strain harderning=Materials such as metal display linearly elastic properties only in limited ranges of applied loadsNecking=
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Stress - Strain Curves

• High ductility  «tough»
• Shows plastic deformation 

before fracture

• Brittle: There’s hardly any 
formation before fracture

Presenter
Presentation Notes
Brittle(=spröde): Kleine Verformung bis es bricht; kann nur wenig Energie aufnehmenDuctile=biegsam: Kann viel energie aufnehmen; grosse Verformung bevor es brichtTough= zäh
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a) Which curves correspond to stiffer materials?
b) Which curve represent a non-stiff material?
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Stress – Strain Curve

Presenter
Presentation Notes
Jetzt seid ihr dranAuf Steigung achten (solange die kurve linear ist
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a) Which curves correspond to stiffer materials?
A,B
b) Which curve represent a non-stiff material?
C
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Stress – Strain Curve
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Stress – Strain of Biomaterials

Which curve represents:
a)Ceramics
b)Metals
c)Polymers

Ceramics Metals Polymers

Pros Strong in 
compression

Ductile, Strong, 
Tough

Flexible, 
tunable, low 
friction, 

Contra
s

Brittle,
Difficult to 
machine and 
shape

Stress shielding weak

Presenter
Presentation Notes
Jetzt seid ihr dran; ihr könnte mit dem Nachbar diskutieren (2min?)Blau= KeramikGrün= MetallPink= PolymerBrittle= sprödeSharp blow= harter schlagAmorphous= nicht kristallin, ungeformt
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Strain of Biomaterials

Presenter
Presentation Notes
ToughnessHow to recognise small toughness by looking at the graph? Kleine Fläche nach der elastischen Dehngrenze
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Strain of Biomaterials

Presenter
Presentation Notes
ToughnessHow to recognise small toughness by looking at the graph? Kleine Fläche nach der elastischen Dehngrenze
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Any Questions?

Presenter
Presentation Notes
What is the difference between ductility and toughness? “Ductility”: Fähigkeit eines Materials gedehnt zu warden ohne zu brechen. Bsp: Gold, silber und Kupfer sind ductile Metale“Toughness” Fähigkeit eines Materials schroffe Behandlungen zu widerstehen z.B. ein harter Schlag
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