
1. Classification of Medical Devices

• Count: 9
• Dates: April 2024, January 2024, September 2020, January 2021, April 2021,

Biocompatible materials (27.01.2020), WhatsApp summary (10.12.21)
• Variations:

1. Which classification of biomedical devices is used in the EU? Write down 1-2
examples for each class and mention the parameters deciding which class a specific
device belongs to.

2. Criteria for classification of medical devices, examples for each class, and what risks
are involved.

3. Medical device classification: parameters for classification, examples, and related
risks.

• Merged Questions:
◦ What are the classifications of biomedical devices in the EU? Provide 1-2 examples

for each class and explain the parameters that decide the classification.
◦ Classification of Medical Devices: risks, examples, and what criteria are important.

Classification of biomedical devices in the EU:
- Responsible organisation: European Medicines Agency (EMA)
- 4 Main categories: Class 1, Class 2a, Class 2b, Class 3

- Biocompatibility is a requirement for 2b and 3
- Entscheidung nach folgendem Schema:

Parameters that decide classification
- Duration of host-MD contact, means intended for continuous use for specific time

- Limited: less than 60 minutes
- Prolonged: between 60 minutes and 30 days
- Permanent: more than 30 days

- Invasiveness
- non-invasive: doesnt involve skin break, no contact with mucous membrane

(Schleimhaut) or internal body cavity other than through a natural or artificial body
orifice (Körperöffnung)

- invasive: generally surgery, breaking of skin or not natural entrance into body cavity
- Risk

- low
- moderate
- high
- critical



- Examples
- Class 1: Hospital bed, arm sling, manual stethoscopes
- Class 2a: Surgical gloves, soft contact lenses, hearing aids (Hörgeräte)
- Class 2b: Long-term corrective contact lenses, orthopedic prostheses, breast implants

(all non-degradable!)
- Class 3: MD with contact to heart/ circulatory system/ brain/ nervous system,

Degradable implants (eg degradable screw), bioactive medical devices (eg drug
eluting stent)



2. Stress-Strain Curve

• Count: 7
• Dates: April 2024, January 2024, September 2020, January 2021, Biocompatible materials

(27.01.2020), WhatsApp summary (10.12.21)
• Variations:

1. Draw a typical stress-strain curve for ferritic steel and highlight the essential
parameters that can be obtained from it.

2. Tensile curve: axes, important parameters (e.g., 0.2% yield strength, tensile `gth,
elastic modulus).

3. Explain important points of a strain-stress curve, including definitions of strength,
stiffness, hardness, etc.

• Merged Questions:
◦ Draw a typical stress-strain curve for ferritic steel and highlight key parameters

(elastic modulus, tensile strength, yield strength, etc.).
◦ Sketch a common stress-strain curve and mark important points.

Aufpassen beim Zeichnen:
- 0,2% yield strength wird parallel zum E-Modul eingezeichnet und nicht rechtwinklig!

Definitions:
- strength: resistance against plastic deformation/fracture (specific yield-strength)
- stiffness: resistance against elastic deformation (E-Modul bzw. young´s modulus)
- hardness: resistance against plastic deformation by indentation (keine eindeutige Einheit,

kommt drauf an ob man Kratzhärte/ Eindringhärte/ Rückprallhärte/… misst)
- fracture toughness: resistance against crack-growth (Kc)

Formeln, falls wir was rechnen müssen (gilt nur für elastic deformation):
- σ [N/mm² = MPa] = E * ε
- ε [1]= ∆L/L0 (technical strain)
- σ = F/A



Rechenbeispiel Vorlesung:



3. Wound Healing Stages

• Count: 6
• Dates: April 2024, January 2024, September 2020, Biocompatible materials (27.01.2020),

WhatsApp summary (10.12.21)
• Variations:

1. What are the 4 phases of a normal wound healing process? How can wound
dressings help in healing a skin wound?

2. Explain the stages of wound healing and their significance in biomedical
applications.

• Merged Questions:
◦ What are the 4 phases of a normal wound healing process? How can wound

dressings help in healing?
◦ Differences between long bone fracture healing and cranial fracture healing.

4 Phasen (ich denke Phase, Timeframe, Function reicht)

How can wound dressing help, significance:
- absorbs excess of exudate (Ausschwitzungen, Exsudate)
- maintains moist environment
- removes necrotic materials (abgestorbene Zellen)
- promotes healing
- preserve integrity of underlying granulation tissue
- protect from infection or penetration of contamination
- maintain temperature, gazes exchange
- non-adherent to the wound bed (haftet nicht auf Wundbett)
- fibre and toxin free
- do not hurt when changing
- comfortable
- inexpensive

→ important choice since wrong selection can delay wound healing



Differences long bone / cranial fracture healing

● Long Bone Healing:
○ Follows endochondral ossification.
○ Involves the formation of a cartilage intermediate at the fracture site, which is later

replaced by bone.
○ Phases:

1. Inflammation: Hematoma formation and inflammatory cell infiltration.
2. Soft Callus Formation: Cartilage forms within the fracture gap.
3. Hard Callus Formation: Cartilage is replaced by woven bone.
4. Remodeling: Woven bone is replaced by lamellar bone.

○ Requires stabilization due to mechanical loading.
● Cranial Bone Healing:

○ Predominantly through intramembranous ossification.
○ Bone forms directly from osteoblasts without a cartilage intermediate.
○ Phases:

1. Inflammation: Similar hematoma and inflammatory response.
2. Direct Bone Formation: Osteoblasts form bone at the fracture site.
3. Remodeling: Bone matures but lacks weight-bearing mechanical adaptation.

○ Stabilization is less critical as cranial bones do not bear weight.



4. Zirconia (Transformation Strengthening)

• Count: 6
• Dates: January 2024, April 2021, September 2020, WhatsApp summary (10.12.21)
• Variations:

1. Phase transformation of zirconia: What mechanism strengthens it?
2. Transformation strengthening of zirconia: Physical formulas, fracture mechanics,

and mechanical values
• Merged Questions:

◦ Explain the strengthening mechanism in tetragonal zirconium. How does it make the
material tougher?

◦ What induces the transformation in zirconia, and what formulas describe it?

Beispiel Vorlesung:

Mechanical values: Kc = 10 MPa 𝑚



By adding rare earth oxides to the pure zirconia (e.g. 3 mol% of Y2O3), the tetragonal phase
can be stabilized at room temperature.



5. Polymers

• Count: 6
• Dates: April 2024, January 2024, September 2020, Biocompatible materials (27.01.2020),

WhatsApp summary (10.12.21)
• Variations:

1. What are the differences between chain growth and step growth polymerization?
Provide the molecular weight-conversion diagram.

2. Polymers: Types, bonds, morphology, and why thermoplastics have low melting
points

• Merged Questions:
◦ What are the differences between chain growth and step growth polymerization?

Provide molecular weight-conversion diagrams.
◦ Why are thermoplastics' melting points low? Classify polymers based on bonds and

structure.



yellow dots = covalent bonds (cross-links) chemical bond’s

thermoplastic = only weak bond’s (bsp van der vaals force)

Low melting point because of: heterogenous nature of semi-crystalline thermoplastic
polymers



6. Ceramics and Glass Ceramics

• Count: 6
• Dates: January 2024, April 2021, September 2020, Biocompatible materials (27.01.2020),

WhatsApp summary (10.12.21)
• Variations:

1. What are ceramics, glasses, and glass ceramics? Compare their properties and
applications.

2. Advantages and disadvantages of ceramics in dental applications
• Merged Questions:

Applications:

Advantages & Disadvantages (general):
+ strong covalent bonds → low chemical reactivity, good corrosion resistance and

biocompatibility
+ Ceramics are a constitutive element of biological hard tissues like dentin and bone →

compatible with physiological processes in living organisms and in consequence are well
suited as (biodegradable) materials

+ mechanically hard and strong as well as temperature resistant → good compressive strength
values

- rather low fracture toughness of ceramics due to dominance of covalent bonds → most
applications involve large tensile or bending stresses

Adjust translucency by adapting the particle (or grain) size as well as the refractive index of the
involved constituents

More specific for dental applications:





7. Sterilization Methods

• Count: 5
• Dates: September 2020, Biocompatible materials (27.01.2020), WhatsApp summary

(10.12.21)
• Variations:

1. All sterilization methods with a short explanation.
2. Gas sterilization (e.g., EO): Mechanism, materials suitable for it, and its pros and

cons
• Merged Questions:

◦ Explain all sterilization methods, including gas sterilization (e.g., EO), steam, and
radiation. Mention pros, cons, and viable materials.

◦ What is SAL, and how is sterilization effectiveness measured?

Gas sterilisation

Irradiation

Chemical sterilisation

Sterility assurance level





8. Fracture Toughness

• Count: 4
• Dates: April 2024, January 2024, WhatsApp summary (10.12.21)
• Variations:

1. How is the stress intensity factor K influenced by acting stress, defect size, and form
factor?

2. Fracture mechanics: Formula for critical defect size, Kc values for steel vs.
ceramics.

• Merged Questions:
◦ How is the stress intensity factor K influenced by stress σ, defect size a, and form

factor f? How does the critical defect size a_c depend on the fracture toughness
K_c?

◦ Give and explain the formula for fracture mechanics of ceramics. What are typical
K_c values for different materials?

Formeln:

𝐾 =  σ *  𝑓 *   𝑎 *  π

critical defect size 𝑎
𝑐

=
𝐾

𝑐
2

σ
𝑐
² * 𝑓² * π

Kc Values: steel = 50-100 MPa , ceramic = 10 MPa𝑚 𝑚

Beispiel Vorlesung:



9. Biocompatibility Matrix

• Count: 3
• Dates: January 2024, September 2020, Biocompatible materials (27.01.2020)
• Variations:

1. What information is contained in a biocompatibility matrix?
2. Where can you look up required tests for a medical device?

• Merged Questions:
◦ What is the biocompatibility matrix? What factors should be considered (e.g.,

application time, carcinogenicity, etc.)?
◦ Overview of ISO standards and biocompatibility testing.



10. Titanium

• Count: 3
• Dates: April 2024, September 2020, WhatsApp summary (10.12.21)
• Variations:

1. What are the benefits and drawbacks of using titanium as a biomaterial?
2. Why is titanium considered biocompatible?

• Merged Questions:
◦ What are the benefits and drawbacks of using titanium as a biomaterial? Why is

CP-titanium used instead of Ti-6AL-4V?
◦ What makes titanium so biocompatible?

Use of titanium in biomedical engineering:
• Total Hip Replacement
• Screws and fixation devices
• Cranio-facial surgery (meshes, screws, ..)
• Osteosynthesis (plates, screws, …)
• Dental implants

Ti-6AL-4V (6%Al, 4%V)
Al as well as V are of some concern regarding negatively influencing biocompatibility. This is the
reason for using cpTi for certain applications, or replacing at least the potentially cytotoxic V with
the more biocompatible Nb.

For biomedical applications, the following grades of titanium are used: Commercially pure tita-
nium (cpTi) provides excellent biocompatibility due to lack of alloying elements. Many strength-
ening mechanisms cannot be used in pure metals, causing a limited strength for cpTi.



11. Hydrogels

• Count: 3
• Dates: April 2024, January 2021, WhatsApp summary (10.12.21)
• Variations:

1. What is the definition of a hydrogel and its important feature?
2. Applications of hydrogels in medical fields.

• Merged Questions:
◦ What is the definition of a hydrogel? Name important parameters, properties, and

applications.
◦ Describe the process of making a hydrogel and compare hydrogels with other

polymers.



12. Strengthening Methods (Metals and Ceramics)

• Count: 3
• Dates: January 2021, Biocompatible materials (27.01.2020), WhatsApp summary (10.12.21)
• Variations:

1. What mechanisms can increase the strength of ceramics or metals?
2. Tetragonal zirconium: Why does it make ceramics stronger?

Ceramic: Transformation strengthening (siehe Frage 4 Zirkonia)



13. Foreign Body Reaction

• Merged Questions:
◦ What are the stages of a foreign body reaction? How can surface properties

(hydrophilic/phobic) influence it?
◦ How can foreign body reactions be controlled or mitigated?

• Count: 3 times
• Dates:WhatsApp Group Summary, Miscellaneous



Miscellaneous:

nitinol: Stress strain, Explanation of transformation phases
• Stents
• Tools for minimal-invasive surgery
• Wires for orthodontics
• Tools for root canal removal in dentistry

•

types of bonds
• siehe andere Zusammenfassung

Metal lattice structures and ductility.

•



•
• Shear stress auf metal cube → Step dislocation of atoms
• Der Burgers-Vektor beschreibt die Größe und Richtung der Verschiebung der Atome

entlang der Gleitebene
• Die Bewegung von Versetzungen durch das Kristallgitter erlaubt Metallen, sich unter

Belastung zu dehnen, ohne sofort zu brechen
• Nach wiederholtem Gleiten der Atomebenen entlang der Gleitebene ist das Kristallgitter

dauerhaft verformt. (Schritt 3, Plastic deformation)
• Die Fähigkeit zur plastischen Verformung hängt von der Beweglichkeit der Versetzungen

ab. Materialien mit einer hohen Versetzungsdichte und einfacher Bewegung zeigen
größere Duktilität

Packaging functions for biomedical devices

•

In vitro testing methods for biomaterials (e.g., direct/indirect contact, extract
tests).
•

Use of fillers in photopolymerization.

Biodegradation
Definition: chemical process resulting in the cleavage of covalent bonds; a biological agent
(enzyme, cell, or microorganism) is causing the chemical degradation of the implanted device



4 mechanisms of degradation with brief examples?

Mechanisms for higher toughness

Ashby maps


