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EXAM Biomaterials 2 !!!!!!!!!ANTWOORDEN MODEL!!!!! 
PREFACE 
There are 8 questions in total giving overall 90 points. 

- All answers need to be filled out on the questionnaire, no additional paper 
will be provided. 
 

- FILL-OUT YOUR NAME ON EVERYTHING CONTAINING ANSWERS! 
 

- No additional aids are allowed, pen/pencil and calculator only (without 
internet access). 
 

- No mobile devices able to connect to networks are allowed. 
 

- Leave the papers of the exam joined together, do not remove staple. 
 

- READ QUESTIONS CAREFULLY, answer to the point. 
 

- Write and draw clearly, when not readable it will not be credited. 
 

- Use a pencil to draw, this prevents messy answers. 
 

- Fill-out what you know, do not leave a question blanc. 
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1) Poly(lactide) is a polyester that is often used in medical applications as a 
degradable material. It is synthesized by ring opening polymerization of lactide. 
Lactide (3,6-Dimethyl-1,4-dioxane-2,5-dion) itself is the cyclic diester of lactic acid 
(2 hydroxypropanoic acid). 
 

  
  
a) Give chemical equations and reaction mechanism of the formation of 
polylactide via the ring opening polymerization of lactide.(3) 
 
 
b) Give chemical equations including mechanism that show how poly(lactide) is 
degraded in the body to yield lactic acid.(3) 
 

c) Poly(lactide) is a frequently used biodegradable polymer but can cause 

undesired side-effects such as inflammation of a decreased bone integration 

effects. Why is this?(2) 

 

d) Number the structures below with increasing degradation (1 degrades slowest, 

3 degrades fastest)(2) 

 
 

e) Describe the difference between bulk erosion and surface erosion. In which 
one is the structural integrity maintained the longest?(2) 
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1A 

 
 

 
 

1B 

Hydrolysis 

 

 
1C 

Local acidity increases due to the formation of lactic acid 
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1D 

Aminde – Ester – Anhydride 

 

Slow – faster- fastest 

 

1E 

 
Top=bulk 

Bottom=surface 

 

Integrity best maintained in surface erosion process 
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2) Ceramics are an important class of Biomaterials finding applications on various 
levels ranging from consumables to implant materials and coatings. 
 
 
a) Ceramics are often used for their vast range of different properties with respect 
towards tissues. Explain the difference between an inert ceramic and a resorbable 
ceramics. Also indicate what the effect on the tissue is. (3pt) 
 

 

b) Explain the difference in mechanism of solid-state sintering and liquid-phase 

sintering which joins the grains inside a ceramic.(3) 

 
 
c) Ceramics are also present inside the body in the form of natural ceramics. Give 
two examples where they reside inside the body and how is this type of ceramic 
used synthetically? (3pt) 
 
 
d) Silicon-based ceramics can also be formed from organic precursors such as 
tetraethoxysilane and will form in the end silicondioxide. How is the process 
called where silicon-based materials are formed via a biological inspired process 
and which class of structures do you need for the ceramic to be formed?(3) 

 
 

e) Silicondioxide (glass) is a very tough but also breakable material. What 

approach can be used to make the ceramic “softer” (the bulk material) and to 

which other polymeric material is it then related? (2) 
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2A 

 

2B 

 

 

 

2C 
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Bone, Teeth: Contains hydroxyapatite and this is often used as a coating applied 

to implants to improve bone integration. 

2D 

Biomineralization, formation of a ceramic with the use of enzymes 

2E 

Introducing silicon connections which can only bind 3 or 2 times instead of the 4 

times commonly seen in silicon dioxide materials (glass). This is what is seen in 

silicon rubber.  
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3) Deoxyribonucleic acid (DNA) is often described as the secret of life and is the 

storage medium for genetic information in most living organisms. Since 1953, 

when Watson and Crick proposed the helical structure of DNA, it became widely 

investigated not only because of its biological function but also, in the last few 

years as a construction material in nanoscience. Properties like selective base 

pairing, self–assembly into a rigid helical structure and accessibility by automated 

synthesis gave the opportunity to design advanced functional materials based on 

DNA.(SEE APPENDIX 1, see back of page) 

 

a. In Nature, DNA forms a double-helical structure, which is stabilized 

by hydrogen bonds between complementary nucleotides. Draw the structures 

of                 adenine-thymine (A-T) and cytosine-guanine (C-G) base pairs and 

indicate the positions where bases are attached to the sugar. (4p.) 

 

b. What are advantages of DNA Solid Phase Synthesis in comparison 

to synthesis in solution? (4p.) 

 

c. Single-nucleotide polymorphism is the most frequent mutation in the 

human genome. Please design probes for the visual detection of the single-base 

mismatch in the sequence shown below, employing DNA-Au nanoparticles.  The 

position of the mismatch is indicated by grey color in the target sequence. (4p.) 

 

 

(5’)   A-G-C-A-T-G-G-T-T-G-A-T-A-G-G-A-A-A-C-G-A-C-T-C-T-A-G-C-G-C  (3’)  
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Appendix 1.  

Nucleobases 
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ANSWER-SHEET QUESTION 3 
3A 

 

3B 

Easier purification 

Better conversion reaction (higher yield) 

Easier preparation of specific sequences 

Access to longer specific chains 

Faster overall synthesis 

Can be automated 
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3C 

 

Two particles which have both have a sequence which each have half of the 

complementary stand of the target strand. When both bind, there is a color 

change due to the interactions between the gold nanoparticles. Upon heating the 

DNA melts and a single nucleotide difference can be detected. 
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4 a) Cubical box A (2 x 2 x 2 cm) weighing 40 g is placed on a glass surface, when 

pulled horizontally a force of 20 g was required to keep it in motion. If a 

rectangular box B (1 x 2 x 4 cm) of the same weight is pulled, how much force 

needs to be applied? (2) 

 

A) 10 g  B) 20 g   C) 40 g   D) 80 g 

b) The coefficient of friction of metal-on-metal hip joints is x time higher than 

natural joints, where x is? (2) 

A) 1  B) 10   C) 100   D) 1000 

c) The reason for lowest  (ratio of film thickness and average interface 

roughness) for ceramic-on-ceramic hip joint is? (2) 

A) Its high hardness 

B) Its high wear resistance 

C) Possibility to polish it very smooth 

D) Possibility for it to be toughened by adding Zirconia 

d) The highest wear rates are observed for which cup and head pair? (2) 

A) Alumina on alumina 

B) Alumina on CoCr 

C) CoCr on CoCr  

D) CoCr on UHMWPE 

E) CoCr on PTFE 

e) Why is Ceramic head preferred over metal head against the UHMWPE 

acetabular cup? (4) 

Answer: The wear rates are lower (almost half) due to smoother surface finish of the ceramic 

heads.  

 

  

A 
B 
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5) a) Responsive polymers are envisioned to be very interesting systems for 

controlled release and smart systems. The underlying principle of responsiveness 

in other words how the polymer changes, is the same for every stimuli. Describe 

what happens with the polymer conformation and also explain which role water 

plays in this. (4) 

 

b) A responsive polymer system can induce and event, so provide different 

“outputs”. Give two possible outputs a responsive system can induce. (4) 

- release; change in chemistry, motion, shape change etc. 

c) Give 3 stimuli to which responsive polymers can respond.(3) 

- pH, Temp, light, ions, enzymes, small molecules….. 
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d) What is thermo-gelling and for which type of application is this convenient.(2) 

 

Gel is formed at higher temperature instead of that the gel becomes a liquid 

which normally occurs. 
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6) Cell-material interactions 

In in vitro cell cultures the material of choice for culturing cells is Tissue Culture 

PolyStyrene (TCPS), which is derived from ordinary PolyStyrene (PS) by way of a 

surface modification. 

Explain why TCPS supports cell adhesion, spreading and growth much better than 

PS ! In your answer include the role of the polymer surface properties, the role of 

proteins involved in this process, and the message that can be derived from this 

observation. (10) 

 

- The polymer is more hydrophilic and contains more oxygen, both are 

beneficial for cell surface interactions. 

- Better interaction provides more contact and facilitates spreading. 

- Proteins adhere different on hydrophilic and hydrophobic surfaces and a 

protein layer is always present between the surface and the cell. The 

proteins also facilitate adhesion especially when the appropriate 

interactions with integrins is possible. The orientation of the protein plays 

an important role here determining whether the correct interactions are 

facilitated. 

- Since cells better adhere to hydrophilic PS than hydrophobic, the protein 

layer can be perceived as very different and hence a hydrophobic surface 

induces the “wrong” orientation.   
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7) There are two types of polymeric hydrogels namely physical and chemical 

cross-linked.  

 

a) Give for both an example and describe how they are prepared in other words, 

when and how is the gelling introduced (consider polymerization reactions, post-

modifications, etc). (4) 
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b) There are different ways of chemically cross-link a polymeric hydrogel. One can 

prepare the chemical cross-link already when the polymers are synthesized but 

also chemical cross-linking can be done afterwards. Give one example how the 

cross-linking can be achieved permanently and one example of how it can be 

prepared reversibly. NOTE!!! The initial hydrogel from which one starts is already 

a gel but is initially formed via physical interactions, the aim is to transform it into 

a chemically cross-linked gel. (4) 

NOT REVERSIBLE 

 

REVERSIBLE 
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8) Self-assembling biomaterials can have extraordinary properties and although 
the molecules themselves are very small, still macroscopic materials can be 
formed. Many of the systems are based on inspiration from nature. 

a) Give for the systems shown on the right the ALL 
corresponding interactions involved in the formation of the 
self-assembled structure. (3pt) 

 

A- Hydrogen bonding (Pi-interactions in the double strand but not clearly 

visible) 

B- Coulomb interactions (ionic/charge) 

C- Hydrophobic interactions/vd Waals (classical surfactant interactions) 

b) Phospholipids are 

commonly encountered in 

nature and are often used in 

formulations where the 

functional structure is a 

vesicle. Draw a vesicle and 

explain what it can be used 

for. (2pt)  

Controlled delivery and release 

c) Collagen is a self-assembled natural structure and it often used as a 

biomaterial. Give two locations where collagen is located in the body. From which 

sources is collagen obtained for medical use and name one application for 

collagen. (4pt) 

- Bone, Skin, tendons, muscles, extracellular matrix 

- animal products from cow, fish. Tendons, bone, fish scales, skin, rat tails etc. 

- resorbable wound dressing 


