Learning Objectives

Lecture 1:

· Understand why the study of biomaterials is an important aspect of the educational background of the biomedical engineer;

· Understand what a biomaterial is;

· Be able to differentiate between the different general applications of biomaterials;

· Provide specific examples of classes of products on the basis of application; and,

· Be able to differentiate between the scientific and the regulatory definition of biomaterials.

Lecture 2:

· Know what government body regulates medical devices;

· Be able to differentiate between the various classes of medical devices from a regulatory perspective and be able to provide examples of each class of device;

· Understand what is meant by biocompatibility testing and why it is a necessary consideration in the manufacture of medical devices;

· Understand what is meant by the phase, “biological response to contact with materials”; 

· List the different procedures used to test biocompatibility;

· Become aware of the Society of Biomaterials, of the various professional journals; and relevant websites;

· Be able to broadly differentiate between the different classes of biomaterials;

· Explain what a ceramic is and how they are used clinically;

· Explain what a metal is and how they are used clinically;

· Explain what a polymer is and how it is used clinically;

· Differentiate between the concepts of bioenertness and bioactivity; and 

· From a biomedical device standpoint, know what is generally required of a biomaterial to be incorporated within a biomedical device

Lecture 3:

· Differentiate between the concepts of inertness and bioactivity;

· From a biomedical device standpoint, know what is generally required of a biomaterial to be incorporated within a biomedical device;

· Be able to describe what a polymer is and provide examples of how they are used in biomedical devices;

· Understand what distinguishes polymers for other compounds;

· Describe how carbon chain length is related to the physical state, properties and uses of alkanes;

· Understand the fundamental nomenclature of polymeric structure; 

· Describe what is meant by the terms “homopolymer, heteropolymer and vinyl polymer;

· Understand how to represent various common polymers by representing the meric unit in chemical shorthand and known the common abbreviation for the following polymers: polyethylene (PE); polypropylene (PP), polystyrene (PS), polyvinylchloride (PVC); polytetraflouroethylene (PTFE), polyacrylic acid (PAA); poly(methylmethacrylate) (PMMA); poly(vinylacetate) (PVAc); poly(vinylidene dichloride) (PVDF); Poly(ethylene oxide) (PEO); poly(caprolactam) (nylon);  poly(hexamethylene adipamide) (Nylon 6,6); poly(ethylene terephthalate) (PET); poly(carbonate); poly(dimethylsiloxane) (PDMS); and poly(methyl styrene);

· Understand what is meant by the term polymer “conformation”;

· Be able to provide a sketch of the randon coil model of polymer structure;

Lecture 4

· What is meant by the term polyelectrolyte;

· In general terms, what makes one polymer different from another;

· In general terms, how does increases in polymer molecular weight affect mechanical and chemical properties;

· Draw a graph of the general relationship of increasing molecular weight on stiffness and strength (can you explain the relationship at the level of polymer chain interaction);

· Differentiate between the terms hydrophilicity and hydrophobicity;

· Provide two examples of different types of polymerization reactions;

· What is meant by the term condensation reaction;

· Explain what is meant by the term monodisperse polymer;

· How are synthetic polymers different from natural polymers such as proteins;

· How does number average molecular weight differ from weight average molecular weight;

· What is polydispersity mean and how does one calculate polydispersity;

· List several ways to experimentally determine a polymers molecular weight;

Lectures 5-7 -Wound healing response

· Describe what is meant by the term wound healing continuum;

· List the important major events that take place in the typical wound healing process;

· What is meant by the term “hemostasis”;

· Describe in order the 4 major events that occur following the loss of vascular integrity;

· Describe what is meant by the term “blood coagulation cascade;

· What are serine proteases and what role do they play in blood clotting;

· What is meant by the term “platelet activation”;

· What is the major difference of the intrinsic and extrinsic coagulation cascades;

· Describe what is meant by the final common pathway;

· In general, how does the implantation of a biomaterial influence the wound healing process;

· What initiates the inflammatory response?;

· What is meant by the term provisional matrix?;

· How does platelet degranulation influence wound healing;

· What are the major cytokines released by platelets and how do they affect the wound healing process?;

· What is the TGF-beta and how does it affect the wound healing cascade;

· Where do macrophages come from?;

· What is meant by the term angiogenesis and what factors stimulate new blood vessel formation?;

· What role do fibroblasts play in wound healing?

· Describe what is meant by the term granulation tissue;

Surface Properties of Biomaterials lecture 8

 

· What defines a surface, an interface? 

· List and describe characteristics that are unique to surfaces 

· Give an example of surface dynamics 

· Describe excess surface free energy 

· Define the thermodynamic concept of surface energy 

· Define the work of adhesion and cohesion 

· Interpret (with words) the Young-Laplace equation 

· Interpret the Gibbs-Kelvin equation (compare to Y-L) 

· Derive the Young-Dupre equation for a liquid drop on a rigid surface 

· Summarize the strong and weak intermolecular forces 

· What distinguishes Van der Waals interactions? 

· What two forces are combined in DLVO theory? 

 

Surface Characterization lecture 9

 

· Define the probe, sample type, and signal for ESCA, SIMS, contact angles (CAs), and SPM 

· Describe the working principle of ESCA, SIMS, CAs, and SPM 

· What determines surface sensitivity? 

· Derive the Young-Dupre equation for a captive bubble on a rigid surface 

· What can be varied in a contact angle experiment? 

· Describe the Zisman CA method 

· Describe the Fowkes CA method 

· List four potential sources of error in CA experiments 

· Contrast photoemission and Auger emission in terms of ESCA signal 

· How can you increase depth sensitivity for ESCA /SIMS? 

· How is the imaging mode of ESCA / Auger / SIMS like SPM? 

· List and describe the three most common AFM modes 

· What is “functional imaging” with the AFM? 

 

Protein and Surface Interaction lecture 10

 

· Describe structural features of proteins that affect their adsorption to surfaces 

· Contrast adsorption and absorption 

· Is protein adsorption energetically favorable? 

· Is protein adsorption reversible? 

· What are the driving forces for protein / cell adsorption? 

· Describe protein dynamics following adsorption 

· Describe the Langmuir isotherm and its major assumptions 

· Draw the kinetic model for Langmuir adsorption 

· Describe the “Vroman effect” 

· Describe the low critical energy hypothesis 

· Describe the low interfacial energy hypothesis 

· What is the effect of water as a solvent during protein adsorption? 

· Describe one example where protein adsorption to an unmodified material leads to a significant biological response 

· Why is the end result of implantation generally fibrous encapsulation? 

· Describe three methods to pattern a surface (pattern with what material?) 

· Describe the effect of PEO grafted chains on protein adsorption. 

Lectures 11 & 12-(Inflammation Part I and II)

· In general terms describe what is meant by the terms “complement” and complement cascade”

· With regard to biomaterials, describe want is meant by the cellular and humoral arms of the immune system;

· Provide a diagrammatic description of the complement system;  

· How does the complement cascade differ from the coagulation cascade; ;

· List several important complement mediators and their functions;

· Provide practical examples of devices that would be expected to activate the inflammatory response;

· Describe the consequences of chronic or prolonged inflammation;

· Clinically speaking, describe how one might think of inhibiting the process 

