
Review

1. Surfaces of materials have unique descriptive properties:

•    Excess surface free energy

•    Atomic / Molecular composition (vs. bulk)

•    Chemical composition (reactivity vs. bulk)

•    Topography (vs. shape)

2. There are numerous surface specific characterization techniques – 
the most prominent of these for evaluating biomaterial surfaces are:

2.    Contact Angles

3.    ESCA, SIMS

4.    SPM (AFM, etc)

These techniques provide information about surface energetics, atomic 
and molecular composition, surface chemistry, and topography.

VdW interactions between objects

Found by integrating the VdW atom-atom interactions between two bodies and 
lumping the strength of interaction into geometry-independent constant: 
HAMAKER constant, A .

DLVO theory Protein structure

Proteins are comprised of discrete building blocks (amino acids) assembled into 
hierarchical structures.

Amino acid side chain heterogeneity manifests in 
protein surface character:

•   charged (acidic / basic)

•   non-charged polar

•   non-charged, non-polar “hydrophobic”

“hydrophilic”



Protein structure energetics

A balance of free energy contributions determine the stability of protein structure.

Surface and protein domains

aDsorption, Modes

Adsorption is the process of association of solute(s) (or the solvent) to a material 
interface

Absorption is when the solvent is taken up by the material

Overview of protein 
adsorption



Favorable and irreversible

Good, ol’ !G = !H -T!S

Why pH 10? It’s close to pH(iep) of protein. What is pH(iep)? 
What kind of surface? Polystyrene with some negative charges...

Favorable and Irreversible

Orientation

Adsorption can confine the 
protein to a particular orientation 
on the surface

Dynamic rearrangement can 
lead to changes in orientation

Orientation can affect protein activity!

Thermodynamic Models

By the way, replace concentration,c , for pressure, p.

Why bother with the models??



Monolayer?

Text

The Langmuir model assumes a monolayer:

Kinetic Models of Adsorption

A general model includes adsorption, desorption, conformational 
changes, rearrangements, etc.

One is Fast, Weak and one is Slow, Strong, which is which?

Competitive Adsorption
Competitive adsorption in multi-component mixtures can lead to changes in 
their relative surface concentration as a function of mass action 
(concentration) and over time.  Transient competition is known as the 
“Vroman effect” – named for the early researcher into blood-material 
interaction that first wrote about it.
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One is Fast, Weak and one is Slow, Strong, which is which?

Protein “coating”

Adsorption of proteins to a surface creates a new surface
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Incremental, Dynamic Process

Protein adsorption to surfaces is followed by higher order interactions.

A Short History

It has long been noted that blood coagulated more rapidly on negatively 
charged glass than on hydrophobically modified glass, or on polymers.

This affect was first attributed to a simple relationship of charge up until ~1960.  
The idea was that negatively charged surfaces decreased coagulation times  in 
a way that is analogous to the proposed action of negatively charged heparin, 
an anticoagulant.

Proteins largely have an overall negative charge and were thought to avoid 
negatively charged surfaces. 

The discovery of the surface coagulation activation properties of the negatively-
charged protein “Hageman Factor” left some doubt about this theory. It turns 
out that Hageman Factor was activated on negatively charged surfaces, leading 
to coagulation.

(Hence begins the study in earnest of proteins on biomaterial surfaces...)

The Search for Heuristics

Using the method of “critical surface 
energy” developed by Zisman, 
researchers were able to measure a 
specific surface property and correlate it 
to biologic activity.

Low Critical Surface Energy Hypothesis

Why?



Surface ? Free Energy ? Interfacial ?

D. Lyman (MSE Utah) argued that the surface free energies (vs. critical surface 

energy) drives protein adsorption and therefore biological activation (as in the 

case of Hageman Factor).  Thus highly charged surfaces are less 

biocompatible.  Examples are glass and blood activation.

Andrade (BIOEN, Utah) argued that the free energy of a polymer-water 

interface is what governs protein adsorption – so as the solid looks more and 

more like water there is an increase in biocompatibility.  Examples are 

hydrogels and PEO-modified surfaces have reduced coagulation effects.

Vogler  (U Penn) proposed an extension to the free energy theories – that 

protein adsorption is mediated by water structure at the interface. Thus, Baier’s 

“zone of biocompatibility” exists at the limit between hydrophobic (i.e. Teflon) 

and hydrophilic (i.e. PEO) materials. (Not sure on the result of this one...)

(New Method: Fowkes)

(New Materials: Hydrogels)

(New Method: SFG)

What we want to know...

What properties of a biomaterial surface mediate biological response?

To what extent?

Example: Surface Coagulation

Hageman Factor 
(Factor XII) is surface 
activated!

So control adsorption 
to control coagulation. 
how?

Surface energetics?

What else?

Example: Bacterial Adhesion

Bacteria take advantage of surface effects to gain a foothold – then they 
rework the surface!



Example: Foreign Body Response

Surface properties have been shown to mediate the FBR to a 
certain degree – however...

Bioreaction – short and long term effects

9 Different Materials:

• Polyethylene

• Hydroxyapatite

• Polyurethane

• Silicone

• pHEMA

• PTFE (Gore-tex)

• Pyrolytic carbon

• Gold

• Titanium

Implant into soft tissue:

Short Term Reaction:

• Differential Protein 
Adsorption

• Varied Activation of 
Host Response

Long Term Reaction:

• Fibrous Encapsulation

Hydrophilic
Hydrophobic
Metal
Polymer
Hard/Soft

The SAME RESULT!

Protein adsorption to surfaces

Does it even matter? Yes and no, in a great deal of cases!

Nonetheless, it plays a significant role in:

•   Complement activation (IgG, IgM)

•   Coagulation activation (Hageman Factor)

•   Fouling of contact lenses (albumin, lysozyme)

•   Interesting scientific pursuits

•   Initial response to implants

•   Where transport is important (drug delivery)

•   etc.

The goal has shifted from understanding the adsorption properties of 
unmodified materials to intelligent design of materials to mediate the 
adsorption process (or highjack it entirely.)

Conclusions

Three points:

1 – Surfaces have unique properties 
(different than the bulk)

2 – We can (and do) measure these 
properties (and analyze them)

3 – Because they affect biocompatibility 
(some times)


