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Experimental functional
composites are investigated 

for bone reconstruction in 
prosthetic applications.

Integrated composItes for hard tIssue repaIr
In oral and orthopaedic surgery, composites can be used as implants or bone grafts. Their  
functions are to direct, supplement, or replace living tissues. The greatest synergy of every 
constituent of the composite is to combine different material properties. In fact, the properties 
of functional composites can be customized to match those of the target tissues. Biostability is 
one of the fundamental features of dental composites. In load-bearing applications, the shape 
of the implant has to be preserved and the structure has to withstand the physiological stress-
es for several decades. However, bioactivity is a central feature of well-functioning materials. 
Namely, a biological interaction is important for the creation of a tight bond between hard 
tissue and material surface. Thus, the healing and regeneration processes are also promoted 
on surrounding tissues.

different functions in 
integrated composites
The research work on  
functional composites leads 
to intelligent solutions 
for hard tissue repair. For 
instance, experimental  
functional composites  
are investigated for bone 
reconstruction in prosthetic 
applications. The goal of 
research on two-component 
or multi-component polymer 
composites is to combine the most favourable properties of the individual constituents.  
Therefore, the design and the selection of materials are essential in the development of  
composites for hard tissue repair. 

The research has mainly focused on the development of fibre-reinforced and bioactive  
composites, where the filling components are incorporated within an inert polymer matrix, 
such as PMMA (polymethylmethacrylate). The following properties are required for optimal 
performance of the biomaterial:

• biomechanical properties matching with the target hard tissues
•  multiphase polymer matrices
•  biostable or partially 
 biodegradable structures
•  antibacterial effect
•  bioactivity
•  hierarchal composite 
 structures

In the future, these kinds of 
functional composites could 
be employed as putty-like 
masses, implants or even 
injectable gels. For example, 
the applications of integrated 
composites could be (a) to fill 
large bone cavities, (b) to be 
used in jaw bone grafting, and (c) to replace large defects in the craniofacial area.

Polymer-natural fibre composite as semi-finished prototype material.

Composite materials incorporated with bioactive glass (S53P4), the most 
commonly known group of bioactive materials. 
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thermocyclIng
The delightful combination of a coffee and an ice cream sets the parameters for one of the 
most used test protocols for dental materials. The international standard for testing dental 
adhesives stipulates an ageing procedure in which test specimens are held repeatedly first 
in 5°C cold water and then in 55°C hot water for a large number of cycles. The result of 
subsequent testing invariably shows degradation in adhesive strength. It is important that 
this loss of bonding is limited.

Thermocycling requires 
moderately sophisticated 
equipment to ensure 
constant temperatures in 
the water baths, and properly 
timed transfer of the speci-
mens. NIOM designed its first 
thermocycling apparatus 20 
years ago, and has since sup-
plied numerous laboratories 
with the equipment, each 
incorporating developments 
in temperature and 
mechanical control. 

While international standards 
specify immersion times and temperatures for established tests, new materials and test 
methods create new situations for which thermocycling is a useful method of ageing the 
materials. In each case, however, the physical process requires analysis.

Thermocycling is based on the diffusion of heat, and in porous materials also of moisture, 
in and out of the test specimen. A diffusion process always acts to even out differences. 
The questions that need to be answered are:

• How quickly do gradients in temperature or moisture content fade? 
• How large are the transient mechanical and chemical stresses that are imposed?

Heat transfer is a classic field of engineering that gives us the necessary equations. Once 
the thermal parameters and diffusion properties of a material are available, the temperature 
throughout the test specimen may be calculated for times after immersion in each bath. NIOM 
has written software to calculate temperature profiles and the resulting mechanical stresses 
for both round and square specimens. The flow rate of water past the specimen determines 
how quickly the specimen achieves the temperature of its bath, and thereby the period 
required for each thermocycle.

NIOM has written software to 
calculate temperature profiles 
and the resulting mechanical 

stresses for both round and 
square specimens. 

Thermocycling baths showing temperature controllers and 
specimen-transfer mechanism

Temperature  in a specimen are readily calculated as a 
function of time in each bath. The red line indicates a 
temperature profile at a time t seconds after immersion 
in hot water, and the blue line, after immersion in cold 
water. The thermal parameters, conductivity κ, density 
ρ, specific heat CP and heat transfer coefficient to water 
h, need to be known for the material under test.


