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Background 
Modern day prosthesis for hip and knee joint replacement are commonly made with porous outer 
surfaces which allow for new bony ingrowth into the implant’s pores. This allows for better 
integration between the implant and surrounding bone and leads to better outcomes for patients. 
As the level of bony ingrowth into implants (called osseointegration) is essential to the success of the 
implant, pre-clinical trials use the degree of osseointegration as a marker of success for new 
products. The current gold standard method for assessing this is by histomorphometry, a time 
consuming procedure which involves lengthy sectioning, polishing and staining before analysing 
under a microscope, which destroys part of the sample in the process.  While histological 
assessment of new bone is reliable and high quality it is extremely time consuming, provides only a 
two dimensional representation of the sample and is destructive. The aim of my study is to explore 
the use of an alternative method to assessing levels of osseointegration of porous titanium scaffolds 
using spectral (MARS) micro-computed tomography. 
 
Standard (non-spectral) micro CT involves taking a series of X-rays to create a 3-dimensional(3D) 
representation of the sample, the basic principle is that different densities will attenuate X-rays 
differently and can give you an internal image of the samples varying components. Like visible light 
has a spectrum of different energies from red to violet, X-rays too exist at a range of different 
energies. The MARS spectral scanner has the ability to measure how these different energies of X-
rays are being attenuated and give not only the standard information on density but can also give 
information about the molecular composition of a sample.  Spectral CT may provide a novel 
approach to assessing osseointegration due to these spectral capacities.  

Aim 
The aim of my summer studentship was to use the MARS spectral CT scanner to qualitatively and 
quantitatively measure new bone ingrowth into titanium scaffolds and compare the images I created 
with histological images.  

In the traditional histological staining approach you can identify new and old bone by their relative 
calcium concentrations. Old bone is highly mineralized and has a high calcium concentration, 
whereas new bone has a lower calcium concentration. As higher concentrations of calcium will 
attenuate X-rays more it is theoretically possible to distinguish between old bone and newly formed 
bone using CT. We hope that this would be possible with the MARS spectral scanner and that its 
spectral capacities would help us further identify new bony growth within the scaffold implant. 

Results 
As with all modes of medical imaging there are some drawbacks, such as artefacts (imperfections on 
the image) which can make interpretation of images difficult. The Medipix detector chip itself has 



many defects (between ¼ and 1/3 of the pixels on the chip do not function). This caused a decreased 
field of view, increased scan times to correct for this, serious ring artefacts and other noise which 
contributes to poor image quality. I found that the significant artefact in my scans made analysis of 
osseointegration more difficult and that due to the small size of the scaffold visualisation of the 
pores within the scaffold where we would like to see new bone was difficult. 

The scaffold and bone sample I scanned showed areas of what appear to be new bone (adjacent to 
the scaffold insertion point where we would expect new bone to grow). Using ImageJ software we 
were able to confirm that the appearance of bone in the regions adjacent to the scaffold were likely 
to be new bone and not due to artefact. I also found that areas within the scaffold further to the 
periphery were harder to interpret due to the amount of noise and artefact and couldn’t confirm 
whether the regions were filled with bone or if it was noise. 

Using the spectral capacities of the MARS scanner, software material decomposition was carried out, 
allowing us to identify areas of higher or lower calcium concentration with greater accuracy. From 
this approach we confirmed the area of new bone growth adjacent to the scaffold had a high 
concentration of calcium and was indeed likely to be new bone. Unfortunately due to artefact and 
misidentification of some of the scaffold as calcium we were still unable to confirm any bone growth 
within the pores. 

Discussion and conclusion 
Using the MARS spectral scanner I found that bone could be identified if the area was large enough, 
but pores within the scaffold were too small to resolve and potential areas of bony growth could not 
be differentiated from artefact. Material decomposition using the spectral information was vital in 
confirming that areas we suspected were bone did in fact have the high calcium concentration of 
bone. However the material decomposition struggled with similar artefact and resolution problems 
as our initial analysis and this again limited resolution of the pores and potential bony growth inside. 

As scanner software, detector and resolution continue to be improved, the MARS scanner may be 
better able to assess levels of osseointegration. Whilst it  doesn’t have the resolution or the 
consistency (currently) of tradition histomorphometry, MARS spectral CT is under continual 
development and has been able to show new bone growth around the scaffold, hopefully in the 
future this will extend to areas within the scaffold as the MARS group continues to develop the 
scanner. 

 

 

 

 


