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Abstract 
In the present study bone augmentation material for medical purposes as sinus grafting was 
investigated with two different image guided techniques. Preliminary studies analysed the newly 
formed bone containing autogenous bone derived cells and bovine bone minerals using microcomputed 
tomography (µ-CT). The intention of this study was to examine the informative value of 
microcomputed tomography data with the help of Raman spectroscopy. The CT-images were 
segmented applying common methods of digital image processing and compared with the results 
gained by Raman spectroscopy in order evaluate the approach using micro computed tomography data 
only. Therefore characteristical areas of the samples were determined and scanned. Due to the 
shrinkage of wet samples and the time consuming measurement notably in respect of Raman 
spectroscopy the grafting bone material was dried. The yielded results form the groundwork for 
computer aided design regarding 3D models for further physical investigations. 
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1  Introduction 
In [1] the effect of culture expanded autogenous bone-derived cells (ABC) with bovine bone mineral 
(BBM) was explored on bone formation after single-stage sinus grafting in minipigs. In the present 
study samples of the same grafting material were scanned with a microcomputer tomography. Selected 
surfaces of the same samples were determined and scanned in a second step with a Raman 
spectrometer. The data gained with these two different imaging methods were compared so as to 
evaluate the segmentation based on the CT-date set exlusively. 
Due to the fact that Raman spectroscopy is limited to investigations on the surface a few distinctive 
points were located. 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=1
37

37



 

340 

2  Material & Methods 
A couple of small sections were cutt out of the samples with a regaluar circle saw before scanning 
them on a GE phoenix|X-ray nanotom 180 NF computertomograph at the University of applied science 
in Wels. A DXR Raman spectrometer of Thermo Fisher Scientific was used carrying out the tests at 
the University of Salzburg, department of physics. 
The CT data set had a voxel dimension of approximately 12.4 µm. The laser intensity used for the 
Raman spectroscopy had a wave length of about 780 nm. A grid with a size of approximately 4x5 mm 
with a total of 4800 measure points was chosen. At each point within the grid the laser mefasured 50 
times to meet the requirements of an average signal. The whole measurement took up to 48 hours for 
which reason the samples were dry afterwords. 

3  Preprocessing – Segmentation – Surface Model 
In order to segment the image stack of microcomputed tomographic data the software solutions 
MatLab, version 2009a and higher, were used. A preliminary 3D histogram of the whole image 
information showed up an increasing pixel intensity value by tendency of the same observed material 
from the center to outer areas for which reason a preprocessing of each picture was required. 
A bilateral Filter as described in [3] was applied on each image in order to preserve edges and smooth 
noise and artefacts respectively. As second step a regression analysis using a polynomial of second 
degree was fitted within the three dimensional histogram in order to correct the increasing grayscale 
values in boundary areas. Each image was converted into a binary image by defining a global threshold 
using the Otsu method described in [2]. A first surface model of the processed image stack using 
MatLab is shown in figure 1. 
 

 
Figure 1: Surface model after correction and segmentation 

4  Raman Spectroscopy 
In order to verify wether the segmentation by means exclusive of the CT data set was representable, an 
area on the surface of the sample was chosen where the correspondand CT- image could be assigned. 
The spectras were sorted performing a cluster analysis. Phospate is prevalent in bone therefore the 
phosphate peaks in the Raman spectras served as criterion. The chemigram yield by Raman 
spectroscopy was compared with the CT-information. 
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5  Conclusions 
First results show that the segmentation as a result of the CT data set exclusively covers the phosphate 
peaks gained by Raman spectroscopy on the one hand, on the other hand are there still areas left that 
approximately have the same density within a CT image as an area where a phosphate peak was 
definable. Therefore further research efforts are required as using reference spectras of different typical 
material ingredients in order to get a higher accordance regarding both imaging methods. 
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