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Introduction: In general in tissue engineering (TE), 

for the evaluation of in vivo bone formation in ectopic 

and orthotropic animal models, implanted cell-scaffold 

combination products together with the newly formed 

tissue are explanted after a defined period for 

histomorphometric analysis. To overcome the 

limitations of this analysis technique (destructive, time 

consuming, labour intensive and only discrete 2D 

information) a lot of in vivo studies already use X-ray 

microfocus computed tomography (micro-CT) as a 

complementary or replacement analysis tool, but 

without sufficient validation. Also, the influence of the 

scaffold material on the image quality and accuracy has 

not yet been evaluated. Therefore, this study assessed 

the accuracy of micro-CT for quantification of bone 

formation in and around bone TE scaffolds and 

investigated the scaffold material dependent 

constraints. 

Materials and methods: Three different scaffold 

materials were used: (A) biodegradable polyester-based 

scaffolds containing α-tricalciumphosphate particles 

(composite), (B) biodegradable hydroxyapatite 

scaffolds (ceramic), and (C) bio-inert titanium scaffolds 

(metallic). After a 10 week implantation in a 2 cm 

diaphysal defect in the right tibia of a New-Zealand 

white rabbit supported by an external Ilizarov fixator, 

explants were cut out 1 cm below and above the defect. 

Both prior to implantation and after 10 weeks of 

implantation, micro-CT images of all bone TE 

scaffolds and their explants were acquired. 

Subsequently, histological sections (30 400µm thick 

sections per explant) and histomorphometric analysis 

was performed on the explants. To evaluate the 

accuracy of micro-CT for quantification of bone 

formation in and around bone TE scaffolds of different 

material types, the validation procedure described in 

Kerckhofs et al. [1] was applied by a one to one 

comparison of the histological sections with their 

micro-CT homologues (2D comparison). The resulting 

mismatch, which was proven to be applicable in 3D, 

was used to quantify the bone and/or scaffold volume 

from the 3D micro-CT datasets. 

Results and discussion: From the 2D comparison, it 

was concluded that the mismatch increases with 

increasing scaffold X-ray attenuation and that 

mismatch correction provided more reliable results. In 

3D (fig.1), a significant difference was observed 

between the ceramic and composite scaffolds, both for 

the mismatch corrected micro-CT and the 

histomorphometric results. Additionally, mismatch 

corrected micro-CT results showed a significant 

difference between metallic and composite scaffolds, 

which was not found by histomorphometry, probably 

due to the large standard deviation of the 

histomorphometric results compared to the micro-CT 

ones. Also, for explanted composite scaffolds, 

significant differences between micro-CT and 

histomorphometry were found in the newly formed 

bone volume, which was not the case for the other 

scaffold material types. This could be explained by the 

presence of ceramic particles that were not accounted 

for in the micro-CT image analysis. 

Fig.1: 3D newly formed 

bone volume within the 

scaffold, calculated from 

micro-CT data after 

mismatch-correction and 

by histomorphometry 

(* p < 0.05 = significant). 

 

 

Conclusions: It was shown that quantitative validation 

of micro-CT is mandatory prior to bone formation 

analysis and that the mismatch present in micro-CT 

images is highly influenced by the scaffold material. 

Correcting for these material-dependent errors resulted 

in a significantly different outcome between the 

different scaffold materials, which was not the case 

using histomorphometry. Moreover, micro-CT image 

analysis resulted in a more reliable, 3D global 

quantification of the newly formed bone volume with 

regard to the limiting 2D character and the large 

standard deviation of histomorphometric data. 
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