




Studying Aquatic Insects Anatomy with the 
SkyScan 1172 high-resolution micro-CT 

 
J. Alba-Tercedor & C.E. Sáinz-Cantero Caparrós 

 
Department of Animal Biology. Faculty of Sciences. University of Granada. 18071-
Granada. Spain. jalba@ugr.es 
 

 
Aims  
Possibility to study details never seen before with classic microscopy methods on the 
anatomy of insects and the new possibilities offered by the micro-CT  new techniques 
encouraged us to investigate theses possibilities with a Skyscan 1172 
microtomograph. The material was preserved in alcohol so first it all we tried to scan 
directly specimens and the results were somewhat disappointing. Thus we 
investigated different ways until we could get satisfactory results. Here we present 
the experiences.  
 

Methods 
Fresh alcohol preserved specimens of aquatic insects (Ephemeroptera and 
Coleoptera) were used for the observations with a Skys Scan 1172 microtomograph. 
Observations were performed direct fresh: specimen submerged in alcohol inside a 
Eppendorf microcentrifuge tube (A), or alternatively wrapping the specimen with 
laboratory parafilm (B). Other observations were performed drying specimens: air 
dried (C), or dehydrated in alcohol series and finally dried by critical point method 
(D). Also we tested to stain animals fixed in Karnowvky’s fixative and stained with 
osmium tetroxide (E) as described by Uzun et al. (2007). Samples were observed 
sticking them onto the SkyScan samples holder by using plastilin. No filter was used 
to scan images.  
 

Results 
No matter what method were used when samples where scanned in liquid 
Independently if they were stained or not, we always obtained very poor contrasted 
images to be able to observe the soft internal organs. In Fig.1 an Ephemeroptera 
nymph (Baetis rhodani) preserved in 70% alcohol, and observed with method B. Poor 
images of internal anatomy were obtained, only the gut content is conspicuous 
because its high contrasted mineral sand content.  

 
Figure 1: Maximal Intensity Projection image of a alcohol preserved and wet scanned 
mayfly nymph (Baetis rhodani). (Source voltage: 80kv, Source Current: 100 µA, 
image pixel size: 3.63 µm).  
 











 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The BMD measured by lateral-projection DXA over the whole vertebrae was 
significantly related to the total BV/TV measured by micro-CT (R2=0.59, p<0.05, fig. 
3), whereas BMD measured in PA-projection DXA was not (R2=0.16, p=0.33, fig.3). 
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Figure 1: Schematic diagram of the three vertebral subregions, and bar plot of BMD measured by 
lateral DXA in these subregions (mean ± SD for each subregion).  
*Stat. sign. differences between all subregions (p<0.05, paired t-test). **Stat. sign. differences 
between inferior and central subregion, and whole vertebral body (p<0.05, paired t-test). 
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Micro-CT analysis: 

Figure 2: Micro-CT images a human vertebral body (17.4 μm pixel size), and bar plot of BV/TV 
measured in the three vertebral subregions (mean ± SD for each subregion).  
*Stat. sign. differences between inferior and central subregion (p<0.05, paired t-test). **Stat. sign. 
differences between inferior and superior subregion, and whole vertebral body (p<0.05, paired t-test). 

Figure 3: Scatter plot of total “BV/TV vs. BMD”. (Left) BMD measured in lateral projection, (Right) 
BMD measured in posterior-anterior (PA) projection. While total BMD measured by lateral-projection 
DXA was significantly related to the total BV/TV, the BMD measured in the PA projection was not. 



 
 
 
In the central subregion, the linear regression 'BV/TV vs. BMD' had the highest 
coefficient of determination (R2 =0.80, p<0.01), compared to the inferior and superior 
subregion (figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The finding of BMD being lowest in the central subregion (fig. 1), whereas BV/TV 
being lowest in the superior subregion (fig. 2), can be explained by the inclusion of 
the vertebral endplates in DXA analysis. In the central subregion, which does not 
contain the endplates, the regression “BV/TV vs. BMD” shows the highest regression 
coefficient (figure 4, left). 
 

Conclusion 
Differences in the bone parameters between the whole vertebra and the subregions 
were found by both lateral-projection DXA and micro-CT, both techniques showing 
higher values in the inferior compared to the superior subregions. This study shows 
that, in contrast to BMD assessed using PA-projection DXA scanning, measurements 
using lateral-projection DXA in the L2 vertebra are significantly related to BV/TV 
assessed via micro-CT. In particular, subregional BMD measurements are highly 
related to trabecular bone volume fraction in the central part of the vertebral body. 
These findings support lateral-projection DXA examination as a valuable modality for 
improving the evaluation of vertebral fragility. 
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Figure 4: (Left) Scatter plot of “BV/TV vs. BMD” measured in the three vertebral subregions. The central 
subregion showed the highest determination coefficient in the regression (R

2
=0.80, p<0.01). (Right) 3D 

reconstruction of the trabecular bone volume of a human vertebral body obtained by micro-CT, 
subdivided into 3 subregions (voxel size 17.4 µm). 
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