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Thank Dr. Dan Minck for the very helpful questions 
and Dr. Bruce Beyer’s input!  



What are the criteria for identifying malformations, variations, and ossification delays?  

3D CT imaging to evaluate skeletal abnormalities 

What we see on a CT image in fact is a tomography of the CT numbers, or CT values, of the tissues, 
namely the X-ray attenuation coefficient, or so called radiographic density, of the tissues scanned 

The difference of these tissues’ X-ray attenuation coefficients provide the imaging information for 
identifying malformations, variations, and ossification delays, which is one of the bases for creating the 
criteria in accordance with the developmental toxicology knowledge.  

50 kV X-RAY 

The clear staining X-ray (specimen: Sanofi DSAR) 
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(specimen: Sanofi DSAR) 

Example:  increasing micro-CT imaging throughput by batch scan and processing 

(video demo) 



4 

3D µCT imaging for evaluation of fetal skeletal malformation and ossification 

- What are the criteria for identifying malformations, variations, and ossification delays?  

µCT is able to provide 3D visualization as for morphometric evaluation and can directly 

measure the mineralization 

The morphometric criteria should be similar (we need to validate and then can say if it 

can be viewed as same or not) to the criteria for the staining samples, but could be in 

quantitative manner; the CT densitometry analysis may generate some new data that the 

evaluation of staining samples cannot provide 

However, regular µCT technique cannot directly provide the information about cartilage 

such as the details of growth plates, even some immature bones, although it could be 

possible to have the CT data after soft tissue CT contrast agent staining  

(specimen: Sanofi DSAR DART Lab) 



A big challenge: CT staining for the cartilage and immature bone  
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Once malformation found in the cervical vertebrae, we could further quantitatively 

analyze and compare the differences in 3D, such as bone density (BV/TV), trabecular 

thickness (TbTh), and bone surface density (BS/BV).  

Example: quantitative 3D analysis of trabecular variations to determine skeletal 
malformation in developmental toxicity assessment 



Are the criteria any different than that used with stained specimens?  If so, why?  Explain the differences 

NO or YES:    

No –  we can see the same bones at the level of detail observed with traditional staining of 
skeletons, even much better with high-resolution micro-CT. So, the criteria should not be 
significantly different than that used with stained specimens.  

 

YES  – it could be different than that used with the staining methods. Because we are based on the 
X-ray attenuation coefficients of the tissues (CT value here), not the staining colors. The varied 
scanning protocol, the CT recon protocol and/or the thresholds used for analysis with different 
CT value, the different view of the bone samples. It is why multiple pilot studies have been 
conducted, and calibrations, validations may be needed 

  

 One advantage of CT imaging could be in quantitative manner, and the CT densitometry analysis 
may generate some new data that the evaluation of staining samples cannot provide 

  

However, a key drawback is that regular µCT techniques cannot directly provide the cartilage 
information such as the details of growth plates, even some very immature bones, although it 
would be possible to solve the issue with CT soft tissue staining. 
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Treated Control 

(3D video show) 

measurement of  
vertebral arches 

(RTI) 

(specimen: Sanofi DSAR) 

5 mm 

3D CT to evaluate skeletal abnormalities with the clear-stained specimen  



How would you conduct a concordance exercise?  (1/2) 

Multi-centers/multi-sites could be assigned to determine the suitable CT imaging protocols, 

phantoms, micro-CT settings for scan, reconstruction and segmentation, etc.; to identify the 

manner and analyze the biomarkers from the CT data. These practices could help to create a 

widely accepted/validated CT protocols and analyses for CT biomarkers, etc. 

  

- What did it take to make users (and management) comfortable w/micro-CT data? 

A well-designed validation study, validated SOPs, and comparison of the results from both of the 

CT and traditional staining methods which have been validated by consistent results within and 

between labs. It is why a multi-center/multi-site study may help acceptance of the approach. 

  

- Did the overall pattern of observations change?   

Yes or no. It will be a totally new manner of the observation, but both the 3D CT visualization and 

the staining method could be possible to show the skeletal bone in similar details. However, it 

requires properly validated solutions and the proper balance for resolution and CT scan 

throughput. 



Only a CT density threshold changed …  



11 

- If so, what were the observational differences between the two techniques?  

In terms of morphometric evaluation, briefly speaking, both are capable to observe the skeletal bone 

structures; but it depends on the resolution capacity/setting for the level of details. However, CT is poor 

on cartilage. 

 

- Are there observations that occur more frequently with one type of exam as compared to the other? 

The digital visualizing technique is not commonly used yet, maybe more comparison studies/practices 

needed to ask this question    

  

- How do you deal with historical control data?  Can your stained specimen historical data base be 

used or do you need to create a new one? 

Technically, it might be possible to scan the stained specimens for a digital uCT image based historical 

control database. However, the feasibility might be low due to the big workload and may not be 

necessary for lots of studies. As for long term, we should create a new micro-CT based historical control 

database. 

How would you conduct a concordance exercise?  (2/2) 
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Discussion of validation issues 

What is an appropriate measurement/level of concordance between the two techniques for a given 
fetus/study? 

Depends … .  Once the micro-CT technology validated, and with appropriate SOPs, calibration and 
control study(s), it could be able to replace the staining method, and a DART scientist could generate 
similar conclusion by utilizing the two techniques, and even better with the CT technique since the 
capabilities of quantitation, and multi-parameters based unbiased evaluation 

How comparable are control data from study to study? 

If SOPs for the CT scan, image reconstruction and analysis are designed properly, the micro-CT 
technique could provide better control data from study to study, because the computer based 
method can have identical settings, the staining method will be more difficult to control. 

Some specific methods can be used to ensure the control data from study to study are comparable, 
such as utilizing a reference image of a stand CT bone phantom scanned from all studies. 

 Is the imaging resolution changed within study, between studies, or never once the system is set 
up?  If resolution changes, what impact on historical data? 

The imaging resolution could be changed within study, between studies, although it is possible to 
keep the resolution same. A requirement for the minimum resolution for a study needs to be pre-
designed/set and may need to be validated in advance. Once the imaging resolution matches the 
requirement of the minimum resolution, there should be no significant impact on the historical image 
data of skeletal structures. 



Example: micro-CT phantoms 
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Is there a difference in the overall risk assessment? 

The CT image based approach may change the way that DART scientists routinely assess 

the samples, but with more benefits such as flexibility, macro-/micro- multi-resolutions, 

fully digital data for computer-aided analysis … However, there are still lots of works 

needed to reach that stage.  

 

The CT image based approach also has big limitations such as very poor capability on 
cartilage.  


