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Developing Criteria for Validating 
Skeletal Evaluations by Micro‐

Computed Tomography 
(micro‐CT)
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Objective

–Develop a set of criteria for 
validating the use of micro‐CT 
image capture that would provide 
the basis for acceptance of this 
technology by regulatory agencies
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Current State

Alizarin staining has been the primary methodology for fetal skeletal 
examinations for the past 45 years and is accepted by regulatory 
agencies

However: 

– Not amenable for data transparency - difficult to share observations with 
regulators and others when needed.

– Large GLP-approved warehouse facilities are necessary to archive 
specimens for extended periods of time

– Large quantities of chemicals are used to process fetal specimens and 
require regulated disposal of hazardous waste 

– Subjective (Inconsistencies can occur within and between laboratories)
– Training technical staff can take several months to a year
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Micro-CT Alternative 

Pros:

– Increase quality of data by making it easier and convenient for peer reviewing 
observations 

– Allow digital sharing with regulatory agencies and archiving of study 
information

– Use of micro‐CT imaging has the potential to reduce time and labor spent on 
these studies – especially when automated image analysis is validated. 

– Ability to collect quantitative data with measurements of bone lengths, 
volumes, and mineral density

– Utilize procedures that support environmental sustainability 
– Enhance standardization of fetal evaluation by automating examinations 
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Micro-CT Alternative 

– Cons‐
– Lack of recognized regulatory acceptance
– High initial costs of equipment (scanner, software)

– However:
– If there is regulatory acceptance and a path forward, 
large corporations and contract labs could see a 
business case for committing funds for micro‐CT as a 
viable option
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What is Needed

– Alternative method
– It is now feasible to capture fetal skeletal images by micro-CT 

(Winkelmann and Wise, 2009, Wise et al., 2013) 

– Semi-automated examination of images is in progress (Wise et al., 
2011)

– What is Needed
– Standard methodology to establish consistent SOPs among labs
– Criteria for validating Computer systems for 21 CFR Part 11 

compliance
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What is Needed - Methodology

– For micro-CT to be universally accepted by all 
regulatory authorities as an alternate method for 
skeletal evaluations, operating characteristics are 
needed to establish uniformity for skeletal image 
generation and storage by different organizations.

– Such operating characteristics would serve as a 
template for interested parties to follow when 
implementing a local system
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What is Needed – Validation

– Micro-CT is a complex system heavily dependent on 
computer hardware and software. 

– Validation of a Computer System (21 CFR Part 11 
compliant)
– 21 CFR Part 11 requires validation for all systems that create, modify, maintain, archive, 

retrieve, or transmit records in electronic form, under any records requirements set forth 
in agency regulations or records submitted to the agency under requirements of the 
Federal Food, Drug, and Cosmetic Act and the Public Health Service Act.

– Validated procedures would lead to acceptance by 
regulatory agencies internationally
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Overview of Validation Process

Create a Validation Team: 
Developmental Toxicology, Technology Specialist and Quality Assurance

Micro-CT Technical Specialists:  
Write user requirements
Write validation plan (micro-CT calibration, performance, operation, etc)
Execute validation plan (user acceptance testing)

Developmental Toxicology Users:
Write user requirements
Write scientific validation plan (micro-CT image evaluation; concordance between micro-CT and  

staining  examinations)
Execute validation plan (user acceptance testing)

Quality Assurance Specialist:
Ensure that outlined validation package complies with 21 CFR Part 11 requirements
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Examples of User Requirements

– The system should have a protocol with settings and calibrations
– The system should allow for identification of individual fetuses
– The system should produce electronic fetal skeletal images similar to 

those obtained by alizarin red staining.
– The electronic images should be permanent and not editable
– The electronic image files should use a common format (e.g.  

Standards for Exchange of Nonclinical Data, SEND)
– The electronic image should be able to be archived
– The system should be able to automate skeletal examination and 

analysis of skeletal morphology
– The results of automated image examination should be searchable by 

specific alteration or group of alterations
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Regulatory Acceptance Criteria

A test method proposed for regulatory acceptance should be validated and supported by:

– Independent scientific review by knowledgeable experts without conflict of interest

– Detailed test method protocol with SOPs, list of operating characteristics, and criteria for judging test performance and results

– Data generated by the test methods should adequately measure or predict the endpoint of interest and demonstrate a concordance 
between the new test method and the existing test method.

– Adequate test method data for test material and product representative of those administered by the regulatory program and for 
which the test is proposed

– Test methods should generate data useful for risk assessment purposes

– Specific strengths and limitation of the test methods must be identified

– Test method must be robust and transferrable among labs

– Harmonized with similar testing requirements of other agencies and international groups

– Suitable for international acceptance

(NIEHS (1997) Validation and regulatory acceptance of toxicological methods: A report of the ad hoc Interagency Coordinating 
Committee on the Validation of Alternative Methods (ICCVAM).  NIH Pub. No. 97-3981)
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Workshop Outcome

– Publish a document, containing minimal acceptable criteria, 
for validating computerized micro-CT image capture and 
examination of micro-CT images which can be used by 
individual organizations to meet regulatory agency 
expectations
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Workshop Planning Committee

– Hasan Alsaid (GlaxoSmithKline)
– Bruce Beyer (Sanofi)
– Oscar Bermudez (ILSI/HESI)
– Connie Chen (ILSI/HESI)
– Gary Chmielewski (Covance)
– Anthony DeLise (Novartis)
– Luc De Schaepdrijver (Janssen)
– Wafa Harrouk (US FDA)
– Kok-Wah Hew (Takeda)
– Alan Hoberman (Charles River 

Laboratories)
– Susan Makris (US EPA)

– Maryellen McNerney (Bristol-Myers 
Squibb)

– Daniel Minck (US FDA)
– Howard Solomon (GlaxoSmithKline)
– Jane Stewart (AstraZeneca)
– Vicki Sutherland (NTP/NIEHS)
– Arun Tatiparthi  (Covance)
– Christopher Winkelmann (Merck)
– David Wise (Independent Expert)
– Sandra Wood (Merck)
– Xiaoyou Ying (Sanofi)
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All studies were conducted in accordance with the GSK Policy on the Care, Welfare and 
Treatment of Laboratory Animals and were reviewed the Institutional Animal Care and Use 
Committee either at GSK or by the ethical review process at the institution where the work 
was performed.”
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