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Guiding Principles of Academic Research
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• Knowledge for knowledge’s sake
• Innovation
• Publication
• Peer-reviewed extramural funding
• Participation of students
• Conflict of interest
• Promotion and tenure

Nowhere does it say TRANSLATION



Regenerative medicine demands the use of 
standards…
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• Type of cells
• All MSCs or ASCs are not created equal

• Composition and design of scaffold or delivery method
• Porosity, mechanical properties, chemistry, gel, liquid…
• Degradation rates and release kinetics for any added factor(s)

• Preclinical testing model
• Animal (age, sex, species/strain, disease…)
• Site (injection, physical placement, tissue type[s]…)
• Surgical methods involved
• Length of time
• Post-testing (in vivo, at harvest, serum testing, mechanical testing, 

histology/histomorphometry, inflammation, angiogenesis…)



Step 1: Defining the Clinical Problem
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Cartilage defects do not heal with cartilage.
• Avascular tissue
• Trauma defect edges “seal” preventing migration of 

endogenous stem cells across the defect.
• Osteoarthritis is another kettle of fish entirely.

Boyan et al., Biology of Sex Differences, 2013



Step 2.  Understanding Standard of Care
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Recontouring the defect site
• Alters mechanical properties, leading to OA

Microfracture to get autologous stem cells from 
subchondral marrow to the defect.

• Fibrocartilage formation results
Osteochondral grafts

• Potential for disease transmission



Methods for assessing cartilage regeneration

8

• Gross tissue morphology
• Histomorphometric quantification of neocartilage formation
• Histologic assessment of tissue quality

• H&E, Alcian blue, Safranin-O, Immunohistochemistry for type II collagen, 
aggrecan, COMP

• MicroCT screening using novel contrast agents
• Biochemical analysis 

• sulfated GAG, type II collagen

• Mechanical assessment of tissue quality
• Indenter, confined compression, unconfined compression



When there are so many questions, a guide 
can point the way…
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But academic scientists 
continue to invent new 
approaches and are not even 
aware that standard test 
methods exist that could 
reduce their confounding 
variables.



Additive manufacturing brings a new set of 
variables…
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Standardization Roadmap for Additive Manufacturing 2.0 

3D Geometry
Metal or plastic
Post-build treatment

HIP, Grit blasting, Acid etching
Biological response

In vivo, in vitro
Clinical outcomes

Application



HIP treatment reduces porosity of 3D 
constructs.
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HIP treatment affects the bulk mechanical 
properties of 3D constructs and this depends 
on construct geometry.
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HIP treatment alters the surface 
microroughness achieved by grit blasting and 
acid etching and this depends on 3D geometry
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Conclusions

14

• Standards are critically important for 
translating academic inventions to clinical 
practice.

• Academics must be educated to use 
standards.

• A multipronged approach is necessary.
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