
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

A non-clinical assay qualification was conducted on Demineralised Bone Matrix (DBM) products 

to establish osteoinductive potential.  Two different particle ranges of DBM were implanted into 

different legs of six, live, male, athymic mice.  Sites were explanted after 28 days and analysed 

through clinical observation and histopathology.  All sites showed slow product resorption, new 

bone formation and 91% of sites showed chondroblast, chondrocyte, osteoblast, osteocyte, 

cartilage, osteoid, new bone and bone marrow cell development.  Results confirmed good 

osteoinductive potential. 



 

RESEARCH SUMMARY 

Please note:  The full research result document can be downloaded from the Bone SA 

blog by clicking on this link:  https://bit.ly/3c9642n 

Introduction 

Bone SA commissioned a non-clinical osteoinduction assay qualification on the 

osteoinductive properties of the Demineralised Bone Matrix product (DBM) during 

2019.  The study ran from 16 October to 2 December 2019. 

Demineralised Bone Matrix (DBM) is allograft bone from which the inorganic 

minerals are removed, leaving behind organic collagen matrix. Marshall R. Urist* 

discovered in 1965 that the removal of the bone mineral exposes more biologically 

active bone morphogenetic proteins. 

These growth factors modulate the differentiation of progenitor cells into 

osteoprogenitor cells, which are responsible for bone and cartilage formation.  As a 

result of the demineralisation process, DBM is more biologically active than 

mineralised bone grafts and displays osteoinductive properties.     

DBM is extensively used in orthopaedic surgery (spine, hand, feet and joints), 

fractures and maxilla-facial surgery. 

The investigation 

Assay qualification is an experimental protocol that demonstrates that an accepted 

method will provide meaningful data for the specific conditions, matrix and samples 

that the procedure is intended for. 

The investigation was conducted by a global research company, WuXi AppTec at the 

St. Paul Facility, based in Minnesota who specialises in medical device testing; 

cell and gene therapies and materials characterization .  As a non-clinical study, 

the study was conducted in compliance with the U.S. Food and Drug Administration 

Good Laboratory Practice (GLP) regulations.  A Quality Assurance Unit monitored, 

evaluated and reported on conduct during the study, standard operating procedures 

and protocol adherence and analysis to ensure the quality and integrity of the study. 

WuXi AppTec also an international accreditation from the Association for Assessment 
and Accreditation of Laboratory Animal Care and the study was conducted in 
compliance with the USDA Animal Welfare Act.   

  

https://bit.ly/3c9642n


 

What did we test? 

The purpose of this study was to evaluate the osteoinductive potential of a sample or 
test material in either an intramuscular or an intermuscular site in the nude mouse 
model, i.e. was there visible bone formation in the test site after a specific period. 
This validation assay was performed using a minimum of three lots of product in an 
assay that is intended for Good Manufacturing Practice (GMP) lot release testing. 
 
Experimental design 
 
Animal testing is a pre-requisite and essential part of assuring product safety and 
efficacy.  Verifying that biomaterials can possess osteoinductive potential, the 
phenomenon of new bone growth in vivo from a heterotopic implant location is vital 
for product development, research, and preclinical studies.   
 
For this validation study, a minimum of three lots were tested using one mouse (Mus 
musculus), two implant sites per sample, and four histology sections per implant site.  
The assay was conducted in six male nude (athymic) mice.   
 
Demineralized bone matrix (DBM) products and test materials are primarily derived 
from bone of human or large animal origin.  Athymic rodents are genetically bred 
with a dysfunctional rudimentary thymus, thereby eliminating potential cytotoxic T-
cell response to xenogenic material.  These animals, however, can mount an innate 
and partial humoral immune response against microbes.  Historically, athymic 
rodents have been the classic animal species for osteoinduction assays of biomaterial 
in major published studies and are the preferred model for assessing bone formation 
for DBM products. 
 
Bone SA supplied two particle ranges of DBM as test material: 

• Demineralized Bone Matrix (DBM) - 125 – 1000 μm was implanted in the left 
hind leg of every subject 

• Demineralized Bone Matrix (DBM) - 125 – 2360 μm was implanted in the right 
hind leg of every subject 

 
The mice were 4 -12 weeks old.  Each mouse received an intramuscular (IM) implant 
of test article in each hind leg in the biceps femoris muscle under general 
anaesthesia.  
 
The test material was prepared by rehydrating with sterile saline.  
The animals were in-life for 28 days and observed daily for abnormal clinical signs. 
 
After 28 days, the animals were sacrificed, and the implant sites removed. The 
tissues were then fixed in 10% neutral buffered formalin (NBF) prior to routine 
decalcified histology processing into paraffin blocks. At least four sections were cut 
from the implant sites, mounted on slides and stained with hematoxylin and eosin 
(H&E).  Slides were viewed under a microscope and interpreted by a pathologist.  The 



 

histopathology is semi-quantitative.  A score was assigned to each implant site as 
either positive or negative for evidence of new bone formation elements. 
Evaluation criteria 

Slides were interpreted and a report was generated which scored individual implant 
sites as either 
positive or negative for evidence of new bone formation according to Table 1. The 
field was defined 
as the entire implant area. 
 
Table 1 
Microscopic Evaluation of Osteoinduction per Implant Site; Semi-Quantitative Analysis (1) 

 

Grade Estimated Percent of Cross-

Sectional Area Under Review 

Interpretation of Results 

NA Not Applicable; No implant 

present 

Considered either a complete 

resorption of test material or no 

implant was detected upon 

explant. 

0 No evidence of new bone 

formation 

Non-osteoinductive 

1 Greater than 0% up to 25% of 

field shows evidence of new 

bone formation 

Osteoinductive 

2 26 - 50% of field shows 

evidence of new bone 

formation 

Osteoinductive 

3 51 – 75% of field shows 

evidence of new bone 

formation 

Osteoinductive 

4 76 - 100% of field shows 

evidence of new bone 

formation 

Osteoinductive 

 
(1) Table derived from Edwards, Diegmann, & Scarborough, 1998  

Final evaluation of the test material or samples was based upon the criteria listed 
above as well as scientific judgement.  
 

  



 

ACCEPTANCE CRITERIA 
At least one site must score at least a ‘1’ to pass. Final evaluation of the validation 
assay and the test 
material products were based upon Sponsor specified criteria and scientific 
judgement. 
 
 
ASSAY VALIDITY 
Two of the three tested sample types must meet the Acceptance Criteria. Assay 
validity was based on the 
successful implantation of the test material, implant sites grossly free from bacterial 
contamination, and 
microscopic evidence of the original test material present at the site. Assay validity 
was based on the 
criteria above as well as scientific judgement.  
 

  



 

Results 
 
Clinical Observations 

• Animals remained in good health throughout the study, rendering explants 
from all six mice suitable for analysis. 

• All implant sites were positively identified and harvested.  On explant, each 
site for every subject, showed DBM in or between muscle bundles.  The test 
material was found intact in a single piece. 

 
Histopathology 

• Elements of new bone formation were observed in 12 of 12 implant sites.  
 

• For DBM 125 – 1000 μm Particle Size (left leg sites): 
o In all the explants up to 25% of the field showed evidence of new 

bone formation (Grade 1) and confirmed osteoinductivity. 
 

o Pathology revealed: 
 

 
 

  



 

Results (Continued) 
 

• For DBM 125 – 2360 μm Particle Size (right leg sites): 
o In all the explants up to 25% of the field showed evidence of new 

bone formation (Grade 1) and confirmed osteoinductivity. 
 

o Pathology revealed: 
 

 

 

 
 
Conclusion 
 
The product evaluated showed good osteoinductive potential. 
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