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A validated in vitro assay is  used to quantify the 

osteoinductivity of each lot of human demineralized 

bone matrix (DB M) prior to its use in IsoTis’ 

bioimplants. C ultured C 2C 12 mouse muscle cells  

are incubated with the DB M for a specified period 

of time to determine the conversion of the muscle 

cell line to bone-forming cells . The assay measures 

the production of alkaline phosphatase, which is 

an accurate indicator of osteoblastic activity.

VA L I DAT E D  AS S AY

F O R  O S T E O I N D U C TIVIT Y

B one regeneration and healing by s urgical intervention may be

facilitated by os teoinductive and os teoconductive bioimplants . As  

an os teoinductive material, DB M induces  the differentiation of

mes enchymal (s tem) cells  into os teoblas ts  (bone-forming cells ),

and is  us ed in a variety of orthopedic  s urgical applications .

DB M contains  a variety of biologically active bone morphogenetic

proteins  (B MP s ), s uch as  B MP -2, B MP -4, and B MP -7, which are

among the os teoinductive components  of bone. However, the

os teoinductive potential of DB M is  highly variable depending on

the individual donor and the demineralization proces s . Therefore,

it is  es s ential to meas ure the os teoinductivity of each lot of DB M

to ens ure the bone-forming potential of the final product.

F igure 1 Mouse muscle cells  growing in culture are 

converted to bone-forming cells  (osteoblasts) in the 

presence of osteoinductive DB M. The number of active 

osteoblasts is  quantified as units of alkaline phosphatase.



VA L I DAT E D  AS S AY

F O R  O S T E O I N D U C TIVIT Y

Q U A N T IT A T IV E  A S S A Y  M E A S U R E S  O S T E O IN D U C T IV IT Y

To determine the osteoinductivity of DB M, IsoTis

employs a quantitative in vitro assay that is  both rapid

and sensitive. In the presence of an osteoinductive

substance, the assay measures the conversion of a

skeletal muscle cell (myoblast) line to osteoblasts via

assessment of alkaline phosphatase production. As

such, it is  an appropriate extension of Dr. Urist’s  in vivo

osteoinductivity test in which DB M is implanted into a

skeletal muscle.

In choosing a cell line suitable for assaying the osteoin-

ductivity of DB M, it is  vital that the cells do not, under

normal culturing conditions, spontaneously differentiate

into osteoblasts or produce any bone-specific proteins

(e.g., osteocalcin) or bone-selective proteins (e.g.,

alkaline phosphatase). The assay utilizes the skeletal

muscle cell line C 2C 12, which fits these criteria as

shown by validation of a negative control.

In the presence of B MPs, the mouse muscle cell line

has been shown to convert its differentiation pathway

from myoblast to osteoblast. The DB M and myoblasts

are incubated together for sufficient time (up to 15 days)

to permit differentiation into osteoblasts (Figure 1).

Deactivated DB M serves as the negative control, while

rhB MP-4 is used as the positive control. The number

of active osteoblasts is  quantified as units of alkaline

phosphatase, a sensitive and reliable measure of

osteoblastic activity.

V A L ID A T IO N  A G A IN S T  IN  V IV O  M O D E L

The in vitro assay has been validated against an in vivo

osteoinductivity model at an independent laboratory. All

lots of DB M induced proportional amounts of ectopic

bone formation and alkaline phosphatase production

in vivo. There was a positive correlation between in vivo

DB M osteoinductivity, measured as percent new bone

or alkaline phosphatase production, and in vitro osteo-

inductivity, measured as alkaline phosphatase production.

B ased on these results, it was determined that the

in vitro assay confidently predicts the osteoinductive

potential of DB M.

S U M M A R Y

E ach production lot of DB M is tested in the in vitro assay

before it can be used in IsoTis’ bioimplants, and is

electron beam sterilized at the standard dose prior

to testing. IsoTis’ products are released if the DB M

component increases the production of alkaline

phosphatase to a value significantly greater than the

established baseline. DB M lots that are not shown

to be highly osteoinductive are rejected and not used

in the production of our bioimplants. The use of the

validated assay thus helps to ensure successful

clinical outcomes when implanting IsoTis’ products.
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