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In the early 1950s, researchers demonstrated that when stress is 

applied to bone in such a way to cause deformity, electrical potentials 

are generated. In areas of compression the bone was electronegative 

and caused bone resorption, whereas areas under tension were 

electropositive and produced bone. Therefore, subsequent developments 

were based on the idea that stimulating these endogenous electric fields 

using electrical stimulation would enhance bone healing.1,2

With previous technologies offering pre-clinical data supporting cell 

proliferation at large variations of frequencies, early researchers believed 

that signals could be optimized to a specified frequency  

that would enhance cell proliferation at shorter exposure times,  

and began their reseach in the 1980’s.
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PURPOSE: 

To determine the electrical currents generated intrinsically when stresses are applied to bone.

BACKROUND: 

Electrical current generated in bone under load has at least two sources: the piezoelectrical 
currents arising from the deformation of collagen and the relatively large electrokinetic currents 
that are produced by the ionic constituents of fluid flowing past the mineral phase of the matrix. 
These electrical currents amplify the small mechanical strains that are produced by functional 
activity promoting their potential role in signal transduction.The regulation of bone remodeling  
by means of strain-generated potentials has served as the basis for the development of devices 
that induce pulsed electromagnetic field into tissue as a means to enhance healing.

RESULTS: 

Previously approved technology, specifically pulsed electromagnetic fields (PEMF), were studied 
in depth to better understand their impact on bone healing. Researchers saw the maximum bone 
remodeling occurred within a specific range of power levels of the pulsed electromagnetic field. 
For reference, PEMF waveforms offer a range of frequency from 1Hz to 250,000Hz. This meant 
that majority of the total energy offered by PEMF was not impacting bone formation.  
The technology did, in fact, work, but required much longer cell exposure.

CONCLUSION: 

Existing technologies (PEMF) induce orders of magnitude more power into the tissue than may be 
needed to stimulate a beneficial response. New bone formation was confined to frequencies of 
less than 100Hz.

PURPOSE: 

To determine the lowest threshold for which cells would respond to electromagnetic frequencies. 
Scientists looked specifically at the impact of low levels of CMF on intracellular calcium flux. 
Calcium is an important regulator of cellular events, and changes in calcium flux have important 
regulatory consequences on bone cells as well as other tissues. An influx of calcium increases  
both bone cell growth and bone cell proliferation.

RESULTS: 

• CMF is capable of increasing net calcium flux in human osteoblast-like cells

• When researching from 0-150 mins, at less than 30 minutes of exposure, cells had  
the highest uptake of calcium

• The increase of net calcium flux was frequency dependent, with a peak in the 15.3- 16.3HZ

CONCLUSION: 

More research was needed to determine the optimal signal, however, it was evident that low 
frequencies have an impact on factors that contribute to bone healing.

PURPOSE: 

To better understand the cellular response over time to lower frequencies.

RESULTS: 

Researchers studied the impact of 30 minutes exposure to 76.6 Hz on DNA production over time 
finding that when compared to other low frequencies, IGF-II levels were most significant at 24 hours 
post exposure to 76.6Hz. This shows that although the treatment time was 30 minutes, the cellular 
response continued for 24 hours.

PURPOSE: 

To better understand the impact of lower frequencies on bone formation at the 30-minute time 
frame and to better articulate how exposure to lower frequencies can impact bone healing.

RESULTS: 

This sham controlled in-vitro study showed that a 30 minute treatment with CMF increased the 
IGF-II receptors in osteoblast-like cells. IGF-II was chosen because it is the predominant growth 
factor extracted from human bone and IGF-II regulated chemotaxis, proliferation, and differentiation 
of normal human osteoblasts. It was found that CMF exposure at 30 minutes stimulated release/
production of IGF-II from bone cells and that increased IGF-II then promotes an increase in cell 
proliferation.

IT ALL STARTS WITH AN UNDERSTANDING OF HOW BONE HEALS

For more information or to obtain a copy of the 

studies referenced herein, please contact your local 

representative or use the Regeneration sales rep 

locator to have a sales rep reach out to you.

Wolff’s Law is the transduction of mechanical stress into 
bone growth and remodeling, guided by electricity 
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