
 

Pulsed electromagnetic field application
technique for preventing bone loss due to
radiotherapy
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PEMF ameliorates focal radiation–induced bone loss by modulating osteoblasts.
(A) Schematic representation of focal radiation and PEMF administration. (B)
Representative micro–computed tomography (micro-CT) images and
quantitative analyses of rat distal femora (n = 8 femora per group). (C) H&E
staining showing the trabecular area of rat proximal tibiae (n = 8 tibiae per
group). (D) Dynamic bone histomorphometric analyses based on calcein/Alizarin
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red labeling (n = 8 femora per group). (E) Runx2 immunohistochemical staining
(n = 8 tibiae per group). (F) TUNEL staining for the detection of apoptotic
osteoblasts on bone surface (n = 8 tibiae per group). (G) H&E staining showing
the empty osteocyte lacunae (n = 8 tibiae per group). (H) TUNEL staining for
the detection of apoptotic osteocytes (n = 8 tibiae per group). (I and J) Scanning
electron microscope observation for the osteocyte number and osteocyte dendrite
number in rats with focal irradiation in the presence or absence of the PEMF
stimulation (n = 8 femora per group). (K) TRAP staining for labeling osteoclasts
on bone surface (n = 8 tibiae per group). (L and M) Serum ELISA assays for
bone formation markers (OCN and P1NP) and bone resorption markers (CTX-1
and TRACP-5b) (n = 8 rats per group). Graphs represent means ± SD. (B to K)
*P Science Advances (2022). DOI: 10.1126/sciadv.abq0222

A team of researchers at Fourth Military Medical University, in China,
working with a colleague from Shaanxi University of Chinese Medicine,
has found that the application of a pulsed electromagnetic field (PEMF)
following radiotherapy reduced bone loss in test mice. In their paper
published in the journal Science Advances, the group describes their
exhaustive testing of various EMF stimulation techniques to find the one
that might work best in reducing damage due to radiotherapy, and what
they found by doing so. 

Prior research has shown that applying radiotherapy to cancerous tumors
results in death of the cells that make up the tumor and eventually death
of the tumor itself. Its use has prolonged survival times and cure rates for
multiple types of cancer. But the use of radiotherapy has a major
drawback—when it strikes bone, it results in loss of bone mass so that
bones become more fragile and patients develop a high risk for bone
fracture. Over the past several years, some research has suggested that
firing an electromagnetic field at damaged bone can encourage bone cell
growth and partial restoration of bone health after radiotherapy. But
because it is still a relatively new area of study, it is still not clear which
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EMF application works best and in what doses.

The work by the researchers involved firing different types of EMF
stimulation at bone cells and then testing calcium ion signaling as a way
to measure bone response to the stimuli. In so doing, they found that
PEMF worked the best of all those tested. They also found that a field
intensity of 2 mT at a frequency of 15Hz elicited the best calcium ion
signaling, suggesting it might be the optimum approach for treating
damaged bone. 

To confirm this, the researchers conducted radiotherapy on the
hindlimbs of multiple test rats and then followed that up with PEMF
treatment every day for 45 days. They then compared the treated rat
hindlimbs with a control group and found that the PEMF stimulation led
to greatly improved bone health in all of the treated test rats. In most
cases, they found that the bone was as healthy as those in rats that had
not received radiotherapy.

More work will have to be done to prove the effectiveness and safety of
the technique, of course, but for now, the researchers are confident that
they have found a solution to the problem of bone loss due to
radiotherapy in cancer patients. 

  More information: Zedong Yan et al, High-specificity protection
against radiation-induced bone loss by a pulsed electromagnetic field, 
Science Advances (2022). DOI: 10.1126/sciadv.abq0222
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