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Abstract:
Medical scientists have researched and employed Pulsing Electromagnetic
Field (PEMF) energy therapy for over a hundred years as a modality
for improving health and wellness. Until recently, competition from
pharmaceutical approaches has suppressed this mode of treatment
in western medicine. In Europe and Asia, the technology flourishes
and is utilized as a key treatment for health and wellness. NASA and
other leading space programs have also adopted PEMF energy therapy
within their program. Exploring the larger impacts of cell health and
understanding the body on a molecular level have become leading topics
of research worldwide. Currently, there are over three thousand scientific
studies demonstrating and documenting the profound benefits of PEMF
therapies and other human efforts to effect positive cell health. This
document will provide an overview of the human cell matrix, the history
and technology behind PEMF and its effects on cell health, as well as the
benefits of the newest hybrid energy PEMF-cm2 technology from Nimbus
Performance.
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The Human Body Consists
Entirely of Atoms
Your body is one organism. However, many parts make up that whole. As you consider the various levels of
the body you understand that many parts are within those parts and this continues until you reach the subatomic level. As an example, this is like a pine tree. At first, you notice the entire tree, a whole organism. But as
you look closer, you notice the branches, then the twigs on the branches, and even each needle on the twigs.
Thousands—if not millions—of needles exist on that one single pine tree and you can keep going noticing
smaller parts until you reach the sub-atomic level. The same analogy holds for the human body or the body
of any animal. First, you notice the entire body. Next, you see that the entire body is made up of parts and
organs, and each of those organs is made up of a variety of tissues. When you examine a magnified sample of
one of the human body’s tissues under a microscope, millions of cells become visible. When you turn up the
magnification for a closer look, you see cells contain molecules that are made up of even smaller components
called atoms. The entire body is built from atoms.
Everything is Built with Atoms
All matter is made of atoms. An atom itself is made up of
three types of smaller particles called subatomic particles.
These are protons, neutrons, and electrons. Protons and
neutrons make up the center of the atom—called the
nucleus, while electrons orbit the nucleus in a small cloud.
Electrons carry a negative charge and protons carry a
positive charge. In a normal—or neutral—atom, the number
of protons and electrons is equal. Often, but not always, the
number of neutrons is the same too.
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The Human Body’s Atoms are
Continually Controlled by
Electrical Signals
Our bodies are controlled and enabled by electrical
signals running through them via atoms. When an
atomic charge is out of balance, an atom becomes
either positively or negatively charged. This switch
in charge allows electrons to flow from one atom to
another. This flow of electrons, or negative charge,
is what we call electricity. Since our bodies are
huge masses of atoms, its cells can be moved or
manipulated electrically.
For scientific proof of this fact, we need look no
further than the standard Magnetic Resonance
Imaging (MRI) scan routinely performed in hospitals
worldwide. During an MRI, protons absorb the
energy from the magnetic field produced by the
equipment. This causes the protons to flip their spin
and align in the same direction. When the magnetic
field is turned off, the protons gradually return
to their normal spin, a process called precession.
The process of moving and energizing cells is
fundamental in molecular science.

When cells are not healthy or metabolizing
efficiently, the body is not healthy—in whole or in
part. Because cells handle so many vital functions,
healthy cells are responsible for quicker recoveries,
improved energy, and long-term good health. We
are just like the pine tree previously discussed. It may
look beautiful, but if the roots—where it takes in
oxygen, nutrients, and moisture—are unhealthy, the
tree will eventually become sick. The same is true
with humans. Poor cell energy, like degraded roots,
will translate into overall health concerns.

All atoms and cells and their associated energy are
electromagnetic in nature— nothing happens in
the body without an electromagnetic movement
among cells. When a cell’s electromagnetic activity
ceases, its life ceases. Electromagnetic energy within
and between cells controls the body’s chemistry,
energy output, and all wellness and repair functions.
Degradation of this energy in cells impairs cell
metabolism, impacting many functions, like the
transport of oxygen, nutrition, and fluids as well as
the removal of co2 (waste).
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The History of PEMF
The former Soviet Union has used PEMF therapy
for over fifty years. As a result, PEMF is regarded in
formerly Soviet countries as standard treatment—
complementary to pharmacology. During the Soviet
space program of the 1950s, PEMF was used by
the cosmonauts to address the loss of bone density
that occurs outside the Earth’s gravitational and
magnetic fields. This form of therapy was embraced
by the Soviet medical community and eventually
used in hospitals throughout all the Soviet Union
and in Eastern Europe. After the collapse of the
USSR, the research data and electronic devices
became available to Europe. Countries like
Germany, Switzerland and Austria incorporated
the technology into their healthcare systems and
it became readily available to more people. Since
this early introduction, thousands of studies now
have given the world a clearer understanding of
how PEMF benefits cell health and various medical
conditions.
In America, the National Aeronautical and Space
Administration (NASA) also sought to prevent
and treat bone and muscle since prolonged space
NimbusPerformance.com

exploration requires a solution to this problem.
NASA has spent millions of dollars on research and
intellectual property to develop this technology
further. Their testing also confirmed PEMF was
effective in the treatment of various muscle and bone
diseases, tissue growth and had measurable effects on
cells at the molecular level.
Starting in 1950, the United States and Japanese
private sector science communities began
investigating PEMF and also confirmed its bone
healing effects (Bassett et al., 1964; Yasuda,
1953). Years of research and thousands of studies
later, science has confirmed the energy boosting
mechanism of PEMF at the cellular level—including
its use for many debilitating medical conditions. The
worldwide scientific community acknowledges PEMF
therapy for pain management, cell rejuvenation, and
improved performance. In fact, the FDA approved
PEMF for healing fractures in 1979 and has more
recently approved it for palliative care and depression.
It’s safe to say, western medicine has now embraced
PEMF energy therapy and the powerful positive
effects it has on the human cell matrix.
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The Difference
Between a
Pulsed and a
Static Magnetic
Field
A pulsed
electromagnetic
field is different
from a static field like the one our earth generates.
PEMF pulsates between “on and off ” or a positive
to negative field. This dynamic or moving
magnetic field—when applied in the vicinity of
human cells—will move or energize the individual
cells at the atomic level. This movement, either
by electromagnetic attraction or detraction, will
generate a voltage as per the scientific law known as
Faraday’s Law.
Effect of a Low Intensity PEMF
on the Human Body
A low intensity pulsed electromagnetic field
affects the behavior of any charged objects nearby.
Because the body is comprised entirely of atoms, it
is therefore electric. For example, every heartbeat
generates electromagnetic waves throughout the
blood vessels of the body. Every body movement
and function is communicated electrically between
cells. Every flex of our skeletal structure produces a
current. A Pulsing magnetic field passing through
our body will have an electromagnetic effect in some
way on each of the estimated 70 trillion cells, via
movement or manipulation.
Basic Cell Functions
Bones, muscles, tendons, blood, and all body parts
are all bundled cells, which are comprised entirely
of atoms. Some of the basic functions of a cell are
to generate energy, eliminate waste, repair and
regenerate, to facilitate communication within
the body, and perform whatever predetermined
functions based on the cell’s type and location i
n the body.
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What is an
Electromagnetic Field?
Have you ever held two magnets in
your hands, tried to force them together
and felt the resistance between them? If
so, you have experienced both a static
magnetic field and the repelling effect of
like charges.
The Earth has a static magnetic field
which is measured between 35 and 50
microtesla, a standard of measurement
of the flux or field strength. A dynamic
magnetic field is different from a static
field because it is always in flux or moving.
This pulsing or dynamic field and can be
created by introducing a pulsing electrical
current upon a coil. This dynamic field is
referred to as a Pulsed Electro-Magnetic
Field (PEMF). Similar to the way that a
changing magnetic field can generate
an electric current, a changing electric
field generates a magnetic field. An
electromagnetic field is a physical field
produced by moving electrical charges.
This field affects the behavior of any other
charged objects near the field, including
human cells and atoms.
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Effect of a Dynamic Magnetic
Field (PEMF) on Cells
A dynamic pulsed electromagnetic field, when
induced upon the body increases the movement of
ions and electrolytes at the atomic level, affecting the
cells in the skeleton, blood and all parts of the body.
This movement stimulates atoms and cells into an
array of chemical and electric actions:
• Increasing cellular membrane permeability by
mechanically contracting ( exercising) the cell.
This is done by stimulating the opening of the ion
channels through the cell membrane.
• Boosting individual red blood cell energy (mv) or
polarity to help induce repelling (spreading out
one from another). A free-suspended red blood
cell perfroms better, with improved uptake of
oxygen and nutrients as well as better removal of
carbon dioxide waste product.
• Improved flow into micro-capillaries when red
blood cells are free-suspended.
• Improved cell metabolism by stimulating the
opening of the ion channels.
• Assisting to rebalance, re-energize, or heal cells
where deficient.
• Assisting in cell apoptosis—the normal process of
retiring sick or dying cells.
• Aiding in the increased production of Adenosine
Triphosphate (ATP), the body’s energy source.
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ATP and Its Importance to Performance
and Wellness
All cells need energy to function and Adenosine
Triphosphate (ATP) is the energy the body utilizes
to perform primary tasks. ATP is fundamental
to all cell and body functions and is necessary to
sustain life itself. ATP also regulates cell metabolism
by transporting chemical energy within our cells
and converting it to energy to power muscles
and movement. Low ATP levels cause our cells
to be sick, which can impact their ability to heal,
regenerate, or function properly. Through the
introduction of a PEMF, cells will expereince an
increase in the movement of ions and electrolytes,
helping to improve and rebalance cell energy.
The Overall Effect of Healthy Cells
When cells are healthy (energized and balanced),
they metabolize efficiently and perform as intended.
Cells of the same type come together to make tissues,
and those tissues come together to make organs
and bones. Healthy, charged red blood cells remove
waste better and continually work to restore the
body to a healthy state of living. Cellular movements
in the tissue have a positive effect on pain, healing,
well-being, and all normal functions. By optimizing
cellular function within our entire body, we can
have a positive effect on all intended body functions
which in turn improves performance, healing, and
overall happiness.
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Key Effects of PEMFs
Demonstrated Through
Medical Studies
Also see addendum following this document for more detailed study summaries.

Increased and Improved Circulation - When the body is injured, exposed
to stress, diseased, has a nutrition deficiency, or suffers any one of hundreds of
negative impacts, your red blood cells are often negatively affected. When a red
blood cell is compromised, the electrical membrane charge is not optimal. This
resulting electrical imbalance frequently causes cells to stack or bunch together.
This is called “Rouleaux effect”. This condition can hamper vascularization and
can negatively affect oxygen and nutrient uptake. When a dynamic magnetic
field (PEMF) exercises a cell, the membrane of the cell frequently becomes
properly charged, allowing the cell to repel itself or freely suspend from other
cells which improves cell metabolism. Proper cell metabolism increases
circulation; oxygen and nutrients move properly and efficiently throughout the
body. In contrast, poor circulation makes tissues unhealthy and prone to disease,
breakdown, and low energy output. Improved circulation helps tissues get the
nutrition and oxygen they need, while expelling the waste by-product of dying
cells. Good circulation helps with all body functions and enhances healing.
Enhanced Muscle Function - Muscle energy also improves through a
process called Myosin Phosphorylation. Myosin is muscle, and phosphorylation
is energy (ATP) production. This allows muscles to work harder for longer,
and recover more swiftly from their tasks. Muscles that have adequate ATP
production are key to maximum output and function
Decreased Inflammation - Inflammation is a cascade of physiologic
processes triggered by the body in an effort to repair cellular damage in tissues
by increasing the blood flow to the damaged area and increasing the number
of good inflammatory cells. The process of inflammation is generated and
supported by the interaction of a number of immune cell types, with other cell
types (like T cells) playing a regulatory role in the cascade effect. Inflammation
NimbusPerformance.com
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is a necessary and beneficial process, but it often persists longer than necessary—
sometimes developing into chronic inflammation. PEMFs have been found to limit
and reduce this type of chronic, damaging inflammation.
Bone Healing - Magnetic fields pass completely through the body, tissues,
organs and even the bones. PEMF devices work to repair bones, whether they
are damaged by surgery, injury, or disease. PEMF devices have been found to
improve bone regeneration after osteoporosis and osteopenia as well as other bonedestroying conditions.
Blood Oxygenation - Just as a fire cannot burn without oxygen, our cells cannot
produce heat and energy without oxygen. Our lungs extract oxygen from the air
we breathe. Then it passes into our blood and is carried away from the heart and
delivered to the rest of the body, including all the organs. PEMF’s separating effect
on red blood cells help with the process of distributing oxygen via circulation
though micro-capillaries. The absorbed oxygen within each red blood cell is
transported through the body, where it is absorbed into the individual cells, organs
and tissues. In the cells, enzymes and other basic cell energy production processes
use the oxygen for cell metabolism, the energy necessary to function properly. The
metabolism of an organism determines which substances it will find nutritious
and which it will find harmful. Proper blood-oxygen levels at the cellular level
allow this process to continue rapidly and efficiently. After the oxygen exchange,
free-suspended red blood cells efficiently carry deoxygenated blood and metabolic
waste products away from those same cells and back to the heart and lungs for
recycling and expulsion.
ATP Production – The action of improved cell permeability, boosted movement
of ions and electrolytes and improved oxygen uptake, all actions of PEMF, will
assist the body’s ability to improve ATP production (energy) , generating energy
and all the associated benefits.
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Scientific Studies Performed
on Multiple Conditions
There are over 2,000 peer-reviewed medical studies supporting the clinical effects of
PEMF on a vast array of medical conditions. The studies are too numerous and long
to include in this document, but we have included a selection at the conclusion of this
summary. The fact that these studies are so broad and varied further supports the
Nimbus Performance mantra that, “healthy cells are the body’s building blocks to repair
itself, facilitate wellness and optimize performance.”
The following is a partial list of key conditions for which medical studies have shown
PEMF produced a positive effect.
•
•
•
•
•
•
•
•
•
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Pain Reduction
Improved Circulation
Neuropathy Care
Bone Non-Union Repair
Bone Strengthening
Disease Prevention
Shortened Injury Recovery
Decreased Use of Narcotics
Treatment of Arthritis

•
•
•
•
•
•
•
•
•

Treatment of Osteoporosis
Treatment of Fibromyalgia
Treatment of Carpel Tunnel Syndrome
Anti-Inflammatory Treatment
Treatment of Diabetic Ulcers
Treatment of Skin Wound Healing
Treatment of Plantar Fasciitis
Treatment of Charcot Foot
Reducing Blood Pressure
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Medical Support for PEMF
The human body is amazing and has been equipped to repair
and or rebuild most any condition thrown upon it. The real
power of PEMF is that it stimulates the body’s natural ability
to repair or maintain itself properly at the cellular level by
energizing cells at the nuclear level. Stimulating the ions and
electrolytes improves cell membrane permeability, energy
output, and balance. Healthy cells require energy to perform
at peak levels.
Healthy cells are the key to a healthy body and lifestyle.
PEMF addresses and boosts cellular energy, which is required
for health, wellness, and repair. It is for this reason that safely
powered PEMF is effective and has no known side effects.
PEMF only boosts what a healthy body should be able to do
on its own.
However, it is important to note that the method of PEMF
delivery may significantly affect the outcome and benefits.

The Next Frontier in PEMF and
Energy Therapy
The Evolution of Nimbus Performance
cm2 Technology
Dr. Gregory Anderson, like most surgeons, uses an existing,
FDA approved PEMF product called a Bone Stimulator
when a patient has a bone non-union. A Bone Stimulation
device generally costs between $3,500 USD and $7,000
USD, depending upon the supplier and the insurance
reimbursement.
While using Bone Stim units on select patients, Dr. Anderson
documented that other tissues near the treatment area
NimbusPerformance.com

Improved Performance and
Faster Regeneration are
Convincing Factors for Users
Hermann Maier, three time World
Cup and two time Olympic gold
medal skier, almost severed his leg
in a near-fatal motorcycle accident
in August of 2001. After dozens
of medical procedures, he was
introduced to PEMF Therapy. In
January of 2003, he won the World
Cup Super G at Kitzbuehel, Austria
in only his second race following his
recovery.
“No one expected him to walk
again—let alone ski competitively.
Winning world-class races was
never even considered. From now
on, I’m treating every member of
the team with PEMF Therapy.”
—Heini Bergmuller,
Austrian Ski Team Manager
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were also
affected: bone
was much
Dr. Huntsman
Dr. Anderson
healthier
(dense) and
soft tissues were healthy, vibrant and showed little
or no atrophy.
One of Dr. Anderson’s frustrations as a highly
successful foot and ankle surgeon was the persistent
Bone Cast Disease he saw in patient cases that
required non-weight bearing or limited mobility as
part of the treatment protocol. When an appendage
is idle, bone and soft tissue cells begin to degrade,
resulting in Bone Cast Disease. The treatment is
generally weeks of physical therapy. Could PEMF
help alleviate this problem?
Dr. Anderson consulted with Dr.
Kade Huntsman, a renowned
back and neck surgeon to discuss
his findings. Dr. Huntsman also
used Bone Stim technology in
his practice, to insure against
costly revision surgeries. The
Dale C Gledhill
combination of their positive
experiences with PEMF lead the
two surgeons to contact Dale C. Gledhill, an expert
at new technology development and manufacturing.
Doctors Anderson and Huntsman asked Gledhill to
research and build a “never built before” device that
would replicate only the overflow field generated by a
standard PEMF device.
The PEMF Bone Stim devices currently on the
market use a large circular or rectangular copper
NimbusPerformance.com

coil. This focuses a powerful magnetic field into the
bone to generate a current across the non-union and
promote osteogenesis.
The innovative Nimbus Performance design works
differently. Instead of a large coil producing a
penetrative field, Gledhill’s design was engineered
to produce only the circular field that will immerse
the area of treatment in a cloud of pulsing energy—
termed cm2.

The Birth of cm2
Technology
To replicate only the circular part of the magnetic
field required an entirely new product design and
delivery system. It was scientifically impossible with
standard PEMF designs to capture and enhance only
the circular part of the magnetic field.
Gledhill conceived a unique system of using a tiny
micro-coil with a patented E-core to capture and
recycle the overflow field, or circular wave.
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Next, it was hypothesized that building
series of these micro coils would produce
an overlapping and immersive field without
weak or magnetic hotspots. This novel
concept—using a sequenced field of multiple
micro-coils—confirmed their hypothesis.
A total immersion of the entire treatment
area in a hybrid PEMF proved effective and
exceeded all the surgeons’ requirements.
A new technology was born; a dynamic,
low intensity, pulsed electromagnetic field
that is safe, circular and immersive. The
team named the new technology called cm2,
referencing the cellular matrix squared or
enhanced.
Using cm2 technology to deliver a low
intensity hybrid wave of immersion has
been extremely effective in replicating and
boosting the stable field—as originally
identified years earlier in the “magnetic
field overflow” area of a standard Bone Stim device.
This new technology immerses the entire target
area with a low intensity, pulsating magnetic field
to continually exercise and move the ions and
electrolytes at the atomic level. Unlike a standard
bone stimulation, cm2 does not broadcast a
powerful, amplified voltage through the bone.
Rather, it evenly spreads a safe, pulsing field over
all cells, in both hard and soft tissue. An additional
benefit of the cm2 technology is that the field can be
generated with very low power and within an ultrasafe range.

The Nimbus cm2 Program
Dr. Anderson, Dr. Huntsman, and Mr. Gledhill, have
now commercially developed this technology in
tandem with Nimbus Performance and are making
cm2 available worldwide. Nimbus currently offers
cm2 in two devices, a WEB and a BAND—each with
its own unique purpose and application. Additional
applications are in development.
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Micro-coils and Immersive cm2 Technology

Nimbus Performance WEB

The Nimbus Performance WEB is designed for
injury treatment and works by immersing the entire
treatment area with cm2 cell boost technology. The
WEB immerses the entire musculoskeletal target
area with the cm2 pulse, affecting the entire cell
structure as outlined in this document. Because it is
so immersive, the WEB is very effective at boosting
the target zone into the healing phase and starting
the body’s natural healing cascade.
PEMF has been shown to reduce inflammation
and pain, aid in bone repair and offers many other
benefits through improved capillary vascularization
13

and improved oxygen and nutrition uptake. The
benefits of PEMF to facilitate a swifter return to a
normal lifestyle are well-documented1. Additionally,
Nimbus Performance has seen tremendous positive
results and improved life stories from individuals
using the WEB
The Nimbus Performance BAND is designed to be
worn on the wrist to continually flood the ulnar and
radial arteries with cm2 cell boost technology. Using
cm2 in this way assists the body’s natural abilities by
modifying the energy of red blood cell membranes
to aid in cell separation. Red blood cells commonly
bunch or stack together, a medical condition called
rouleaux formation (see photo on right) which has
multiple causes, but is nearly impossible to avoid.
While there are many casuses, Rouleaux is primarily
the result of cell membranes having varied negative
(-) energy (mv) levels.
When the red blood cell membrane has a proper
and “like” negative (-) charge or “like” zeta potential,
the cell will repel and free-suspend, similar to how
two magnets will repel if the like charge (+ or -) are
contiguous. Healthy red blood cells are medically
described as “the cells are nicely spread, and they are
sometimes touching or even slightly overlapping, but
they are not piled up on top of each other sticking
or stacking.”

Rouleaux Formations
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Red blood cells are the body’s tools for delivering
oxygen and nutrition, for waste (CO2) removal,
and for fluid distribution to all tissues and organs.
From the moment a red blood cell leaves the bone
marrow, it is optimally adapted to perform this
task on its short 120-day life cycle. The membrane
is specifically built for maximum absorption and
transport capability. Its unique concave shape is
ideal for optimized surface area and flexibility. But,
when these cells stack, their ability to perform vital
transport functions is vastly degraded. In fact,
when 7 or more red blood cells stack, their surface
membrane is reduced by 50% or more.
The capillaries in a human body are approximately
the diameter of one red blood cell. When cells are
in a rouleaux state, their ability to enter the 100,000
miles of capillaries is impaired and circulation
suffers.
The Nimbus Performance cm2 BAND pulses its
hybrid PEMF on the passing red blood cells in
the radial and ulnar artery in the wrist. This cm2
pulse excites the ions and electrolytes to aid the
body’s capability to change the zeta potential of a
cell. This energy event is targeted to balance the cell
membrane charge so that “like cells” will repel each
other, exposing the entire cell surface area.
Nimbus Performance believes the positive health
effects of separated and healthy blood cells will be
significant with frequent use of the cm2 BAND.
Preliminary users of this technology have confirmed
that boosting and energizing cells assisted their
body’s natural abilities.

Healthy Red Blood Cells
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The Financial and Physical
Impact of Health
It is important to note that in regard to the human
body, prevention generally costs less than 10% of
the cost of medical treatment for a health issue.
Prevention is always preferable to treatment from
any perspective— be it a financial, physical, or
general happiness outlook.
Healthy cells are a powerful preventive force against
disease, potentially eliminating the financial stress
and physical rigors of treatment. The financial and
physical impact of the Nimbus Performance cm2
technology can easily be quantified. Consider the
following:
• What are the costs of being absent from
employment and reduced earning power?
• What is the cost of each additional week of
physical therapy?
• What are the costs and benefits of reduced
narcotics use?
• What are the costs of sitting on the sideline of a
sports team during extended recovery?
• What are the emotional costs of overall poor
health and lifestyle depletion?
• What are the emotional and physical costs of
inactivity or low energy?
• What are the benefits of operating at peak
physical and cognitive performance?
These considerations continually drive customers to
Nimbus Performance Technology.

Nimbus Performance Intellectual Product
Protection
Nimbus Performance has multiple and significant
U.S. patents issued or pending and multiple foreign
patents pending. We believe our breakthrough
cm2 technology will significantly impact personal
wellness. Nimbus Performance, LLC has taken
significant steps to protect the commercialization of
our cm2 technology.
Nimbus Performance cm2 Summary
The human body is magnificent and amazing.
The deeper we study and uncover its secrets, we
understand that healthy cells are vital to the body’s
ability to repair and rebuild. When cells are healthy,
the human body is empowered to full potential.
The power of the cm2 technology is solely tied to
cell health and providing appropriate energy so the
human body can perform its trillions of functions
efficiently. The complex human body is constantly
being encumbered with stress and injury, which
often leads to disease and a diminished quality of
everyday living.
Nimbus Performance’s science is all about YOU—
and to help unleash the amazing power you already
have within.
Nimbus Performance cm2 technology
—it’s science, and you.

The statements in this document have not been evaluated by the FDA. The product or information is not intended to diagnose, treat, cure or prevent any disease.
This information is published for the benefit of Nimbus Performance. Always consult a health professional for medical treatment. Nimbus Performance supports
sound science and independent research.
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Supporting Medical and Scientific Studies
The following summaries and linked medical studies have been chosen to support the science and concepts
presented in this document. All information is public and only represents a fraction of publicly available
medical studies regarding PEMF and its positive effects on cells and normal body health restoration. There
is no claim to ownership of these studies; they are only provided as a reference. At Nimbus, we encourage
independent research and embrace science as core to product development.
Although the studies included are primarily on standard PEMF, we believe our hybrid PEMF (termed cm2)
is superior in control, cost, safety and effectiveness.

Red Blood Cell, Zeta Potential and Electrical Charge of a Red Blood Cell
Electrical properties of the red blood cell membrane and immunohematological investigation
Heloise Pöckel Fernandes, Carlos Lenz Cesar, and Maria de Lourdes Barjas-Castro
Quotes: “Repulsive force is generated by the negative charges on cell surfaces that occur due to the presence
of carboxyl group in sialic acids in the erythrocyte membrane.(1,2) Clumping occurs when the aggregation
force is greater than the force of repulsion.(1)”

PEMF and NASA
NASA has spent millions of dollars and years research trying to solve the issue of muscoskeletal degradation
of astronauts in space, outside of the earth’s magnetic field.
Their study focused on:
• Types of magnetic fields that are on effective on human cells growth and repair.
• How to stimulate cell growth.
• How to replicate the benefit of nature (magnetic fields} on mammals.
• Defining a PEMF technology that could replicate nature.
The NASA studies concluded the PEMF therapy is effective at healing bones and developing and repairing
traumatized cellular tissue as well as moderating multiple neurological diseases. In 2009 NASA was awarded
a U.S. patent for PEMF use to enhance tissue repair and reverse bone loss experienced by astronauts.

NimbusPerformance.com
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PEMF on Pain
Institution: Department of Plastic Surgery, Akademikliniken, Storängsvägen 10, 115 42, Stockholm, Sweden.
per.heden@ak.se
Summary: This study was undertaken to determine if PEMF could provide pain control after breast
augmentation
Highlight Quotation: VAS data showed that pain had decreased in the active cohort by nearly a factor of
three times that for the sham group.
Conclusion: “Patient use of postoperative pain medication correspondingly also decreased nearly three times
faster in the PEMF versus the placebo “
Department of Plastic Surgery, Akademikliniken, Storängsvägen 10, 115 42, Stockholm, Sweden.
Background: Postoperative pain may be experienced after breast augmentation surgery despite advances
in surgical techniques which minimize trauma. The use of pharmacologic analgesics and narcotics may
have undesirable side effects that can add to patient morbidity. This study reports the use of a portable and
disposable noninvasive pulsed electromagnetic field (PEMF) device in a double-blind, randomized, placebocontrolled pilot study. PMID: 18506512 [PubMed - indexed for MEDLINE]

PEMF on Pain(2) and Wound Care
Institution: Division of Plastic and Reconstructive Surgery, Columbia University Medical Center, New YorkPresbyterian Hospital, New York, NY. 2Neurosurgery Laboratory, Montefiore Medical Center and the Albert
Einstein College of Medicine, Bronx, NY. 3Department of Biomedical Engineering, Columbia University,
New York, NY. 4Department of Orthopedics, Mount Sinai School of Medicine, New York, NY.
Summary: Surgeons seek new methods of pain control to reduce side effects and speed post-operative
recovery. Pulsed electromagnetic fields (PEMF) are effective for bone and wound repair and pain and edema
reduction. This study examined whether the effect of PEMF on post-operative pain was associated with
differences in levels of cytokines and angiogenic factors in the wound bed
Highlight Quotation: PEMF therapy significantly reduced post-operative pain and narcotic use in the
immediate post-operative period
Conclusion: PEMF therapy significantly reduced post-operative pain and narcotic use in the immediate
post-operative period.
Effects of Pulsed Electromagnetic Fields on IL-1beta and Post Operative Pain: A Double-Blind, PlaceboControlled Pilot Study in Breast Reduction Patients. Rohde C, Chiang A, Adipoju O, Casper D, Pilla AA.
Background: Surgeons seek new methods of pain control to reduce side effects and speed post-operative
recovery. Pulsed electromagnetic fields (PEMF) are effective for bone and wound repair and pain and edema
reduction. This study examined whether the effect of PEMF on post-operative pain was associated with
differences in levels of cytokines and angiogenic factors in the wound bed. PMID: 19927043 [PubMed]
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PEMF and Cell Growth
Institution: Department of Orthopedics, University of Texas Health Science Center at San Antonio, 782293900, USA
Summary: The mechanisms involved in pulsed electromagnetic field stimulation of nonunions are not
known. Animal and cell culture models suggest endochondral ossification is stimulated by increasing
cartilage mass and production of transforming growth factor-beta 1.
Highlight Quotation: This indicates that human nonunion cells respond to pulsed electromagnetic fields in
culture and that transforming growth factor-beta 1 production is an early event
Conclusion: The delayed response of hypertrophic and atrophic nonunion cells (> 24 hours) suggests that a
cascade of regulatory events is stimulated, culminating in growth factor synthesis and release. PEMF had a
positive effect on cell Growth.
Pulsed electromagnetic fields increase growth factor release by nonunion cells. Guerkov HH, Lohmann CH,
Liu Y, Dean DD, Simon BJ, Heckman JD, Schwartz Z, Boyan BD.Department of Orthopaedics, University
of Texas Health Science Center at San Antonio, 78229-3900, USA.PMID: 11249175 [PubMed - indexed for
MEDLINE]

PEMF and Angiogenisis (new blood vessels)
Institution: New York University Medical Center, Institute of Reconstructive Plastic Surgery, New York, New
York, USA
Summary: Pulsed electromagnetic fields (PEMF) have been shown to be clinically beneficial in repairing
bones and other tissues, but the mechanism of action is unclear. The present study examined the effect of
PEMF on angiogenesis in order to elucidate a potential mechanism for its therapeutic effect.
Highlight Quotation: PEMF may facilitate healing by augmenting the interaction between ontogenesis and
blood vessel growth. This finding not only elucidates a novel mechanism for PEMF action, but suggests
extended applications for PEMF
Conclusion: although PEMF has been used for years by clinicians to supplement bone healing, its precise
mechanism of action has not been determined. Our data provide evidence to support the concept that PEMF
acts by promoting angiogenesis primarily through the coordinated release of FGF-2.
Specific Aims: Pulsed electromagnetic fields (PEMF) have been shown to be clinically beneficial in repairing
bones and other tissues, but the mechanism of action is unclear. The present study examined the effect of
PEMF on angiogenesis in order to elucidate a potential mechanism for its therapeutic effect.
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PEMF and Bone Repair (osteoblasts)
Institution: Bone Tissue Engineering Research Lab, Center for Nano Bioengineering, Chung Yuan Christian
University, Chung Li, Taiwan, Republic of China
Summary: We use an in-vitro osteoblast cell culture model to investigate the effects of low-frequency (7.5
Hz) pulsed electromagnetic field (PEMF) stimulation on osteoblast population, cytokines
Highlight Quotation: The results demonstrate that PEMF can stimulate osteoblast growth
Conclusion: Although the lower intensities of the PEMF are yet to be determined, the results of this study can
shed light on the mechanisms of PEMF stimulation on non union fracture therapy and osteoporosis prevention
in the future.
Cytokine release from osteoblasts in response to different intensities of pulsed electromagnetic field
stimulation.
The results demonstrate that PEMF can stimulate osteoblast growth, release of TGFbeta1… Although
the lower intensities of the PEMF are yet to be determined, the results of this study can shed light on the
mechanisms of PEMF stimulation on non union fracture therapy and osteoporosis prevention in the future.
PMID: 17886003 [PubMed - indexed for MEDLINE]

PEMF, Inflamation and Arthritis
Institution: Department of Pharmacology and Toxicology, Madras Veterinary College, Vepery, Chennai,
India
Summary: This study aims to explore the anti inflammatory effect of PEMF and its possible mechanism of
action in amelioration of adjuvant induced arthritis
Highlight Quotation: Exposure of arthritic rats to PEMF at 5 Hzx4 microT x 90 min, produced significant
anti exudative effect resulting in the restoration of the altered parameters.
Conclusion: The results of this study indicated that PEMF could be developed as a potential therapy for
Rheumatoid Arthritis in human beings.
Low frequency and low intensity pulsed electromagnetic field exerts its anti-inflammatory effect through
restoration of plasma membrane calcium ATPase activity. The results of this study indicated that PEMF
could be developed as a potential therapy for RA in human beings. PMID: 17537462 [PubMed - indexed for
MEDLINE]

PEMF and Wound Healing
Institution: Laboratory of Experimental Physiology, Ioannina University School of Medicine, Greece.
tanasisa@yahoo.gr
Summary: The aim of the present study was to investigate the effects of short duration PEMF on secondary
healing of full thickness skin wounds
Highlight Quotation: there was a statistically significant acceleration of the healing rate
Conclusion: a qualitative improvement of healing progress was identified by histological examination at all time
points, with the PEMF group compared to the control group
The effect of pulsed electromagnetic fields on secondary skin wound healing: an experimental study.
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PEMF and Osteoarthritis lesions
Institution: Laboratory of Experimental Surgery, Research Institute Codivilla-Putti, Rizzoli Orthopaedic
Institute, Bologna, Italy. milena.fini@ior.it
Summary: The aim of the present study was to discover whether the therapeutic efficacy of PEMFs was
maintained in older animals also in more severe OA lesions
Highlight Quotation: PEMF stimulation significantly changed the progression of OA lesions.
Conclusion: PEMFs maintained a significant efficacy in reducing lesion progression.
Effect of pulsed electromagnetic field stimulation on knee cartilage, subchondral and epyphiseal trabecular
bone of aged Dunkin Hartley guinea pigs. PMID: 17459652 [PubMed - indexed for MEDLINE]

PEMF and Bone Healing
Institution: Department of Biomedical Engineering, The Orthopaedic Research Center, Lerner Research
Institute of The Cleveland Clinic Foundation, Cleveland, OH 44195, USA.
Summary: This study tested the hypothesis that pulsed electromagnetic field (PEMF) treatments augment
and accelerate the healing of bone trauma
Highlight Quotation: This latter observation demonstrates the specificity in the relationship between
waveform characteristics and biological outcomes.
Conclusion: Although both PEMF- and placebo-treatment groups exhibited similar onset of hard callus at
approximately 9 days after surgery, a 2-fold faster rate of hard callus formation was observed with the PEMF
group.
Pulsed electromagnetic field treatments enhance the healing of fibular osteotomies.PMID: 15936919
[PubMed - indexed for MEDLINE

PEMF and Bone Repair
Institution: Cátedra de Patología I, Escuela de Odontología Asociación Odontológica Argentina,
Universidad del Salvador, Buenos Aires, Argentina. dgrana@salvador.edu.ar
Summary: The objective of this study was to determine whether short exposure to pulsed electromagnetic
fields (PEMF) accelerates bone repair and peri-implant bone formation
Highlight Quotation: short daily electromagnetic stimulation appears to be a promising treatment for
acceleration of both bone-healing and peri-implant bone formation.
Conclusion: Bone healing was evaluated by image analysis in terms of ossification area, and perimeter and
diameter of the lesion. Peri-implant ossification was assessed in terms of ossification percentage. At day 10 the
area of ossification index was higher in the PEMF group. PMID: 18841750 [PubMed - indexed for MEDLINE]
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PEMF and Osteoperosis
Institution: WHO Collaborating Centre for Metabolic Bone Disease, University of Sheffield Medical School,
UK.
Summary: We examined the effect of pulsed electromagnetic fields (PEMFs) on bone formation and disuse
osteoporosis sustained during limb lengthening in a double-blind study
Highlight Quotation: Stimulation with pulsed electromagnetic fields has no effect on the regenerate bone,
but does prevent bone loss adjacent to the distraction gap
Conclusion: does prevent bone loss adjacent to the distraction gap with the PEMF group.
Effect of pulsed electromagnetic fields on bone formation and bone loss during limb lengthening. Bone.
1996 Jun;18(6):505-9.

PEMF and Fractures
Institution: Department of Biomedical Engineering, Lerner Research Institute of The Cleveland Clinic
Foundation, ND20, 9500 Euclid Avenue, Cleveland, OH 44195, USA.
Summary: The effectiveness of non-invasive pulsed electromagnetic fields (PEMF) on stimulating bone
formation in vivo to augment fracture healing is still controversial, largely because of technical ambiguities in
data interpretation within several previous studies. To address this uncertainty, we implemented a rigorously
controlled, blinded protocol using a bilateral, mid-diaphyseal fibular osteotomy model in aged rats that
achieved a non-union status
Highlight Quotation: our data demonstrate measurable biological consequences of PEMF exposure on in
vivo bone tissue
Conclusion: over the course of treatment. We found a significant reduction in the amount of time-dependent
bone volume loss in PEMF-treated, distal fibular segments as compared to their contralateral sham-treated
bones.
Bone mass is preserved in a critical-sized osteotomy by low energy pulsed electromagnetic fields as
quantitated by in vivo micro-computed tomography.
PMID: 15304283 [PubMed - indexed for MEDLINE]

PEMF and Diabetic Wound Healing
Institution: Faculty of Medical Sciences, Department of Physiology, Tarbiat Modares University, Tehran, Iran
Summary: the main purpose of the present study is to investigate the effect of extremely low frequency
pulsed electromagnetic fields (ELF PEMFs) on skin wound healing in diabetic rats
Highlight Quotation: the rate of healing in diabetic rats receiving PEMF was significantly greater than in the
diabetic control group
Conclusion: Based on the above-mentioned results we concluded that this study provides some evidence to
support the use of PEMFs to accelerate diabetic wound healing.
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PEMF and Pain
Institution: Albert Einstein College of Medicine, Bronx, NY, USA. bstrauch@montefiore.org
Summary: Our objective was to review the major scientific breakthroughs and current understanding of the
mechanism of action of PEMF therapy, providing clinicians with a sound basis for optimal use
Highlight Quotation: This review shows that plastic surgeons have at hand a powerful tool (PEMF) with no
known side effects for the adjunctive, noninvasive, non pharmacologic management of postoperative pain
and edema
Conclusion: PEMF therapy has been used successfully in the management of postsurgical pain and edema, the
treatment of chronic wounds.
Evidence-based use of pulsed electromagnetic field therapy in clinical plastic surgery.

PEMF and NASA
Institution: The study was funded by grants from NASA and the National Institutes of Health to NCIRE, the
Northern California Institute for Research and Education
Summary: When a limb is immobilized in a cast, when an astronaut experiences zero gravity, or whenever
a person lies down, the weight-bearing bones of the body such as those in the spine and leg, are relieved of
their burden, a condition known as skeletal unloading. When skeletal unloading persists for several weeks,
bones start to deteriorate: the number of bone cells decreases, movement into the bone of such minerals
as calcium and phosphorous slows, and production of bone-cell precursors called osteoprogenitor cells
diminishes.
Highlight Quotation: ‘The big problem that NASA is facing in their plans to send a manned flight to Mars is
how to get people there and back without having their skeletons turn to matchsticks
Conclusion: Yet discovering a way to stop bone loss from skeletal unloading will impact more than just a few
astronauts. Anyone who is immobilized in any way for a long period of time can benefit.
The study was funded by grants from NASA and the National Institutes of Health to NCIRE, the Northern
California Institute.

PEMF and Drop Foot
Institution: Lehrstuhl für Orthopädie der Friedrich-Schiller-Universität Jena am Rudolf-Elle-Krankenhaus,
Eisenberg, Germany. r.fuhrmann@krankenhaus-eisenberg.de
Summary: Realignment of a fixed drop foot to restore gait pattern
Highlight Quotation: Immobilization of the ankle in neutral position within a plaster or a walker for 6 weeks
Conclusion: Six patients (mean age 52 years) presented with a neurologic fixed drop foot deformity that had
developed more than 8.3 years ago. After 12 months, five patients showed a neutral hindfoot position; one
patient exhibited a plantar flexion of 5 degrees . Active dorsiflexion was limited in four patients (MRC [Medical
Research Council] 2/5) and not visible in one patient. Total range of motion comprised 20 degrees (active) and
35 degrees (passive)
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PEMF and Fibromylagia
Institution: Fourth Physical Medicine and Rehabilitation Clinic, Ankara Physical Medicine and
Rehabilitation Education and Research Hospital, Ankara, Turkey.
Summary: evaluate the clinical effectiveness of low-frequency pulsed electromagnetic field (PEMF) therapy
for women with fibromyalgia
Highlight Quotation: Low-frequency PEMF therapy might improve function, pain, fatigue, and global status
in FM patients.
Conclusion: The PEMF group showed significant improvements in FIQ, VAS pain, BDI score, and SF-36
scale in all domains at the end of therapy.

PEMF and Spinal Injury
Institution: Rancho Los Amigos Medical Center, Downey, California 90242, USA
Summary: The purpose of this study was to determine the effects of pulsed electromagnetic fields on
osteoporotic bone at the knee in individuals with chronic spinal injury
Highlight Quotation: While the stimulation appeared useful in retarding osteoporosis, the unexpected
exaggerated decline in the control knees and reversal at 6 months suggests underlying mechanisms are more
complex than originally anticipated.
Conclusion: There were larger effects closer to the site of stimulation. While the PEMF stimulation appeared
useful in retarding osteoporosis

PEMF and Osteoperosis
Institution: University of Hawaii School of Medicine, Straub Clinic and Hospital, Honolulu
Summary: To determine the effect of a 72 Hz pulsating electromagnetic field (PEMF) on bone density of the
radii of osteoporosis-prone women
Highlight Quotation: The data suggest that properly applied PEMFs, if scaled for whole-body use, may have
clinical application in the prevention and treatment of osteoporosis.
Conclusion: mineral densities of the treated radii measured by single-photon densitometry increased
significantly in the immediate area of the field during the exposure period and decreased during the following 36
weeks
Bone density changes in osteoporosis-prone women exposed to pulsed electromagnetic fields (PEMFs). J
Bone Miner Res. 1990 May;5(5):437-42.

PEMF and Plantar Fasciitis
Purpose: To assess whether patients using PEMF stimulators at night for treatment of plantar fasciitis have
reduced usage of pain medications, while maintaining an adequate control of their pain.
Design: A double blind, randomized prospective study covering a 7 day treatment period. Patients were
trained in use of stimulator and supplied with data forms to record their pain level (VAS) upon awakening
and at night. They also kept a log of medication used.
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Study was approved by North Texas Institutional Review Board at Medical City Dallas in August 2008.
Analysis of Medication Usage: All medications were translated into ‘doses’ using multiples of the base
concentration (ibuprofen 200 mg, acetaminophen 250 mg).
Results: 70 patients have been enrolled to date, with 28 controls and 42 stimulator units. Repeated measures
ANOVA is statistically significant for a difference in time response between the ‘stim’ and ‘cont’ groups (p
=0.02). The evening VAS shows no difference between groups.
Graph 3 show medication doses for the two groups over the 7 days. There is a large clinically significant
difference in usage. In the ‘stim’ group, no mediation was used on 82.3% (242/294) of the patient-days while
no medication was used in ‘cont’ group on 68.4% (134/196) of the patient-days (p < 0.001). On days 3 and
4, there was a strong trend to reduced usage by the ‘stim’ group (p=0.07) while on day 7, the difference was
larger (p=0.06).When total medication over days 1-4 is compared, the ‘stim’ group uses less than 1/2 that
of the controls, while over the full 7 days, total medication usage drops by 55%. Large variances in usage
preclude significant p-values with current enrollment levels.
No study related adverse events were reported by any patient.
Discussion: The study shows that using the stimulator at night leads to a steadily increasing reduction of
morning pain even though the patients use less than 1/2 the medication doses of the control group.

Articles
PEMF and Carpal Tunnel Syndrome
Study Article: Pulsed magnetic field therapy in refractory neuropathic pain secondary to peripheral
neuropathy: electrodiagnostic parameters.
Published: Journal of Back and Musculoskeletal Rehabilitation, 18 (2005) 79–83 79
Authors: Michael I. Weintrauba and Steven P. Coleb
Results: Statistical reduction (ANOVA) of pain scores at end of treatment (23%) and also end of followup (37%) were noted in the 33 hands that completed the study. The PGIC questionnaire revealed 67%
improvement. There were no adverse events or safety issues. Conclusion: Our pilot data suggests that
directing PEMF to the carpal tunnel region can provide modest, short-term relief for a majority of
individuals.

PEMF and Charcot Foot
Article: A Closer Look at Bone Stimulators for Charcot
Published: Podiatry Today, Vol. 19, Issue 12. Dec 01 2006.
Author: Michael S. Downey, DPM, FACFAS
Charcot osteoarthropathy remains a chronic, progressive and destructive process that often affects the bony
architecture and joints of the foot and ankle, primarily in patients with diabetic peripheral neuropathy.
Despite advances in the diagnosis and management of this condition, the deformity continues to be
associated with a high incidence of recurrence, treatment failure and resultant morbidity. If left untreated,
Charcot foot predictably leads to deformity, ulceration, infection and amputation.
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The authors performed reconstructions in 28 patients with Charcot deformities of mainly Lisfranc’s joint
or the ankle joint. In their series, the researchers performed an open or percutaneous tendo-Achilles
lengthening, arthrodesis of the involved joints with the use of a hybrid or ring-to-ring external fixator, and
application of PEMF external bone growth stimulation immediately postoperatively. While they reported
consistently good results in their series, the study authors recognized that a larger series would be necessary
to support their positive results further. Current evidence supports the use of electrical or mechanical bone
growth stimulation in the acute stages of Charcot foot.

PEMF and Tendonitis
Article: Localized pulsed magnetic fields for tendonitis therapy.
Published: Biomedical Sciences Instrumentation, 2006;42:428-33
Author: Owegi R, Johnson MT.
Energy medicine has existed for centuries in some parts of the world, but in recent years, western health
care practitioners have taken a heightened interest in these therapies. Treatment by use of pulsed magnetic
fields (PMF) is currently being explored in both chronic and inflammatory diseases such as cancer, epilepsy,
psoriasis, rheumatoid arthritis, and tendinitis. In the U.S., PMFs have already been approved for use in
treatment of bone fractures in humans and clinical trials have been conducted for lower back pain. This study
presents a summary of the therapeutic potential of a localized PMF treatment for tendinitis... The system has
been used to accelerate wound healing and soft tissue swelling. It generates a specific PMF that induces an
electrical field within the tendon. This induced electrical field is thought to influence the healing process by
affecting the inflammatory cells that line the tendon sheath. In this study, we have used an established model
of tendinitis along with a validated method for appraising edema and gait (Achilles’ Functional Index), to
test the hypothesis that the proposed PMF signal is effective in reducing the indicators of acute tendinitis
injury. Our findings suggest a role for the treatment of soft tissue injury. The symbolic stand point of PMF
treatments is to push the need for a revolutionary leap, from the more dominant pharmaceutical and surgical
interventions, to the advanced applications of non-invasive therapies that would minimize the medicinal risk
of side effects, and eliminate the risk of complicated drug interactions. This device uses a 27.12 MHz
incorporation was used to evaluate cell proliferation. The two osteosarcoma cell lines increase their
thymidine incorporation when exposed to a PEMF for at least 30 min, both in a medium containing 10%
fetal calf serum and in a serum-free medium. NHOC are known to increase their cell proliferation when
exposed to PEMF but only if cultured in the presence of 10% fetal calf serum. In this experimental condition,
three of the four cell lineages studied required at least 9 h of PEMF exposure to increase their DNA synthesis,
whereas one cell lineage increased its cell proliferation after 6 h of PEMF exposure. Our observations confirm
the hypothesis that the proliferative responses of NHOC and human osteosarcoma cell lines to PEMF
exposure are quite different. Moreover, NHOC required minimal exposure times to PEMF to increase their
cell proliferation, similar to that needed to stimulate bone formation in vivo.
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Additional PEMF Studies
The number of studies available regarding PEMF and cell health exceeds 3,000. Most are independent,
scientific peer-reviewed. The science supports cell health. Do your own research and reach your own
independent conclusions. The sampling below is an excellent place to begin.
Adie, S., I. Harris, J. Naylor, H. Rae, A. Dao, S. Yong, and V. Ying 2011. Pulsed electromagnetic field stimulation for acute tibial
shaft fractures: a multicenter, double-blind, randomized trial. J. Bone Joint Surg. 93(17):1569–1576.PubMedCrossRef Google
Scholar
Ament, C. and E. Hofer 2000. A fuzzy logic model of fracture healing. J. Biomech. 33(8):961–968.PubMedCrossRefGoogle
Scholar
Andreykiv, A., F. Van Keulen, and P. Prendergast 2008. Simulation of fracture healing incorporating mechanoregulation of tissue
differentiation and dispersal/proliferation of cells. Biomech. Model. Mechanobiol. 7(6):443–461.PubMedCrossRefGoogle
Scholar
Androjna, C., B. Fort, M. Zborowski, and R. J. Midura 2014. Pulsed electromagnetic field treatment enhances healing
callus biomechanical properties in an animal model of osteoporotic fracture. Bioelectromagnetics, 35(6):396–405.
PubMedCrossRefGoogle Scholar
Assiotis, A., N. P. Sachinis, and B. E. Chalidis 2012. Pulsed electromagnetic fields for the treatment of tibial delayed unions and
nonunions. A prospective clinical study and review of the literature. J. Orthop. Surg. Res. 7(1):1.CrossRefGoogle Scholar
Atalay, Y., N. Gunes, M. D. Guner, V. Akpolat, M. S. Celik, and R. Guner 2015. Pentoxifylline and electromagnetic field improved
bone fracture healing in rats. Drug Des. Dev. Ther. 9:5195–5201.CrossRefGoogle Scholar
Bailón-Plaza, A. and M. C. van der Meulen 2003. Beneficial effects of moderate, early loading and adverse effects of delayed or
excessive loading on bone healing. J.Biomech. 36(8):1069–1077.PubMedCrossRefGoogle Scholar
Bailón-Plaza, A. and M. C. Vander Meulen 2001. A mathematical framework to study the effects of growth factor influences on
fracture healing. J.Theor. Biol. 212(2):191–209.PubMedCrossRefGoogle Scholar
Barker, A., R. Dixon, W. Sharrard, and M. Sutcliffe 1984. Pulsed magnetic field therapy for tibial non-union: interim results of a
double-blind trial. The Lancet, 323(8384):994–996.CrossRefGoogle Scholar
Barnaba, S., R. Papalia, L. Ruzzini, A. Sgambato, N. Maffulli, and V. Denaro 2013. Effect of pulsed electromagnetic fields on
human osteoblast cultures. Physiother. Res. Int. 18(2):109–114.PubMedCrossRefGoogle Scholar
Bassett, C. A. L. 1967. Biologic significance of piezoelectricity. Calcif. Tissue Res. 1(1):252–272.CrossRefGoogle Scholar
Bassett, C. A. L. 1982. Pulsing electromagnetic fields: a new method to modify cell behavior in calcified and noncalcified tissues.
Calcif. Tissue Int. 34(1):1–8.PubMedCrossRefGoogle Scholar
Bassett, C. A. L. 1993. Beneficial effects of electromagnetic fields. J. Cell. Biochem. 51(4):387–393.PubMedCrossRefGoogle
Scholar
Bassett, C., S. Mitchell, and S. Gaston 1981. Treatment of ununited tibial diaphyseal fractures with pulsing electromagnetic fields.
J. Bone Joint Surg. Am. 63(4):511–523.PubMedCrossRefGoogle Scholar
Bassett, C., R. Pawluk, and A. Pilla 1974. Acceleration of fracture repair by electromagnetic fields. A surgically noninvasive
method. Ann. N Y Acad. Sci. 238:242–262.PubMedCrossRef Google Scholar
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Beck, B. R., G. O. Matheson, G. Bergman, T. Norling, M. Fredericson, A. R. Hoffman, and R. Marcus 2008. Do capacitively
coupled electric fields accelerate tibial stress fracture healing? A randomized controlled trial. Am. J. Sports Med. 36(3):545–
553.PubMedCrossRefGoogle Scholar
Behrens, S. B., M. E. Deren, and K. O. Monchik 2013. A review of bone growth stimulation for fracture treatment. Curr. Orthop.
Pract. 24(1):84–91.CrossRefGoogle Scholar
18. Bernhardt, J. 1979. The direct influence of electromagnetic fields on nerve-and muscle cells of man within the frequency range
of 1 hz to 30 mhz. Radiat. Environ. Biophys. 16(4):309–323.PubMedCrossRefGoogle Scholar
Betti, E., S. Marchetti , R. Cadossi , C. Faldini, and A. Faldini. Effect of stimulation by low-frequency pulsed electromagnetic fields
in subjects with fracture of the femoral neck. In: 1999. In: Electricity and Magnetism in Biology and Medicine, edited by F.
Bersani. Springer: New York, 1999, pp. 853–855CrossRefGoogle Scholar
Biomet ®. Biomet ®orthopak ® non-invasive bone growth stimulator system.Google Scholar
Brighton, C. T., W. Wang, R. Seldes, G. Zhang, and S. R. Pollack 2001. Signal transduction in electrically stimulated bone cells. J.
Bone Joint Surg. Am. 83(10):1514–1523.PubMedCrossRefGoogle Scholar
Byrne, D. P., D. Lacroix, and P. J. Prendergast 2011. Simulation of fracture healing in the tibia: Mechanoregulation of cell activity
using a lattice modeling approach. J. Orthop. Res. 29(10):1496–1503.PubMedCrossRefGoogle Scholar
Carlier, A., L. Geris, J. Lammens, and H. Van Oosterwyck 2015. Bringing computational models of bone regeneration to the clinic.
Wiley Interdiscip. Rev. Syst. Biol. Med. 7(4):183–194.PubMedCrossRefGoogle Scholar.
Carter, D. R., G. S. Beaupre, N. J. J. Giori, J. A. J. A. Helms, and G. S. Beaupré 1998. Mechanobiology of skeletal regeneration. Clin.
Orthop. Relat. Res. 355(355):S41–55.CrossRefGoogle Scholar
Ceccarelli, G., N. Bloise, M. Mantelli, G. Gastaldi, L. Fassina, M. G. Cusella De Angelis, D. Ferrari, M. Imbriani, and L. Visai 2013.
AA comparative analysis of the in vitro effects of pulsed electromagnetic field treatment on osteogenic differentiation of two
different mesenchymal cell lineages. BioRes. Open Access 2(4):283–294.PubMedPubMedCentralCrossRefGoogle Scholar
Chao, E. Y. S., N. Inoue, U. Ripamonti, and S. Fenwick 2003. Biophysical stimulation of bone fracture repair, regeneration and
remodelling. Eur. Cells Mater. 6(1979):72–85.CrossRefGoogle Scholar
Checa, S. and P. J. Prendergast 2009. A mechanobiological model for tissue differentiation that includes angiogenesis: a latticebased modeling approach. Ann. Biomed. Eng. 37(1):129–145.PubMedCrossRefGoogle Scholar
Chen, C.-H., Y.-S. Lin, Y.-C. Fu, C.-K. Wang, S.-C. Wu, G.-J. Wang, R. Eswaramoorthy, Y.-H. Wang, C.-Z. Wang, Y.-H. Wang,
and Others 2013. Electromagnetic fields enhance chondrogenesis of human adipose-derived stem cells in a chondrogenic
microenvironment in vitro. J. Appl. Physiol. 114(5):647–655.PubMedCrossRefGoogle Scholar
Chen, G., F. Niemeyer, T. Wehner, U. Simon, M. A. Schuetz, M. J. Pearcy, and L. E. Claes 2009. Simulation of the nutrient supply
in fracture healing. J. Biomech. 42(15):2575–2583.PubMedCrossRefGoogle Scholar
Claes, L., P. Augat, G. Suger, and H. J. Wilke 1997. Influence of size and stability of the osteotomy gap on the success of fracture
healing. J. Orthop. Res. 15(4):577–584.PubMedCrossRefGoogle Scholar
Claes, L. E. and C. A. Heigele 1999. Magnitudes of local stress and strain along bony surfaces predict the course and type of
fracture healing. J. Biomech. 32(3):255–266.PubMedCrossRefGoogle Scholar
Claes, L., S. Recknagel, and A. Ignatius 2012. Fracture healing under healthy and inflammatory conditions. Nat. Rev. Rheumatol.
8(3):133–143.PubMedCrossRefGoogle Scholar
Clement, N., A. Duckworth, L. Biant, M. McQueen, et al. 2017. The changing epidemiology of fall-related fractures in adults.
Injury, 48(4):819–824.PubMedCrossRefGoogle Scholar
De Haas, W. G., A. Beupr, H. Cameron, and E. English 1986. The canadian experience with pulsed magnetic fields in the
treatment of ununited tibial fractures. Clinical Rrthopaedics and Related Research, 208:55–58.Google Scholar
De Haas, W. G., M. A. Lazarovici, and D. M. Morrison 1979. The effect of low frequency magnetic fields on the healing of the
osteotomized rabbit radius. Clin. Orthop. Relat. Res. (145):245–251.Google Scholar
Dimitriou, R., E. Tsiridis, and P. V. Giannoudis 2005. Current concepts of molecular aspects of bone healing. Injury, 36(12):1392–
1404.PubMedCrossRefGoogle Scholar
Einhorn, T. A. 2005. The science of fracture healing. J. Orthop.Trauma 19(10 Suppl):S4–S6.PubMedCrossRefGoogle Scholar
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Faldini, C., M. Cadossi, D. Luciani, E. Betti, E. Chiarello, and S. Giannini 2010. Electromagnetic bone growth stimulation in
patients with femoral neck fractures treated with screws: prospective randomized double-blind study. Curr. Orthop. Pract.
21(3):282–287.CrossRefGoogle Scholar
Fu, Y.-C., C.-C. Lin, J.-K. Chang, C.-H. Chen, I.-C. Tai, G.-J. Wang, and M.-L. Ho 2014. A novel single pulsed electromagnetic
field stimulates osteogenesis of bone marrow mesenchymal stem cells and bone repair. PloS ONE, 9(3):e91581.
PubMedPubMedCentralCrossRefGoogle Scholar
Funk, R. H. W., T. Monsees, and N. Özkucur 2009. Electromagnetic effects - From cell biology to medicine. Progress in
Histochemistry and Cytochemistry, 43(4):177–264.PubMedCrossRef Google Scholar
Geris, L. 2014. Regenerative orthopaedics: In vitro, in vivo ... in silico. Int. Orthop. 38(9):1771–1778.PubMedCrossRefGoogle
Scholar
Geris, L., A. Gerisch, J. V. Sloten, R. Weiner, and H. V. Oosterwyck 2008. Angiogenesis in bone fracture healing: a bioregulatory
model. J. Theor. Biol. 251(1):137–158.PubMedCrossRefGoogle Scholar
Geris, L., Y. Guyot, J. Schrooten, and I. Papantoniou 2016. In silico regenerative medicine: how computational tools
allow regulatory and financial challenges to be addressed in a volatile market. Interface Focus, 6(2):20150105.
PubMedPubMedCentralCrossRefGoogle Scholar
Geris, L., J. Vander Sloten, and H. Van Oosterwyck 2009. In silico biology of bone modelling and remodelling: regeneration.
Philos. Trans. R. Soc. A 367(1895):2031–2053.CrossRefGoogle Scholar
Giannoudis, P., S. Psarakis, and G. Kontakis 2007. Can we accelerate fracture healing?: a critical analysis of the literature. Injury,
38(1):S81–S89.PubMedCrossRefGoogle Scholar
Grace, K. L., W. J. Revell, and M. Brookes 1998. The effects of pulsed electromagnetism on fresh fracture healing: osteochondral
repair in the rat femoral groove. Orthopaedics 21(3): 297–302.Google Scholar
Grodzinsky, A. 2011. Field, Forces and Flows in Biological Systems. London: Garland Science. Google Scholar
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