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Abstract

Low-frequency pulsed magnetic fields (LFPMFs) are a recently developed modality for managing
pain and promoting wound healing. The term LFPMF is used to describe low-intensity fields in
wound and tissue studies, and is referred to as magnetic peripheral nerve stimulation (mPNS) in
pain-related studies. The recent clearance of the first mPNS device for treating pain due to diabetic
neuropathy by the FDA marks a watershed event in the clinical acceptance of these modalities. In
addition to being within the frequency range of 0.5-100 Hz, the use of electromagnetic fields rather
than electrical current, which dissipates in tissues, results in several therapeutic advantages of
magnetic fields. These fields permeate tissues and affect a larger area. Most dramatically, patients
(approximately 60-75%) (1) can experience neuronal blockade immediately upon application and
have a resulting dramatic pain reduction even if they have had neuropathic pain symptoms for years.
Interestingly, it is thought that the neuronal blockade effect may potentiate the peripheral
reconditioning of the CNS in terms of long-term pain control.

Keywords: low frequency pulsed magnetic fields; LFPMF; magnetic peripheral nerve stimulation;
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1. Introduction

Pain control and wound healing are among the most challenging problems in the medical field
to treat effectively. For millions of patients worldwide, there is often inadequate relief from the
multiple medications used, surgery, and other more invasive treatments that are available. The cost
of care is high, and there remains significant interest in alternative medical practices. Electromagnetic
approaches have a long history but have only recently been investigated and identified as a possible
therapy for these conditions. Low-frequency pulsed magnetic fields (LFPMFs), particularly mPNS,
are particularly promising.

Electromagnetic field therapy was utilized in medicine soon after its discovery at the end of the
nineteenth century. However, the mechanisms of action have not been well understood until recently.
LFPMFs are electromagnetic fields that operate in the range of 0.5 Hz to 100 Hz. This frequency range
is what distinguishes these therapies from others in the electromagnetic spectrum. There are several
reasons for this, and it has been found that this frequency range promotes biological effects on the
body without the negative consequences associated with the higher end of the electromagnetic
spectrum, such as thermal damage.

The FDA clearance of the first low-frequency pulsed magnetic field device (mPNS) for treating
pain associated with diabetic neuropathy is a significant milestone in the clinical acceptance of this
treatment modality [2]. The device was found to be both safe and effective in a group of patients who
had historically had little success with other pain control methods. Painful diabetic neuropathy
(PDN) is one of the most common complications of diabetes mellitus, affecting 50% of patients with
the disease, and represents a significant morbidity [3]. However, effective treatments for pain relief
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in diabetic neuropathy have been minimal. This clearance may therefore have far-reaching
implications for a wide range of chronic pain conditions.

In this review, we examine our current understanding of the mechanisms of action of low-
frequency pulsed magnetic fields in the treatment of pain. We will review the evidence for the various
mechanisms proposed by preclinical studies, clinical trials, and theoretical models. By examining
these different mechanisms, we can both learn about how this therapy may be most efficacious and
begin to understand its potential use cases for treating these conditions, as well as others.

1.1. Characteristics and Comparative Benefits of LFPMFs

1.1.1. Frequency and Field Properties

As the name implies, low-frequency pulsed magnetic fields are characterized by the frequency
at which the fields are applied. Typically, this frequency range is considered to be from 0.5 Hz to 100
Hz, although some sources use 300 Hz as the upper limit of the range. To qualify as a pulsed field,
the electromagnetic field is not constant but rather is applied in pulses. The specific properties of the
pulses (width, rise time, duty cycle) can be modified depending on the intended treatment.

In addition to the frequency of the field, the field strength is also essential when considering the
physical characteristics of LFPMFs. The traditional field strength of LFPMFs used in wound healing
is typically very low, ranging from 1 to 100 milliTesla (mT). This is far below the levels that can even
cause thermal effects, much less tissue damage. LFPMFs for pain control have only been
substantiated in the literature with RCTs with stronger magnetic fields ranging up to 1.6T [1,2,5,10,11]
using mPNS devices. Only stronger, more focused magnetic fields can generate action potentials in
nerves. The low frequency also allows the magnetic field to penetrate more deeply into the tissues
than would be possible with other forms of electromagnetic energy, which are absorbed more readily
by the superficial tissues.

1.1.2. Benefits of Magnetic Stimulation Modalities

Polson was the first to report magnetic stimulation of peripheral nerves in 1982 [4]. In his
experiments, Polson demonstrated the painless nature of magnetic stimulation as well as the ability
of these fields to stimulate deep nerves. This was the first step in developing an understanding of the
significant benefits that magnetic field therapy has over other electrical stimulation modalities, such
as transcutaneous electrical nerve stimulation (TENS) and other forms of electrical therapy. The
significant difference between magnetic and electric field therapies lies in the fundamental distinction
between a magnetic field and an electric field, as well as their interaction with biological tissues.

A magnetic field can penetrate tissues far more deeply than is possible with electric fields. The
electric current can be applied to the skin surface but must then pass through the high-resistance
stratum corneum, and is heavily attenuated by the underlying tissues. In contrast, the magnetic field
can pass deeply into the body with minimal attenuation. This allows the LFPMFs to affect deeper
neural structures and tissues, which could not be treated by surface electrical stimulation.

The magnetic field provides a broader and more homogeneous field distribution than the electric
field. The electric current will take the path of least resistance through tissues, resulting in a non-
uniform field distribution with areas of high and low current density. The magnetic field, on the other
hand, passes through tissues relatively uniformly, regardless of the type of tissue or its resistance.
This results in more consistent treatment of the target tissues and minimizes the possibility of areas
of either over-stimulation or under-stimulation. In addition, LFPMF therapy is entirely non-invasive.
It does not require contact with the skin, eliminating concerns about skin irritation, proper electrode
placement, and patient discomfort, as is the case with electrical stimulation. This makes LFPMF
therapy particularly attractive in patients where electrode placement would be difficult or
contraindicated, such as those with wounds or burns.

2. Mechanisms of Action in Pain Control
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2.1. Neuronal Blockade and Sensory Inhibition

One of the most striking and clinically significant mechanisms of LFPMF action in pain control
is the induction of neuronal blockade, which produces rapid sensory inhibition. Clinical observations
have documented that approximately 60-75% of patients experience immediate pain relief following
LFPMF treatment, even in cases of long-standing neuropathic pain that has persisted for decades [1].
This rapid onset of effect suggests a direct action on neural transmission rather than a process
requiring cellular or molecular changes that would take longer to manifest.

The mechanism of this neuronal blockade involves the induction of electrical currents in neural
tissues through electromagnetic induction. According to Faraday’s law, a time-varying magnetic field
induces an electric field in conductive materials, including biological tissues. When these induced
electric fields interact with neuronal membranes, they can alter the membrane potential and influence
the generation and propagation of action potentials.

One perceived initiation of chronic neuropathic pain is the loss of inhibitory function in A3 nerve
fibers, often due to the degradation or damage of the myelin sheath. Magnetic fields pass through
soft tissue unobstructed and, therefore, can be targeted directly at the AP nerves. Delivering
stimulation at 0.2-5 Hz with a precise pulse-width (240-290 us) specifically activates A3 nerve fibers.
A signal with a frequency and pulse-width outside of this range cannot recruit Ap. [5] The equipment
utilized consists of a high-current pulse generator able to produce a large electric discharge current
(several thousand amperes). The current flows through a stimulating coil, generating magnetic pulses
with a field strength of up to several Tesla. Heat is an unavoidable by-product derived from magnetic
pulse generation; therefore, the coil must be contained in a liquid-cooled system. Many types of coils
have been manufactured. Two frequently used coils are the round coil and the figure-eight coil. Axon
Therapy utilizes a figure-of-eight coil, which produces a stronger magnetic field at the center with
precise focus. This device is an mPNS device.

2.2. Effects on Voltage-Gated Ion Channels

At the cellular level, the induced electric fields can affect voltage-gated ion channels that are
critical for action potential generation and propagation [6,7]. LFPMFs have been shown to modulate
the activity of various ion channels, including voltage-gated sodium, potassium, and calcium
channels. The modulation of sodium channel activity can reduce neuronal excitability by decreasing
the availability of channels for activation or by altering their kinetics.

Studies have demonstrated that exposure to pulsed magnetic fields can alter the voltage
dependence of channel activation and inactivation, effectively increasing the threshold for action
potential generation [8]. This effect would be particularly relevant for nociceptive neurons, which
transmit pain signals from the periphery to the central nervous system. By reducing the excitability
of these neurons, LFPMFs can effectively block or attenuate the transmission of pain signals.

2.3. Membrane Potential Hyperpolarization

Another mechanism contributing to neuronal blockade involves the hyperpolarization of
neuronal membranes [8]. LFPMFs can influence the resting membrane potential, making neurons less
likely to reach the threshold for generating an action potential. The hyperpolarization effect may
result from modulation of potassium channel activity, particularly “leak channels” that help establish
the resting membrane potential. By increasing potassium efflux or decreasing sodium influx, LFPMFs
can shift the membrane potential in a more negative direction, effectively reducing neuronal
excitability.

2.4. Central Nervous System Reconditioning

Beyond the immediate effects of neuronal blockade, LFPMFs appear to promote longer-term
changes in pain processing through what has been termed peripheral reconditioning of the central
nervous system [9]. This concept acknowledges that chronic pain encompasses not only peripheral
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sensitization of nociceptors but also central sensitization, where changes in the central nervous
system can amplify and prolong pain signals even after the initial injury has healed. It is well
recognized that when pain persists, the nervous system undergoes structural and functional changes,
and this central sensitization can lead to “wind-up.”

The initial neuronal blockade produced by LFPMFs provides a window of reduced pain
signaling to the central nervous system [9]. During this period, the absence or reduction of
nociceptive input allows central pain processing circuits to begin normalizing their function. This
process involves reversing maladaptive neuroplastic changes that occur with chronic pain, including
changes in synaptic strength, altered expression of neurotransmitter receptors, and modifications in
descending pain modulation systems.

2.5. Modulation of Synaptic Plasticity

Chronic pain is associated with long-term potentiation of pain pathways in the spinal cord and
brain. This process increases the efficiency of synaptic transmission and contributes to pain
amplification. Evidence suggests that LFPMFs may help reverse these changes by promoting long-
term depression of pain-related synapses. This effect may involve modulation of glutamate receptor
activity, particularly NMDA receptors, which play a crucial role in synaptic plasticity.

The electromagnetic fields may also influence the release and reuptake of neurotransmitters at
pain-processing synapses. By normalizing neurotransmitter dynamics, LFPMFs could help restore
standard pain processing and reduce the amplification of pain signals that characterizes central
sensitization. This mechanism would explain the sustained pain relief observed in many patients
following a course of LFPMF treatment, even after the treatment has been discontinued [7].

2.6. Enhancement of Descending Inhibition

The central nervous system possesses endogenous pain modulation systems that can inhibit pain
signal transmission at the spinal cord level. These descending inhibitory pathways originate in brain
regions such as the periaqueductal gray and rostral ventromedial medulla and release
neurotransmitters, including serotonin, norepinephrine, and endogenous opioids, to reduce pain
transmission. Dysfunction of these inhibitory systems contributes to chronic pain states.

Evidence suggests that LFPMFs may enhance the function of descending inhibitory pathways
[9]. This enhancement could occur through several mechanisms, including increased release of
inhibitory neurotransmitters, upregulation of their receptors in the spinal cord, or increased activity
of inhibitory neurons in the brain. By strengthening endogenous pain inhibition, LFPMFs would
provide sustained pain relief that persists beyond the immediate treatment period.

2.7. Effects on Neuropathic Pain

Neuropathic pain, resulting from damage or dysfunction of the central and/or peripheral
nervous system, represents one of the most challenging pain conditions to treat. The effectiveness of
LFPMFs in neuropathic pain, as demonstrated in diabetic neuropathy and other neuropathic
conditions, warrants particular attention to the mechanisms specific to this type of pain.

Neuropathic pain involves several pathophysiological mechanisms, including ectopic firing of
damaged nerves, altered expression and distribution of ion channels, inflammatory changes in nerve
tissues, and central sensitization. LFPMFs may address multiple aspects of this complex
pathophysiology. The ability to reduce ectopic firing through modulation of ion channel activity is
particularly relevant, as spontaneous firing from damaged nerves is a major contributor to
neuropathic pain [5].

3. Clinical Evidence and Applications

3.1. Pain Management Applications
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Clinical studies of LFPMFs for pain management have consistently demonstrated significant
therapeutic efficacy across various pain conditions [1,2,5,10,11]. The FDA approval for diabetic
neuropathy pain was based on rigorous clinical trials that established both a significant reduction in
pain intensity and excellent tolerability with no reported serious adverse effects. Patients in these
trials typically experienced a significant reduction of pain within just a few treatment sessions, and
these pain relief benefits were maintained over extended follow-up periods.

The clinical response rate of 60-75% for immediate pain relief after treatment is a highly robust
finding, given the high probability of treatment failures expected in populations that had failed
multiple previous treatment attempts. Moreover, long-term follow-up in published trials has shown
that pain reduction is durable and can be maintained for months after treatment completion,
supporting the hypothesis of neuroplastic changes and CNS reconditioning beyond mere temporary
symptomatic improvement.

The potential benefits of LFPMF therapy for other chronic pain conditions beyond diabetic
neuropathy have been suggested by preliminary clinical evidence.

The initial studies have been well designed, even with a sham study, and are all statistically
significant. They support continued clinical investigation of LFPMF therapy for chronic pain more
broadly, given the favorable safety profile and strong preliminary evidence in diabetic neuropathy.

3.2. Treatment Parameters and Optimization

The efficacy of LFPMF therapy depends on several treatment parameters, including field
frequency and intensity, pulse characteristics, treatment duration, and treatment frequency.
Optimization of these parameters is necessary to maximize therapeutic effects, ensure patient safety,
and maintain treatment practicality.

3.3. Treatment Duration and Frequency

Protocols for treatment duration and frequency vary considerably across different studies and
applications. This variation, combined with the potential for individual patient variability in
response, makes it difficult to define the optimal treatment duration and frequency for specific
applications.

The newest pain management protocols, which utilize high-energy mPNS devices, employ two
different options depending on the pain etiology. Chronic neuropathic pain, post-traumatic, post-
operative, and painful diabetic neuropathy usually have three treatments in a row, going to weekly
for the next three weeks—a total of 6 treatments in the first month. Therapy duration is 13.5 min—
therapy changes to monthly as needed. Patients with radicular pain due to disc herniation are being
treated with a location determined by mapping, corresponding to the affected dorsal root ganglion.
They receive 4-6 treatment sessions spanning a weekly schedule.

Low-energy devices usually require treatment sessions of 20-60 min, typically lasting 2-4 weeks.
Some devices, such as the Scrambler™, require 10 consecutive treatments. Some patients experience
significant pain relief with a shorter course of treatment, while others require longer or repeated
courses to maintain benefits.

Treatment protocols for wound healing applications typically also involve daily treatment
sessions of 30-60 min. Protocols may vary in whether they continue treatment until wound closure
or for a fixed period. Some protocols use twice-daily therapies for more severe or slowly healing
wounds. The optimal treatment duration and frequency likely vary depending on wound
characteristics, patient factors, and the specific healing deficit being targeted.

3.4. Safety Considerations

LFPMF therapy has an excellent safety record and a significant clinical advantage over many
pharmacological treatments. Most medications have associated troublesome side effects and/or
contraindications, but LFPMFs rarely cause any problems. The electromagnetic fields are non-
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ionizing; therefore, no charge buildup occurs under the skin, and their low frequencies and field
strengths do not cause any thermal damage or tissue injury.

Clinical trials and the extensive clinical experience to date have documented few adverse events
or side effects associated with LFPMF treatment. The most commonly reported side effects are mild
and transient in nature. Patients sometimes experience temporary tingling or warmth at the treatment
site. These effects typically resolve quickly and usually do not require cessation of the treatment. No
serious adverse events have been consistently linked to LFPMF therapy in well-conducted clinical
trials.

Only a few contraindications to LFPMF therapy have been identified. The most significant is in
patients with implantable cardioverter-defibrillators, or other active implanted medical devices.
These patients are generally precluded from LFPMF treatment due to the theoretical risk of device
interference. Pregnant women are typically also excluded as a precautionary measure. The devices
are not placed over the head or the heart. There is no evidence of harm, but adequate data do not
exist for this population.

3.5. Future Directions and Research Needs

While significant progress has been made in understanding the mechanisms and potential
clinical applications of LFPMFs, several important research questions remain to be addressed in
future studies. A more thorough understanding of the cellular and molecular mechanisms
underlying LFPMF effects will be required to rationally optimize treatment parameters and identify
patient populations most likely to benefit from this therapy.

The potential for combination therapies is also particularly intriguing. LFPMFs could be
combined with a wide variety of other treatments, including pharmacological treatments, cell-based
therapies, growth factor administration, regenerative-type injections, or physical rehabilitation, to
achieve synergistic effects. Research into such combinations could lead to the development of novel
treatment paradigms that provide superior outcomes to any single therapy alone.

4. Conclusions

Low-frequency pulsed magnetic fields offer a promising non-invasive therapeutic modality for
managing chronic neuropathic pain. The therapeutic effects of LFPMFs can be rationalized in terms
of their impact on multiple complementary pathways, simultaneously modulating neural activity to
achieve pain relief while also enhancing the cellular processes that drive tissue repair. The immediate
neuronal blockade provides fast pain relief, while the downstream CNS reconditioning helps
maintain these effects in the long term. Practically, magnetic fields also have distinct advantages in
that they penetrate more deeply into tissue and are more evenly distributed than electrical currents.
Paired with an outstanding safety record and minimal contraindications, LFPMF therapy is often
accessible to many more patients for whom conventional treatments are not possible.

Clinical evidence for the efficacy of LFPMFs is growing, particularly for neuropathic pain, with
FDA clearance for diabetic neuropathy being a significant regulatory milestone. Strong preclinical
evidence appears to support wound healing applications [12]; however, more extensive clinical trials
are needed to establish efficacy in various types of wounds definitively. The alignment of mechanistic
understanding, preclinical evidence, and clinical results makes a compelling case for broader
adoption of LFPMF therapy.

Future research should focus on optimizing treatment parameters for specific indications,
identifying patient populations most likely to benefit, elucidating remaining mechanistic questions,
and exploring emerging applications. As our understanding of LFPMFs continues to evolve, this
technology has the potential to become a crucial component of the therapeutic armamentarium for
pain and wound management, providing a safe and effective option for patients suffering from these
challenging conditions.
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