
Electromagnetic Fields in Manual Therapy

What could the MatrixMag be doing?

Plausible mechanisms linking physics to biological response

By Nadya Bell, RMT, CMRP



Overview
 Cells have established biological sensitivities

Known EMF interaction Pathways
Ion Dynamics (Hall effect; magnetohydrodynamics)
Bioelectric Signalling

 Nonlinear Response Reality

Electromagnetic fields may not directly ‘change tissue,’ but they can
perturb bioelectric and fluid systems in ways that initiate downstream

physiological responses.



Cells are Electrically Sensitive
Biological systems are electrically

active environments

(Funk, 2008)

Cells are already electrical systems—
fields don’t act on inert matter.



Watch the Calcium!
“Schematic drawings shows the signal

transduction pathways followed by
electrical fields and mechanical strain.”

Capacitive coupling
Mechanical Strain
Inductive Coupling

Calcium signalling is central to:
Contraction

Secretion
Repair proceses

Stimulation of Growth Factor Synthesis by Electric and  Electromagnetic
Fields. (Aaron, 2004)



Known EMF Interaction Pathways

Ion Dynamics and Resonance (Larmor Behaviour)
Lorentz force and Hall Effects

Magnetohydrodynamics
Reactive Oxygen Species and Nitric Oxide Signalling

Mechanotransduction Coupling



Magnetic fields in biological
systems are spatially structured,

not uniform 
Static vs time-varying fields

Field geometry & gradients matter
Muesham and Pilla 2009

 Field Physics: Ion Dynamics and Resonance



Ions in magnetic fields exhibit frequency-
dependent behavior, resonance windows and 

selective sensitivity.
“Target system initial state” is crucial.
Biological responses may depend on
frequency relationships, not just field

strength.

Larmor Precession - Spirals
The specific frequency at which an ion circles

around a magnetic field.
Or, the precessional motion of the axis of a

charged particle. One circulation around the axis
(small arrow) determines the Larmor frequency.



Lorentz:  the force causes charged particles to
curve or change direction in a magnetic field.

In conductive fluids like blood, this can lead to
very small charge separations (Hall effect),
slightly altering local electric fields and ion

distributions.

Interaction with thermal noise
Magnetic fields reshape how ions move—not

just where they are

Lorentz Force - Hall Effect
The Lorentz–Langevin equation of

motion for a charged species such as
an ion or ligand bound in a harmonic
oscillator potential, subject to a DC
magnetic field oriented up along the

z-axis, in the presence of thermal
noise is:  

Hall effect → moving ions + magnetic field → charge separation

(Muehsam & Pilla 2009)



Hall Effect



Magnetohydrodyamics: the force meets the flow

Blood flow modeled using fluid dynamics
Navier–Stokes equations, Coupled with

electromagnetic forces
(Lorentz force) acting on conductive blood

The mathematical models suggest magnetic
fields may influence blood velocity, viscosity and

transport dynamics

Changes in flow → redistribution of:
shear stress 

particle (microbial / cellular) concentration
Effects are spatially non-uniform (e.g., wall vs

centerline differences) and 
time-dependent (pulsatile flow)Begum 2024



Nonlinear Response Reality

Small physical forces couple into
sensitive nonlinear cellular and

organism-level systems. 

Pulsed radiofrequencies and Static
Magnetic Fields can change: 
Hemoglobin deoxygenation 

Reaction kinetics

Muehsam 2013



From Physics to Biology
Cellular effects of PEMF propagate into

organism scale biochemical processes. These
are not just immediate physical effects—they

influence cellular repair, growth and stress
signals over a longer time.

“Pulsed Electromagnetic Fields Induce Skeletal Muscle Cell Repair
by Sustaining the Expression of Proteins Involved in the Response

to Cellular Damage and Oxidative Stress” (Maiullari 2023)

 Maiullari identified 10 Proteins Modulated
by PEMF found to be genetically linked to
responding to oxidative stress pathways



Emergent Physiology
System-level effects are variable and

state-dependent 

Observed or reported effects include:
Blood flow changes
Perfusion variability

Shear stress modulation
Nitric oxide release

Same stimulus → different outcomes
depending on baseline state

Mayrovitz 2025; Begum 2024;  Maiullari 2023



Bioelectric Integrated Model
Fields

 ↓
Membrane voltage changes

 ↓
Signaling (mechanical,
molecular, bioelectric,

genetic)
 ↓

System and tissue
adaptation over time

Michael Levin’s work (2018) shows us that interventions targeting voltage
gradients within the body have the capacity to alter the information that our

cells use to determine cell behaviour and morphology  



Time Dimension

Electromagnetic fields act as triggers, rather than continuous drivers

Immediate (minutes):
Ion movement
Flow changes

Temperature / tone change

Short-term (hours):
NO signaling

vascular modulation

Delayed (24–72 hrs):
Gene expression
protein synthesis
tissue remodeling
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