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SUMMARY

a) Introduction

Functional magnetic stimulation (FMS) devices [1]
work by creating a pulsed magnetic field, which means
that the magnetic field density changes with time. A
pulsed magnetic field induces electrical potential inside
body tissue. The electrical potential causes electric
current to flow, thus exciting the neurons in the body.
A single action potential is then triggered by the
excited neurons. When the excited neuron is a motor
neuron, the triggered action potential causes the
corresponding motor units in the muscle to contract.

b) Muscle contractions

The above principle can be used to achieve muscle
contraction if two conditions are fulfilled. First, the
electrical current that is induced in the body must be
greater than a threshold value, and second, the motor
neuron and consequentially the human muscle must
not be in its refractory period. A refractory period is
the time during which an action potential cannot be
excited. The refractory period of a healthy human
skeletal muscle is roughly 1-4 ms [2-4]. Theoretically,
this principle can be applied for an unlimited amount
of time and the muscle will behave identically as it did
the first time a contraction was triggered. To be
certain of achieving a muscle contraction every time a
stimulus is triggered, we must deliver pulses with a
pulse repetition frequency no higher than about 100
Hz, or one pulse every 5 ms.

Top performance magnetic devices (for example,
Tesla Former, manufactured by Iskra Medical d.o.o.,
Slovenia) can deliver high pulse repetition frequencies,
e.g. 80 Hz. Ideally, to trigger 50 000 contractions in
30 minutes, where the active time is 1 s and the pause
time is also 1 s (50% duty cycle), a frequency of 56 Hz
must be used. A frequency of 56 Hz delivers a trigger
pulse every 18 ms, which is more than the muscle
refractory period. Therefore, each trigger pulse will
excite at least one muscle unit contraction. In the
previously mentioned 80 Hz stimulation, with 1 s
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active time and 1 s passive time, 72 000 contractions
can be achieved.

A logical question arises about what happens at
such high frequencies (50 Hz or higher) after long-
term stimulation (15 minutes or more), as muscle
fatigue is a well-known phenomenon after prolonged
stimulation. As muscles become fatigued, the muscle
response decreases. A recent study has shown that
even at high frequencies of about 100 Hz, muscle
response was still present after a 15-minute stimulation
period [5]. Based on the trend of response reduction
by the minute as reported in the above study (Figure
1), we can deduce that even after a 30-minute
stimulation period there will be considerable muscle
response present at frequencies used by the Tesla
Former device.
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Fig 1: Curve fitting pattern of normalized stimulated force
values obtained during a 15-minute fatigue test under all
stimulation conditions. Data are presented as mean. Error
bars represent standard error of mean. Adapted based on
source: ref [5].

c) Fat burning

The body’s energy demand is dramatically
increased in periods of increased physical activity [6].
Muscle contraction requires energy in the form of the
body's universal energy currency — the ATP molecule.
ATP production for muscle contraction is derived
from two main energy storages: carbohydrate and fat.
Carbohydrates are stored in the form of glycogen,
which is broken down to glucose, while fat is stored in
the form of triglycerides, which are broken down to
fatty acids.

The metabolism of both glucose and fatty acids
both converge at a common metabolite, the acetyl-
coenzyme A, which is a key substrate for ATP
production in the mitochondria, the cells’ power
plants.

As the body’s carbohydrate reserves are precious
and limited, their utilization is tightly regulated. In the
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periods of increased demands for energy - e.g. from
extensive muscle contraction, the utilization of energy
stored in the body’s fat reserves is intensified.

The main fat reserve molecules are triglycerides,
which are broken down to glycerol and fatty acids.
The fatty acids can be further utilized to produce ATP
for muscle contraction in the metabolic process of 3
oxidation, which produces the acetyl coenzyme A
molecule - the main substrate for mitochondrial ATP
production. The fatty acids used as fuel for muscle
contractions are mainly derived from the adipose
tissue reserves and plasma VLDL.

d) Conclusions

In conclusion, functional magnetic stimulation
(FMS) is a non-invasive treatment in which a pulsed
magnetic field is applied to a localized part of the
body. The magnetic field stimulates muscles and
causes them to contract. These contractions may result
in increased strength and endurance of muscles in the
targeted body area. Depending on the magnetic pulse
repetition rate, up to (or even more than) 50 000
contractions can be induced during a short 30-minute
therapy session. Additionally, the increased muscle
activity during the session increases catabolic
processes that ensure ATP production from fatty
acids. The functional muscle stimulation can therefore,
along with diet and exercise, increase the rate of fat
burning.
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The intent of this Laser and Health Academy publication is to
facilitate an exchange of information on the views, research results,
and clinical experiences within the medical laser community. The
contents of this publication are the sole responsibility of the
authors and may not in any circumstances be regarded as official
product information by the medical equipment manufacturers.
When in doubt please check with the manufacturers whether a
specific product or application has been approved or cleared to be
marketed and sold in your country.
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