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Simultaneous Modulation of Frequency and Amplitude of Middle frequency Currents between high tone and low ultrasound range – Applied physiology for differentiated Electrotherapy concerning the distinction and specific proportional mixture of stimulatory and Non-stimulatory (metabolic and/or blocking) effects.   H. U. MAY 

Apart from direct current numerous kinds of currents are offered in electrotherapy. The diversity of variations is the result from the infinite possibilities to vary the intensity and the direction of the current in time. With the variations of the parameters of the currents vary their physiological and therapeutic effects. Today it is usual to classify these numerous kinds of currents according to their frequencies as low, middle and high frequency currents. This kind of classification goes back to physiological investigations, mainly of GILDEMEISTER, SCHWARZ and WYSS, since the second third of the last century. The term ”middle frequency” and its definition was introduced 1944 by GILDEMEISTER. 2 – 100 kHz is the central middle frequency range, 1 – 2 kHz and 100 – 300 kHz are transition ranges to the low frequency and middle frequency ranges respectively. Low frequency currents and by low frequencies modulated middle frequency currents can be used for low-frequent stimulation of excitable tissues (receptors, nerves, muscles), e. g. for generation of action potentials synchronously to the frequency of stimulation. Special features of middle frequency currents are for instance the frequency-dependent decrease of the capacitive resistance and of the local discomfort and the systemic electro-toxicity, the lack of correlation between the momentary polarity of the phase of the alternating electrical field and the generated action potentials, special threshold behavior with a typical fading of current sensation correlated to a transient excitatory activity, an increase of the threshold and an increase of fading of sensation with increasing frequencies, the generation of a reversible partial constant depolarization, in nerves accompanied with a block and in muscles with a physiological contracture. Although additional frequency-dependent beneficial non-stimulatory effects are described, mainly basing upon facilitation and acceleration of diffusion, dependent on the local power density of the electric field, until now the lower middle frequency range around 4 kHz was preferred for therapeutic use because of the lower thresholds for stimulatory effects. Therefore, a new equipment was developed to enhance distinctly the non-stimulatory efficacy up to the legal power limit of 5000 mW pro output channel. New is the possibility of simultaneous modulation of amplitude and frequency between 4096 and 32768 Hz (212 and 215 Hz), 1.) slow in 72 quarter tone steps (1 step/s) along the individually evaluated and extrapolated threshold curve to maximize the efficacy of non-stimulatory effects accompanied with minimal sensation or lack of sensation, 2.) fast with adjustable modulation frequencies in the low frequency range to generate stimulatory effects simultaneously with adjustable portions of non-stimulatory effects, realized by an adjustable variation of the gradient of the line representing the simultaneous modulation of amplitude and frequency ( parallel stimulation and paradoxical stimulation). For example, 10 Hz can be used for stimulation of peripheral sympathetic nerves with vasoconstrictory and antioedematous effects, 20 Hz for smooth but intensive tetanic contractions of striated muscles, 

100 Hz for (central and peripheral) pain relief. 

Simultaneous Modulation of Frequency and Amplitude of Middle frequency Currents between high tone and low ultrasound range – Applied physiology for diffe-rentiated Electrotherapy concerning the distinction and specific proportional mixture of stimulatory and Non-stimulatory (metabolic and/or blocking) effects.   H. U. MAY 

Apart from DC numerous kinds of currents are offered in electrotherapy. It is usual to classify them according to their frequencies (f) as low, middle and high f currents (LF, MF, HF). This mode of classification goes back to physiological investigations. The term ”MF” was introduced 1944 by GILDEMEISTER. 2 – 100 kHz is the central MF range, 1 – 2 kHz and 100 – 300 kHz are transition ranges to LF and HF. MF currents have special properties, a) in general a lack of correlation between the polarity of the phase of the current and the generated AP, at higher intensities (i) the generation of a reversible sustaining depolarization, in nerves accompanied with a block, in muscles with a physiological contracture, b) f-dependent a decrease of the impedance and of the systemic electro-toxicity, an increase of the thresholds and an acceleration of fading of sensation. Furthermore non-stimulatory electro-chemical shaking effects exist, increasing with f and i, beneficial for a facilitation of diffusion. Nevertheless until now the lower MF range around 4 kHz is clearly preferred for therapeutic purposes because of the lower thresholds for stimulatory effects.

A new equipment was developed to enhance distinctly the non-stimulatory efficacy up to the legal power limit of 5000 mW. New is the possibility of simultaneous modulation of amplitude and f between 4096 and 32768 Hz (212 and 215 Hz), a) slowly in 72 quarter tone steps (1 step/s) along the individually calculated threshold curve to maximize the non-stimulatory effects, b) fast with adjustable modulation f in the LF range to generate stimulatory effects simultaneously with adjustable portions of non-stimulatory effects, realized by adjustable variations of the gradient of the line crossing the threshold curve and representing the simultaneous modulations of amplitude and f  (parallel stimulation and paradoxical stimulation). All stimulation is well tolerable or even comfortable. For example, 10 Hz can be used for stimulation of peripheral sympathetic nerves with vasoconstrictory and antiedematous effects, 20 Hz for strong asynchronous tetanizing muscle stimulation, 100 Hz for pain relief.   
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