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ABSTRACT 
  
Applications of pulsating electromagnetic fields, (PEMF) have effected positive changes in various 
disease groups. Initial studies involving a 73 year old Parkinsonian subject were done with PEMF 
applied over the whole body using the Quantronic Resonance System   Photoplethysmographic 
recordings were taken at the beginning, midway and at the end of the therapy period as a means of 
quantifying any changes occurring.  
 
Preliminary findings indicate an improvement in the blood volume pulsation and the degree of blood 
oxygenation measured at the finger site after a 39 day therapy period.  In addition measurable changes 
in the amplitude spectra of the  traces   were observed.  The motor responses of the patient also 
improved considerably as a result of the therapy.  
 
INTRODUCTION 
 
The use of electromagnetic fields, EMF,  in medical practice is not new.  Short-wave and microwave 
diathermy treatment have been successfully used for many years in relieving pain, and x-rays and 
magnetic resonance imaging are some of the many applications of electromagnetic radiation used in 
diagnostic medicine (WHO, 1993) In addition numerous patented devices currently exist which 
produce time-varying electromagnetic fields of different frequencies, power rating, pulse duration and 
repetition.  
 
 
The 223-23 pulse cycles/sec are repeated with a rhythm of 3 times per second. The coils of the 
Quantronic Reasonance System, which are positioned against the body, also reach the brain when 
using this rhythm as a result of which specific calming effects are triggered.  
 
This 223-23-3 pulse cycle is then stopped for a short time (approximately at the same rhythm as the 
heart beat) to prevent the neurons from getting accustomed to the cycle.  The special frequency of the 
particular effective low field amplitude of the Quantronic Resonance System results, together with the 
ambient, roving magnetic and electric fields (electromagnetic smog) in a beat of the combined fields at 
2 to 3 strokes per second.  This combined field elimates the ‘poisonous’ effect of the smog. 
 
The therapy time per treatment is automatically limited to 8 minutes. In this time the direction of the 
magnetic field force vector is automatically reversed every 2 minutes in order to achieve a uniform 
effect throughout the body (Fischer) 
 
 
 
The magnetic field vector produced by the system sets up an orthogonal induced electric field acting in 
phase. This encourages ion movement in a particular direction, which in turn triggers off numerous 
therapeutic forces.  It is this process which provides whole body stimulation targeting specifically the 
cardiovascular and neurovascular systems of the subject undergoing therapy (Fisher) 
 
Pulsed electromagnetic fields, PEMF, have far varied applications.  Numerous authors have used them 
in the treatment of many types of ulcers such as plantar ulcers (Raghupati et al., 1997)  decubitus ulcers 
(Comorasan et al., 1993) and venous ulcers (Kenkre et al., 1996: Stiller et al., 1992)  Treatments for 
osteoarthritis (Trock et al., 1993) sleep inducing effects (Reite et al., 1994) tinnitus (Roland et al., 
1993) and wrinkles (Teofoli et al., 1994) are also included in the literature. Warnke (Warnke 1988, 



Warnke, 1989) applied PEMF to the head and thorax of subjects and observed dilation in the blood 
vessels. Amplitude and frequency modulation of the field produced changes in circulatory parameters.  
PEMF have also been extensively used in the treatment of migraine. (Sherman et al., 1998) multiple 
sclerosis (Sandyke, 1995) and Parkinson;s disease (Sandyk, 1994 Sandyk, 1997) 
 
The latter application was of particular interest to our research group. However since the existing 
literature did not quantify changes which may have occurred in the cardiovascular and neuro-vascular 
systems of Parkinsonian patients, the use of a non invasive monitoring device, photoplethysmography 
which provides semi-quantitative assessment was considered for this task. The technique involves the 
backscatter of near infrared and red electromagnetic radiation from the skin.  The conversion of the 
intensity of the backscattered radiation into an electrical signal passed into an analog-digital converter 
and then to an IBM compatible computer, gives rise to a characteristic trace. This trace is 
representative of the blood volume pulsation and the total blood volume flowing through the skin at 
that particular time (Kraus et.al., 1997. Grohmann et al., 1996b, Grohmann et al., 1996a) 
 
 
NIRP 
 
Near Infrared and red photoplethysmography, NIRP, was used to penetrate the dermal layer of the 
finger and toe of the patient.  Pulsed light of mean power 1.25mW is used.  The infrared light, 840 nm, 
gives an indication of the total blood volume under the sensor while the red light, 640 nm, gives a 
relative measure of the volume of oxygenated blood at the site.  The CMMD, Computerized Micro and 
Macro Diagnostics program provides analysis of the traces obtained. The sensor, light emitting diodes 
and a temperature probe are all located in a clip which can be attached to the finger or the toe (Krauß et 
al., 1997,  Krauß et al., 1996, Grohmann et al., 1996b, Grohmann et al, 1996a. Christ et al., 1995) 
 
Experimental Protocol 
Pulsed electromagnetic field therapy was provided to the patient for a total of 39 days. For the first 20 
days of therapy the patient was provided with 8 minutes of PEMF at level IIIb( setting 5, 6), three times 
daily at 8.00 am. 1.00 pm,  and  8.00 pm.  From day 21, the treatment remained the same except that at 
8.00 pm,  Level IIIc( setting 3, 4) was used instead of Level IIIb.  This was intended to promote more 
restful sleep. 
 
The patient was made to lie in a supine position on the mat with her head just of the top edge. The field 
was switched on for 8 minutes after which time it was automatically turned off. The patient was 
instructed to remain in a supine position for at least ten minutes after the end of therapy.  
 
Pholoplethysmographic recordings were made on day 5 of therapy, day 20 and on day 40. The patient 
was made to lie in a supine position for about five minutes for stabilization of the cardiovascular and 
neuro-vascular systems. The finger clip containing the light emitting diodes and the sensor was 
attached to the finger and the patient was instructed to relax and breathe normally. Two 70 second 
recordings were taken to ensure reproducibility. The patient was then instructed to breathe deeply and 
again two recordings were taken. The procedure was repeated with the clip placed on the big toe. With 
the clip still attached in the toe, the right hand was immersed in cold water and a recording made for 70 
seconds.  On the third day of recording, 5 minutes after this measurement, the previously immersed 
hand was warmed manually and systems allowed to re-equilibrate. The procedure of cold water limb 
immersion was then repeated with the finger as the recording site.  
 
RESULTS 
 
Qualitative 
The patient kept a daily record of her condition during the therapy period. She generally felt better after 
each therapy session.  In addition she experienced more restful sleep at night. Then, when the setting 
was switched to level IIIc at nights she was able to sleep one hour longer than she usually did. The 
patient also reported that she was more adept in rising from a sitting position and also was able to walk 
easier than before. She noted that these improvements were generally within one hour after each 
therapy session.  
 



Quantitative 
The figures below (Figs. 1 a, b, c) show the blood volume pulsation recorded from the finger on days 5, 
20 and 40 of thereapy from the near infrared wavelength. There was   less  noise in the signals as the 
number of days of therapy increased. There was better resolution on day 40 when the individual pulses 
seemed more clearly defined than the two previous occasions. The amplitude of the pulses also 
increased over the therapy period using the same amplification each time. Since the area under each 
pulse represents blood flow, it is clear that the circulation of the blood in the microcirculation improved 
with the PEMF therapy.  
 
 
 
Traces were also made with the toe as the recording site. There seemed to be “better” traces obtained in 
these series of measurements as compared to the finger. This indicates that the circulation in the lower 
extremities was better than that in the upper extremities (Figs. 2 a, b, c)  This trace did not change 
significantly over the recording period. 
 
 
Figs. 3 a, b give an indication of the degree of oxygenation of the blood flowing under the recording 
site. At the end of the therapy session the trace obtained was more pronounced than that recorded at the 
beginning of the therapy.  In fact there were distinct pulses at the end of therapy compared to the trace 
at the beginning of therapy,  which was almost linear.  
 
 
In order to investigate the state of the neuro-vascular system, the left hand was immersed in cold water 
while a recording was made from the right hand.  In normal subjects there is evidence of  
vasoconstriction by diminished amplitude in the trace after limb immersion.  In this instance, this 
response was only evident in the NIRP recording at the end of therapy, with the finger as the recording 
site (Fig.4)  There was also a slow overriding wave associated with this trace.  This is probably due to a 
change in the state of the autonomic nervous system as a result of PEMF therapy.  
 
 
CMMD analyses the frequency components associated with the raw traces of the blood volume 
pulsation by means of fast Fourier transform.  Each frequency component is depicted on the amplitude 
spectrum, and relative to the heart rate, its percentage abundance is shown (Figs, 5 a,b,c)  (Krauß et.al., 
1997: Grohmann et al., 1996b,  Grohmann et al.,  1996a:  Chrisi et al., 1995) 
 
In the trace obtained on day 5 of therapy, the heart rate was 87/min (Fig 5a). This value changed over 
the therapy period to 92 and 91/min  on the other two recording days (Figs 5b, 5c).  These values are 
shown as those lines with the highest amplitude in the figures below. These values lie out of range of 
the normal heart rate of subjects represented by the small horizontal line at the top of the diagram.  
 
There was also evidence of low frequency components, associated with all three traces.  However the 
relative abundance of these components diminished progressively over the recording period with 
values of approximately 65%, 50% and 30%  respectively. (Figs 5a, b and c).  At the end of the therapy 
period, these low frequency components were more evenly distributed than on the two previous 
recording sessions. These frequencies are generally too low (less than 0.1 Hz) to be associated with the 
normal breathing frequency of approximately 0.283 Hz.  
 
On the other extreme, there is also a very high frequency component in the range of 7 Hz associated 
with the waveforms. On the first recording day, the components were more abundant than on the other 
days.  
 
The normal range of harmonics associated with amplitude spectrum given by the CMMD program is 
either displaced or absent in these traces.  



SUMMARY 
 
Pulsed electromagnetic fields used by Sandyk (Sandyk, 1997, Sandyk 1994) have been shown to 
improve the response to Levodopa in Parkinson’s disease and generally improve the cognitive and 
motor abilities of patients studied. Although the improvements in the motor abilities of our patients 
were not as pronounced as those itemized by Sandyk, this can probably be attributed to the much 
shorter therapy period used. In our study the inability of the patient to get on and off the bed without 
assistance curtailed the therapy period to a 5 week duration while in Sandyk’s study it was 10 weeks 
long.  
 
In spite of this however the technique of photoplethysmography was able to discern changes in both the 
blood volume and the degree of oxygenation in the peripheral vessels with improvements in both 
instances. The amplitude spectra computed from the three days of recording also exhibited pronounced 
changes. Whether these changes were local or long term is still being debated.  However the change in 
the traces obtained during cold water limb immersion is definitely an indicator of some response in the 
autonomic nervous system as a result of whole body application of PEMF.  Further quantitative 
analysis using the CMMD program was not possible due to the poor quality of some to the traces 
recorded.  
 
Further studies will involve other patients with Parkinson’s disease, therapy being administered over a 
longer period. The use of photoplethysmography to provide quantitative assessment will also be 
incorporated in these studies.  A control group and placebo treatment is also required to justify findings 
although the preliminary results obtained in this study indicate that the effects of PEMF on 
Parkinsonian patients are pronounced and measurable.  
 
 
 

REFERENCES 
 
Baker A. An introduction to the basic principles of magnetic nerve stimulation. J. Flin. Neurophys, 
1991:  8(1):  26-37 
 
Bianc, V. F.,  Haig, M.,  Troli, M. et al. Computerised photoplethysmography of the finger. Can. J. 
Anaesth. 1993, 40:  271-278. 
 
Christ F., Athelogou M., Niklas M. et al.  Time       Infrared Photoplethysmography (NIRP) for non-
invasive investigation of the volume pulse in man  Euro. J. Med. Res. 1995: 1:237-243. 
 
Comorosan S., Vasilco R., Arghiropol M  et al.  The effect of diapulse therapy on the healing of 
decubitus ulcer.  Rom. J. Phsiol. 1993: 30, 1-2: 41-45 
 
Fischer G. König H.L.  Warnke, U  et al.  Quantron  An internationally patented system  SALUT  
User’s Manual. Vaduz.  
 
Griffiths D. Introduction to Electrodynamics.  1989  New Jersey;  Prentice Hall: 340-358.  
 
Grohmann, G., Kraus, M., Pohlmann, G. et al, Die Autokorrolationsfunktion der Herzperiodendauer 
zur Beschreibung der statistischen Abhängigkeit Zwischen den Herzaktionen – eine weitere mögliche 
Beschreibungsform zur   
 
 
Grohmann G. Kraus 
 
 
 
 
Hertzman A Dillon J Applications of photoplothysmography in peripheral vascular disease  Amer. 
Heart Journal 1940:  750-761. 
 



Kenkre JE Hobbs F.D.R.  Carter Y. H. et al. A randomised  controlled trial of electromagnetic therapy 
in the primary care management of venous leg ulceration.  Family Practice 1996  13:  236-241.  
 
Kraus  M. Posthoff, Ch., Addae. J. et al,  Ausgewahite 
 
 
Kraus M. Posthoff Ch., Bilz, D.  The determination of optimum and normal values for hear and 
circulatory parameters of human beings and their recording by the non invasive NIRP method 1996 
Germany.  
 
Nijhoer  J. A.  Dorlas J.C.  Comparison of plethysmograms taken from finger and pinna during 
anaesthesia  Br. J. Anaesth  1985:  57: 531-534. 
 
Ragbupati Sarma G.,  Subrahmanyrn S.,  Deenabandhu A. et al.  Exposure to pulsed magnetic fields in 
the treatment of plantar ulcers in leprosy patients. A pilot, randomised, double-blind, controlled clinical 
trila.  Indian J. Lepr. 1997:  69(3): 241-250 
 
Reite M. Higgs I. Lebet J. et al.  Sleep inducing effects of low energy emission  therapy   
Bioelectromagnetics  1994:  15:  67-75 
 
Roland J. J.,  Hughes J. B.,  Daley M. B. et al.  Electromagnetic stimulation as a treatment of tinnitus:  
A pilot study  Clin. Otolaryngol,  1993: 18: 278-281. 
 
Sandyk R.a A drug naïve Parkinsonian patient successfully treated with weak electromagnetic fields. 
Intern. J. Neuroscience 1994:  70:  99-110. 
 
Sandyk R. Long term beneficial effects of weak electromagnetic fields in multiple sclerosis  Int. J. 
neuroscience 1995:  83:  45-57. 
 
Sandyk R. Treatment with ac pulsed electromagnetic fields improves the response to Levodopa in 
Parkinson’s disease.  Intern. J. Nuroscience 1997: 91(3-4):  189-198. 
 
Sherman R.,  Robson L.,  Marden L. Initial Exploration of pulsing electromagnetic fields for treatment 
of migraine.  Headache 1998:  38: 203-213. 
 
Stiller M. J.,  Pak G. II., Shupack J.L.  A portable pulsed electromagnetic field 9PEMF) device to 
enhance healing of recalcitrant venous ulcers:  A double-blind placebo controlled clinical trial. Dr. J. 
Dermatol. 1992: 127(2): 147-54. 
 
Teofoli P;, Benci M., Lotti T. Ultrastructural study of hyaluronic acid before and after the use of a 
pulsed electromagnetic field, electrorydesis, in the treatment of wrinkles.  Int. J. dermatol. 1994:  33(9):  
661-663. 
 
Trock D. Bollet A.,  Dyer R. et al.  A double-blind trial of the clinical effects of pulsed electromagnetic 
fields in osteoarthritis. J. Theumatol. 1993: 20: 456-60. 
 
Warnke. U. ELF  Pulsating magnetic field (PFMF)  induced acoustic effects in vessel walls – an 
adequate stimulation of baroreceptors. In Blanck, M, Markov M. (Eds);  Electromagnetic fields and 
Biomembranes.  Plenum,  1988:1-11. 
 
Warnke, U. Some primal mechanism concerning the effects of pulsating magnetic fields (PEMF) in the 
extremely low frequency (ELF) – range on human beings. In Electromagnetic Bio-Information, 1989: 
238-251 
 
WIIO  environmental Health Criteria 137.  Electromagnetic fields (300 Hz to 300 Hz).  Geneva 1993.  
World Health Organisation.  
 
 


	ABSTRACT
	INTRODUCTION
	NIRP
	Experimental Protocol
	RESULTS

	Qualitative
	Quantitative
	REFERENCES


