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 Abstract— The aim of this work was to validate the usefulness of 

an Extremely Low Frequency (ELF) magnetic field exposure 

system with a magnetotherapy device of common use in clinical 

practice that generates Biphasic Magnetic Pulses (BMP), in order 

to study the effects of the BMP on the proliferation of Human 

Dermal Fibroblasts (HDF). In that regard, HDF were exposed 2h in 

the morning and 2h in the afternoon for 2 days to BMP of 1.41mT 

peak value at 5, 10, 25Hz continuous and 50Hz intermittent (2s on/ 

1.5s off). MTT assay was performed to assess proliferation. The 

10Hz BMP showed a significant decrease in proliferation of 6.6% 

(p = 0.001) with respect to controls, but no significant changes in 

proliferation were seen with the other BMP. In order to analyze 

whether these results could be related to the exposure protocol, a 

50Hz power line intermittent signal (1s on/ 1s off) was generated 

and tested but exposure time was increased to 48h to cover the 

complete cells doubling time. A significant increase in proliferation 

of 9% (p < 0.001) was found in this case. 

The results validate the in vitro exposure system for its use with 

the BMP. Though the MTT proliferation assay alone is not enough 

to make definitive claims, the results might indicate that the 

exposure time plays a key role in the outcome of the experiments. 

Therefore, special attention should be paid to the exposure time on 

in vitro protocols and how they relate to in vivo experiments and 

current treatments. 

 
Index Terms— biphasic magnetic pulses, extremely low 

frequencies, human dermal fibroblast, in vitro exposure, 

proliferation assessment. 

 

I. INTRODUCTION 

 iologicalxs effects of Extremely Low Frequency (ELF) 

electromagnetic fields have been investigated for more 

than forty years. Probably the most reported effect of ELF 

Magnetic Fields (MF) on cells is the change in the proliferation 

rate, where both inhibition and stimulation have been observed, 

depending on cell type and exposure conditions [1] - [6]. 
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Though still there are no generally accepted mechanisms of 

action and dose-effect relationship, commercially available 

bone growth stimulators and different magnetotherapy devices 

have been developed through these years to treat several 

pathologies like bone edema, skin ulcers, pseudo arthrosis, and 

chronic pain just to mention some of them. Different 

pathologies are usually treated with different MF signals. 

Instances of these signals are: sinusoidal fields, combined 

fields (DC+AC), pulsed electromagnetic fields (PEMF) and 

intermittent fields (IONOFF) [7].  

Magnetotherapy has become a common practice in many 

physical therapy centers around the world. According to 

information obtained from informal conversations with 

physical therapists of the Hospital Italiano de Buenos Aires, 

treatments consist of ten or more exposure sessions to MF, that 

may last from 30min to 2h, though in certain cases (e.g. pseudo 

arthrosis) patients generally rent the device and sessions can 

last as long as 8h a day for 3 or 4 months.  

In Argentina, a magnetotherapy device of common use is the 

Magnetherp 330 (Meditea Electromedica, Buenos Aires, 

Argentina), which generates continuous and IONOFF Biphasic 

Magnetic Pulses (BMP) of half sine shape (Fig. 1) for treating 

different pathologies. Though high intensity (0.5-1T) BMP of 

half sine shape are typically associated with transcranial 

magnetic stimulation [8], this kind of BMP of much lower 

intensities are seldom related to magnetotherapy. The objective 

of this work was to validate the usefulness of an ELF-MF 

exposure system, with the BMP generated by the Magnetherp 

330, exposing Human Dermal Fibroblasts (HDF) and assessing 

possible changes in proliferation, given that, to the best of our 

knowledge, these signals have rarely been used in in vitro ELF-

MF exposure experiments and no experiments on cells were 

published with this specific device. Also, HDF play an essential 

role during cutaneous wound healing and in bioengineering of 

skin [9]. The exposure protocol was designed considering the 

use of the device in an actual treatment situation. HDF were 

obtained from skin punch biopsy of a healthy donor with 

informed consent, isolated and cultured. 

This study is part of the project Bioelectromagneto by The 

Institute of Scientific and Technical Research for Defense 

(CITEDEF) and the Instituto de Medicina Traslacional e 

Ingeniería Biomédica (IMTIB), which is focused on the effect 

of ELF-MF on cells. 
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II. MATERIALS AND METHODS 

A. Magnetic Fields Signals 

The Magnetherp 330 can generate continuous and IONOFF 

BMP of the following frequencies: 5, 10, 25 and 50Hz. The 

basic pattern of the signal consists of 2.5 milliseconds (ms) 

positive half sine, 7.5ms null, 2.5ms negative half sine and 

another 7.5ms null (Fig.1). Thus, in order to generate the 5, 10, 

25 and 50Hz signals, this basic pattern is repeated every 200, 

100, 40 and 20ms respectively (Fig. 2).  

 

 

 
 

The IONOFF mode is generated by turning the signal on for 2s 

and off for 1.5s (Fig. 2D). The authors found no information 

about the theoretical or empirical basis for the use of these 

signals, nor was it provided by the manufacturer. 

Fast Fourier Transform (FFT) was performed on each signal in 

continuous mode using Microsoft Excel (Microsoft 

Corporation, Redmond, WA) to analyze the frequency 

composition. Two things are important to point out from this 
analysis. The first is that the maximum amplitude is not located 

in the fundamental frequency for the 5, 10, and 25Hz signals 

but in 50Hz for all of them, which is related to the time span of 

the basic pattern (20ms). The second is that there seems to be 

no harmonics for multiples of 100Hz. Figure 3 shows the FFT 

performed on the continuous 10Hz BMP. The small peaks 

present at multiples of 100Hz, as well as a little shift of the 

zeros in 400 and 500Hz, could be due to spectral leakage 

caused by finite windowing of the data. 

Considering the different settable treatments that the device 

offers, four of these signals were chosen for this work: 5, 10, 
25Hz continuous BMP, and 50Hz IONOFF BMP (Fig. 2). Also 

a 50Hz power line IONOFF signal (1s on/ 1s off) was generated 

by the authors and used to extend the exposure time to 48h, 

given that it was not possible to reconfigure the Magnetherp 

330 for this purpose. 

 

B. Exposure System 

An exposure system was designed and developed for project 

Bioelectromagneto. It is based on two identical sets of four 

magnetically shielded Lee-Whiting coils, placed in a Forma 

Scientific 3194 incubator (Thermo Fisher Scientific, Waltham, 

MA), which can generate magnetic flux densities (B fields) up 

to 1mT root mean square (rms) with no active cooling system 

and up to 3mTrms with it. The B Field-to-current ratio is 

699.4µT/A. The double‐wrapped windings, with twisted pairs, 
allow for the use of each set of coils either as exposure or 

control, with no detectable parasitic B field in the control. The 

artifacts have also been analyzed: the B field in the center of 

the sham control chamber is about 1µTrms for a maximum of 

3mTrms in the exposure chamber, the parasitic incident electric 

fields are less than 1V/m, the temperature difference between 

sham and exposure chamber is less than or equal to 0.2°C, and 

the typical vibration difference between sham and exposure is 

less than 0.1m/s2. The system was tested and published [10]. 

As mentioned above, BMP were generated with the 

Magnetherp 330 connected to the coils system. During 

exposures, peak current was controlled by measuring the 

voltage drop across a resistor (0.8Ω, 2W), connected in series 

with the coils, with an oscilloscope, DSOX2002A (Agilent 

Technologies, Santa Clara, CA). The 50Hz power line 
IONOFF signal was generated using an autotransformer, 

Variostat (Laboratorios Variotron, Buenos Aires, Argentina) 

plugged to the power line socket and turning on and off the 

 
Fig. 1.  Main pattern of the biphasic magnetic pulses. 

  

 
Fig. 2.  Biphasic magnetic pulses of different frequencies: (A) 5Hz, (B) 10Hz, 

(C) 25Hz and (D) 50Hz IONOFF (2s on / 1.5s off). 
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signal with a relay controlled by a 555 timer circuit. The 

complete exposure system is shown in figure 4. 

C. Exposure Protocol 

The Magnetherp 330 allows for setting the MF intensity 

between 0.2mT and 20mT, and is delivered to the patient either 

by placing a small flat coil (diameter: 13.5cm, height: 2,5cm) 

on the treated zone or inserting the limb into a solenoid coil 

(diameter: 22.5cm, length: 19cm). During an actual treatment, 

the MF intensity can differ substantially from the value set in 

the device. For instance, in the case of the flat coil, the intensity 

measured at the center, over the plastic case surface, where the 

maximum field value is found, falls 85% at 5cm from that point 

along the symmetry axis. In the case of the solenoid, the 
intensity decreases to a 60% of the maximum close to the 

edges. Taking this fact into account, and considering that the 

patient is usually exposed to lower intensities than those set, 

the MF intensity selected for this work was 1.41mT peak value, 

which corresponds to the peak value of a sine wave of 1mTrms, 

and the highest field our exposure device can generate without 

an active cooling system. 

The maximum exposure time that can be set in the Magnetherp 

330 is one hour. The exposure time per session is usually 

decided by each therapist depending on his/her experience, but 

is never longer than 2h and no more than 2 sessions per day.  

According to this, and in order to test the signals under similar 

circumstances, experiments were performed exposing the cells 

2h in the morning and 2h in the afternoon for 2 days (the 

operator had to reset the device after one hour to achieve the 2h 
exposure). This protocol was compared with a 48h exposure 

protocol performed with a 50Hz power line IONOFF signal (1s 

on/ 1s off). 

 

D. Isolation and Culture of Human Dermal Fibroblasts 

Skin biopsy was obtained from a healthy 40-year-old female 

donor with informed consent. The protocol was approved by 

the Institutional Research Protocol Ethics Committee (Hospital 

Italiano de Buenos Aires, Protocol Number: 2648). Tissue was 

washed with Hank’s Balanced Salt Solution (HBSS) (Sigma-

Aldrich, St. Louis, MO). Dermis was removed with sterilized 

scissors and fragmented into 1mm3 pieces. Explants were 

cultured on 60mm diameter petri dishes (Nunc, Roskilde, 
Denmark) with 2mL Dulbecco’s Modified Eagle Medium 

(DMEM) (Gibco, Billings, MT), supplemented with 100U/mL 

penicillin, 100μg/mL streptomycin, 0.25μg/mL amphotericin 

B (ATB) (Gibco) and 10% Fetal Bovine Serum (FBS) 

(Internegocios, Buenos Aires, Argentina). Cultures were 

performed in a humidified atmosphere with 5% CO2 at 37°C. 

 

When cell confluence was reached, tissue explants were 

removed from the dish and cells were subcultured for 
magnification. The dish was treated with a 0.25% trypsin 

solution (Gibco) for 3min. After neutralizing the trypsin, cells 

were centrifuged at 1100rpm for 10min, resuspended, and 

plated in T75 flasks (Nunc) with 10mL of culture medium. 

Cells were quantified using the Trypan blue (Gibco) exclusion 

method. 

Growth curve was analyzed for cultures for three passages 

between passage 5 and 12. Cells were counted every 24h using 

a hemocytometer. The average doubling time measured was 

36h after cells attachment (24h after seeding).  Standard 

 
Fig. 3.  FTT performed on the continuous 10Hz BMP. 

  

 
Fig. 4.  Exposure system. 
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deviation of the cell counts grew abruptly after 72h from 

seeding. Accordingly, for the exposure experiments we 

decided to perform proliferation assay at 72h after seeding and 

not beyond that time. 

E. Proliferation Assay Protocol 

 

Cells were seeded in eight 30mm diameter petri dishes (Nunc), 

50x103 cells per dish, with 2mL of medium each (DMEM 90%, 

FBS 10%, ATB 1% of total culture medium). Four were used 

as exposed and four as controls. Dishes were placed in the coils 

system and left 24h for cells to attach before exposures started.  

For the first four signals, exposures were performed for 2 days, 

2h in the morning and 2h in the afternoon. For the fifth signal, 

exposures lasted 48h. In all cases, 72h after seeding dishes were 

taken out of the coils and MTT proliferation assay was 
performed. 

At first, medium was discarded from cell cultures. 300µL of 

5mg/ml MTT (Sigma-Aldrich) and 300µL of fresh medium 

were added to each culture. All cultures were then incubated 

for 3h at 37ºC. After that time, supernatant was discarded and 

500µL of Dimethyl-Sulfoxide (DMSO) (Sigma-Aldrich) were 

added to each culture. Dishes were wrapped in tin foil and 

shaken on an orbital shaker for 15min to fully dissolve the blue 

crystals. Three samples of 150µL were taken from each culture 

to triplicate the reading. Correspondingly, 12 wells readings 

were obtained for control and exposed cells per experiment. 
Absorbance (Optical Density), which can be directly correlated 

to cell number, was measured at 492nm, using a 96-well 

microplate reader Stat Fax-2100 (Fisher Bioblock Scientific, 

Newburgh, NY) given that it was the highest wavelength 

available in the reader. MTT assay using this wavelength was 

performed by different authors [11]-[14]. 

F. Statistical Analysis 

 

To facilitate comparisons, in each experiment, the absolute 

absorbance values of the exposed and control readings were 

normalized (i.e., divided) by the average of the controls, hence 

the average of the controls was always identical to 1 and the 

proliferation of the exposed cells are reported relative to control 

[6]. All experiments were repeated three times and 

experimental data for each MF signal were pooled and 

averaged to produce each proliferation measurement. The 

results are expressed as the mean ± standard error of the mean 
(SEM). A Two-Sample t-Test was performed to determine 

whether there was a significant difference between the means 

of the exposed and control cells. P-values less than 0.05 were 

considered statistically significant. The statistical analysis was 

performed using Minitab 17 (Minitab, State college, PA). 

III. RESULTS 

All experiments were performed thrice, swapping the 

condition of both coils systems (exposure and control) each 

time. Figure 5 shows the proliferation relative to control 

averaged over three experiments. The continuous 10Hz BMP 

showed a significant decrease in proliferation of 6.6% (p = 

0.001) with respect to control, but no significant changes in 

proliferation were seen with the other BMP generated with the 

Magnetherp 330 (p-values ranged from 0.3 to 0.78). A 

significant increase in proliferation of 9% (p < 0.001) was 

found in the case of the 50Hz power line IONOFF (1s on/ 1s 

off) signal. No morphological changes (size and shape) were 

observed between exposed and controls, or within the exposed 

dishes in any of the experiments. 

IV. DISCUSSION 

As introduced above, the most reported effect of ELF-MF on 

cells is the change in the proliferation rate. In addition, 

stimulation and inhibition were reported, and both effects may 

have promising clinical use. Nevertheless, mechanisms of 

action and dose-effect relationship remain unclear, probably 

due to the number of variables that might play an important role 

in the outcome of experiments such as B field intensity, 

frequency content, waveform, exposure time, the time between 

exposures, and in the case of IONOFF signals, the on and off 

span. 

 

 
More than forty years have passed since the first work with 

PEMF applied to stimulate bone growth [15] (which were in 

essence biphasic, but not half sine pulses) and many 

magnetotherapy devices have been developed and 

commercialized since then. The Magnetherp 330 has never 

been tested before in in vitro experiments. The exposure 

protocol was designed according to its regular clinical use. 

Under this protocol, only the 10Hz BMP showed a significant 

effect on proliferation (6.6% decrease). The reason for this 

outcome is unknown. Though all BMP applied have a wide 

content of harmonics, the maximum amplitude in the frequency 

spectrum is yet located in 50Hz, due to the time span of the 

BMP pattern (20ms). Had the effect been produced by the 10Hz 

BMP harmonics content, then the 5Hz BMP could have shown 

a similar effect because it also contains those harmonics, unless 

the harmonics that are only present in the latter could have 

diminished the effect. Another reason for not detecting a 

significant change in proliferation with the other signals could 

have been the exposure time. 2h in the morning and 2h in the 

 
Fig. 5.  Relative proliferation of the control and exposed cells for 5Hz, 10Hz, 

25Hz BMP, 50Hz BMP IONOFF (2s on/ 1.5s off) and 50Hz Power Line 

IONOFF (1s on/ 1s off) 48h. Bars are ± SEM for three experiments.  

*** (P ≤ 0.001). 
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afternoon for 2 days may have not been enough time to 

stimulate the cells in all cases. This idea can be supported by 

the fact that we detected a 9% significant increase in 

proliferation with the 50Hz power line IONOFF signal with 

48h exposure, though it is also true that we could not generate 

exactly the same 50Hz BMP IONOFF generated by the device. 

According to our results, this exposure system is useful to 

perform in vitro experiments with the BMP generated by the 

Magnetherp 330, however mimicking an actual treatment 

exposure protocol might not be the best approach for in vitro 

experiments and exposing cells during the complete doubling 

time could be a better exposure time choice to detect MF effects 

and thus be able to study mechanisms of action. 

V. CONCLUSIONS 

The usefulness of the exposure system here presented, for 

testing the BMP generated by the Magnetherp 330, was validated 

for the first time in an in vitro experiment. Even though the MTT 

proliferation assay alone is not enough to make definitive claims, 

our results might indicate that the continuous 10Hz BMP could 

reduce cell proliferation and could be an interesting signal to be 

tested by those researchers that work with cancer cells [6] [14]. 

Likewise, a 50Hz power line IONOFF (1s on/ 1s off) signal 

might increase cell proliferation and could be a useful MF signal 

to treat skin ulcers and pseudo arthrosis [4] [16] [17]. 

Considering the similarities between the frequency composition 

and IONOFF spans of the 50Hz BMP and the 50Hz power line 

fields, the results obtained with both signals and protocols 

suggest that the exposure time might play a key role in the 

outcome of the experiments. Therefore, special attention should 

be paid to the exposure time on in vitro protocols and how they 

relate to in vivo experiments and actual treatments. Our results 

are in line with the literature in that the same cells can respond 

differently to different MF signals and exposure times. 
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