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ABSTRACT 

Cell culture of bone and tendon tissues requires a mechanical stimulation of the cells in order to 

mimic their physiological state. In the present work, a device has been conceived and developed 

to generate a controlled magnetic field with a homogeneous gradient in the working space. The 

design requirement was to maximize the magnetic flux gradient assuring a minimum 

magnetizing value in a 15 mm x 15 mm working area, which highly increases the normal 

operating range of this sort of devices. The objective is using the machine for two types of 

biological tests: magnetic irradiation of biological samples and force generation on 

paramagnetic particles embedded in scaffolds for cell culture. The device has been 

manufactured and experimentally validated by evaluating the force exerted on magnetic 

particles in a viscous fluid. Apart from the magnetic validation, the device has been tested for 

irradiating biological samples. In this case, in vitro, human dental pulp stem cells (hDPSC) viability 

has been studied after electromagnetic field exposition using the designed device. After 3 days 

of irradiation treatment, cellular microtissues showed a 59 % increase in viable cell number. 

Irradiated cells did not show morphological differences when compared with control cells. 
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INTRODUCTION 

Several options can be found in the bibliography for the mechanical stimulation of living cells 1: 

electromagnetic, electrostatic, mechanical and rotating magnetic fields among others 2,3. The 

efficiency of electromagnetic field has been proved in clinical approach, and this clinical use has 

been approved by U.S. Food and Drug Administration (FDA) for cervical fractures regeneration 

4. In this line, the use of electromagnetic fields (EMF) 5,6 and remotely generate forces by these

EMF 7 for biological applications is not new and has been proved to have a moderate impact on 

the cells 8. It has been shown that EMF applications can improve in vitro cellular differentiation 

of mesenchymal stem cells (MSC) into cellular chondrogenic lineage for bone and cartilage 

regeneration 9,10. On the other hand, electromagnetic stimulation could improve cellular 

proliferation, and in fact a 20 % increase has been shown when dynamic electromagnetic-

mechanical stimulation was applied on cellular cultures 11. 

The present work is focused on the design of a magnetic device for generating a magnetic flux 

pattern with homogeneous gradient that can be both used for irradiating biological samples or 

generating forces on embedded paramagnetic particles. 

There are different designs in the literature for specific applications, being the results very much 

dependent on the objective magnetic patterns. In all the cases, external coils generate a 

magnetic flow through a circuit of low reluctance, which aligns the flow for creating a magnetic 

flow pattern with a controlled gradient in the working space. Most of the concepts use 

ferromagnetic or superparamagnetic particles for generating forces in presence of the gradient 

in the magnetic flux density. In the present work, for the design of the device, a regular gradient 

of 30 T/m in the working area of 15x15 mm is fixed as objective. The relatively large size of the 

working area makes the design specially challenging taking into account the high resulting 

reluctance in the gap and the need for an economical and power efficient solution. The former 

requires that the design can be done with standard materials and components; and the latter is 

a consequence of the need of not warming the biological sample, as it could therefore be 

damaged, and avoiding the use of complex cooling systems that would make difficult the 

installation of the device in the lab facilities. 

Among the existing bibliography, there are interesting designs of magnetic tweezers to be 

remarked. The simple 1 pole design in 12 applies a magnetic field on a working area of 5.5 mm 

of diameter and obtained forces in the order of 3 pN with Dynabead M-450. This should 

correspond to a magnetic gradient of about 1000 T/m. De Vries et al. 13 developed a device with 

three poles that creates a gradient by generating magnetic flows in opposite directions at the 

same time. This device can produce forces in the range of around 1 nN with 2.8 µm M280 Dynal 
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in a working area of 20x20 µm (magnetic gradient of about 30000 T/m). A similar magnetic 

design with three poles is described in 14 for a workspace of 40x40x20 µm. Zhang et al. 15 

describes a four pole device working on a 0.8x0.8 mm area. This design permitted changing the 

magnetic flux gradient by controlling the 4 coils. Besides, Huang et al. 16 extended the concept 

previously published 13 with two levels of poles to obtain a 3D actuation. They obtained a 

magnetic gradient over 40 T/m in an area of 0.5x0.5 mm. Two-dimensional forces have also been 

reported to move and rotate particles of 3 μm diameter with a magnetic gradient of 10 to 20 

T/m with poles placed at a distance of 7.5 mm 17, although the control area is limited at a range 

of 50 µm from the center. Haber et al. 18 present a concept that can work in a much larger 

working area. It considers separated magnetizing and gradient coils. The former ones assure a 

minimum magnetizing field and the second ones are responsible for generating the gradient. 

The design obtained good results over a large area: a magnetic flux gradient ranging from 40 

T/m to 100 T/m in a working gap among 15 and 20 mm. However, this design has a power 

consumption in the order of 9 kW, which had to be cooled using a water circuit.  

The concept designed in the present work also has a wide operating range. It has a working area 

of 15x15 mm and can produce magnetic gradients in the order of 30 T/m. These requirements 

constrain the magnetic, electronic and mechanical designs of the actuator, as it has to work with 

high currents and, at the same time, it has to minimize the power consumption to reduce the 

risk of heating the biological samples. These conditions are fulfilled by optimizing the magnetic 

circuit and moving away the coils in order to reduce the losses and limiting the heat from the 

coils reaching the sample. Compared to 18, which is the device with more similar working areas, 

the proposed device works with much lower power consumptions and does not need special 

cooling elements. 

The device has been tested on biological samples, human dental pulp stem cells (hDPSC). They 

are MSC that reside in the perivascular niche of the dental pulp 19. This type of cells is easily 

obtained from extracted molars and can be differentiated in vitro into different cell types 

(including adipocytes, chondrocytes or osteoblasts) if specific conditions, as chemical substances 

or electromagnetic stimuli, are applied 20. The designed device has been tested on hDPSC in vitro 

for analyzing cell viability when cultured microtissues were exposed to the electromagnetic field. 

The results show that using the device, increases the viable cell number. 

The document is organized as follows. First, the design of the device and its validation is 

described. After that, the details of the biological experiment are given and the results of the 

test using the designed device are presented. Finally, the conclusions of the work are 

summarized. 
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MATERIAL AND METHODS 

Description of the device 

In this section, the design process and the final concept for the magnetic field generator is 
described.  

Design of the magnetic device and experimental results 

For the design of the magnetic device, we have followed a model-based approach following the 

typical V-methodology for mechatronic devices 21. As it is described in Figure 1, starting from the 

initial system requirements, several concepts have been generated and compared by using 

Finite Element (FE) models as a basis for predicting their performance. Once the fittest option 

has been chosen, the detailed component design has started. As it will be described in the 

section results, the different parts of the device have been tested and evaluated prior to its final 

assembly and the validation of the complete system. 

Figure 1. Design methodology. 

Concept generation 

The main requirements defined for the device were: 

- its capability for generating a magnetic flux pattern with homogeneous gradient that

can be both used for irradiating biological samples or generating forces on embedded

paramagnetic particles,

- the sense of the magnetizing field should be variable, in order to produce forces in both

directions,

- operating range of 15x15 mm,
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- reaching at a regular gradient level of 30 T/m in the operating area, which is a

representative value considering the magnetic tweezers described in the literature for

mm-range devices 13,17,18 (this means force levels higher than 10 nN for nanoparticles of

40 µm of diameter and 5 % of ferrite material, which will be used to verify the 

performance of the device in the results section), 

- use of standard magnetic materials for reducing the cost avoiding special materials

(M330 - 50 A),

- separation of the coils from the samples for avoiding affecting them derived from the

heat.

Figure 2 shows the main concepts of the design process. It includes the most representative 

intermediate progressions, which were mostly used to optimize the geometry in order to 

minimize the magnetic losses. 

Figure 2. Concept evolution (framed in red, the operation area). 

The initial approach on the top left-hand side of the figure was based on 18. The design required 

high power (above 400 W at each gradient coil), a cooling system and the use of special material 

(Permandur 2V) due to the saturated kernel. Apart from that, the design did not obtain the 

-High power close to the sample.
- Highly saturated kernel.
- Low gradient in the middle.

- Non-homogeneous gradient
in the operation area.
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desired homogeneous field distribution in the operation range (specially at the center line as it 

appears in Figure 3). As in 18, the approach used a double set of coils: one for assuring a minimum 

homogeneous field; and a second coil set working with opposing fields for obtaining a high 

gradient. Figure 3 shows the details of the magnetic flux density with high saturated areas using 

Permandur 2V material with the parameters of table 1.  

Figure 3. Initial model, which based on reference 18. In the magnetic flux density diagram, the 

light blue line shows the evolution of the magnetic flux density along the gap in the middle of 

the operating area, the green and red lines at both edges of the working area (7.5 mm from the 

middle line. 
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Table 1. Summary of the device features. 

Geometry 

Operating rage 15x15 mm 

Core section 40x40 mm 

Electrical parameters 

Number of coils 4 

Turns 431 turns/coil (magnetizing coils), 190 turns 

coil (gradient coil) 

Material of the magnetic core Permandur 2V 

Given the high saturation and required power, the design concept changed from using the 

magnetizing-gradient coils approach to only using the geometry of the poles to obtain the 

desired flux pattern. In order to separate the heat source from the working area and reducing 

the power consumption, the second concept in the middle of Figure 2 was evaluated. In that 

case, it was possible to reach at 30 T/m in certain areas aligning the fields generated at the coils 

at both side arms. As the gradient is obtained without opposing fields, and it is a result of the 

design of the magnetic circuit, the required power is also lower. Unfortunately, the obtained 

pattern was not regular enough, as it can be seen in Figure 4, using the parameters of table 2. 

The details of the final design are given in the next subsections. 
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Figure 4. The magnetic flux density diagram of the intermediate design of Figure 2. The blue 

line (1) shows the evolution of the magnetic flux density along the gap in the middle of the 

operation area, the green line (2) at +/-7.5 mm while the red line (3) at +/-15mm. 

Table 2. Summary of the device features. 

Geometry 

Operating rage 15x15 mm 

Core section 40x40 mm 

Electrical parameters 

Number of coils 2 

Turns 380 turns/coil 

Material of the magnetic core M330 - 50 A 

An evolution of the geometry of the poles of that intermediate design (adjustment of the 

distance between the poles to avoid local perturbations) is the last design, on the bottom right-

hand side of Figure 2. In that case, it was possible to maintain the separation of the heat sources 

from the sample. Besides, mirroring the design in a symmetrical structure permitted to 

magnetize in two different directions and maintain regular field gradients in the working area. 

This last design is the one which finally selected. The summary of its features is listed in table 3. 

Description of the chosen concept 
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Figure 5. Model (A) and real (B) structure of the device of magnetic field generation. Both scale 

bars are equivalent to 15 cm. 

The designed device (Figure 5) consisted of: 

• The magnetic circuit made out of two modules (left and right) which can be sequentially

connected in order to generate forces in one direction or another.
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• A displacement actuator which locates the sample in the gap between the two modules.

The samples are located in a row and the actuator moves them to sequentially place

them in the operating area. This way it is possible to change the sample that is affected

by the magnetic field. The system may work with up to 3 samples.

• The controller has two separate elements: on the one hand, the movement of the

samples; and on the other hand, the generation of an alternating magnetic field. In the

first case, a position control is used for commanding a stepper Elmeq motor

(MLI1FRL17A4-EQ-LB3M180GT) connected to a mechanical spindle. In the second case,

the current command is given by a signal generator GWInstek PSB 2800L, which control

two power sources GW-Instek AFG-2225.

Operating principle  

The force on a magnetized particle m can be described by the equation below: 

𝐹 = 𝑚∇𝐵 

where, 

m: magnetic moment of the particle (A.m2) 

B: magnetic flux density (T) 

In order to design the system, a model-based approach was followed. A 2D finite element 

representation was used to design and verify the different designs. The software Comsol 

Multiphysics © was used as simulation environment. 

Figure 6 shows the value of B in the magnetic material and in the surrounding space air when 

the two coils of one side are connected at the same time to obtain a single direction force 

(results obtained when the upper coils are powered with 30 A). 
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Figure 6. The value of the magnetic flux density (T) in the space when two coils of one side are 

connected at the same time. 

Figure 7 shows the gradient of the magnetic flux. The red line shows the evolution of the 

magnetic flux density along the gap in the middle of the operation area, the green line at the 

edge of the working area (7.5 mm from the middle line), and the blue line at 15 mm of the 

central line, therefore outside the working area. As it can be observed, the distribution in the 

center of the graph has an almost constant gradient and a similar pattern appears at the edge 

of the working area. Outside it, the gradient is significantly reduced. In consequence, the 

irradiated area is confined in the working area. 

As previously described, the control system can separately modify the current in both coil sets. 

In this way, it is possible to change the magnetizing sign, the gradient value and the duration of 

the magnetic field affecting each tested sample. Magnetic field magnitude in central point of 

the designed device was measured by a gaussmeter 4048CE (FW Bell, USA). 
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Figure 7. The gradient of the magnetic flux density (B) @30 A in one side (magnetic flux density 

1: at 30 mm of the central line; 2: at 15 mm, and 3: at the central line). 

The features of the device are summarized in the table 3: 

Table 3. Summary of the device features. 

Geometry 

Operating rage 15x15 mm 

Core section 40x40 mm 

Dimension of the complete device (width/length) 480x1180 mm 

Electrical parameters 

Number of coils 4 

Turns 380 turns/coil 

Operating mode Groups of two alternatively working 

Resistance of each coil 0.1 Ω 

Inductance of each coil 117 mH 

Power consumption with the highest flux gradient 90 W/coi 

Material of the magnetic core M330 - 50 A 

Magnetic performance 

Magnetic flux gradient 30 T/m 

30 T/m (30 A)
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Central point magnetic flux magnitude 245 mT 

Particle synthesis 

PLA-ferromagnetic particles were synthesized according to Clara-Trullillo et al. 22 in order to 

validate the device properties. Briefly, 5 % w/w ferrite nanoparticles (MNPs EMG1300; Ferrotec 

Ferrofluid, USA) was added to non-aqueous phase composed by 2 % w/v PLA-chloroform 

solution. The aqueous phase was a solution of 4 % w/v PVA in MilliQ water. Then, 20 mL of 

PLA/chloroform solution was added using a syringe pump (New Era Pump Systems Inc., USA) to 

200 mL aqueous phase in an emulsion-agitator container under 150 rpm agitation (flow rate = 1 

mL/min). After 24 h, particles were washed 4 times with deionized water, 50 µm diameter 

sieved, lyophilized (LyoQuest 85, Telstar, Spain) for 48 h and finally, plasma treated (Plasma 

Electronic, Germany).  

Biological experimentation 

Cell culture and microtissue formation 

Human dental pulp stem cells (hDPSC) (Lonza, Switzerland) were cultured in proliferation media, 

containing alpha Minimum Essential Media (αMEM) (Gibco, USA) supplemented with 10 % fetal 

bovine serum (FBS) (Gibco), 1 % penicillin-streptomycin antibiotic solution (Gibco) and 2 mM L-

glutamine (Gibco) 23, and cultured in 75 cm2 culture flasks in a humidified atmosphere at 37° C, 

5 % CO2 and 95 % air. The passage number of cells used in this study was 3 to 5. Culture media 

was changed every 2-3 days. 

Cultured cells were detached with Trypsin-EDTA solution (Gibco, USA), resuspended in cell 

culture media and cell density was measured using an EVE Automated Cell Counter (Bio-Rad 

Laboratories, USA). Cell suspension was centrifuged and 6x105 cells in 300 µL of cell culture 

media were aliquoted in 0.5 mL microcentrifuge tubes and cultured for 3 days to obtain compact 

pellets or microtissues.  

Irradiation treatment 

A magnetic field of 245 T with a pulse direction changing every 3 seconds was applied for 2 cycles 

of 20 min irradiation/40 min resting time, twice a day, for 3 days. Samples were placed at the 

centre of the magnetic device during irradiation treatment (A-treated samples). For the whole 

treatment duration, control non-irradiated samples were either kept outside the cell incubator 

at 37° C (B-control) or at room temperature (C-control) during the same time of group A-samples 

treatment, whereas a third control non-irradiated samples were maintained inside the cell 
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incubator (D-control). During the periods of irradiation treatment, the microcentrifuge tubes of 

all groups were kept closed, whereas when daily treatment finished, the tubes were opened 

inside the incubator so that CO2 and O2 gases are equilibrated until the next irradiation period. 

Cell viability 

After 3 days of electromagnetic stimulation treatment, cellular viability was assessed. 

Cytotoxicity assay (MTS) (Promega, Spain) was carried out on A-treated samples and B-, C- and 

D-controls following manufacturer’s instructions. Cellular microtissues were centrifuged and

resuspended in 100 µL media without phenol red, transferred to 96-well culture plate and 

incubated with 20 µL of MTS assay reagent for 2 h at 37° C. The quantity of formazan product 

originated by mitochondrial metabolism of cultured cells was measured by absorbance at 490 

nm using a Victor X3 2030 Multilabel Reader (PerkinElmer, USA). The absorbance values 

obtained after blank subtraction are directly proportional to the number of viable cells. 

Morphological study 

To study cell morphology, one microtissue for each sample and control condition was washed 

with 300 µL of ice-cold phosphate buffered saline (PBS) (Euroclone, Italy) twice for 5 min, fixed 

with 4 % formaldehyde (VWR Chemicals, Prolabo, Germany) for 20 min, resuspended in 100 µL 

of PBS and layered on a glass slide using a Cytospin 3 (Thermo Shandon, USA). Samples were 

dried at room temperature and sequentially stained with Papanicolaou’s hematoxylin solution 

(Merck, Germany) and 1 % eosin (Merck) for 2 and 1 min, respectively. Finally, samples were 

observed in a bright-field microscope (Leica DMLB). 

RESULTS 

Validation of the magnetic device 

The validation was done by using synthesized PLA-ferromagnetic particles between 30 and 50 

µm of diameter. 

These particles were dispersed in a solution of 1 % ethylene glycol in water, transferred to a 

microcentrifuge tube, and then located in the working area of the magnetic device. In these 

conditions and considering a mean particle size of 40 µm, their properties were: 

- the viscosity of the fluid is approximated by 0.002141 Pa.s using the volume percentage

among ethylene glycol and water,

- the new particles have a magnetic moment of 4.67x10-10 Am2,
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- the expected viscous coefficient for the particle in such fluid, according to the Stokes

law, is 1.61x10-6 Ns/m,

- mass of 5.11x10-11 kg,

- the expected force level with a gradient of the magnetic flux of 30 T/m is 14 nN.

Figure 8 shows the expected evolution for a particle of 40 µm of the position with time calculated 

using Newton Law: 

𝐹 = 𝑚𝑝

𝑑2

𝑑𝑡2
𝑥 + 𝑐

𝑑

𝑑𝑡
𝑥 

With F, the magnetic force, mp the mass of the particle and c the viscosity of the fluid. The 

displacement is: 

𝑥 =
𝐹

𝑐
𝑡 +

𝑚𝑝

𝑐2
𝐹(1 − 𝑒(−𝑐/𝑚𝑝∗𝑡)) 

Figure 8. Typical position evolution for a 40 µm particle. 

As observed in Figure 8, a terminal speed of 8.7 mm/s was obtained for a reference 40 µm 

particle. 
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Figure 9. The image shows the bottom of a microfuge tube containing PLA-ferrite 

microparticles. Highlighted reference particles 1 -down- and 2 -up- are selected for the 

displacement measurement. The vertical lines represent 1 mm partition. The image is taken 

from one of the recorded videos. 

In order to validate the operation of the device, the movement of the framed particles in the 

Figure 9 was repeatedly measured in a range of 3 mm resulting in the values displayed in Figure 

10. As it can be seen, the measured values match the expected result for particles between 30

and 50 µm diameter.

Figure 10. Measured times for particles 1 and 2 at several tests. (accuracy of the time 

measurement +/- 0.1 s) 

Biological results 
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Cell viability 

After 3 days of irradiation treatment period, irradiated cells (A-samples) showed a 59 % increase 

on relative absorbance when compared to non-irradiated B- to D-control groups (Figure 11), 

whereas no differences were found between all control groups. Since the initial number of 

seeded cells was the same (6x105 cells) for all the groups, the increase in absorbance observed 

in the irradiated samples means an increase in the number of viable cells after 3 days of 

treatment. 

Figure 11. Viability study of A-treated and B-, C- and D-control samples after 3 days of 

treatment. Values represent the percentage of absorbance with respect to D-control group. 

Mean ± SD; *p ≤ 0.05 with respect to D-control group. 

Morphological study 

After hematoxylin and eosin staining (Figure 12), cells from all groups were observed isolated or 

in small groups, and presented a polygonal shape with scarce, short processes with a round 

centric or eccentric basophil nucleus with dense chromatin, and homogeneously stained 

eosinophil cytoplasm. These morphological characteristics were similar to those reported for 

mesenchymal dental pulp stem cells in culture 19,23. No morphological differences were found 

between irradiated cells (A-samples) and control groups. Therefore, no significant 

morphological differences were found in the different groups, but a higher cell density was 

observed in A-samples, which agrees with the viability assay results exposed above. 
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Figure 12. Hematoxylin-eosin staining of A-treated samples after 3 days of irradiation, and B- 

C- and D-control samples. Bright-field microscopy images. Scale bar = 50 µm. 

DISCUSSION 

Recent studies are focused on the use of electromagnetic fields to induce cell proliferation and 

differentiation, that would finally improve the repair of tissue defects caused by diseases such 

as osteoarthritis 20,24,25. A wide range of electromagnetic field and exposure time values has been 

used, but many studies apply an exposure in the range of mT and below, and an exposure time 

of 1 h. In this work, the magnetic field used was 245 mT, close to the 600 mT used by Suryani et 

al. 20 or by Negi et al. 24, while 4 daily irradiations of 20 min each for 3 days were established to 

study stimulation effect on cells. Suryani et al. 20 studied the effect of different exposure times 

per day and showed that 15 min of exposure originated an increase in the content of DNA and 

RNA in the irradiated samples, that means an induction in cell proliferation in vitro. However, 

Negi et al. reduced the exposure time to 10 min daily and found no differences between 

irradiated and control samples 24. Moreover, Ribeiro et al. 25 showed a 25 % increase in cell 

proliferation in electromagnetically- and mechanically-stimulated samples with respect to non-

mechanically stimulated cells. Therefore, the irradiation treatment designed in this study was 4 

x 20 min daily for 3 days, which showed an increase of more than 50 % in cell content in 
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electromagnetically-irradiated samples compared to non-irradiated control samples. In this 

case, the magnitude of the electromagnetic field did not affect cell content, but the exposure 

time was responsible for that change. 

Respect to cell morphology, Negi’s exposure treatment showed that mesenchymal stem cells 

did not undergo malignant transformation or formation of colonies when cells were cultured in 

soft agar 24, whereas the irradiation parameters applied by Ribeiro et al. showed no significant 

differences in cell morphology between stimulated and control samples 25, and similarly the 

irradiation treatment of this study showed similar morphology in all groups of samples 

(irradiated and controls), with polygonal cells with scarce and short processes, with rounded 

nuclei of dense chromatin and homogeneously stained eosinophil cytoplasm. These cell 

morphological characteristics were similar to that of hDPSC cultured in 3D scaffolds as alginate 

beads, as previously described by our group 19. 

Exposure to the electromagnetic field did not alter the morphology of mesenchymal stem cells 

but increased cell number, probably inducing cell proliferation, which is a goal of different 

trauma treatments 26 where cells are implanted in chondral lesions 27,28 and thus a high content 

of cells is required. 

The obtained results with the designed device confirm those presented in the literature 

regarding the positive effect of the irradiation in the cell proliferation with tests showing an 

increased number of cells without morphological differences compared to non-irradiated 

samples. Apart from asserting previous results, there is a remarkable difference between the 

tests described in the literature, which are focused on constant fields, and the test performed 

with the designed device, which applies a strong and changing field gradient. It has been very 

interesting to observe that even a dynamically changing configuration does not cause 

observable asymmetries in cell growth. Although previous tests seemed to show the 

independence of the cell growth with the field magnitude, the results obtained in the present 

work also shows no effect derived from dynamic field gradients. This fact opens up the possibility 

of combining the effects of mechanical excitation by adding magnetic beads and irradiation. 

CONCLUSIONS 

We have described, developed and fabricated an electromagnetic device for irradiating 

biological samples and for generating forces without contact in magnetic particles. The designed 

system can produce a regular magnetic gradient of about 30 T/m in a working area of 15x15 

mm. These values are well above the normal operating range of other magnetic tweezers of

similar electric power, which are normally focused on smaller irradiation areas. This device has 
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been experimentally evaluated in two different conditions: irradiating biological samples from 

human dental pulp stem cells and mechanically moving magnetic nanoparticles. The second test 

was used for validating the theoretical values of the generated magnetic field. 

The irradiated biological samples showed higher cellular content than control groups (kept into 

cell incubator or outside cell incubator at 37° C or at room temperature during irradiation 

treatment), whose viability was similar. As expected, the cells showed morphological 

characteristics of dental pulp stem cells, but no differences were found between irradiated cells 

and control group. As a summary, the exposure to the electromagnetic field did not alter the 

morphology of mesenchymal stem cells but increased its number. 

In conclusion, the device described in the present paper has proven its functionally for magnetic 

irradiation of samples and for the generation of mechanical stimuli through magnetic forces on 

ferric particles. 
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