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Static magnetic fields (SMFs) find widespread applications in diverse scientific, technological, and medical 
domains. This study explores the potential of neodymium permanent magnets in focusing and controlling SMFs, 
specifically emphasizing wound healing applications. Numerical simulations using COMSOL Multiphysics create 
a uniform static magnetic field for wound healing. The study systematically increases the number of neodymium 
magnets, demonstrating enhanced magnetic flux density and a focused magnetic field. The results affirm the 
efficacy of neodymium magnets in generating a uniform static magnetic field between 190-620 m Tesla. This 
research proposes neodymium permanent magnets as a promising tool for wound healing applications, offering 
a non-invasive and focused therapeutic approach. While the study provides valuable insights, further 
experimental and clinical validations are necessary to establish the real-world efficacy of this method. The work 
contributes to the evolving understanding of static magnetic fields as a viable therapeutic modality for various 
medical conditions, particularly in the context of wound healing.  
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Introduction 
 

Static magnetic fields (SMFs) have extensive 
applications in contemporary science and technology, as 
well as in industrial, agricultural, medical, and healthcare 
sectors, among other fields [1]. Static magnetic fields are 
essential in numerous fields, including but not limited to 
applications like magnetic resonance imaging (MRI) [2], 
transcranial magnetic stimulation [3], control of magnetic 
nanoparticles for gene and drug delivery [4,5], and the 
development of magnetic sensors [6]. Higher static 
magnetic fields facilitate the advancement of these 
applications. There are two distinct approaches to 
enhancing static magnetic fields: one aims to amplify 
them over a wide free space, potentially enhancing spatial 
resolution in MRI applications. The other concentrates on 
intensifying static magnetic fields within a confined space, 
enhancing sensitivity in magnetic sensors, and advancing 
the application of magnetic nanoparticles in gene and 
drug delivery [1]. Magnetic fields are increasingly utilized 
in diverse bioengineering and biomedical applications, 
offering significant advantages in lower patient 
invasiveness, especially regarding non-ionizing radiations. 
The non-magnetic nature of human tissues allows 
magnetic fields to penetrate without attenuation, 
distinguishing them from electric fields. This property is 
harnessed in various diagnostic and therapeutic methods, 
including Magnetic Resonance Imaging (MRI), Magnetic 
Fluid Hyperthermia (MFH) for hyperthermia and 
thermoablation with magnetic nanoparticles, and 
Transcranial Magnetic Stimulation (TMS). In MRI, a 
homogeneous magnetic field is crucial for imaging various 
pathologies across different anatomical regions, requiring 

a larger field of view (FOV). Conversely, in Magnetic Fluid 
Hyperthermia (MFH), the focused magnetic field induces 
localized heating for cancer therapy, aiming to preserve 
surrounding tissue. Similarly, in Transcranial Magnetic 
Stimulation (TMS), focusing the induced electric field 
within the brain enhances procedure effectiveness and 
accuracy and reduces patient invasiveness. The challenge 
lies in generating the desired magnetic distribution due to 
diffraction and attenuation phenomena, especially at 
lower frequencies, prompting research into technologies 
for optimizing and controlling this aspect [7]. The 
literature has documented various radiation 
configurations capable of manipulating diverse magnetic 
fields, representing significant advancements in this field. 
Volume, Helmholtz, and Birdcage Coils generate and focus 
magnetic fields for various applications. Volume Coils 
offer advantages such as medium homogeneity, scalability 
in terms of geometry, and high efficiency. However, a 
notable drawback is that their length must be greater than 
the solenoid section [8, 12-15, 16, 17]. On the other hand, 
Helmholtz coils provide a very homogeneous field but 
come with the disadvantage of poor efficiency [9,10,11]. 
Birdcage coils are characterized by their ability to 
generate circular or linear homogeneous fields, but their 
design complexity is a notable drawback [18,19]. 

 In contemporary research, there is significant interest 
in utilizing neodymium permanent magnets to focus and 
control static magnetic fields. Their capacity to 
concentrate magnetic fields presents potential 
advantages across diverse fields, from medical imaging 
systems to industrial applications. General Motors and 
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Hitachi collaborated in the 1980s to create neodymium-
iron-boron magnets. Due to their ability to generate 
substantial magnetic force with minimal material, these 
magnets have gained significance in producing robust 
permanent magnets composed of rare earth elements. In 
information technology, neodymium magnets find 
specific applications in hard disc drives, mobile phones, 
and television audio and video systems [20]. Neodymium 
magnets find application in the health sector, integrated 
into medical devices like magnetic resonance imaging 
(MRI) machines used for diagnosing and treating various 
conditions such as chronic pain syndrome, arthritis, 
wound healing, insomnia, headaches, and other diseases, 
owing to their capacity to generate a static magnetic field. 
Over the past decade, there has been a notable rise in 
their utilization [21]. 

The static magnetic field (SMF) emerges as a viable and 
non-invasive therapeutic approach with potential 
advantages [22-24]. Despite having less robust support in 
scientific literature, magnets have been utilized in 
alternative medicine to expedite the healing process and 
alleviate pain. Limited data indicates three potential 
mechanisms underlying the effectiveness of static 
magnetic fields (SMF): 1) an anti-inflammatory impact; 2) 
assistance in endothelial cell proliferation; 3) stimulation 
of collagen formation [25]. SMFs are recognized as 
powerful promoters of cell proliferation, migration, and 
differentiation, hastening the differentiation of 
osteoblast-like cells in laboratory settings [23]. 

Recent studies suggest that exposure to static 
magnetic fields (SMF) can affect the release of 
inflammatory cytokines by macrophages and lymphocytes 
[26]. The US FDA has approved SMF for the treatment of 
pain and edema, confirming its impact on cell metabolism 
and proliferation [27]. Prolonged exposure to SMF has 
shown potential in controlling hypertension [28] and has 
produced positive results in the treatment of 
osteoarthritis and nonunion fractures [27, 29, 30]. 

Research findings indicate that a static magnetic field 
of 220 mT enhanced the recovery rate in normal rats [25]. 
More recent investigations have delved into the effects of 
a 230 mT static magnetic field generated by a permanent 
NeFeB magnet on cutaneous wound healing in diabetic 
rats [24]. Additionally, a study conducted in 2016 
demonstrated accelerated wound healing in rats by 
applying a pulsed electromagnetic field (PEMF) signal 
using a Helmholtz coil at a frequency of 75 Hz and a 
magnetic field intensity of 1 mT. This effect was observed 
when combined with pulsed radiofrequency energy 
(PRFE) at a carrier frequency of 27.12 MHz [31]. 

Furthermore, current studies have noted that a 
moderate-intensity static magnetic field (0.6 T) notably 
enhances the healing of wounds in a mouse model of type 
2 diabetes. Even field strengths below 180-230 mT have 
demonstrated positive effects on healing streptozotocin-
induced diabetic wounds in mice [32]. 

In this research, we examined the focusing of static 
magnetic fields using permanent neodymium magnets for 
applications in wound healing. Numerical simulations 

were employed to generate a uniform static magnetic 
field, specifically between neodymium magnets 
positioned at defined distances, to achieve optimal focus.  
 

Materials and Methods  
 

Static magnetic field theory  
Static magnetic fields occur from either permanent 

magnets or direct current (DC) flow in conductive 
materials. The Biot-Savart law defines the contribution of 
a magnetic field (dB) created by a small wire segment of 
length (dL) carrying a current (I) as follows [33]: 

 

 𝑑𝑩 =  
𝜇𝐼 𝑑𝑳×𝒓

4𝜇𝑟2                                                                        (1) 

Here, r is the vector from the current element to the 
point where the field is being calculated, and μ represents 
the permeability of the medium. Equation (1) illustrates 
that the magnetic field is a vector circulating around the 
current element and decreases with the square of the 
distance from it. Integrating this law (Equation 1) enables 
the assessment of magnetic fields around structures 
carrying current, such as coils or electrical distribution 
networks. 

Magnetic fields are identified by the force they exert 
on moving charges, such as those composing electric 
currents. The force (F) in newtons is proportional to the 
charge (q) in coulombs and velocity (v) in meters per 
second, and it is perpendicular to both the motion and the 
field direction. Mathematically, this relationship is 
expressed as: 

 
 𝑭 = 𝑞(𝒗 × 𝑩)                                                                       (2) 

 
The magnetic flux densities (B) are measured in tesla 

(T). The actual magnetic field strength (H) is quantified in 
amperes per meter (A m⁻¹) and is linked to magnetic flux 
density through 

 
𝑩 = 𝜇𝑯                                                                                (3) 

 
In materials without magnetic properties, such as air, 

permeability is equivalent to the permeability of free 
space (μ0), defined as 4π×10⁻7H m⁻¹. 
 

Numerical Studies 
Numerical analysis is often used to solve problems that 

may have complex or impossible analytical solutions. This 
study utilizes the numerical analysis program COMSOL 
Multiphysics based on the finite element method. This 
study aims to develop a uniform static magnetic field 
environment for wound healing techniques. Static 
magnetic fields have been produced in various ways in the 
past, but this study aims to concentrate a homogeneous 
static magnetic field on a specific region and create a 
setting that can be used in animal experiments with 
permanent magnets. Four neodymium magnets were 
positioned in Figure 1 to generate a uniform magnetic 
field. The dimensions of the magnets were chosen as 10 
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cm x 10 cm x 5 cm. The distance between the two magnets 
is 16 cm. In COMSOL,  Magnetic Fields, No Currents 
module was selected as the Physics Module. The air 
environment that would contain the magnets was also 
modeled. Figure 2 (a) shows two selected domains 
subjected to magnetization in the y direction, and Figure 
2 (b) shows two selected domains subjected to 
magnetization in the x direction. The mesh image for four 
magnets is shown in Figure 3. 

 

 

Figure 1. 3D geometry of neodymium magnets is 
arranged in a mutually facing configuration with four 
magnets focused. The dimensions of the magnets are 
5 cm x 10 cm x 10 cm along the x, y, and z axes, 
respectively. 

 

 
(a) 

 
(b) 

Figure 2. Selected areas for magnetization applied in the  
(a) y direction and (b)  x direction.  

 
 

Figure 3. Mesh image of four magnets placed opposite 
each other. 

 
The mesh consists of 6289137 domain elements, 

77580 boundary elements, and 1326 edge elements. Each 
model takes approximately 148 seconds to run. We used 
a Free Tetrahedral element size with an extremely fine 
mesh structure. The mesh was highly detailed to achieve 
results as close to the actual outcome. 

First, the edges of the rectangular structure 
surrounding the magnet, defined as air in Figure 2 and 
other figures, were set as boundary conditions. These 
boundary conditions were defined as Magnetic Insulation. 

In Figure 4 (a), eight electrodes are modeled by adding 
one magnet behind each of the four magnets. The number 
of magnets was increased to increase the magnetic flux 
density value in the area between the magnets. Figure 4 
(b) shows four selected domains that were subjected to 
magnetization in the y direction. Figure 4 (c) shows four 
selected domains that were subjected to magnetization in 
the x direction. 

In Figure 5 (a), twelve electrodes are modeled by 
adding two magnets behind each of the four magnets. The 
number of magnets was increased to increase the 
magnetic flux density value in the area between the 
magnets. Figure 5 (b) shows six selected domains that 
were subjected to magnetization in the y direction. Figure 
5 (c) shows six selected domains that were subjected to 
magnetization in the x direction. 
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(a) 

 
(b) 

 
(c) 

Figure 4. (a) Two pairs of Neodymium magnets arranged in a mutually facing configuration with eight magnets focused, 
(b) Selected areas for magnetization applied in the y direction, (c) Selected areas for magnetization applied in the x 
direction. 

 
(a) b) 

 
(c) 

Figure 5. (a) Triple pairs of Neodymium magnets are arranged with twelve magnets focused in a mutually facing 
configuration, (b) Selected areas for magnetization applied in the y direction, (c)  Selected areas for magnetization 
applied in the x direction. 

Results  
 
Single, double, and triple permanent magnet groups 

were utilized to obtain static magnetic flux distributions 
focused on a wide area within the region between the 
magnets.  These distributions are given in Figures 6 (a-c) 
for single, dual, and triple magnet configurations, 
respectively. Magnetic field changes were graphed as a 1D 
plot on a line passing through the center of opposing 
magnets. To compare these three configurations, a line 
graph showing the change in magnetic flux density value 
depending on distance is shown in Figure 6 (d-f). Figure 7 
shows a line graph showing the change of magnetic flux 
density value depending on distance for comparison of all 
magnets. 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 6. Magnetic flux density distribution of (a)  single 
magnets, (b) dual magnets, and (c)  triple magnets. 
Line graph showing the change of magnetic flux 
density value depending on distance for single (d), 
dual (e), and triple (f)  magnets. 

.  

 

Figure 7. Line graph showing the change of magnetic flux 
density value depending on distance for comparison 
of all magnets. 

Figure 6 and Figure 7 demonstrate that the SMF 
distribution ranges from 190-290 mTesla with a single 
magnet group in an area of approximately 10 cm2 
between the magnets. The SMF distribution with the dual 
magnet group is within the 400-580 mT range. With the 
triple magnet group, the SMF distribution is within the 
440-620 mT range in a higher and wider area. As a result,  
increasing the number of magnets increased the magnetic 
flux density values.  

 

Conclusions and Discussion  

 
Static magnetic fields (SMFs) play a pivotal role in 

various scientific, technological, and medical applications, 
including magnetic resonance imaging (MRI), transcranial 
magnetic stimulation, and magnetic nanoparticle-based 
therapies. The ability to enhance and control static 
magnetic fields is crucial for advancing these applications. 
This study explored the utilization of neodymium 
permanent magnets to focus and control static magnetic 
fields, with a specific focus on wound healing applications. 

The literature review highlighted the diverse 
applications of SMFs in bioengineering and biomedical 
fields, emphasizing their non-invasive nature and 
penetrative capability through human tissues. The study 
delved into the potential therapeutic benefits of SMFs, 
including anti-inflammatory effects, cell proliferation 
assistance, and collagen formation stimulation. 

Numerical simulations using COMSOL Multiphysics 
were conducted to generate a uniform static magnetic 
field for wound healing. The study systematically 
increased the number of neodymium magnets to enhance 
magnetic flux density, resulting in a focused and 
homogeneous magnetic field. The numerical results 
demonstrated that increasing the number of magnets led 
to higher magnetic flux density values, emphasizing the 
effectiveness of the neodymium magnets in creating a 
uniform static magnetic field.  

Overall, the findings suggest that neodymium 
permanent magnets hold promise for applications in 
wound healing, offering a non-invasive and focused 
approach to harnessing the therapeutic benefits of static 
magnetic fields. Further experimental validations and 
clinical studies are warranted to validate the efficacy of 
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this approach in real-world medical scenarios. The study 
contributes to the ongoing exploration of static magnetic 
fields as a viable therapeutic modality with potential 
benefits for various medical conditions, including wound 
healing. 
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