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ABSTRACT 

 

Effectivity of Repetitive magnetic stimulation  

in mouse wound model 

 

Jae Won Heo 

Dept. of Medical Science 

The Graduate School 

Yonsei University 

 

Magnetic stimulation is applied in various fields in modern medicine. This shows the potential for 

endless applications ranging from the relief of acute low back pain to the treatment of Parkinson's 

disease and assistive treatment after hip replacement surgery.  

Previous studies have shown that magnetic stimulation promotes treatment against wounds. 

Wound is a wide-range-concept, ranging from damage caused by external factors such as trauma 

to secondary manifestations according to clinical conditions such as diabetes or peripheral vascular 

disease. It is assumed that magnetic field stimulation increases the microcirculation of the 

periphery when applied to the wound and affects the current in the cell membrane, but is not 

clearly demonstrated. 

Therefore, this study aims to objectively analyze the effects of repeated magnetic stimulation in 

wound healing model in mouse.  

15 hairless mice (8-week-old male, wild genomic type) was involved in this study. Wound model 

was made in the back of the hairless mouse with 4mm punch. 4 uniformly sized round wounds 

were made in each mouse. The mice were divided into three categories: control (n=5), Sham group 

(n=5), and RMS (repetitive magnetic stimulation) group (n=5). In the RMS group, repeated 

magnetic field stimulation treatment (RMS) was performed (230mT intensity, circular coil, 10 Hz, 

20 min/day), while the sham group was exposed to the treatment device at the same time, but was 

set not to actually apply the magnetic field.  

 

Magnetic field treatment was performed on the 0, 1st, 3rd, 5th and 7th days from the experiment 

day. Gross photo was taken in each days for measuring the wound size and laser speckle contrast 

image was performed to evaluate the circulation around the wound. On the 3rd and 7th days, tissue 

was harvested from the wound for histologic evaluation. 
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As a result of visual analysis, on the 5th and 7th days after the experiment, the relative wound area 

was significantly reduced in the RMS group compared to control and Sham groups. In addition, 

there was no significant difference between the control group and the Sham group. In the 

histological analysis results, it was observed that the RMS group had a faster epithelialization than 

the other group, and that the neo- epithelium was formed thicker than the other groups. In the laser 

speckle analysis, enhanced speckle image indicating the microcirculation, was observed on each 

follow-up day and this enhancement of laser speckle image was more definitely observed on the 

5th and 7th days after the experiment. 

This study shows that repeated magnetic field therapy in the wound healing model successfully 

promotes the wound healing process. This is consistent with previous studies, and has the 

advantage of showing the clue of mechanism, which has been pointed out as a limitation in 

previous studies because of its ambiguity, through laser polarization equipment. However, the lack 

of adequate analysis and consideration for the optimal strength of magnetic field is a limitation of 

this study, and it is considered that further studies on this point will be needed in the future. 
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I. Introduction 

The term, ‘wound’ is a wide range of concept, ranging from damage caused by external factors 

such as trauma to secondary manifestations due to different clinical conditions. Wound healing 

process is a complex phenomenon from feedback and feed-forward to the molecular signal 

inside the wound tissue, as well as microenvironment and intervention of various adjuvant 

therapies, which requires a multifaceted comprehensive approach.  

Magnetic stimulation has been applied to various fields in modern medicine. Previous studies 

show the potential for endless application from the treatment of Parkinson's disease to relief of 

acute back pain, and assistive treatment after hip replacement surgery. The point that authors 

paying attention is the application of magnetic field stimulation to wounds, and previous 

researches have shown that this magnetic stimulation promotes the wound healing process. 

Static magnetic field (SMF) and pulsed electromagnetic fields applied to the mouse model have 

been shown to be effective in wound healing through several animal experiments. It is assumed 

to increase and affect the current of the cell membrane, but it has not been clearly demonstrated. 

Laser speckle contrast imaging is a technology based on time-integrated speckle patterns 

generated by low-power laser radiation, and was used to monitor blood flow because of its 

feature that enables noninvasive evaluation of blood flow.  

Therefore, this study aims to objectively analyze the effects repetitive magnetic stimulation 

(RMS) on wound healing in a mouse model through laser speckle contrast imaging, which can 

visually evaluate microcirculation in the tissues, as well as gross findings and histopathological 

changes. 

 

II. Methods 

A. Pilot study 

Prior to the main experiment, a pilot study was conducted to see the feasibility of the 

experiment. Two 8-week-old male hairless mice (wild genomic type) (35 g in weight) were 

anesthetized by intraperitoneal injection of ketamine and Rompun solution before the 

procedure. Subsequently, before and after RMS treatment, gross photographs and a laser 

speckle contrast image was taken to confirm changes in peripheral microcirculation. Repetitive 

magnetic stimulation used magnetic disk with 230mT intensity. (circular coil, 10Hz, 20 minutes) 

On the laser speckle image, it was observed that the peripheral circulation was significantly 

increased after performing RMS (Fig. 1c) compared to before RMS (Fig. 1.b), and it was 

confirmed that it was maintained even during the wash out period of about 5 minutes. (Fig. 1.d). 
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In order to confirm the usefulness of repeated magnetic stimulation in the wound model, 

fifteen 8-week-old male Hairless mice (30-40 g of body weight) were used, and were divided 

into three groups as follows. (1) Control model (n=5), (2) Sham (n=5), (3) RMS (n=5)  

The first group was set as a control, and the RMS group was subjected to repeated magnetic 

field stimulation treatment (RMS), while the sham group was exposed to the treatment device 

at the same time, but was not actually applied to the magnetic field. 

 

B. Wound model 

In order to confirm the usefulness of repeated magnetic stimulation in the wound model, fifteen 

8-week-old male Hairless mice (30-40 g of body weight) were used, and were divided into 

three groups as follows. (1) Control model (n=5), (2) Sham (n=5), (3) RMS (n=5)  

The first group was set as a control, and the RMS group was subjected to repeated magnetic 

field stimulation treatment (RMS), while the sham group was exposed to the treatment device 

at the same time, but was not actually applied to the magnetic field. 

Subject mice were anesthetized by intraperitoneal injection of ketamine and Rompun solution 

prior to the procedure. Thereafter, a 4-mm punch was used on the back of the mouse to create 

uniformly sized wounds in four locations as shown in figure 1. Thus, four full-skin thickness 

excisional wound is created on the dorsum of the mouse, which extends through the 

panniculosus carnosus. (figure 2) 

Figure 1. Pilot study of RMS on dorsal skin of hairless mouse. 

  a) 8 weeks-old hairless mouse was preparated 

  b) Normal skin circulation: Laser speckle image of dorsal skin of hairless mouse 

  c) After RMS (20 min, **Frequency, **Hz) : Peripheral circulation was enhanced in laser speckle image 

  d) 30 minites after RMS: Increased peripheral circulation was prolonged 

Figure 1. Pilot study of RMS on dorsal skin of hairless mouse. 

  a) 8 weeks-old hairless mouse was preparated 

  b) Normal skin circulation: Laser speckle image of dorsal skin of hairless mouse 

  c) After RMS (20 min, **Frequency, **Hz) : Peripheral circulation was enhanced in laser speckle image 

  d) 30 minites after RMS: Increased peripheral circulation was prolonged 
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Figure 2. Representative photo of wound model 

 

C. Procedure 

All test subjects were anesthetized by intraperitoneal injection of ketamine and Rompun 

solution during the procedure time. To exclude bias caused by exposure to the external 

environment, the control group was observed on the bench for 20 minutes after anesthesia. 

Repetitive magnetic stimulation was performed on RMS group at 10 Hz frequency (on–off 

interval, 3 s) for a duration of 20 min on day 0,1,3,5 and 7. In the same environment as the 

RMS group, the Sham Group was exposed to the device with reversed magnetic disc to prevent 

exposure fromo the magnetic field. 
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D. Evaluation 

Repetitive magnetic stimulation treatment and wound observation were performed on the day 

of procedure, 1 day, 3 days, 5 days, and 7 days after the procedure. The following items were 

observed. 1) Visual analysis of the wound and photographs taken with polarization camera, 2) 

Microcirculation measurement using laser speckle contrast imaging 3) Histologic evaluation 

(H&E stain: on the 3rd and 7th days) (Table 1) 

 

a) Gross findings 

• On postoperative day 1, 3, 5, 7, wound model was grossly examined and photographed. 

Areas were measured using ImageJ (1.52 version; National Institutes of Health, Bethesda, 

Md.) on each follow-up day. The healing rate of the wound was determined by comparing 

remnant soft tissue defect of each follow up day with the initial size of defect area.  

b) Histopathologic findings 

• Specimen was taken from mice on postoperative day 3 and 7 for histologic examination. 

The tissues for evaluation were harvested from the identical location. Skin tissues were 

fixed in 10% neutral buffered formalin. The specimens were embedded in paraffin wax and 

sectioned, stained with hematoxylin and eosin (H&E). H&E-stained slides were viewed at 

10x and 20x magnification with light microscope. 

c) Laser speckle contrast imaging for evaluation of microcirculation 

• The wound model was observed through laser speckle contrast imaging on days 0, 1, 3, 5, 

7 after operation to observe minute differences in microcirculation as time progresses.  

• With laser speckle contrast imaging, areas with high blood flow are seen as relatively warm 

colors (red, green, and yellow) and those with poor or no blood flow are observed as 

blue.(figure 1) 

d) Statistical analysis 

• All results are presented as mean ± SEM. For the statistical analysis, one-way analysis of 

variance (ANOVA) with Bonferroni correction was performed using SPSS V25 software 

(SPSS Inc, Chicago, IL). The level of significance was taken as p < 0.05. 

All experimental procedures performed in this work involving animals were approved by the 

institutional Animal Care and Use Committee at Yonsei University Wonju College of Medicine 

(Identification code: YWC-200325-1) and procedures were performed in accordance with the 

guidelines of the National Institutes of Health’s Guide for the Care and Use of Laboratory 

Animals. 
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Table 1. Brief schedule of evaluation. 

 Day 0 Day 1 Day 3 Day 5 Day 7 

Gross 

evaluation 
O O O O O 

microcirculation 

evaluation 
O O O O O 

Histologic 

evaluation 
  O  O 

 

III. Results 

A. Gross finding and area measurement. 

The macroscopic photographs of wound model in the control, sham and experimental(RMS) 

groups are presented in Figure 2 at the same time points during experiment. The significant 

differences between RMS group and other groups could be observed in these photographs from days 

7. The area of wounds were visibly different between groups on day 7. The measured wound area 

quantitatively represented the different wound healing progressions of three groups. The wound area 

of the RMS group was significantly smaller than that of the other groups on days 5 and 7 (p < 0.05; 

Table 2). However, there was no statistically significant difference between the wound area of the 

sham group and the control group. Figure 3 shows the trend of wound relative area of each group as 

time progressed. 

 

 Wound relative area (%) 

Group Day 1 Day 3 Day 5 Day 7 

Control 94.35 ± 3.93 68.18 ± 8.68 47.47 ± 14.19 22.86 ± 10.12 

Sham 88.90 ± 8.50 66.79 ± 5.90 38.33 ± 11.46 21.96 ± 10.80 

RMS 82.11 ± 7.85* 63.91 ± 4.19 28.99 ± 14.87* 10.51 ± 6.82* 

Table 2. Wound area measurement 

Values are expressed as mean ± SD, *p<0.05 vs, Control group 
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Figure 3. Changes of Wound area 

 

 

 

 

 

B. Histopathologic findings. 

On days 3 and 7, the histological changes in the each group during wound healing process were 

determined and compared (Figure 4). Figure 4a and b shows the changes in the wound histological 

characteristics of the control groups on day 7. The control group exhibited Epithelization is observed 

in wound margin. Howerever, epithelium did not grow completely in wound model under the scaby.  

Figure 4e and f represents the histological characteristics of RMS groups on day 7. Wound healing 

was obviously almost complete in the RMS group. Complete epithelization is observed under the 

scaby. The thickness of neo-epithelium is thicker than normal epithelium around the wound.  
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Figure 4. Histologic evaluation of wound model in 7 days 

a) Control group(x4). Epithelization is observed in wound margin (Yellow arrows). Under the 

scaby, epithelium did not grow completely in wound model. 

b) Control group(x10). Marginal epithelization is observed. (Yellow Astrix) 

c) Sham group(x4) Under the scaby, epithelization is observed, however, not in complete. 
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(Yellow arrows).  

d) Sham group (x10)  

e) Experimental group(x4) Complete epithelization is observed under the scaby. The 
thickness of neo-epithelium is thicker than normal epithelium around the wound. (Yellow 

arrows).  

f) Experimental group(x10) 

  

 

No significant differences were observed between the control group and the sham group. (figure 3c 

and d) 

 

 

 

 

 

 

 

 

 

 

C. Laser speckle contrast imaging. 

Before the repetitive magnetic stimulation, laser speckle contrast imaging was used to assess 

microcirculation in wound model to evaluate original blood flow. Initially, there were no significant 

differences observed between the groups. Thereafter, measurements were taken immediately after 

the RMS and on postoperative days 1, 3, 5 and 7. There were no significant differences in perfusion 

in control and sham groups over time. However, we can observe that the laser speckle signal of the 

RMS group, i.e., the blood flow, became more prominent over time, especially by postoperative 

days 5 and 7 (Fig. 5). Notably, in the PDRN group, the blood flow signal appeared both defect area 

and surrounding tissue, more prominently in day 5 and 7. This was consistent with gross findings 

that healing rate was high in RMS group[3]. 
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Figure 5. Laser speckle image of wound model  
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IV. Discussion 

Magnetic fields are known to influence cellular behavior, including cell proliferation, migration 

and differentiation, to cause homeostasis and regenerate damaged tissue.(1-3) 

The results of this study are consistent with the conventional concept that exposure to RMS 

magnetic fields increases the rate of skin wound healing and that magnetic fields can affect the 

physiology of the organism.  

Magnetic therapy has a long history, documenting that scars were prevented by gold leaf in the 

1600s.(4) Since then, magnetic stimulation has been suggested to be effective against numerous 

diseases and conditions, and at least the benefits of electromagnetic therapy for bones have been 

demonstrated. 

The origins of this application began in the 1950s, when Fukuda and Yasuda of Japan described 

the piezoelectric effect of bones, in which an electrical potential is produced as a response to 

mechanical stress.(5)  Subsequent studies have provided sufficient experimental and clinical 

evidence to support the use of magnetic fields to aid bone healing, and to extent in the establishment 

phase, but their application to soft tissue healing is still ambiguous. (6-9) 

In the 1960s, Becker et al. studied amphibians and described the presence of electromagnetic skin 

circuits, involving limb regeneration.(10)  Borgens et al. found that this current is essential for 

amphibian limb regeneration and that reversal causes degeneration of the limb.(11, 12) This skin 

circuit has been identified in humans and is similar to the size proven in amphibians.(13) Given this 

fact, external magnetic therapy can also affect the healing of soft tissues in humans. 

The effects of magnetic fields on various tissue restorations in animal models have been 

extensively investigated.(14, 15)  

It has been reported that static magnetic fields that induce static and high power magnetic fields 

(0.4-4mT) may improve wound healing.(16) 

In the diabetic rat model, the wound healing effect of 230mT static magnetic field was demonstrated 

by evaluating the wound area reduction rate, wound mean closure time and wound tensile 

strength.(17) 

Pulsed electromagnetic field (PEMF) can effectively accelerate the healing of some types of 

wounds.(14, 18) 

Previous studies have reported that applying PEMF (20 Hz, 4 ms, 8 mT for 1 hour per day) 

accelerates the delayed wound healing of diabetes.(19) 

However, there is no research that has analyzed the effect of low-frequency repetitive magnetic 

stimulation on wound healing using laser speckle contrast imaging in view of increased 

microcirculation. 

This study was designed to effectively utilize RMS for wound healing in a mouse wound model and 
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to improve the rate of wound healing as well as to observe this in terms of increased peripheral blood 

flow. Therefore, measurement of the wound area and comparison of the wound surface were 

performed. On the 5th and 7th day of the experiment, the gross photograph of the RMS group was 

significantly different from the Sham group and the control group at the same time. The way we 

proved is as follows. 

First, the wound area measurement quantitatively proved that the wound healing of the RMS group 

was significantly faster than that of other groups over the entire process. 

Second, this observation was confirmed by our histological evaluation. In the analysis conducted on 

day 7, the thickness of neo-epithelium is thicker than normal epithelium around the wound. 

Finally, the RMS group shows shortened wound healing time and accelerated tissue restoration in 

laser speckle imaging. 

Additionally, laser speckle contrast imaging as a method of monitoring blood flow in grafts had not 

been previously attempted. Laser speckle contrast imaging is a technology based on time-integrated 

speckle patterns generated by low-power laser radiation, imaged with CCD camera, and was used 

to monitor blood flow in our study because of its feature that enables noninvasive evaluation of 

blood flow. Laser speckle contrast imaging showed a significant difference in blood flow between 

the groups, with higher blood flow in the RMS group. Consistently, laser speckle contrast imaging 

showed that, higher signal, which indicates areas with increased blood flow, was noticed in RMS 

group : not only adjacent area but also inside of defect area.  

Our findings show that RMS can penetrate the skin tissue and increase peripheral blood flow, 

significantly accelerating the wound healing process. 

In general, the wound healing process is divided into four, as the following overlapping phases: 

hemostasis and inflammation, proliferation (granulation, vascularization, and wound closure; 

closure may be discussed as wound contraction and epithelialization) and remodeling (continues 

from weeks to years and encompasses collagen deposition, acquisition of wound tensile strength, 

and turnover of extracellular matrix (ECM) components). In this process, a variety of complex 

reactions and cascades occur, involving growth factors and cytokines.(20) 

In this process, the recovery of microcirculation plays an important role in tissue restoration during 

wound healing. 

The magnetic field also positively affects microcirculation through various aspects, such as 

decreased blood viscosity and reduced vasodilation.(21, 22) Several studies have shown improved 

blood circulation when wound sites are exposed to SMF.(22-26) 

On laser speckle contrast imaging, the RMS group showed significantly more microcirculation on 

the same day than the other groups, and the imaging findings and histological results were consistent. 

The limitation of this study is that a small sample size and quantitative evaluation of the magnetic 

field strength have not been performed. The RMS treatment in our study was performed with a 

BioCon-100 (M-cube Tech, Seoul, Korea) using a circular coil, which produces biphasic pulses 
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lasting 280 ls and a maximum field of 1 Tesla at the center of the coil. RMS was performed at 10 

Hz frequency (on–off interval, 3 s) for a duration of 20 min per day for 4 weeks. However, 

quantitative magnetic measurement was not achieved through the use of measuring tools such as 

magnetic field meters. 

Interestingly, our protocol used a relatively strong static magnetic field (10Hz at center and about 

1T at the center) compared to that used in the several studies mentioned above, but our results have 

a relatively favorable effect. There have been few studies on the difference in wound healing 

according to the strength of the magnetic field. 

Therefore, the optimal magnetic field strength for this should be determined in future studies. 

 

V. Conclusion 

This study shows that repeated magnetic field therapy in the wound healing model successfully 

promotes the wound healing process. This is consistent with previous studies, and has the 

advantage of showing the clue of mechanism, which has been pointed out as a limitation in 

previous studies because of its ambiguity, through laser polarization equipment. However, the lack 

of adequate analysis and consideration for the optimal strength of magnetic field is a limitation of 

this study, and it is considered that further studies on this point will be needed in the future. 
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국 문 요 약 

 

창상치유에 대한 반복 자기장 치료의 유용성 

 

 

자기장 치료는 현대의학에서 다양한 분야에 적용되고 있다. 이는 선행 연구에서 급성 

요통의 완화에서부터 파킨슨병의 치료, 고관절 대체 수술 후 보조치료에 이르기까지 

무궁무진한 응용 가능성을 보여주고 있다.  

이전의 연구에 따르면 자기장 자극은 창상에 대하여 치료를 촉진시키는 것으로 나타

났다. 창상은 넓은 범위의 개념으로, 외상과 같은 외부 요인에 의한 손상에서부터 당

뇨병이나 말초혈관 질환 등의 임상 상태에 따른 이차적 발현에 이른다. 선행 연구상 

정적 자기장 치료(Static magnetic field, SMF) 및 저주파 파동형 전기자기장 치료(Pulsed 

electromagnetic field, PEMF) 는 여러 차례의 동물 실험을 통해 창상 치료에 효과가 있

는 것으로 나타났다. 이는 자기장 자극이 창상에 적용되었을 때 주변부의 미세 혈류

를 증가시키며 해당 세포막의 전류에 영향을 줄 것이라고 추정하나 명확하게 증명되

어 있지 않다.  

따라서 본 연구에서는 쥐의 창상 모델을 설정하여 반복적 전기 자극(Repetitive 

magnetic stimulation, RMS) 치료를 하였을 때의 창상 치유에 대한 영향을 육안적, 조직

학적 뿐만 아니라 조직 주변부의 미세혈류를 육안적으로 평가할 수 있는 레이저 편광 

장비를 통하여 객관적으로 분석하는 것을 목표로 한다.  

15마리의 8주령 Hairless mice (wild genomic type)를 대상으로 창상 모델을 설정하여 동물 

실험 연구를 진행하였다.  실험 대상은 대조군 (n=5), Sham군(n=5), RMS(repetitive 

magnetic stimulation)군 (n=5) 총 세 분류로 나누었다. RMS군은 반복 자기장 자극 치료

(RMS)를 시행하되 sham군은 동일 시간 치료기기에 노출하나 실제로 자기장을 적용하

지 않도록 설정하였다. 실험 대상은 시술 전 ketamine 과 Rompun solution의 복강내 주

사를 통하여 마취하였고. 이후 실험 대상의 등 부위에 4mm의 punch를 사용하여 균일

한 크기의 창상을 4군데 생성하였으며, 이후 만들어진 창상에 대조군, Sham군은 제외

하고, RMS 군에만 반복 자기장 치료를 시행하였다. 자기장 치료는 230mT 세기의 disc

를 부착하여 시행하였다. (circular coil, 10 Hz, 20 min/day). 

자기장 치료는 실험일, 실험일로부터 1,3,5,7일째 시행되었으며, 각 시기에 육안적 분

석과 레이저 편광 장비를 통한 분석을 시행하였다. 또한 3, 7일째에 조직학적 분석을 

시행하였다.  
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육안적 분석 결과상 실험 후 5일째, 7일째에서 RMS 군이 다른 두 군에 비하여 상대적 

창상 면적이 유의하게 감소한 것을 확인할 수 있었다. 또한 대조군과 Sham 군 간에는 

유의한 차이가 없었다. 조직학적 분석 결과에서도 RMS 군이 다른 군에 비하여 상피

화가 더 순조롭게 일어났으며, 신-상피가 주변부보다 두껍게 형성된 것을 관찰할 수 

있었다. 레이저 편광 분석 역시 각 추적 관찰일 모두에서 미세혈류를 나타내는 레이

저 편광 신호가 높게 측정됨을 관찰할 수 있었으며, 이는 실험 후 5, 7 일째에 두드러

지는 결과를 확인할 수 있었다.  

본 연구는 창상 치유 모델에서 반복 자기장 치료가 창상 치유과정을 성공적으로 촉진

함을 보여주고 있다. 이는 선행 연구와 일치하며 이전부터 한계점으로 지적되어 왔던 

촉진 기전의 모호함을 레이저 편광 장비를 통해 실제적으로 보여줬다는 것에 강점이 

있다. 그러나 적절한 자기장 강도에 대한 분석 및 고찰이 한계점으로 추후 이 점에 

대한 추가 연구가 필요할 것으로 생각된다.  


