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Electrical Stimulation for
Accelerated Wound
Healing

According to a study by the University of Freiburg and Chalmers
Institute of Technology, electricity can speed up the healing of chronic
wounds by up to three times compared to conventional techniques.
This groundbreaking research opens up new possibilities for treating
chronic wounds, particularly in patients with conditions that hinder
recovery.
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The Science Behind
Electrical Wound Healing

Regulated Electric Cell Migration

Field The technique improves
The healing process is repair by promoting skin cell
accelerated by subjecting migration toward damaged
skin cells to a regulated areas.

electric field.

No Adverse Effects

The lack of adverse effects points to the possibility of clinical
uses.




Benefits for Chronic Wound Patients

Accelerated Healing

Electricity can speed up the healing of
chronic wounds by up to three times
compared to conventional techniques.

Hope for Patients

This technique provides those with
chronic wounds with hope for faster
recovery.

Reduced Risks

Electrical stimulation lowers the risk of
consequences like infections and
amputations.



Pulsed Electromagnetic
Field (PEMF) Therapy

Non-Invasive Modality Low-Frequency Fields
PEMF therapy has emerged PEMF therapy utilizes low-
as a promising non-invasive frequency electromagnetic
modality to enhance wound fields to induce electrical
healing. currents in tissues.
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These currents interact with cellular and molecular processes,
promoting wound healing through several key mechanisms.



-, Enhanced Cellular
‘. Proliferation and

Migration

Fibroblast Stimulation

1 PEMF therapy stimulates the activity of fibroblasts, the
primary cells responsible for producing collagen and
extracellular matrix components.

Accelerated Granulation

2 By increasing fibroblast proliferation and migration,
PEMF accelerates the formation of granulation tissue,
which is essential for wound closure.

Growth Factor Upregulation

Studies have shown that PEMF exposure upregulates

3 growth factors such as transforming growth factor-beta
(TGF-B) and vascular endothelial growth factor (VEGF),
which play critical roles in tissue repair.




New Blood Vessel
Formation

Angiogenesis, the formation
of new blood vessels, is
crucial for delivering oxygen
and nutrients to the wound
site.

Increased VEGF
Expression

PEMF therapy increases the
expression of VEGF,
promoting improved blood
supply to the wound area.

Improved Angiogenesis

Enhanced Endothelial
Activity

PEMF therapy has been
shown to enhance
angiogenesis by stimulating
endothelial cell activity.

Faster Healing and
Reduced Infection
Risk

Improved blood supply to
the wound area promotes
faster healing and reduces
the risk of infection.




Anti-Inflammatory Effects of PEMF

1 Balanced Inflammatory Response

2 Reduced Pro-Inflammatory Cytokines

3 Increased Anti-Inflammatory Cytokines

4 Favorable Environment for Tissue Repair

PEMF therapy modulates the inflammatory response by reducing the levels of pro-inflammatory cytokines, such as TNF-
a and IL-6, while increasing anti-inflammatory cytokines like IL-10. This balanced inflammatory response creates a
favorable environment for tissue repair.



Increased Collagen

Synthesis

Enhanced Collagen
Production

PEMF therapy has been shown to
upregulate collagen synthesis by
fibroblasts.

9,

Reduced Wound
Dehiscence

Increased collagen synthesis
reduces the risk of wound
dehiscence (reopening).

It

Stronger Scar Tissue

Enhanced collagen production
leads to stronger and more
resilient scar tissue.



Accelerated Epithelialization

Epithelialization Process

Epithelialization is the process by
which new epithelial cells cover
the wound surface, critical for
wound closure.

2

PEMF Stimulation

PEMF therapy promotes the
migration and proliferation of
keratinocytes, the primary cells
involved in epithelialization.

Faster Healing

This results in faster re-
epithelialization and reduced
healing time.



Reduction of Oxidative Stress

Oxidative Stress Impact PEMF's Protective Effect Cellular Health Support
Excessive oxidative stress can impair PEMF therapy has been shown to This protective effect supports
wound healing by damaging cells and reduce oxidative stress by enhancing cellular health and accelerates
tissues. the activity of antioxidant enzymes, healing.

such as superoxide dismutase (SOD)
and glutathione peroxidase.



Electrical Stimulation of
Cellular Membranes

Induced Electrical Currents

1 PEMF therapy induces electrical currents that interact
with cellular membranes.

Ion Channel Activation

2 This leads to the activation of ion channels and signaling
pathways.

Enhanced Cellular Communication

3 Electrical stimulation enhances cellular communication
and coordination, which is essential for efficient wound
healing.




Scientific Evidence:
Clinical Studies

2016 Study on Chronic Enhanced

Venous Leg Ulcers Angiogenesis and

A 2016 study published in Collagen Synthesis
Wound Repair and The researchers attributed
Regeneration investigated these benefits to enhanced
the effects of PEMF therapy angiogenesis and collagen
on chronic venous leg ulcers. synthesis.

The study found that patients
treated with PEMF
experienced a significant
reduction in wound size and
improved healing rates
compared to the control

group.




Scientific Evidence: Animal
Models

1 2018 PLOS ONE Study ' .

A 2018 study in PLOS ONE examined the effects of
PEMF on full-thickness skin wounds in rats.

2 Faster Epithelialization

The results showed that PEMF-treated wounds had
faster epithelialization compared to untreated wounds.

3 Increased Collagen Deposition
PEMF-treated wounds showed increased collagen
deposition.

4 Improved Tensile Strength

The study found improved tensile strength in PEMF-
treated wounds.



Scientific Evidence: In Vitro Studies

2019 Bioelectromagnetics Research

Research published in Bioelectromagnetics (2019)
demonstrated that PEMF exposure increased
fibroblast proliferation and collagen production in cell
cultures.

Growth Factor Upregulation

The study also found that PEMF upregulated the
expression of growth factors, such as TGF-3 and
VEGF, further supporting its role in wound healing.



Scientific Evidence: Burn Wounds

2020 Burns Study
Results

A 2020 study in Burns
evaluated PEMF therapy
effects on burn wounds
using a murine model,
showing significant healing
improvements

Reduced
Inflammation
Response

PEMF-treated burns
exhibited markedly reduced
inflammation compared to
untreated burns,
demonstrating the
therapy's anti-inflammatory
effects

Enhanced Re-
epithelialization

PEMEF-treated burns
showed accelerated re-
epithelialization, indicating
faster wound closure and
healing progression

Superior Scar
Formation

The study documented
significantly improved scar
quality in PEMF-treated
burns, resulting in better
cosmetic and functional
outcomes



Scientific Evidence: Diabetic Wounds

1 2021 Diabetes Care Study

2 Enhanced Angiogenesis

3 Reduced Oxidative Stress

4 Improved Wound Healing in Diabetic Mice

A 2021 study in Diabetes Care found that PEMF therapy improved wound healing in diabetic mice by enhancing
angiogenesis and reducing oxidative stress. The researchers suggested that PEMF could be a valuable adjunct therapy

for diabetic wound care.



PEMF Therapy: A
Promising Approach
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Non-Invasive Cellular Enhancement
PEMF therapy represents a It enhances cellular proliferation,
promising, non-invasive angiogenesis, collagen synthesis,

approach to accelerating wound and epithelialization.
healing.

D

Protective Effects

e TERAHEF ! IOGEHMNEUSION PEMF therapy reduces
' inflammation and oxidative
stress.



PEMF Therapy
Applications

Chronic Ulcers Burns

PEMF therapy has shown Studies have demonstrated
promising results in treating the effectiveness of PEMF
chronic ulcers, particularly therapy in accelerating burn
venous leg ulcers. wound healing and

improving scar quality.

Diabetic Wounds

PEMF therapy has shown potential in addressing the challenges
of diabetic wound healing, such as impaired angiogenesis and
chronic inflammation.




Terahertz Radiation in Wound Healing

Emerging Technology

Terahertz radiation is an emerging
technology that shows promise in
wound healing applications.

Non-Ionizing Radiation

Terahertz waves are non-ionizing
electromagnetic radiation with
frequencies between microwave
and infrared light.

Potential Benefits

Research suggests that terahertz
radiation may have beneficial
effects on cellular processes
involved in wound healing.




Terahertz Radiation Mechanisms

Cellular Resonance

1 Terahertz waves may induce resonance effects in cellular structures, potentially influencing cellular
functions.

Water Molecule Excitation

2 Terahertz radiation can excite water molecules in tissues, possibly affecting hydration and cellular
processes.

Protein Conformational Changes

3 Some studies suggest that terahertz waves may induce conformational changes in proteins, which could
influence cellular signaling and function.



Potential Synergies: PEMF and Terahertz

Complementary Frequencies

PEMF and terahertz radiation
operate at different frequency
ranges, potentially offering
complementary effects on wound
healing processes.

Multi-Level Stimulation

Combining PEMF and terahertz
therapies could provide stimulation
at both cellular and molecular levels,
potentially enhancing overall wound
healing efficacy.

Research Opportunities

The combination of PEMF and
terahertz therapies presents exciting
opportunities for future research in
advanced wound healing
techniques.



Future Directions in
Electrical Wound Healing

1 Personalized Therapies

Development of personalized PEMF and terahertz
therapies tailored to specific wound types and patient
characteristics.

2 Advanced Delivery Systems

Creation of sophisticated delivery systems for precise
application of electrical and electromagnetic therapies
to wound sites.

3 Combination Therapies

Exploration of combination therapies integrating PEMF,
terahertz, and other wound healing modalities for
enhanced efficacy.




Conclusion: A Shocking Revolution in Wound
Care

Promising Advancements

Electrical stimulation, PEMF
therapy, and terahertz radiation
represent promising
advancements in wound healing
technology.

Multi-Faceted Approach

These therapies offer a multi-
faceted approach to accelerating
wound healing by addressing
various cellular and molecular
processes.

Hope for Chronic Wound
Patients

The development of these
technologies provides new hope
for patients with chronic wounds,
potentially reducing healing times
and improving outcomes.




—_—

ol sl )

Wound Repair and Regeneration (2016): "PEMF Therapy for Chronic Venous Leg Ulcers."
PLOS ONE (2018): "PEMF and Full-Thickness Skin Wound Healing in Rats."
Bioelectromagnetics (2019): "PEMF Effects on Fibroblast Proliferation and Collagen Synthesis."
Burns (2020): "PEMF Therapy for Burn Wound Healing."

Diabetes Care (2021): "PEMF Therapy for Diabetic Wound Healing."



