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In physics and chemistry, a plasma is typically an ionized gas . Plasma is considered to be a distinct state of matter, apart from gases, 

because of its unique properties. "Ionized" refers to presence of one or more free electrons, which is not bound to an atom or molecule. The 

free electric charges make the plasma electrically conductive so that it responds strongly to electromagnetic fields. 

Based on the relative temperatures of the electrons, ions and neutrals, plasmas are classified as thermal or non -thermal . Thermal plasmas 

have electrons and the heavy particles at the same temperature i.e. they are in thermal equilibrium with each other. Non thermal plasmas on 

the other hand have the ions and neutrals at a much lower temperature (normally room temperature) whereas electrons are much "hotter". 

Both thermal and non-thermal and high and low pressure systems are widely used in many industries. There is, however, an

apparent lack of applications of non-thermal atmospheric pressure discharges in medicine and biology. 
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Enhanced Wound Healing through Plasma Treatment

Plasma arcs between the probes on a Wimshurst Machine. This device, 

invented in the early 1880's, has long been a popular laboratory demonstration 

of plasma. 

A plasma lamp, illustrating 

some of the more complex 

phenomena of a plasma 

- In preliminary work, mechanisms of blood coagulation by direct contact of non-thermal atmospheric pressure 

plasma have been investigated. We have concluded that non-thermal atmospheric pressure plasma promotes 

rapid blood coagulation by enhancing the natural coagulation processes. 

- Plasma treatment of a buffered solution of human fibrinogen results in rapid fibrinogen aggregation. After this 

direct conversion of fibrinogen into fibrin. The aggregated fibrin monomers then cross-link to fibrin polymer, and is 

well known the fibrin clot becomes stronger to fibrinolytic degradation.

- Major concerns in enhancing tissue adhesion are to promote: 

1. Blood coagulation

2. Growth of the extra-celluar matrix (ECM) 

3. Collagen deposition, thereby increase strength of the wound

4. Formation of granulation tissue 

5. Increase production of myofibroblasts, perhaps by stimulating fibroblasts. Myofibroblasts are responsible for 

the contraction of the wound that occurs during the remodeling phase.

Biological sealant was first used in the 1970s and since has been widely used in Europe in many surgical procedures. 

The use of fibrin glue in surgery has been associated with decreased operative time, effective control of localized 

bleeding, and reduced postoperative bleeding. The use of biological sealants has been developed based primarily on 

their ability to enhance coagulation in addition to their capacity to create a mechanical barrier at the site of bleeding.  

All preparations of fibrin glue mimic the final common pathway of the coagulation cascade in which fibrinogen is 

converted to fibrin in the presence of thrombin and calcium. The efficacy of glue varies inversely with the surface area 

involved and the intravascular hydrostatic pressure at the bleeding site. Several studies have shown that both tensile 

adhesive strength of the resulting coagulum and the speed of coagulation depends on fibrinogen and thrombin 

concentrations in the solution.  

While fibrin glue as an operative haemostatic agent has been recognized, general acceptance has been slow due to 

the lack of commercial availability and the potential transmission of hepatitis or other infectious diseases from the 

allogenic plasma source.

Therefore, we present a techniques have been developed to produce fibrin glue. The goal of the project is to 

advantageously develop a method of enhancing tissue adhesion, with or without fibrin glue, to be used in surgery.

In order to understand the mechanisms of tissue adhesion, the healing mechanism must be understood.

Brief Overview

Inflammatory Phase
The inflammatory phase has a rapid onset

(few hours) and swiftly increases in magnitude to

its maximal reaction (2-3 days) before gradually

resolving (over the next couple of weeks). It can

result in several outcomes (see below) but in

terms of tissue repair, it is normal and essential.

Proliferation Phase
The proliferative phase essentially involves the

generation of the repair material, which includes the

production of scar (collagen) material. The

production of a final product (a high quality and

functional scar) is not achieved until later in the

overall repair process. 

Remodelling Phase
The remodelling phase is an essential

component of tissue repair. It results in an

organised and functional scar which is capable of

behaving in a similar way to the parent tissue

(that which it is repairing). 

Citrated whole blood exhibits no clot formation Citrated whole blood (howing platelet 

aggregation and fibrin formation (white arrows) 

after e-plasma treatment for 30 s

- We have observed extremely positive results in the promotion of blood coagulation via plasma treatment. 

Future investigations are necessary to determine alternative pathways of activation of coagulation by non-

thermal treatment.

- Non thermal atmospheric pressure plasma is a new promising tool in medicine. For a in-depth 

understanding on the positive effect of plasma upon wound healing, pioneer investigations are needed to 

determine the effect of plasma on:

- the extra-cellular matrix within tissue

- collagen depostion by fibroblast

- the process of granulation tissue formation

- production of fibroblasts, and consequent stimulation in order to differentiate into myofibroblasts. 
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