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Eledromagne-tic Fields and Skin Wound Repair* 

C. Romero-Sierrat, S. Haltert, J. A. Tannert, M. W. Roomit 
and D. Crabtreet 

ABSTRACT 

01~ 
/f31P ti 

Experiments were conducted to compare the effect on wound healing of 
treatment with saline,· or histamine diphosphate alone or combined with the 
application of electromagnetic (EM) fields. Surgical incisions in the skin of the 
dorsum of 240 rats were _treated with either saline or histamine; one-half of 
the animals treated with each chemical were exposed to a VHF (27 MHz) 
EM field for 15 minutes. Surgical incisions were also made in the skin of the 
right scapular region in 10 dogs;. one~half of the animals were treated with saline 
and the other half with histamine and a VHF field for 30 minutes. 

Histamine treatment in conjunction with EM field exposure proved most 
efficient in improving wound healing (rate of healing, tensile strength, minimized 
scar tissue); saline treatment plus EM field exposure, histamine alone and saline 
alone were successively· less effective. The medical efficacy of EM field treat
ment is demonstrated, and it is noted that the greatest effort occurs within 12 
hours of treatment. 

Introduction 

Experimental studies of the interaction of radio frequency fields with birds, 
in connection with the development of a bird deterrent for airports, led to the 
discovery that electromagnetic energy in the non-ionizing frequency -range 

stimulates and enhances the production of collagen in tissue. This prompted 
an investigation of the possible beneficial action of controlling collagen genera

tion in the process of wound repair. 

The efficiency and rate of wound healing may be enhanced by chemical 
and physical stimulants. Previous experiments by the authors [l] indicated 

that the application of histamine. to a fresh wound followed by exposure of 
the wound to an electromagnetic (EM) field accelerated the healing process. 

Using an identical experimental technique, a comparison has been made 
of the healing processes in four sample specimen groups. Two groups of rats 
were treated with saline (applied to incisions), and two groups were treated with 

histamine. One group of each pair treated with chemicals served as a control, 

• Invited paper; first received December 2, 1974. 
t Department of Anatomy, Queen's University, Kingston, Canada. 
t Control Systems Laboratory, Division of Mechanical Engineering, NRC, Ottawa. 
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while the other was exposed to an EM field. ln this manner, the effect on 
wound healing of the saline and histamine treatments alone could be comp~red 
as wen· as the effects produced by the EM field. A comparative evaluation 
was made, of the healing process at 12, 24, and 72 hours. 

Adjunct to the histological evaluation of healed wounds, a preliminary 
study was initiated on the mechanical characteristics of the healing process. 
A pilot experiment was conducted oii ··· dogs to compare the tensile strength of 
normally healed . and VHF treated wounds after a ~riod of five days. 

Materials and Methods 

Procedure with Rats 

Incisions 1.5 cm in length were made in the backs of 240 Sprague-Dawley 
rats,. each weighing between 200 gm and 300 gm. The wounds were pretreated 
by applying two· drops of either saline or histamine diphosphate ( 1.0 mg per 
ml) to the incisional area. One-half of the saline. group and one-half of the 

. histamine group were· then exposed to a VHF (27 MHz) field for 15 minutes'· 
during which time the edges of the wound were apposed by manual pressure 
After 12, 24 and 72 hours th.e tissues were. removed and examined by light 
microscopy. (Details of the experimental procedure are given in Reference [1].) 

Procedure ·with Dogs 

Ten beagle dogs used in this study were 9 - 11 months old and weighed . 
between 9 and 12 kg. The right foreleg was clipped and cleaned with 70% 
alcohol. Thiopental sodium (Diamond Laboratories Inc., Desmoines, Iowa) was 
administered (5% solution at a rate of 1 ml per 2 kg body weight) intravenously. 
When fully anesthetized the dog was intubated and supplied with oxygen at 
a rate of 50 - 100 ml/min. The scapular area was then clipped and shaved 

. and a single incision 2.5 . cm in lerigth made in the skin. The depth of the 
incision wa1; such as to cut both the epidermis and dermis leaving underlying 
fascia intact. 

In five of the dogs (controls) the wound was treated with saline only 
and in the remaining five histamine was applied followed by VHF irradiation. 
The edges of the wound were carefully apposed and held together for 30 min. 
At the end of the operation the tube· was withdrawn and the dog was given 
1 ml of _lnnoval-Vet (Pitman-Moore, Don Mills, Ontario). 

After a period of five days the dogs were anesthetized again and a sample 
of skin was taken from the wounded area. Templates were· constructed to 
mark out the area of skin to be excised. A specimen 1 cm wide crossing the 
central part of the wound was prepared from each excised sample for tensio
metric analysis. It was placed in a .. specially designed chuck for mounting in 
an Instron tensile testing macine. The chuck assembly constituted a transportable 
specimen holder which prevented the specimen from being prestressed while 
being mounted in the Instron machine. The active part of the specimen under 
tension measured 1.0 cm by 1.3 cm. 

Specimens were tested to destruction and the peak value of the tension 
noted. Strain was applied at a constant rate of 1.25 cm/min. 
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Observations 

Rats After 12 Hours 

After 12 hours the incisional area of the control rats treated only with 
saline was observed to be filled with acute inflammatory cells, predominantly 
polymorphonuclear ieukocytes. The fibrin network at the base of the wound 
was loosely woven and. there. was no specific orientation of the fibre~. 

In rats treated with histamine alone the incisional gap appeared smaller 
than in those treated with saline. The cellular infiltrate again consisted pre
dominantly of acute inflammatory cells, although more macrophages and fibro
blasts were present than in the previous control group treated with saline. 
There was extensive dilation of blood vessels and as in the control group 
treated with saline, the. fibrin was loosely woven with no specific orientation 
of the fibres. 

In each rat treated with saline and exposed to an EM field the. wound 
area was difficult to identify after 12 hours. The presence of acute inflam
matory cells enabled the gap to be identified in only a few areas. The fibrin 
network of these incisions appeared more compact than in either test group 
and the fibrin was oriented parallel to the sides of the wound. 

In the test group treated with histamine and exposed to an EM field the 
wound area was even more difficult to identify. Identification was possible 
in some areas 'because of the presence of a foreign body, such as a piece of 
hair, whereas in other areas it was seen as a thin line of acute inflammatory 
cells. · 

Rats After 24 Hours 

At 24 hours the observations described in the earlier report [1] were 
confirmed (see Figures 1, 2, 3 and 4). These include, (i) a smaller incisional 
gap, (ii) less infiltration of white blood cells, and (iii) more fibroblasts and 
macrophages and more of a fibrin base in the test group of rats treated with 
saline and EM field as compared to the controls treated only with saline. In 
addition, more fibrin was observed in the base of the wounds of both groups 
of histamine-treated rats, the most being observed in the . test grnup treated 
with histamine and EM field. The histamine-treated groups, both control and 
test, had fewer white blood cells in the incisional area but a greater number 
of fibroblasts. 

In the control group treated with saline, Figure 1, the fibrin base was 
observed to be largely amorphous in nature but beginning to form an organized 
reticulum. The fibres appeared to be only loosely associated. However, the 
fibrin base of the histamine control group appeared very granular in consistency, 
with little evidence of fibre formation. 

A very interesting fibrin pattern was observed after 24 hours in the test 
group treated with saline and EM field. The individual components of the 
fibrin base appeared to be oriented parallel to the edges of the incision, and 
were densely packed together. In the test group treated with histamine and 
EM field, it was very difficult in places to locate the incision. The only sign of 
inflammation and repair was a thread-like collection of mononuclear cells. In 
other areas resorbing blood clots could be seen but the extensions of the 
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Figure 1 Transverse Section of a Wound from a Rat Pretreated Only With Saline, (Con

trol Group No. 1). The Fibrin Base has a Loose Reticular Pattern. (1200 X). 
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Figure 2 Transverse Section of a Wound from a Rat Pretreated With Histamine, (Control 
Group No. 2). Showing the Granularity of the Fibrin Base. (1200 X). 
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Figure 3 Transverse Section of a Wound from a Rat Treated with Saline and EM Field, 
(Test Group No. 3). Showing the Parallel Orientation of the Fibrin Fibres. (Most of the 
Cells in the Infiltrate are Mononuclear Cells and Fibroblasts). (1200 X) . 
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Figure 4 Transverse Section of a Wound from a Rat Pretreated with Histamine and Ex~ 
posed to an EM Field (Test Group No. 4). (Note the Difficulty in Identifying the Wound 
as Compared to the Other Groups). (1200 X). 
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wound were not evident. Connective tissue fibres in the wound area were 
closely . appose_d and intertwined; 

Inspection· of the serial sections of tissue taken from the wound area 24 
hours after treatment revealed that the incisional gap was narrowest at the 
surface of. the skin and· increased in width below the surface. This accounted 

-for some vari~tion in. the time course of wound healing since the closer the 
apposition of the edges, .. of a wound, the easier and quicker the defect is bridged 
and the entire wound, .healed.. , . . 

The typical appeaJ"ance of wounds treated (i) with histamine and EM field 
ancl 00 with saline. ar~. as shown in Figure 5. 

Figure 5 Typical Appearance of (I) Treated Wounds and (II) Untreated Wounds After 
24 Hours. 

Rats After 72 Hours 

After three days; the incisional area in the rats pretreated with saline alone 
could be identified by collagen fibres in the wound lying parallel to the edges 
of the incision. In certain area, leukocytes, predominantly mononuclear cells, 
were observed to be clustered at one edge of the wound. 

The edges of the wounds of rats pretreated with histamine alone were not as 
distinct as those of the control group treated with saline alone. Further, the 
collagen fibres were not as thick. The fibrin base of the wound appeared 
loosely woven together. 
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ln each animal of the -test group treated with histamine and the EM 

field, the incision al gap was very difficult to detect.·· Whereas in some parts 

of the incision the healing process was well advanced, in others there were 

signs of interference to healing revealed by marked infiltration of cells. This 

variation correlated with the presence of a blood clot. . : 

Wounds treated with the· EM field revealed incisional gaps much smaller 

than those of either control group. The wound area of the test group pretreated 

with saline and exposed to the EM field appeared as, a very fine defect in a 

collagen and fibroblast stroma. Only by the infiltration of cells into the area 

was the wound detectable. The collagen was closely associated with, and pre

dominantly oriented parallel to the indsional edges. 

Dogs After 5 Days 

. Wounds in the . dogs followed the same pattern of healing observed in the 

'.rats. The incision line was difficult to detect in the test animals after five days. 

Only the site of the lesion was discernible as a change in density of the hair. 

Examination of the inner and outer surfaces of the excised skin specimens 

revealed that' ·the incision had completely closed in the test animils but had 

failed to close on the inner surface in the controls. Samples of these sections 

have been stored· for future. histological examinations. 

The result$. of. the tensile tests are presented in Table 1. The. average· value 

for the test dogs is -S30 gm compared to 141· gm for the controls. In the test dogs 

the cosmetic appearance of the wounds was superior to those . of the controls 

throughout the 5-day period ... 

Discussion 

Twelve. · hours · after making the mcmons there were marked differences 

between the control and test groups. In th~ control groups the distance be

n~·een the edges of the wound was mu<:h greater than in the groups exposed 

to an EM field and _the only sign of ornanization was the infiltration of acute 

inilammatory •· cells. Contrast this with the histamine-treated control group in 

which a greater number of fibroblasts· and macrophages were seen, suggesting 

an advance iri the healing process, perhaps related to .the-·profound vasodilation 

and vascular permeability observed in these wounds. _ 

In the test group treated with saline or histamine and exposed to an EM 

field for 15 min.,. the wound area was very difficult to identify . except in 

certain areas where there was a· tesorbing blood clot or foreign body reaction. 

Malapposition of the edges of an incision · is a weil known deterrent · to 

,;.~ound healing [2]. It is understandable that if the edges of a wound are 

well apposed initially, with a very small gap between them, much of the delay 

i:o. healing due to infiltration ·of acute inflammatory cells, removal of debris by 

c;.acrophages and infiltration of fibroblasts, is obviated. Collagen required . to 

bridge the gap and impact tensile strength to the healed wound is · produced 

earlier. Also, the incisional area is smaller, thereby ensuring a smaller scar and 

better cosmetic appearance of the healed wound. · · 

In a previous paper [1] it was noted that the edges of wounds. treated 

with histamine and EM field are more manageable and more adhesive. This 

is very beneficial since closely apposed edges minimize the area in which 
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. . TABLE I 
RESULTS OF TENSILE TESTS PERFORMED ON SKIN SPECIMENS 

FROM IO BEAGLE DOGS 

Animal Sex Weight (kg) Tensile Strength (gm) 

.. :, ........... •. -·· ... 
,•, 

. ·• 1 M 12.3 240 ... 
2 M 13.2 500 

· Test ··--3 ,_ M 10.0 1205 
.. 

4 M 11.8 347 

5 F 11.6 360 

' 

., - Average Tensile, Strength (Test) 530 gm , . . 
·• .. 
. ' ' .. 

> :,,,· ~ 6 M 13.4 74 

7 F 11.9 264 

Control 8 F 10.0 163 

9 F 7.8 150 

10 M 12.4 54 

Average Tensile Strength (Control) 141 gm 

he~ling· occurs. At the present time, the role of histamine in wound healiug 
· is not fully understood. There is evidence that it stimulates the healing process 
by increasing capillary permeability [3] and it may also be an important factor 
in determining w.qUI1~ tensile s,trength [ 4 t . 

· It is presently known· that the acute inflammatory reaction following injury 
is acco.mpanied by degranulation of mast cells and release of histamine with 
subsequent increase in capillary permeability and swelling of the injured area. 
In our experiments, however, the opposite appeared to be true, namely swelling 
of individual cells after the application of histamine followed by vasolidation 
and increased permeability of the vessels. One may · postulate that histamine 
acts on the cells membrane to make the cell more porous thereby depleting 
the extra cellular space (ECS) and leading to an increase in ECS osmotic 
pressure. Further, in response to the injury, fibroblasts and macrophages leave 
the vicinity of the vessels, denuding the vessel wall. They migrate to the 
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injured· area, ,attracted by the increased concentration of toxic substances created 
by the loss of extracellular fluid. The vessels become more porous because 
of the loss of the surrounding fibroblasts and as a result the individual endothelial 
cells swell and expand. Fluid is drawn into the area by the difference in osmotic 
pressures, the increased porosity of the injured cells and the increased per-
meability of the capillaries. · ·· · 

Wounds treated with the· EM field were. observed to have less of a poly
morphonuclear infiltrate than. thc;>se not exposed to the radiation. In contras~ 
there we're· many more fibroblasts and macrophages. in the incisions of the test 
groups. than in those of the unexposed control groups. This would suggest 
that the test group wounds were an entire day ahead of the control groups 
if a comparison is made based on the sequence of events in normal wound 
healing [2J, . 

Histological sections of the wounds in rats in the test group 24 hours 
· ~ter tre'atinent with saline and EM field revealed that the collagen fibres w~~e 
o.µe.nted parallel with the incision. The fibres appeared greater hr number ,than 
in either control group. A similar observation of increase in collagen formation 
with EM_ field trea.tment was described in a previous paper [~] by the authors. • 

In the previous report [1] the authors presented evidence to show that 
wounds treated with an EM field were at least 24 hours ahead of the control 
groups 'in the healing process when compared with the sequence of events in 
normal wound healing 24 hours after incision (2). It was clear that the test . 
wounds were better healed than those of the controls and that there would be a 
significantly smaller area of scar tissue. This was one of the major differences 
between the treated and untreated animals. 

Tensile tests on dog skin specirne11s containing healed wounds 5 days old 
revealed a substantial improvement in the healed strength of those treated 
wit/1 histamine- and irradiated with VHF. These woµnds also presented a 
b'\gnificantly superior cosmetic appearance. The compounding of improved strength 
aI;J..d cosmetic appearance promises great potential benefit in a wide variety 
bf clinical applications. · · · 

Sun1mary 
From histological analysis one may conclude that 12 hours after making 

the incisions, those treated with histamine and exposed to an EM field were 
smaller and more advanced in the healing process by comparison with the 
controls. After 24 hours, the healing process was greatly advanced with clearly 
identifiable parellel orientation of the collagen fibres. (Further experimentation 
may reveal that this is beneficial to the healing process.) After three days, the 
time rate of healing of the wounds exposed to an EM field was similar to 
those which. were not. There was, however, a strong indication that the wounds 
exposed to the EM field would have a smaller scar. 

One may conclude from the tensile tests on dog skin specimens that the 
benefits are not only improved mechanical strength and resistance to injury 
but also improved cosmetic appearance. 
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