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.. INTRODUCTION 

When a peripheral nerve is divided there is degeneration of 

the distal portion of the nerve and of the proximal portion as far 

as the first node of Ranvier and chromatolysis occurs in the parent 

nerve cell. These changes begin within a few hours of the injury 

and are well marked by seven to ten days. 

Regeneration is initiated by the proliferation of Schwann cells 

and fibro-blasts growing from both proximal and distal portions of the 

nerve and so bridging the gap between them. If the gap is narrow 

it will be bridged within a few days. The Schwann cells orientate 

themselves longitudinally and axon sprouts grow out from the proximal 

stump. Some of them pass down these Schwann tubes and so cross the 

gap into the distal portion of the nerve, but this method of reconsti

tution is not always efficient as many of the axon sprouts fail 

either to cross the injury zone or fail to find an appropriate Schwann 

tub~. 

This paper presents evidence that the application of a pulsed 

non-thermal electromagnetic field enhances the regeneration of an in

jured peripheral nerve. An experimental model was devised in which 

nerve function could be studied following exposure, division and suture 

of a peripheral nerve in rats, half the rats being subsequently exposed 

to the pulsed electromagnetic field and half observed as controls. 

MATERIAL AND METHODS 

One hundred and fifty, six-month old female Wister-hooded rats 

were used for the experiment, which was carried out under fluothane and 

oxygen anaesthsia. The combined median-ulnar nerve, which supplied the 



Ill 

.. -2-

flexor group of muscles, was chosen because of its accessibility and 

the easily-observed motor effects of nerve division. 

SURGICAL PROCEDURE 

The nerve was exposed as it emerges from the axilla. 'Two 8/0 

ethylon sutures were inserted into the epineurium approximately 5mms 

apart •. A portion of nerve about 2mms in length were then excised 

between the two sutures. The continuity of the nerve was then restored 

by tying the two sutures together. After closure of the skin wound 

using 4/0 silk sutures, the rats were divided into two groups at random. 

EXPOSURE TO A PULSED ELECTROMAGNETIC FIELD 

An hour after surgery, one of the groups of rats, under a 

' further anaesthetic, was exposed to a pulsed electromagnetic field for 

15 minutes, and on each successive day they received this same treat

ment. The other group of rats were anaesthetised for 15 minutes each 

day but were not exposed to the pulsed electromagnetic field. The 

first group were labelled "treated" and the second group "untreated". 

The instrument used to give the pulsed electromagnetic therapy 

was a Diapulse machine, which has a maximum pulsed emission of 975 

watts for 65 microseconds at a frequency of 27.12 mega Hertz. In 

this experiment a setting of 400 pulses per second was used with an 

average field strength of 11 watts. 

CLINICAL OBSERVATIONS 

The animals were observed daily for evidence of recovery of the 

nerve as indicated by:-

a) The use of the limb in their normal caged 
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existence 

b) The ability of the forelimb muscles to flex 

the paw 

c) The power of the claws to grip a wire mesh 

when the animal was suspended by the tail. 

ELECTRO-PHYSIOLOGICAL RECORDINGS 

Electromyographic and nerve conduction recordings were made 

before and after division of the nerve and again at increasing inter

vals from l½ hours to 60 days after suturing the nerve in both the 

treated and untreated rats. control recordings were also taken from 

the undamaged nerve-muscle preparation of the opposite forelimb. 

Stimulation of the nerve was effected through a pair of silver 

wire electrodes 0.5mm in diameter, spaced 2mms. apart and hooked around 

the nerve. An effective earth electrode was placed distal to the elec

trode. For recordings, bipolar electromyograph and bipolar nerve 

conduction electrodes were connected to the pre-amplifier. Single 

shock stimuli were applied of 0.Svolts and 0.1 m/seconds duration at 

0.lpps. The amplifier had a gain of 100, a time constant of 25m.secs. 

and a time.delay of 0.1 m.secs. Recordings were made of the analogue 

response on the oscilloscope using a cine camera. 

HISTOLOGICAL STUDIES 

Rats were sacrificed at intervals from one to 60 days. Biop

sies were taken from the region of the nerve suture and from the 

regions proximal and distal to it. They were stained with H & E, re

ticulin technique (Lendrum and Gordon Sweet) trichrome preparation 
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(Masson and Van Giesen), March's technique, osmium fixation and luxol 

fastblue P.A.S. and prepared for light microscopy. 

RESULTS 

Clinical Observations. Using the criteria described, a return 

of function was first seen in the treated animals after 10 days. Func

tion then increased stea.dily up to the 20th day, by which time it was 

impossible to detect any difference in the function of the two fore

limbs. In the untreated animals it took three weeks before function 

started to return. 

Nerve Simulation. A return of nerve conduction was observed 

in the treated animals 8 days after surgery and a satisfactory wave 

form was obtained by the 12th day, but it required a greatly increased 

stimulus. At 30 days a stimulus of only 0.Sv produced a trace identical 

in amplitude and wave form with that obtained from the nerve of the 

opposite forelimb. In the untreated animal_s at 30 days there was only 

minimal evidence of nerve conduction, and progress over subsequent days 

was very slow. Even at 60 days there was little response to the nor

mal stimulus strength of 0.Svolts. 

Macroscopic and Histological Examinations. On dissecting out 

the nerves for histological preparation, marked macroscopic differences 

were noted. In the treated animals there was only a small primary 

neuroma without any surrounding fibroplasia. In the untreated animals 

there was a large neuroma embedded in a mass of fibrous tissue making 

the dissection tedious and difficult. 

Histological examination revealed cellular infiltration of 
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the nerve sheaths and the beginning of degeneration in the axons 

within 24 hours in the· untreated animals, but these changes were not 

present in the specimen from the treated animals. By the 12th day 

Schwann cell proliferation was more marked in the 'treated'. specimen 

and the cells had a more orderly arrangement. The distal portion of 

the axon had remained equal in size to the proximal part and had not 

undergone the typical changes of Wallerian degeneration seen in the 

'untreated' specimens. At 30 days, preparations stained for myelin 

showed myelin .sheaths around the distal portions of the axons in the 

treated specimens but little or none in the untreated ones. 

DISCUSSION 

The three methods of observation, (clinical, electro-physio

logical and histological) all indicate that exposing a sutured peri

pheral nerve to a pulsed electromagnetic field promotes the healing 

of the nerve without it passing through the long process of Wallerian 

degeneration and regeneration. Histological examination also shows 

that there is a marked reduction in the degree of fibrosis in and 

around the nerve. The mechanism by which this effect is achieved re

mains speculative. It may be partially frequency dependent. Mickey 

(1) has shown that unicellular organisms align themselves parallel to 

the lines of force of an electromagnetic field in the 5-7 megaHertz 

range, but orientate themselves at right angles to it in the 27-30 

megaHertz rangeo The field we .have employed at 27-12 megaHertz may 

help to orientate the proliferating Schwann cells in the line of the 

nerve, that is at right angles to the electromagnetic field, and this 

-- _ _J 
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may facilitate the growth of axon sprouts into the distal portion of 

the nerve. 

The observed effect may also be energy dependent. Rose {2) 

has shown that at a cellular level junctional membrane conductance, 

if depressed, can be restored by inward-going repetetive current pulses. 

It may be that the pulsed electromagnetic energy we have used is par

tially absorbed by the injured cell membrane, thus quickly restoring 

the potential difference across it. In this way axons, Schwann cells 

and nerve sheaths may recover more quickly than they normally do when 

they are dependent upon body metabolic processes for their source 

of energy. 

SUMMARY 

The median-ulnar nerves in the left forelimbs of 150 rats 

were divided and sutured under a general anaesthetic. Subsequently 

half the rats were treated each day by exposure to a pulsed electro

magnetic field. These treated rats started to use the forelimb after 

10 days whereas it took 3 weeks before the control rats reached this 

degree of recovery. Electrophysiological studies showed that nerve 

conduction began to return on the eighth day after surgery in the 

treated rats and by the 30th day it had returned to the pre-operative 

pattern in both amplitude and wave form. In the untreated animals 

there was minimal evidence of nerve conduction at 30 days and even 

at 60 days it had not returned to normal. 

Histological preparation also confirmed that at 30 days the 

nerve in a treated animal has progressed further towards recovery than 
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has the nerve in an untreated animal at 60 days. 

When dissecting out the nerve for histological studies it was 

noted that there was considerably more scarring and fibrosis around 

the site of the nerve suture in the untreated rats than there was in those 

rats which had received the pulsed electromagnetic energy treatment. 
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