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OZET: Bu ¢aligmada, asirt az frekansl darbeli manyetik
alanlarin kikirdak dokularin hizli kemiklegmesi iizerine etkile-
rini inceleme imkant saglayacak bir elektronik sistemin tasari-
nu ve uygulanmas tarif edilmektedir. 8 cm aralikla parallel
olarak yerlestirilen 16 bobin tarafindan olugturulan silindirik
hazne icerisinde 5.3 milli tesla (peak) siddetinde 100 Hz dar-
beli manyetik alan iiretmektedir.

ABSTRACT: A PULSED MAGNETIC FIELD
GENERATOR DEVELOPED FOR USING 1IN
ORTHODONTIC RESEARCHES CARRIED ON
GUINEA PIGS In this study, design and implementation of
an electronic system that will provide opportunity to investi-
gate the effects of extremely low frequency pulsed magnetic
fields on rapid ossification of cartilaginous tissues, is being
described. The electronic system produces a 100 Hz pulsed
magnetic field of intensity 5.3 milli Tesla (peak) within the
cylindrical volume formed by 16 paralelly placed coils sepa-
rated by 8 centimeters consecutively.
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INTRODUCTION

A great deal of researches about the effects of magnetic
fields on living tissues have shown that applied magnetic
field can alter the normal electrical states of cartilage
and bone, induce increased rates of cellular division and
metabolism and thus promote increased healing of bony
and cartilaginous defects (1-5).

In the field of orthopedics, pulsed magnetic fields have
been used successfully to induce healing in fractures of
human extremities that have proved resistance to
conventional treatment strategies (6,7). In dentistry,
pulsed magnetic fields have been used to provide faster
healing of periodontal defects, increase the rate of
healing of facial fractures and stimulate the rate of
mandibular condylar growth (6,8-11).
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The purpose of this study was designing and implemen-
tation of an electronic system that will provide opportuni-
ty to investigate rapid ossification of cartilaginous tissues
exposed to pulsed magnetic fields. Our main objective
was to carry out a series of experimental studies to ob-
serve rapid ossification of mandibular condyles on guin-
ea pigs aiming to evaluate the possibility of reducing
functional orthodontic treatment time on humans.

MATERIAL AND METHOD

It has been aimed to perform a series of experimental
studies by using the electroric system that should be re-
garded to be an improved and developed version of the
system given by Stark and Sinclair (1,2).

Our system produces a pulsed magnetic field with a fre-
quency of 100 Hz and a peak magnetic field strength of
5.3 milli Tesla within the cylindrical volume of space
formed by 16 parallel placed identical coils of diameter
16 cm separated by 8 cm consecutively. In this way, a si-
multaneous exposure of 15 animals have been accom-
plished (Figure 1). On the other hand, in order to get an
almost uniform field strength, we have chosen the dis-
tance between any two successive coils to be the same
as the radius of the coils. We finally note that the pulse-
width can be set to any desired value from 10 secto 1 m
sec., for the calibration of the field strength.
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Figure 1. External view of the system consisting of the
pulse generator, the coil-block and divisions for
placement of guinea pigs
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Circuit Description

A close investigation of Figure 2 will show that the circuit
consists mainly of an astable multivibrator (or a square-
wave oscillator), a differantiator-clipper, a monostable
multivibrator, a multiplexer-buffer, a power amplifier and
finally a block of coils made up of 8 Helmholtz pairs.

Figure 2. Schematic diagram of the circuit.

The astable multivibrator has been realized by the well-
known IC timer LM 555 (IC1) operating in astable mode
together with a few passive components around it (13).
For the output frequency of this stage we have the for-
mula;

In transition from the astable multivibrator to the next
stage a differantiator-clipper consisting of C2, R1 and D
takes place. Despite its very simple structure, this inter-
mediary circuit plays a fundamental role both in wave-
shaping and prevention of the control terminal of 1C2
from over-voltages.

The monostable multivibrator uses again LM 555 (1C2)
connected in monostable mode of operation. For the
pulse-width of the output signal of this stage we have;

t(sec) = 1.1 R,(Q)C,(F)

It follows from this expression that, the circuit renders it
possible to produce pulses with adjustable pulse-times
that can be set to any desired value from 10 u sec to 1
m sec., with the component values given in Figure 2.

The multiplexer-buffer has been realized by connecting
the operational amplifiers involved in IC3 and IC4 in volt-
age-follower mode of operation.

The power amplification required by the Helmholtz pairs
is obtained by means of the Darlington power transistors
BDX 69C operating in common-emitter configuration.
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As for the coil unit, it can be assumed that every consec-
utive pair of coils in the unit may be regarded as a Helm-
holtz system. For the magnetic field strength at a point z
on the line segment joining the centers of the coils we
have the expression (14);
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where a denotes the radius of the coils in meter, N is the
number of windings of the coils, | is the current flowing
through each coil measured in ampere and finally d de-
notes the distance between the coils.

As we have already noted before, in order to get a uni-
form field strength we have to choose a=d. So, it follows
from our preselections d=0.08 m and B, =53 mT

that a=0.08 and NI peak = 470. Now, if it is foreseen
4.4A for the total collector current of BDX69C we have

| =22Aandhence N=210.

peak

As for the diameter of the wire to be used for the coils, it
has been found experimentally that 0.60 mm will serve
well even for 8 or 10 hour application periods.

It should also be pointed out to the fact that the preven-
tion of the transistors from the back electromotive force
that will be produced by the coils in cut-off states has
been realized by means of conventional series diode-
resistor combinations. In this way, a limitation of
about -65 V has been reached with the values given in
Figure 2.

Calibration

For the calibration of the system two adjustments are re-
quired. First, RB should be adjusted so as to obtain a
100 Hz square-wave output at pin 3 of IC1. Finally, R2 is
to be adjusted as to get a total collector peak current of
2.2 A by the aid of an oscillator.

Discussion and Conclusion

First of all, we would like to mention that the electronic
system that has been described briefly above should be
considered to be an ‘improved’ and ‘developed’ version
of the system given in reference (10), the design tech-
nique of which seems to be non-professional even at
first glance. Indeed, the number of semi-conductor devic-
es has been reduced appreciably and the values of cer-
tain passive components have been changed as to pro-
vide reasonable, reliable and economic operational
conditions. In addition, the distance between the coils
has been increased from 6.7 to 8 cm and simultaneous
exposure facility has been provided up to 15 animals as
subjects.



Another property of the system described here is that it
constitutes an alternative to the instrument given in ref-
erence (12) that has already been developed for treat-
ments such as delayed unions and pseudoarthroses, in
orthopedics. In this way, it would be possible to compare
effects of magnetic fields generated by different wave-
forms from a functional point of view.

On the other hand, the probability of long-term applica-
tions of the system has been taken into account meticu-
lously in determination of design strategies, for the safe-
ty of operation. Also, a simple device sensing the back
e.m.f and thus, monitoring whether the system operates
properly or not has also been taken into the picture, as a
useful accessory.
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