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Summary :

The present experiment was designed to find out whether PEMF can act as a healing
agent on induced fracture of rat tibia. Eighty rats were taken for this experiment. Under
general anaesthesia mid-shaft of tibia and fibula of all rats were osteotomied, Intramedullary
nailing was done for proper alignment of the fractured fragments. The animals were then
divided into two groups: group-1 and Group-II. Each group contained forty animals. Out of
these forty animals twenty were treated as experimental and twenty as control. From the third
day of osteotomy, PEMF was applied to experimental rats around the osteotomy sites for a
period of nine hours a day. PEMF was not applied to the control rats.

The ani~als of group-1 and group-II were sacrificed after applied one week and
three weeks of PEMF, respectively. Radiological and microscopical examination of the

callus were performed. Gross and microscopic measurements of the callus were statistically
analysed. The growth of callus was taken as a criterion of fracture healing. The results of the
present experiment revealed significant enhancement of fracture healing in group-I. The
results of the radiological evaluation of group-II experimental animals were also consistent
with the morphological analysis.

It was concluded that healing of fractured rat tibia was enhanced by the application
of PEMF and this effect of PEMF was more pronounced at the end of third week.

Introduction:

In the absence of non union or delayed union, spontaneous healing of fracture of bone
occurswithin 4-6 weeks. This healing occurs if the fragments are immobilised and aligned
with reductionof the gap. Numerous attempts were made for supplementing fracture healing
bychemical, physical and electrical agents'. The purpose of these attempts were to shorten
the time of healing and improvement in the quality of healing.

Ithasbeen found that electrical potentialsaregenerated inbonedue to stress and bone
formationand growth or resorption depend on the charge generated2.A number of studies
hasbeencarried out on animal modelsto prove that direct electrical stimulation at the fracture
site helps to increase bone growth and therefore, fracture healing3.4.It is the negative
electrode where bone growth has been found to occur and it has been suggested that
transport of calcium (+ve) ions are responsible for this growth. Masureik and Eriksson
showedthat the repair process isenhanced in the electrically stimulated humanjaw fractures
comparedwith the control in the first 10-14 days after reduction of the fractures. Bassett
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reported forthe first time that the accelerationof fracture healingoccurs when Pulsing Electro
Magnetic Field (PEMF) of low frequency and strength is applied6.7.This is an indirect method
where an induced electric field is created insid.ethe body using electrical coils placed outside
through which a low frequency pulsed current is passed.The method is similar to that of short
wave diathermy but the strength is too low to produce any heating effect. Selective ion
transport is not possible in this method since it induces an AC electrical field. The mechanism
of healing using PEMF is supposed to be different from the previous direct current methods
which use implanted electrodes to carry the current at the fracture site. Being a non-invasive
method, PEMF is attractive. Since the mechanism is not clear further empirical work is
necessary to establish the efficacy of the method.

Animal experiments using PEMF were taken up with this aim. Rahman in 1982, found
large callus formation during earlier part of electrical stimulation on experimentally induced
fracture in rat tibiae8. Ahmed tried to find out the possible time period during which
maximum benefit could be derived from electrical stimulation9.He stated that PEMF has an

enhancing effect on healing of osteotomies in rat tibiae with possible pronounced effect in
the second week. Ahmed's observation was based on a relatively small number of

experimental animals. Therefore, it has been thought proper to critically re-examine the
finding of Ahmed by employing a larger number of animals for a period of at least three
weeks.

Based on these observations the present experiment was designed to see-whether
there was any beneficial effect of PEMF in the healing of induced bone fracture, and also to
deal with the problem of electrical agent as an aid to augment natural healing process of
fractured bone in experimental animals and to find out the maximally beneficial time period
of electrical stimuli.

Materials and Methods:

The experimental animals:

A total of eighty Long Evans Strain of Norwegian rats including both males and females
were used in this experiment. These animals were healthy and weighed roughly about 150-
250 gms. The average age of the animals were two and a half months.

Induction of fracture (osteoto!T1Y):

Method of induction of fracture and prevention of infection is similar to that of Ahmed9.
Internal fixation was carried out by intramedullary nailing with Kirschner's wire.

Electrical stimulation:

PEMF applications:

The restraining cages and electrical stimulation device were the same as used by
Ahmed9. The animals were divided into two groups. The first group consisted of twenty

experimental andtwenty control animals.The second groupalsocontained the same number
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of animals both in the experimental and control groups. The experimental and control
animals were kept separated. From the third day of surgery, all the animals were placed in
the restraining cages for 9 hours a day. Oval electromagnetic coils, about 2 inches in mean
diameters and having 1000 turns of wire, were fixed to the distal side of restraining cages
corresponding to the osteotomy sites. The coils were connected to the stimulation device
which gave 40 volt pulses of 350 microseconds wide repeating about 80 times per second.
For the controls no connections were given for electrical stimulation but the animals were
confined within the restraining cages for the same duration. The stimulation was applied 9
hours a day for seven days to group-I experimental and 21 days for group-II experimental
animals. During the restraining period all animals were provided with continuous supply
of food and drink. For the remaining hoursof the day, all the animals were kept intheir normal
cages (not restrained) with usual food and drink.

The schedule of sacrifice (Table-I) :

The first and second groupof animals were sacrificed after they receivedone and three
weeks of electrical stimulation, respectively. Both the experimental and control animals were
sacrificed by administering an overdose of anaesthesia with diethyl ether. Just after sacrifice,
radiological examination was carried out in both the experimental and control animals. By
comparing the callus formation between the experime.ntal and control, the status of
osteotomy healing was assessed.

Processing of the tissues:

At autopsy, isolation of the callus was done taking all precautions to avoid artifacts. The
specimens were fixed in 10%formalin, decalcified in formic acid-sodium citrate solution, and
transverse and longitudinal dimensions were noted grossly. The specimens were then
processed for paraffin embedding, sectioned and stained with Haematoxylin and Eosin.
Finally microscopic evaluation was performed.

Evaluation of healing:

In this experiment both gross and microscopic measurement of the callus was done to
evaluatethe quality of the healingof osteotomy. Ineachcase transverse, longitudinal and two
dimensional measurements of the osteotomy of fracture callus was noted for evaluation of
the results. For gross measurement of the callus, a divider and scale were used. After
sectioning of the callus through the midline, the maximum transverse and longitudinal
dimensionswere measured by placing a divider on it. The distance between the two points
of the divider was noted with the help of a scale.

The stained histological slideswere subjected to micromorphometric examination. For
these measurements, an arbitrary scale containing 100 subdivisions was placed within the
eye piece of the microscope and 3.2 magnification objective was used. The maximum
longitudinaland transverse diameters of the callus were exactly measured and expressed in
number. During the measurement, the mature and appositional bone, cartilage,
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mesenchymal tissue and the outermost periosteal lining were included within the callus. The
soft tissue was excluded from the measurement.

The two dimensional measurement of the callus was considered to be the multiplication
figure of the maximum longitudinal and transverse dimensions. For the convenience of
calculation, the figures showing the two dimensional measurement of the callus were divided
by 100. The fractions in the figures were omitted.

Rusults :

The gross features of the osteotomy or fracture callus, such as alignment of the
fragments, shape of the callus and deformity were noted (Table-II). Grossly fusiform shaped
callus was considered as ideal. In group-I experimental animals no critical differences were
noted in fracture alignment and also in respectof the shape. Incontrast, group-II experimental
animals showed rather good alignment and the number of fusiform shaped callus was more.
Both the gross and micromorphometric measurements of the maximum transverse and'
longitudinal dimensions of the osteotomy or fracture callus were recorded. From these, two
dimentional measurements of the callus were also calculated. The measurements were

statistically analysed in both group-I and group-II.

Table -I : Schedule of sacrifice of rats

Group Type Interval between

osteotomy and
sacrifice (in days)

No. of
animals

Days of stimulation
received

Experimental
Control

II Experimental
Control

9
9
23
23

20
20
20
20

7
None
21
None

Table-II: Gross features of the osteotomy or fracture-callus.

Group Type No. of Alignment of fragments Shape of the callus Deformed
animals

Present I Absent FusiformI Irregular

Experimental 20 16 4 13 7 2

Control 20 13 7 11 9 2
-

II Experimental 20 20 - 15 5

Control 20 14 6 13 7 2
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The difference of mean value of the gross maximum longitudinal dimensions
between the experimental and the control animals of group-I was statistically insignificant
(p>O.5) buthighlysignificant(P<0.001) ingroup-II(Table-III).Ontheotherhand,inthegross
maximum transverse dimensions (Table-IV) the difference of mean between the
experimental and control in group-I and group-II were statistically insignificant (P>0.5 and
P>0.1 respectively). The results of the gross two dimensional measurements were
statistically insignificant (p>0.2) in group-Ibut highly significant (P<0.001) in group-II
(Table-V).

Table-III: Results of gross maximum longitudinal dimensions of the cal/us

Group Type No. of Gross measure- t value Significance
animals ment (Mean) (Probability)

inmm

Experimental 20 13.12 0.25 P>0.5

SD4.34 Insignificant
Control 20 11.6

SD2.98

II Experimental 20 13.52 3.82 P<0.001

SD3.01 Highly

significant
Control 20 9.35

SD2.38

Table-IV: Results of gross maximum transverse dimensions of the cal/us

Group Type No. of Gross measurement t value Significance
animals of the callus (mean) (Probability)

inmm.

Experimental 20 6.7 0.22 P> 0.5
SD1.47 Insignificant

Control 20 6.52
SD1.48

II .Experimental 20 7.72
SD 1.85 1.52 P> 0.1

Control 20 5.92 Insignificant
SD4.49-
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The resultsof themicroscopic two dimensional measurementswere consistent (Table-
VI) with the gross two dimensional measurement. The mean value of the microscopic
maximum longitudinal dimensions (Table-VII)also showed the similar resultscompared with
the gross maximum longitudinal dimensions. In sharp contrast to the gross transverse
measurements, the microscopic measurements of the callus in transverse dimension (Table-
VIII) showed a significant change in group-II experimental animals (P<0.1 and P>0.005,
respectively) .

Table-VI: Results of the microscopic two dimensional measurement of the callus

Group Type No. of

animals
Microscopic

measurement (Mean)

t value Significance

(Probability)

0.69 P>O.4

Insignificant

2.09 P<0.05

Significant

Table-V: Results of gross two dimensional measurement of the callus

Group Type No. of Gross measurement t value Significance
animals (Mean) (Probability)

1. Experimental 20 93.25 1.21 P>0.2

SD:t37.12 Insignificant
Control 20 79.4

SD:t35.08

II Experimental 20 106.96 4.40 P<0.001

SD:t43.75 Significant
Control 20 57.8

SD:t24.72

Experimental 20 448.95

SD:t87.17
Control 20 418.05

SD:t178.11
II Experimental 20 424.5

SD:t168.64
Control 20 310.95

SD:t98.56
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Table-VIII: Results of microscopic maximum transverse dimensions of the callus

t value Significance
(Probability)

1.39 P>0.1

Insignificant

3.45 P< 0.005

Significant

Results of the radiological examination:

Fracture or osteotomies of both the shaft of tibia and fibula along with intramedullary
nailingwere evident. Here, osteotomy or fracture healing of the tibia was considered. In both
the control and experimental animals of group-I, the bony cut ends at the osteotomy sites
were slightly ill defined with no definite callus formation. Inboth the control and experimental
animals of group-II, bony cut ends at the osteotomy sites were blunt and ill defined, but the
callus formation was more prominent and the size of the callus on the average appeared
slightly larger in the experimentals than in the controls. The amount of the callus formation
in the experimentals were also slightly more than that of the controls. It indicated
enhancement of the healing process in the experimental animals of group-II.

Discussion:

For the last ten years or more Electrical stimulation as a means of enhancing repair of
bonefracture has been evaluated extensively both experimentally as well as clinically. It has
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Table-VII: Results of microscopic maximum longitudinal dimensions of the callus

Group Type No. of Microscopic t value Significance
animals measurement (Probability)

1. Experimental 20 363 0.14 P>0.5
SOx49.20 Insignificant

Control 20 360.25
SOx67.76

II Experimental 20 354.5 2.51 P< 0.025
SOx75.41 Significant

Control 20 300.5
SOx59.11

Group Type No. of Microscopic
animals measurement

Experimental 20 123.15

SOx 11.03
Control 20 118.75

SOx8.88
II Experimental 20 123.4

SOx24.39
Control 20 100.8

SOx 16.30
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been substantiated by many experiments that electrical stimulation can enhance fracture
healing7.IO.11.12.

In the present experiment a great deal of thought was given to the criteria employed
in critically assessing the quality of healing. To our great disappointment we found that most
of the literatures failed to adequ.ately describe the methods (yard-sticks) employed to
assess the quality of healing. However, one thing emerged very clearly that increased
osteogene?is has been accepted as the main parameter for assessing fracture healing.
Increased osteogenesis in the present experiment has been assessed by measuring the
callus size and expressing the results in mathematical units for easy reprodu~ibility and
comparison.

Yasuda, Harris, Bassett, and Burcn reported histologically increased callus
formation in the experimental group in comparison to the control group in their
experiments4.1o.12.13.They did not mention about the criteria of their evaluation, whether the
increase was quantitative or qualitative. Bassett, Hallewell and Beljan, and Shandler also did.
not mention about the actual method of evaluation of the callus7.14.15.Volumetric
measurement of the callus is also another method of morphological evaluation. As soft tissue
could not be separated properly from the early stage of callus, it was considered an
unsatisfactory technique.

In the present study assessment of the fracture healing was made by measuring
the longitudinal and transverse sizes of the callus. The size of the callus, was also
assessed by radiologicalexaminations. Morphological examination was done by qualitative
and quantitative methods. Qualitative examination of the callus employing Haematoxyline
and Eosin (H&E) stain was done. It revealed the actual composition of the callus. But this
did not reflect the difference between experimentals and controls. So, quarltitative
measurement was also performed. Koneff's stain as used by Rahman and Ahmed was not
employed in the present experiment because they did not find any difference with H&E stain
in the evaluation of the callusB.9.In the quantitative evaluation, the measurement could be
expressed by a mathematical figure which could represent the size of the callus and provide
easy comparison and analysis of results between the experimentals and controls.
Considering the mathematical figures as accurate, this was accepted as an ideal method for
evaluation of fracture healing. In the morphological examination, gross measurements of
the callus sizes were performed for the evaluation of fracture healing. The same methods
were also used by Rahman and Ahmed and therefore, the results could be easily
comparedB.9.

Radiological examination of the osteotomied limbs revealed nodifference between the
experimental and control animals of group-I. However, 'after third week of electrical
stimulation the experimental animals of group-II revealed significant enhancement of healing
process compared with the controls.

Itwas evident from the resultsof the present experiment that the mean size of the callus

of group-II experimental animals were larger in comparison with those of the controls.
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All results of the present experiment concerning the gorss measurement showed a
similaritywith those obtained by Ahmed except maximum transverse dimensions of group-
I animals,where he found significant differences in the result between the experimental and
controlanimals of both groupS9.On the contrary, the result of the present experiment in this
respect did not show any significant change. Again, concerning the microscopic
measurements, Ahmed found significant differences in the fracture healing between the
experimentaland control animals of group-I in respect of the maximum longitudinal and two
dimensional measurements. In contrast to his findings the present experiment showed no
significantchanges in group-I experimental animals. Moreover, group-II animals which were
sacrificedat the end of three weeks showed significant enhancement of the fracture healing
compared with the control in all aspects of microscopic measurements i.e. maximum
longitudinal,transverse and two dimensional. Rahmancould find noenhancement of fracture
healing in the experimental animals after application of PEMF compared with the controlsB.
The duration of Rahman's experiment was longer in contrast to the present experiment and
there were also some differences in relation to the immobilization and the daily time of
application of PEMF.

Rahman did not immobilize the fractured fragments and PEMF was applied for only 6
hours a day in contrast to the present study. Muhsin (1986) found that the PEMF had no
enhancingeffect in the healing and/or osteogenesis in the induced non-united fractures in rat
tibia. Their experiment was similar to the present experiment in relation to the dose and time
of application of PEMF. Larger number of animals were also used by Muhsin but the main
difference was the induction of nonunion's.

However, Sattar, observed the beneficial effect of PEMF on nonunited fractures in tibia
of human being17.The human model has inherent differences from an animal model besides
the difference in coil size, duration and strength of stimuli. Hence, the two results cannot be
compared so easily.

The results, suggest that the effect is negligible for a short early peroids of stimulation
(e.g. 1 week for rats) but a longer stimulation (e.g. 3 weeks for rats) has a significantly
enhanced healing effect.
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