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SUMMARY
The present communication
reports the effect of pulsing electromagnetic
field (PEMF) application on experimentally induced fracture of rat tibiae. The
purpose was to find out whether PEMF can enhance the process of healing.
Osteotomies followed by intramedullary nailing were done in 23 rats. PEMF
was applied in the experimental group of animals from the third day of the
surgical procedure. The animals were sacrificed after first and second week
of PEMF application. For evaluation of results between the experimental and
control, both radiological and morphological
examinations of calluses were
performed. A significant enhancement of healing was found in the experimental group as compared to the controls.
PEMF appears to enhance the
early phase of healing which starts in the first and becomes pronounced in
the second week of the healing pfOcess.
INTRODUCTION
Fracture heals spontaneously if the fractured frangments are properly
aligned and immobilized.
There should also be absence of factors for delayed
union or non-union.
Even if ideal conditions are made available, a fracture
nonethless, takes four to six weeks to heal. It had always been a dream
of medical scientists to find a means by which tbis time of healing could
be reduced.
The benefit of reduction in the time of fracture healing is
obvious. Yasuda 1955 for the first time demonstrated that electrical stimulation
produced increased osteogenesis (cited by Inoue et aI, 1979). Thereafter,
many experiments were made to substantiate these findings. The resultant
knowledge was applied to enhance healing of fractures with an aim to reduce
the time taken for such healing. In experiments involving fracture repair,
electrical stimulation was applied continuously throughout the whole period
of fracture healing, which resulted in good healing. However, no attempt
was made to find out as to which phase of fracture healing gets maximum
benefit from electrical stimulation.
Massureik and Erickson (1977) reported
that electrical stimulation clinically appeared to be most beneficial during
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the
first two weeks of the
healing
process.
Again
Rahman
(1982)
observed an apparant larger callus formation during earlier part of electrical
stimulation in fractured rat tibiae. The process of fracture healing is a continuous one which spans over a period of about 4-6 weeks. Thereafter.
remodelling occurs for quite sometime. Therefore, it is conceivable that electrical stimultation may potentiate the natural process of healing in some part
of the continuum of healing. It appears that continuous application of electrical stimulation is perhaps not necessary.
TJ1e electrical stimulation would
possibly produce beneficial effect in certain phase of the healing process of
fracture. It is possible that electrical stimulation might enhance the rate of
healing in the early phase when cell division occurs for begining the process of healing. Based on these rationale the present experiment was designed
to find out the maximally beneficial time period of electrical stimulation in
fracture healing. Therefore, the present experiment was designed to observe
the effects of electrical stimulation on the healing of fractured rat tibiae.
MA TERIALS AN D METHODS
Long Evans strain of Norweigian rats \\ere taken as animals in this experi.
ment. The animals were healthy and 6-8 months old weighing about 160-3 I5
grams. At first a pilot experiment was undertaken in four rats to standardize the methods for the final experiment
In the pilot experiment the effects
of confinement of rats in restraining cages, surgical induction of fracture on
rat tibiae and subsequent process of healing "ere evaluated.
Twenty four rats were taken in the final experiment.
Osteotomies were
induced in the mid-shaft of tibiae by an osteotome in tWt:nty three rats. The
osteotomies constituted the experimental fractures. It was followed by intramedullary nailing of the tibia by Kirschner's wire to maintain alignment of
the fractured frangments.
Animals were anaesthetized by diethyl ether in a
dessicator. One animal died during anat:~thesia.
Systemic use of antibiotic
like ampicillin in a dose of 30-40 mg per animal was administered after the
surgical procedure to minimize infection.
The animals were divided into two groups. 1 and II. Group I consisted
of 8 experimental and 4 control animals. Similarly, group II consisted of 8
experimental and 3 control rats. From the third day of osteotomy all the
animals in both experimental and control groups were placed in restraining
cages. These were made with 5cm diameter PVC pipes measuring about 17.5cm
in length. The experimental and control animals were kept separated. Only
the experimental group of animals were stimulated from a specially prepared
electrical stimulation device designed by the authors. It consisted of a pulse
70
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generator, a distribution box and electrical coils. The coils were connected
by co.axial cables to the distribution box which was connected to the pulse
generator. The input power supply was AC but DC stand by batteries (36
volts) were also provided to automatically take over in case of power failures.
The stimulator coil was fixed onto the hind site of the restraining cage in
order to expose the fracture site to PEMF produced by the coil.
The input voltage pulses were of 350 micro-sec. (1 micro-sec= 10-6 sec) duration
with repeatation period of 12 msec, corresponding to a frequency of about 83
Hz. The amplitude of the input pulse was 35 volts. The stimulator coils
were oval in shape mea~uring about 5.5 x 3.5 em and each coil was composed of a thousand turns of 38 SWG superenamelled
copper wire hhving
an average DC resistance of 120 Ohms.
The coils were connected to the
distribution box by 1.5 meter long shielded co-axial cables. A varying electromagnetic field was created around the coil due to pulsing currents. T.he
peak magnetic field was about 20 Gauss at the osteotomied rat tibiae. The
average power dissipation in rat tibiae was estimated to be of the order of
1O-1Swatt. PEMF was applied continuosly for nine hours a day for 7 and
14 days to group I and II experimental animals respectively. The animals
were set free in usual animal cages for the remaining hours of the day.
After the above schedules of PEMF application all the animals of both
experimental and control groups were sacrificed. The weight of the animals
were recorded twice, one at the begining of the experiment and other after
sacrifice. Radiological examination of the fractured limbs of all the animals
were performed immediately after sacrifice. The fracture callus obtained by
fine dissection of the limb was placed for fixation in 10% formalin and then
in sodium citrate-formic acid solution for 3-7 days for proper decalcification.
After sectioning through the mid-line of the callus longitudinally (Figure- I),
both gross transverse and longitudinal
measurements were recorded with the
help of a divider and scale. It was then processed and stained by both
Haematoxylin and Eosin (H&E) and Konelf's stain for final microscopic evaluation. The microscopic measurement of callus was made on stained histological
slides (Fig-2). These were subjected to micromorphometric measurement. The scale
was placed within the eye piece of the microscope and x3.2 objective was used.
The maximum longitudinal and transverse dimensions of callus \\-ere measured.
The mature and appositional bone, cartilage, mesenchymal tissue and the
outer most periosteal lining were included within the measurement of callus.
The two dimensional (TO) measurements of callus was obtained by multiplication of the transverse and longitudinal dimensions. These three measurements
were then used for the analysis of the results.
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Parameters used to measure the callus
The callus being the index of healing. it was decided that objective parameters
should be devised to measure the callus. With this aim in view it was decided that
after longitudinally sectioning the callus measurement of the length and breadth
of the callus has to be recorded. Similarly to make tbe measurement more accurate
the same diameters were recorded employing micromorpbometric technique.
RESULTS
A total of twenty eight rats were taken of which four were employed
in the pilot and twenty four in final experiment. The results of the pilot
procedures were analysed. No animal died and weight reduction of tbe animals
were noted. Only one animal revealed signs of good union. The remainiog
three animals had evidences of inl1ammation.
In the final experiment all of the animals lost on an average 30-40 gms.
of their body weight after the first schedule of sacrifice and regained weight
to that of normal level after the second schedule. No signs of inflammation
were noted in the final experiment. Of the experimental animals, six had good
alignment and two were mal-aligned. Among group I control, one revealed good
alignment and three were mal-aligned. On the contrary. all the group I[ animals
revealed good alignment. Gross and microscopic measurements of the maximum
longitudinal and transverse dimensions of the fracture callus were analysed.
The TO measurements were also analysed. The results of the microscopic
TO measurement of callus are shown in Table I.
Table 1. Results of the microscopic
the callus.
-No. of
Days of
stimulation animals
Group Type
recei ved
Experimental

7

8

I
Control

None

4

Experimental

14

8

two dimensional
Microscopic
measurement
(mean):f:SO
727.75
:1:162.26
580.5
:1:111.61
716.25
J: 16962

11
Control
--

- ---------

None

3

527
:f:48.03

(TO)

measurement

t value

Significance
(Probability)

1.837
with
10 d.f.

Significant
P<0.05

2864
with
9 d.f.

of

Significant
P<O.OI

SD =Standard deviation,
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The mean T.O. value of caIlus in group I animals was 727.75 with
SO:!: 162 26 but it was 580.5 with SO:!-.:]] 1.61 for the control. The difference
between the T.O. values of experimental and control wa~ significant. The mean
T.O. value of group H experimental animals was 716.25 with SO:!: 169.62
and the m~an of 527 with SO:l:48.03 were calculated for the control. The
difference was statisticaIly significant.
The results of the microscopic maximum longitudinal
dimensions
shown in Table II. The mean value was 53875 with SD:!: 78.63 for
Table II.
caIlus.

Group

Results

Type
Experimental

of microscopic
Oays of
stimulation

7

No. of
animals

None

longitudinal

Microscopic
measurement
(mean):!: SO

8

538.75

4

::1:78.63
415

I
Control

maximum

:t62.62
Experimental

14

8

dimer.sions

t value

2.955
with

None

3

of the

Significance
(Probabitity)

Significant
P<O.OI

10 d.f.

538.75
:!:70.39

2.022

486.66

with

:!: I 1.55

9 d.f.

II
Cpntrol

are
the

Towards
Significant
P<0.05

experimentals and 415 with SO:!:62.62 values for the controls of group I.
The difference of mean was statistically significant. The group 11 experimentals
had a mean of 538.75 with SD:l:70.39 and the control had a mean of
486.66 with SO;;!;;11.55. The difference was found to be towards significance.
Similarly, the results of microscopic maximum transverse dimensions are
shown in Table III. The group I animals had a mean of 135.62 with SO::i:25.13
and 141.25 with SO:!: 24.62 for the experimentals and controls respectively.
The difference was statisticaIly insignificant. Again group II had a mean
of 131.87 with SO:!: 16.24 for the experimentals and the mean of 108.33 with
SO:!: 10.40 for the controls were obtained.
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Results of microscopic maximum transverse dimensions (TO) of the

Type

Days of
stimulation

No. of
animals

Microscopic
measurement
(mean):!: SD

t value

Sign ificance
(Probability

0.3708

Insignificant
P>0.2

--,-- -------

----Experimental

7

8

I
Control
Experimental

None

4

14

8

II
Control

None

3

The difference of mean was statistically

135.62
:!:25.13
141.25
:I:24.62
131 87
:!: 16.24
108 33
:I: 10.40

with
10 d. f.
2.832
with
9 d. f.

Significant
P<O.OI

significant.

The results of gross TD measurement of callus were analysed statistically
and found significant in both the groups. The gross maximum longitudinal
dimensions of the callus also revealed a statistically significant result for
group I and towards significance result for the group IT animals. Similarly,
the gross maximum transverse dimension of the callus revealed an insignificant
result for group I and significant result for group II.
The qualitative microscopic examination of the callus was also made.
Howeyer, qualitative evaluation
had not been undertaken for assesing the
healing of fracture. The qualitative
examination was more helpful on the
slides stained with Koneff's stain. The mature bone revealed reddish, cartilage
green and periosteal soft tissue blue colour with this special stain.
Radiological
examination of the fractured limbs revealed non-union of
fracture in the control animals. The group I experimental animals revealed
reparative process of union. The group II experimental animals revealed good
progress in union.
DISCUSSION
Yasuda in 1955 (Cited by Inoue et ai, 1979) first demonstrated increased
osteogenesis by electrical stimulation.
Many experiments were done thereafter
to substantiate this findings (Bassett et al. 1974; Massureik and Eickson. 1977;
Sattar et aI, 1982; Schandler et aI, 1979). Sattar et al (1982) in this country
applied PEMF to heal non-united fracture. Employing PEMF, Rahman (1982)
found apparent larger callus formation in the early phase of fracture healing
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in rat tibiae. The results obtained was based on a smaII number of animals
and valid conclusion could not be drawn. It appears that the effects of
electrical stimulation in the early phase of fracture healing has not been explored
adequately.
In the early part of fracture healing cell proliferation
occurs.
Whereas in the late phase remodelling of bone occurs. Electrical stimulation
causes uptake of Ca++ into the cells and ultimately increase DNA synthesis
and proliferation of celIs (Rod on et ai, 1978). It therefore, seems possible that
cell replication during early part of fracture healing is further augmented by
electrical stimulation.
The effect of electrical stimulation on remodelling of
bone is still not known. It appears therefore, that electrical stimulation would
possibly be beneficial in the early part of fracture healing. Based on this
hypothesis the present experiment was designed.
PEMF was applied for twelve continuous hours by Satter et al. (1982)
whereas Hassler et al. (1979) applied constant DC for fifteen continuous hou~s.
Both of them obtained augmented healing. Rahman (1982) applied PEMF for
six continuous hours. In the present experiment PEMF was applied for nine
continuous hours because this suited the experimental condition best. The
duration of PEMF application in the present experiment was shorter than
Sattar and Hassler groups, longer than that of Rahman. In the experiment of
Sattar et al. (1982) and Hassler et al. (1979) one pair of stimulator coil was
used on each side of the fracture site. Whereas in the present experiment
only one coil was used to one side of the fracture like the experiment of
Rahman. The magnitude of electro-motive force (e.m.f) in the present experiment was same as in the experiment of Rahman. The average power dissipation in rat tibiae was 10-15 watt in the present experiment like that of
Rahman.
It was 10-10 watt in the experiment of Sattar.
From the experience of previous experiment of Rahman
(1982),
the
restraining cage employed in the present experiment was designed for better
application of PEMF. This also helped to further minimize movements of
the fractured limbs.
Fracture healing can be evaluated by a number of ways like clinical,
morphological
and
radiological
methods. Amongst these clinical method
is most suitable and widely accepted. It can also be evaluated by the
measurement of stiffness or rigidity or tensile strength of the callus.
However, Que to limitations, clinical method was not adopted in the present
study. The morphological method has also been described in almost all
experiments (Fridenberg et ai, 1971; Yasuda 1953). It can be assessed by
quantitative and qualitative measurement of the callus. Many workers (Friedenberg et ai, 1974; Harris et ai, 1977; Inoue et aI, 1979; Yasuda (1977) adopted
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morphological method and found increased callus formation in the experimentals than the controls. Ho\\ever, they did not mention the actual technique
of evaluation. Again some workers (Ashihara et aI, 1979; Bassett et aI, 1974)
qualitatively evaluated the callus formation but the technique had not been
adequately described. In the present experiment morphological method was
adopted for evaluatioli of fracture healing. The quality of callus was assessed
by H & E and Koneff's staining. Also radiological findings were compared
with the morphological
ones. As there was practically
no mal-alignment,
the length and width measurements were considered adequate for assessing the
healing process. In the morphological
analysis of callus, the quantitative
measurement of callus provide a mathematical figure for analysis of results
ootained in the expedmentals and controls. The mathematical figures would
represent the size of the callus.
The results of the gross and microscopic measurements showed dIfference
in size of the callus between the experimental and controls.
It became clear
that the callus size for the experimental animals was larger significantly as
compared to the controls by the second week. The rate of increase in callus
size could not be followed for the subsequent weeks for lack of adequate
number of animals. The group II animals which received electrical stimulation for
two weeks, revealed a more significant value as compared to group I who
received one week of stimulation. From these observations it is obvious that
PEMF has an enhancing effect on healing which starts in the first week
and becomes pronouuced in the second week of the healing process. The
results of the radiological examination
of callus were consistent with those
of the morphological method.
Only the group I animals revealed mal-alignment of the fractured fragments. It produced increased transverse dimension of callus in the control
than in the expcrimentals.
The difference of callus yeilded an insignificant
result.
Regarding animal model rats had less frequently been used. The reveiwed
literature showed only four experiments where rats were used Number of
experimental animals in the present study was increased to a statistically valid
number than the experiment of Rahman (1982). This helped better analysis
of results.
Application of PEMF on the desired area of the rat namely the fractured
site on the tibiae demand that the animal be kept immobilized during PEMF 'application. From previous experience gained from the work of Rahman (1982),
it was learnt that unless a properly designed restraining cage is made, the
animals are likely to move their limbs resulting in improper application of
PEMF. In the present experiment a restraining cage was made which was an
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improvement upon the one used by Rahman. 1hese were made with a PVC
pipe measuring about 17.5 cm in length and this device helped to minimize
further the movements of the animals during PEMF application.
Ho\\ever,
one great disadvantage of keeping the animals re~trained was that the food
intake and also intake of water by the animals was markedly diminished.
This caused appreciable loss of body weight.
This disadvantage
had to be accepted as an unavoidable fact in the
preseot experiment. The healing pattern in the present experiment was same
as in the previous experiment of Rahman (1982). Again the intra-medullary
nailing produced good alignment in most of the fractured fragments and enhanced callus formation in the present experiment. It can be concluded that
application of PEMF enhanced healing of osteoton ies in rat tibiae. Further,
the healing occured most during the second we~k of PEMF application.
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