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SUMMARY

To see the effect of Pulsed Electromagnetic Field (PEMF) on nonunited
fracture healing, nonunion was induced in rat tibiae and PEMF was applied on it.
Out of five different techniques utilised for inducing nonunion soft tissue
interposition was found to be the most suitable and effective method of
experimental induction of nonunion. Twenty eight experimental and 15 control
rats were finally evaluated for the effect of PEMF applied for upto 8 weeks. After
sacrifice of 8 experimental and 4 controls, 6 experimental and 3 controls. again 6
experimental and 3 controls and finally 8 experimental and 5 controls at 2,4.6
and 8 weeks respectively of PEMF application no significant difference as to the
quality of healing was observed between the experimental and control animals.
It was thus concluded that PEMF appeared to have no beneficial effect on the
healing of nonunited fractures in experimental set-up.

INTRODUCTION

Fracture healing of bone is a physiological process. It usually takes 4-6
weeks if proper immobilization. reduction of gap, alignment of fragments and
adequate nutrition are maintained and infection is prevented. Workers have
been trying to augment and accelerate this physiological process by various
means. The major breakthrough occured when Yasuda in 1953 first observed
that electrical potentials are generated in the bone due to stress which could
trigger active proliferation of periosteum to form new bone1. Yasuda and other
workers in this field further proceeded to investigate the response of bone to
exogenous electrical stimulation. The rationale behind this newer effort was that
if endogenous stress generated potential effected bone remodelling then
perhaps electrical stimulation applied from the external sources could result in
cellular response to osteogenesis. A dominant theory thus evolved slowly that
electricity could indeed induce osteogenesis if proper voltage, parameters of
current and proper tissue environment could be maintained2. Clinical trials using
electricity in various forms in the treatment of delayed union. nonunion and
pseudoarthroses began in the early seventies. Constant direct current. pulsed
current and electromagnetically induced currents have all been used to heal
these bony defects with varying degrees of success2. For the last few years
Bassett and coworkers have been claiming more than 75% success rates in the
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treatment of nonunions with PEMF3-5 . On the contrary, Barker and coauthors in
a double blind clinical trial of PEMF treatment of nonunions with PEMF in 1984
found no such beneficial effect6. Thus it is clear that the experience of Bassett
and coworkers and Barker et al are at variance. To bridge the gap in the
experiences of two groups of workers the present experiment was designed to
find out the effect of PEMF on the healing of experimental nonunion in rat tibiae.

MATERIALS AND METHODS

Pilot Experiment

A pilot experiment was done to find out a suitable method of induction of
nonunion in rat tibiae. All the details of materials and methods for the pilot
experiment was published earlier?

Final experiment

From the pilot experiment it was evident that osteotomy followed by soft
tissue interposition was the best suitable method of induction of nonunion.

Forty five male and 25 female rats were taken in the final experiment. For
the induction of nonunion animals were anaesthetised, osteotomy was done in
the midshaft of the left tibia, 3-5 mm of bone together with the periosteum was
resected, a flap of skeletal muscle from the surrounding area was interposed in
between the fragments and was sutured with cat gut. Five male rats died during
anaesthesia. To avoid infection 30-40 mg ampicillin was injected intramuscularly
in the right thigh of each animal. Injection ampicillin was followed by syrup
ampicillin in drinking water from the following day of surgery and was continued
for five days. At the end of four weeks all the animals were anaesthetised and
the fracture site was x-rayed for evaluation of nonunion. Randomly 5 animals, 2
males and 3 females, were sacrificed, examined grossly, histologically and
clinically. After evaluation of nonunion only 60 animals were available for further
experiment. Again, the animals were anaesthetised, fractured limbs were
exposed and detectable amount of skeletal muscle with or without fibrous tissue
in the fracture gap was removed. A piece of Kirchner's wire was nailed through
fragments. After closure of the fracture site antibiotic cover was given as before.
During anesthesia this time four animals died. Of the remaining 56 animals 36
animals with 20 males and 16 females were taken as experimentals and 20
animals with 16 males and 4 females as controls. The experimentals and the
controls were kept restrained separately in restraining cages for nine hours a
day when PEMF was supplied to them from specially made electrical device.
This PEMF treatment continued upto 8 weeks as per schedule given (Table-I).
The restraining cage and the electrical device were made as per design and
specification of Ahmed8 (1983).
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Table -I: Schedule of sacrifice of animals In the final experiment

Parameters for assessment In gross examination

After tibia had been taken out it was examined thoroughly with the naked
eye to see whether there was evidence of purulent exudate or gap of any
dimension in between the fragments or absence of bony continuity or presence
of soft tissue in between the fragments. All of these were regarded as evidence
of absence of healing. On the contrary, no exudate, a bony continuity at the
fractured site and or absence of detectable gap in between the fragments were
considered as the evidence of healing. Gross examination was done twice-first,
just after the tibia was taken out and again after it was sectioned longitudinally
into two halves.

Parameters for assessment In histological examination

Fibrocartilage with minimum amount of fibrous element flanked by
calcification, vascularization, chondroclasis with new bone formation in the gap
area were considered as the evidences of healing or towards healing. On the
degree of above noted elements found in the gap tissue and also considering
the presence and absence of inflammation with or without necrosis and also the
persistence of skeletal muscle within the gap tissue the histological assessment
was categorized as: excellent healing, good or satisfactory healing, minimal
healing and no healing. In the final assessment excellent and satisfactory
healing was grouped as 'united or nearly united' and minimal or no healing
were grouped as 'no appreciable healing'.
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Male Female
animals

Experimental 8 4 4 17 2 weeks
Control 4 4 Nil None

II. Experimental 6 3 3 31 4 Weeks
Control 3 3 Nil None

III. Experimental 6 4 2 45 6 Weeks
Control 3 2 1 None

IV. Experimental 8 5 3 59 8 Weeks
Control 5 4 1 None



Clinical and radiological assessment

These assessments were also made in conjunction with above
morphologicalassessments.

RESULTS

Out of 56 animals taken for the application of PEMF, 8 experimentals and
5 controls died at different phases from the date of onset upto 8 weeks of PEMF
application and were excluded from the series.

Pilot Experiment

Details of the results of the pilot experiment were published earlier?
Suffice to mention here that resection osteotomy followed by soft tissue
interposition evolved as the most suitable and effective technique of
experimentalinductionof nonunion.

Final experiment

Four weeks after the first surgery in the final experiment all the animals in
the radiological assessment revealed nonunion. Clinical, gross and, microscopic
evaluations of the five randomly sacrificed animals also showed nonunion.

Results of gross examination

On gross examination, statistically no significantdifference between the
experimental and control animals of Group-I, Group-II, Group- IIIand Group- IV
was noted after application of PEMF for 2,4,6 and 8 weeks respectively
(Table-II).

Results of histological examination

In group-I,3 out of 8 experimentals showed satisfactory healing, three
showed minimal healing, two showed none. Of the 4 controls one showed
satisfactoryhealing,one showed minimalhealingand twoshowed none.

In group-IIout of 6 experimentals one showed minimalhealing and 5
showed no healing. Of the three control animals one showed minimalhealing
whilethe remainingtwoshowed no healing.
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In group-III out of 6 experimentals one showed satisfactory healing, one
showed minimal healing and the rest showed none. Of the 3 controls 1 showed
satisfactory healing and the remaining 2 showed no healing.

In group-IV out of 8 experimentals 2 showed excellent healing, two
minimal healing and the remaining four no healing. Of the 5 controls 1 showed
satisfactory healing, 2 minimal and 2 no healing.

For statistical reasons further categorization of 'united or nearly united'
was made from excellent and satisfactory healing and 'no appreciable' healing
was made from minimal and no healing. With this categorization the results
show statistically no significant difference in between the experimentals and
controls of any of the four groups (Table-III).

After exclusion of all those fractures which showed severe inflammation,
necrosis and persistence of skeletal muscle in the gap between the fracture
fragments the results of histological examinations were again analysed.

The results show statistically no significant difference between the
experimental and control animals of Groups I, II, III and IV (Table-IV).
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Table. II : Results of gross examination of the induced
nonunited fractures treated with PEMF

Group Type Period of Total No. United Not
PEMF application of animal United
in weeks.

Experimental 2 8 3 5

Control None 4 2 2

II. Experimental 4 6 1 5

Control None 3 1 2

III. Experimental 6 6 2 4

Control None 3 1 2

IV. Experimental 8 8 2 6

Control None 5 1 4

P>.05
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Teble - III : Results of microscopic evaluation of the effect of PEMF
on nonunlted fracture of tibia In rats
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Group Type Period of Total United ----r;Jo
PEMF appllication No. of or nearly appreciable
in weeks animal united healin.a

Experimental 2 8 3 5(2)

Control None 4 1 3(2)

It Experimental 4 6 Nil 6(2)

Control None 3 Nil 6(2)

III. Experimental 6 6 1 5(2)

Control None 3 1 2(1)

rv Experimental 8 8 2 6(3)

Control None 5 1 4(2)

P>.05
Number in the parentheses show fractures with severe inflammation and or necrosis and or
persistence of skeletal muscle.

Table - IV : Final results of the microscopic evaluation of healing In
the Induced nonunlted tibial fracture treated with PEMF

Group Type Period of Total United or No appre
PEMF application No. nearly ciable
in weeks. animal united healin.a

Experimental 2 6 3 3

Control None 2

n. Experimental 4 4 Nil 4
Control None 2 Nil 2

III. Experimental 6 4 1 3
Control None 2 1 1

IV. Experimental 8 5 2 3
Control None 3 1 2

P>.05
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Results of Clinical and radiological examinations

The clinical and radiological findings correlated well with the findings of
gross and histological examinations.

DISCUSSION

For the last few years Bassett afld some of the workers in this field have
been claiming that PEMF is effective in case of delayed union, nonunion and
even pseudoarthroses5,9,10. To prove that PEMF is highly effective in treating
nonunions, so far only one double blind clinical trials has been made6. In
parallel with this only one exper"nental model of nonuniting osteotomy in dogs
treated with PEMF was found after review of literatures 11. The results of the
clinical trial and animal experiment do not reflect the high efficacy of PEMF as
claimed by Bassett and others. In the present study, the effect of PEMF treatment
on induced nonunited fracture of tibia in rats has been evaluated.

In the present study no beneficial effect of PEMF on the healing of
nonunion was observed. This is in contrast with repeated claims of Bassett and
others3.5.12. that PEMF has got beneficial effect on the healing of nonunion.

Methods of assessing nonunion healing in this experiment merits a brief
discussion. Four different methods were used for assessing healing in this study.
Paterson and coworkers (1977)13 have already described the rationale in favour
of more than one method for the assessment of bone fracture healing. They
stated, 'The reasons for using the three independent methods is because it is
very difficult to select a single criterion which can judge the degree of bone
repair.' Micromorphometric measurements were utilized for the assessment of
healing in experimental fresh fracture healing at home by Rahman (1982) and
Ahmed (1983)8.14. In our study this method was not found suitable because in
case of PEMF treatment of nonunited fractures 'evidences of healing is not
based on the appearances of external callus but on changes in the fracture gap
and the dense bone flanking it3' . So, the qualitative change on histology and
gross appearance were judged most suitable for the assessment of healing of
nonunions. On the other hand radiology has been used by almost all workers in
this field for assessing healing of nonunions in clinical as well as experimental
set ups. The clinical meth9d of assessment with its parameter Le., persistent
mobility at the fracture site has been used in a double blind clinical trial6. It has
also been used by some others in an experimental model with dogs13. Keeping
all these facts in mind four different methods viz. gross, histological, clinical and
radiological were used for the assessment of healing of nonunion treated with
PEMF in this study.

In view of the mode of healing of nonunion with PEMF therapy the
histologic evaluation is of paramount importance. The mode of PEMF healing
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can be summarised as : (a) crJlcification of fibrocartilage bridging the gap, (b)
vascular invasion, (c) production of bone matrix, (d) chondroclasis, and (e) bone
ossification4. On the basis of this mode of healing, the histological parameters
were devised for the assessment of PEMF healing of induced nonunion. In
accordance with these parameters the status of healing was categorized as
excellent, satisfactory, minimal and no healing. For statistical reason all the
animals in the category of excellent and satisfactory healing were further
categorized as 'united or nearly united' whereas those in the category of minimal
and no healing were further categorised as 'no appreciable healing'. When
histological assessment was made with this categorization statistically no
significant difference in between the experimentals and controls was noted in all
of the four groups (Table-III). Histological examinations of the experimental and
control specimens of all groups showed persistence of skeletal muscle or severe
inflammation and tissue necrosis in the fracture gap of one or more animals. The
above conditions till date are wellknown factors hindering the fracture healing no
matter whether the fracture is a fresh fracture or delayed union or nonunion. So,
to have a more accurate result on histologic examination the animals with
aforesaid elements in the fracture site were removed from the series and were
again evaluated. However, this final evaluation also revealed statistically no
significant difference in between the experimentals and the controls (Table-IV).

The results of clinical as well as radiological examinations correlated well
with the findings of gross and histological evaluations.

Thus no significant advantage of PEMF treatment in the experimental
over the controls receiving no PEMF treatment was observed in this study.

The results obtained in our experiment are almost similar to those in a
double blind clinical trial of Barker et al (1984)6 and are also quite similar to
those obtained in the only experimental nonuniting osteotomy model treated
with PEMF done by Enzler and colleagues (1984)11. However, ours are
inconsistent with the claims of Bassett and some other workers.

Before conclusion, certain points need further discussion. In our study
only one coil has been used. On the contrary Bassett and coworkers used a pair
of coils in their experimental fresh fracture model in 1974 and again in 1982. For
clinical purposes Bassett and coworkers always used a pair of coils for each
nonunited fracture. The placement of two coils on either side of the fracture sites
will definitely create a better field strength.

The daily duration of PEMF application in our study was 9 hours a day.
Bassett et al (1982) in their experimental fresh fracture model applied PEMF for
a period of 12 hours a day4. In the clinical set up Bassett et al in 1982 used
PEMF 10-12 hours a day. Three hours difference in the daily duration of PEMF
application might have some bearings on the results.

8
I



Vol. XVII. No.1 PEMF on healing of Nonunion-Muhsin et al.

On radiological examinations nails were found displaced in some
animals. This affected irrlmobilization and as such has also affected healing.
Also, loosening as ocr,ured in some of the restraining caqes attached to the
usual cages gave an opportunity to a few rats to knaw away the proximal end of
the cages. As a consp.f11'~nce the animals might have been away from the field
with maximum strength.

Experimental models have their own limitations. However, wellplanned
these may be unforeseen problems may often arise. In the present experiment
infection, significant tissue necrosis and displacement of nails could not be
prevented. Yet another great disadvantage which could not be avoided was the
inadequate food intake by the animals as they were kept restrained for proper
application of PEMF leading to nutritional consequences.

Formulating device to overcome the difficulties and problems
encountered in this experiment a second trial with PEMF treatment of nonuni~ed
fracture might produce significant beneficial effect.

ACKNOWLEDGEMENT

We acknowledge the Bose Centre for advance studies and research
(Annexed to Deptt. of Physics), Dhaka University for financial support.

REFERENCES

1 Yasuda I. Mechanical and electrical callus. Annals of the New York
Academy of Sciences 1974; 236 : 457.

2. Brighton CT. Bioelectrical effects on bone and cartilage. J Clin Orth Rei
Res 1977;124:2.

3. Bassett CAL, Mitchell SN, Gaston SR. Treatment of ununited tibial
diaphyseal fractures with pulsing electromagnetic fields. J Bone and Joint
Surgery 1981: 63-A : 511.

4. BassettCAL, Valdes MC, HernandezE. Modificationof fracture repair
with selected pulsing electromagneticfields. J Bone and Joint Surgery
1982;64-A : 888.

5. Bassett CAL. The development and application of pulsed
electromagnetic fields (PEMFS) for ununited fractures and arthrodeses.
Orthopaedic Clinics of North America 1984; 15 :61.

9



Bangladesh Med. Res. Counc. Bull. June 1991

6. Barker AT, Dixon RA, Sharrard WJW. Pulsed Magnetic Field Therapy for
Tibial Nonunion.Lancet1984; I: 994.

7. Muhsin AUM, Islam KMN Ahmed et al. Experimental induction of
nonunion in fractured rat tibiae : Evaluation of different techniques.
Bangladesh J Pathol 1986. 1 : 40.

8. Ahmed ANN. Effect of Electrical stimulation on the early phase of healing
induced fracture of ral tibiae. Department of Pathology, IPGMR, Dhaka,
1983 (M.Phil Thesis).

9. Bassett CAL, Pilla AA, Pawluk RJ. A nonoperative savage of surgically -
resistant Pseudoarthroses and nonunions by electromagnetic fields. J
Clin Orth Rei Res 1977; 124 : 128.

10. Sharrard WJW. Treatment of congenital and infantile pseudoarthroses of
tibia with pulsing electromagnetic fileds. Orthopaedic Clinics of North
America 1984; 15 : 143.

11. Enzler MA, Summer-Smith G, Waelchli-Suter G, Perren SM. Treatment of
nonuniting osteotomies with pulsing electromagnetic fields : A controlled
animal experiment. J Clin Orth Rei Res 1984; 187 : 272.

12. Bassett CAL, Mitchell SN, Gaston SA. Pulsing electromagnetic fields
treatment in ununited fractures and failed arthrodeses. JAMA 1982; 247 :
623.

13. PatersonDC, HillierT M, CarterRF, Ludbrook J, Maxwell,G. M. Savage,
J. P. : Experimentaldelayed Union of dog tibia and its use in assessing
the effect of electricalbonegrowthstimulator.J Clin Orth Rei Res 1977,
128: 340.

14. Rahman MF. Effect of electrical stimulation on healing of induced
fractures Department of Pathology, IPGMR, Dhaka University Thesis,
1982.

10


