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Summary

The effectiveness of electrical stimulation and Pulsed Electro Ma~netic Field (PEMF)
stimulation for enhancement of bone healing has been reported by many workers. The
mechanism of osteogenesis is not clear, therefore, studies look for empirical evidence.
The present study involved a clinical trial using low amplitude PEMF on 19patients
with non-union or delayed union of the lon~ bones. The pulse system used was similar
in shape to Bassett's single pulse system where the electric volta~e pulse was 0.3 mSec
wide repeating every 12 mSec makin~ a frequency of about 80 Hz. The peak magnetic
fields were of the order of 0.01 to 0.1 mTesla, hundred to thousand times smaller than

that of Bassett. Amon~ the 13who completed this treatment schedule the history of non-
union was an average of 41.3 weeks. Within an avera~e treatment period of 14 weeks,
II of the 13 patients had successful bone healing. The two unsuccessful cases had bone
~aps greater than 1cm following removal of dead bone after infection. However, use of
such a low field ne~ates Bassett's claim for a narrow window for shape and amplitude
of wave form, and justilies further experimental study and an attempt to understand
the underlyin~ mechanism.

Introduction

Since the discovery by Yasuda 1of stress generated

potentials in bone, considerahle interest has heen

shown in the application of electricity for the

healing of bone fractures. By passing continuous

direct currents of very low magnitude. bone

growth and fracture healing near the cathode

has been reported by many workers. I..' It has

heen suggested that ionic transportation and

interactions are responsihle for bone growth in

these cases, although the mechanisms are not

clear. However, the stimulation of osteogenesis
using direct current has been firmly established

by animal experiments.4

A different technique of stimulation where pulsed
electromagnetic fields arc applied through

external coils was suggested hy Basset et a\.5

Although the mechanism of hone growth
stimulation hy this technique remains obscure,
significant success rates, in the range of65.60/r to
81.2~, in healing of cases with non-union and
delayed union have heen reported.5'') The
stimulation systems used by Bassett's group were
of two types. In one, the single pulse system, a
0.3 mSec wide single pulse is repeated about
every 12 mSec. The other. known as the pulse

burst system, uses a 5 mSec burst of pulses
repeated at about 15 Hz, the pulses heing 0.2

mSec wide repeating every 0.22 mSec. It has

been claimed that the shape and magnitude of

the pulse system used arc critical.4.1> The
magnitudes of peak magnetic fields used hy

Bassett et al for these two systems of pulses have
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been quoted hy Barker and Lunt4 as 16 mTesla

and 1.6 mTesla respectively.

In most previous studies, it has been assumed

that the successful healing of cases with non-

union or delayed union proved the effectiveness

of the new technique, no separate control groups

were studied. Double hlind trials were suggested

by some observers 10and experimental results of
a double blind trial has been reported hy Barker
et al.ll This double hlind trial was conducted on

16 patients with tibial non-union with 9 patients

in the control group. Barker et al used the pulse
burst system of Bassett, but they obtained similar

success rates (-70%) in both control and

experimental groups. The study seems to

contradict the previous reports on the effective-
ness of pulsed electromagnetic stimulation and

shows the need for further investigation.

A number of animal studies on rats with induced

fresh fractures and induced nonunions were

performed in Dhaka. The one on fresh fractures

showed enhanced callus growth around the
fracture site for the animals under PEMF

treatment compared to controls in ahout two
weeks after the induction offracture.12 On the other

hand the study on induced nonunion showed no

effective improvement in healing. Of course, there
were procedural inadequacies in both the studies

as the animal immobilisation was not very

satisfactory, PEMF was applied from one side of
the limb instead of both sides as in the case of

human subjects because of practical space

limitations. Besides, difficulty in maintaining
immobilisation created conditions which are not

always present in human cases.

Electromagnetic fields were also used by some

workers to study keratinocyte proliferation in
vivo. I!>Their results show 'windows' of

effectiveness between 10Hz and 60 Hz and

for amplitudes between 0.25 mTesla and 5
mTesla. It has been claimed that the mechanism

of growth is non-thermal in nature and does not
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involve the secretion of growth factors, ascribing

the proliferation to EMF alone. A careful study of
the procedures indicate that the waveforms

claimed to be of different frequencies were not

strictly pure waveforms. They contained a number

of different frequency components, 50 Hz

dominating most of them as they were derived
crudely from the mains supply.

The present study involves a clinical trial'using

low amplitude pulsed electromagnetic fields on

19 patients with non-union or delayed union.

Materials and methods

The equipment for generating the magnetic fields

consisted of a pair of series connected circular air
cored coils (Rcm internal diameter. 1000 turns of

S.W.G. 30 enamelled copper wire in each)

powered by a. transistorised stimulatorI.' with

variable pulse height. The pulse shape was similar

to Bassett's single pulses. The electric voltage

pulse was 0.3 mSec wide repeating every 12

mSec making a frequency of ahout 80 Hz. The

corresponding magnetic field rose approximately

exponentially overO.3 mSec and fell exponentially

over the next 4 mSec in each pulse. In this study

the pulse voltage applied to the coils was varied

in magnitude to obtain peak magnetic field in the
approximate range of 0.0 I mTesla to 0.1 mTesla.

Patients selected for this study had either non-

union or delayed union in one of the long bones.

Union was considered to he delayed if the

fragments were freely mobile heyond 2 months

after injury and if no significant progress towards

union was observed on radiographs prior to the
start of treatment. Patients were treated as in-

patients in the Rehabilitation Institute and Hospital

for Disahled (RIHD), Dhaka. For this study

fracture sites were immobilised with long plaster

casts for tibial fractures, and hip spicas were used

in cases of fracture of the femur. A pair of padded
coils were strapped on each side of the fracture.

Electromagnetic stimulation was applied for 9 -
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12 hours each day. All patients was administered

a daily dose of multivitamin tablet in the interest

of maintaining equivalence of routine with other
RIHD in-patients. Stimulation was discontinued

when there was no clinical mobility at the fracture

site and radiographs showed bony trabeculae

crossing at least half the width of the defect (for

the successful cases). Patients were discharged in

plaster cast, weight bearing was not allowed and
were instructed to keep loading below the pain
threshold at the fracture site. After a further

period of 6 weeks, radiographic examina-tion
was carried out. If this revealed cortical

condensation in the fracture gap, then the plaster
cast was removed and the patients were permitted
partial weight-bearing within ache tolerance.
During the period of progressive weight-bearing
the patients were instructed to use crutches.

Only sound functional union, which satisfied the

following conditions, was counted as a success:

o Radiographic evidence of bone bridging.

o Clinical immobility and non-tenderness.

o Absence of pain when subjected to stress.

o Ability to lift the leg when supine, if the
fracture was located in the lower limb.

Results

Nineteen patients with non-union or delayed union
in a long bone entered this study. However. only
13 of them completed the programme and these
are documented in table-I. Five patients voluntarily
withdrew before completion of the treatment and
one patient died following post surgical
complications unrelated to this study. Most of the
patients were initially treated in outlying hospitals
with limited facilities and were later brought to
RIHD when complications arose. History of
injury before the commencement of
electromagnetic stimulation varied between 8
and 108 weeks, the average being about 41.3
weeks. The treatment period with stimulation for
the successful cases varied between 4 and 27

weeks, the average being about 14 weeks.

In this trial, two cases (patients number 2 and 6 in
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table-I) remained ununited. Their radiographs
did not show progressive changes in the fracture
gap as observed in otht:r cases and so the
stimulation was terminated. Both of them had

bone gaps larger than I cm due to removal of dead

bone segments following infection.

In the successful group, 4 were actively draining
when they began treatment and 2 had been
previously infected but were not draining, i.e.
54.5% of the patients in the successful group
were or had been infected. Characteristically, in
the patients with active drainage the quantity and
nature of the drainage improved within 3 weekS'
after the stimulation was applied. These results
were obtained without the application of 'any
internal antibiotic, only external antibacterial
(daily dressing) therapy. Other beneficial side
effects that have been noted during this study
wer~, qualitative increase in epithelisation of
chronie wounds and decrease in pain &discomfort.
Ironically, these early signsofunion and improved
function were responsible for the voluntary
withdrawal of several patients with un-united
fractures, who declined further treatment upon
disappearance of pain and restoration of
movement of limb & fingers.

Table-I: Resl/lts (!f clillical trial 0111101l-l/lliollSalld
delayed IIIliollS of IOllg bOlle.f
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SI. Age Site Period Treat- Peak Union
No. since ment magnetic

injury period tield

Yrs. Weeks Weeks mTesla Yes/No

I. 9 Femur 77 27 0.09 Yes
2. 9 Femur 30 30 0.01 No
3. 14 Femur 52 13 0.05 Yes
4. 28 Femur 26 14 0.04 Yes
5. 90 Femur 17 14 0.06 Yes
6. 33 Tihia 39 6 0.02 No
7. 13 Femur 77 20 0.09 Yes
8. 35 Raius 39 7 0.01 Yes
9. 10 Tihia 107 4 0.09 Yes
10. 50 Femur 30 24 0.05 Yes
II. 30 Femur 17 9 0.1 Yes
12. 47 Humerus 17 8 0.08 Yes
13. 35 Femur 8 II 0.1 Yes
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Discussion

In the method where direct electrical current is

introduced, ionic movements come into play and
this is borne out by the observation that bone
growth takes place near the cathode. This has
been ascribed .to the accumulation of calcium
ions at the cathode, and the stimulation of

osteogenesis using direct current has been firmly
established by animal experiments~ as well.

However, the mechanism of pulsed
electromagnetic stimulation on the healing of
bone fractures is not the same as that for the above

mentioned direct current method, and is still

unknown. For this reason the study can only be

empirical. In the present study, the patients were

taken to act as their own control since they had

long periods of conventional treatment prior to
this trial, to which they did not respond. The

method was uti]ised initially as a sa]vage procedure
for patient with non-union. Later on it was also

used for delayed union in selected cases beyond

2 months after fracture as an alternative to early
grafting, and where internal fixations failed. This

approach seem fully justified by its relatively
high social benefit, and in the interest of reducing
patients suffering and disability time.

In this kind of human experiment it is not possible

to obtain control as using placebo in drugs, as
dummy coils would not produce the physical

sensation that is accompanied with PEMF

stimulation. Thus the use ofb]ind control may not
be effective to satisfactorily address the

elimination of any suggestive or psychological
factor.

It would have been very desirable to get patients
within a similar age range and similar fractures.

However, as non-union or delayed union of

fractures are relatively rare conditions, this study

in necessarily random with respect to the age of

patients, period since injury, site of injury, sex

and nutritional status. Therefore age, location

and nature of fractures varied quite widely. Age
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varied from about 9 years to 90 years. Success

apparently did not depend on age. The nonunion
in a young child of 9 (Case no. 2) did not heal

while a 90 year patient (case 5) had a successful

union. However, as mentioned before, the two

cases where the treatment failed had bone gaps of
more than I cm due to removal of dead bonc

following infections.

The study was carried out in an orthopaedic

hospital and patient co-operation was satisfactory

by those listed in table-I completing this program
oftreatmenl. As mentioned before, a few left the

hospital before completing this program of
treatment and they heve not been included in the

table. In the successful group the average treatment
period with PEMF stimulation was 14 weeks

with an average previous history of injury of 4].3
weeks. The mos! spectacular success was case

No.9, a child of 10 whose lOR week old injury
was healed in only 4 weeks. The overall success

rate, calculated on 13 patients who continued

with the programme in this study, is approximately

84.6% (II out of 13). This is comparable to
figures obtained by Bassete and other workers.

However, one important point to note is that the
electromagnetic fields in this case were

considerably lower. about 100 to 1000 times less
than that of Bassett. Bassett used about ]6

mTes]a for his single pulse wave form. The

present work also used a similar single pulse
wave form but the peak magnetic fields were
only between 0.0 I and 0.1 mTesla. Bassett et aV'

had quoted that the wave form of the pulse and its

strength has to be within a narrow specified limit

for this treatment modality to be successful.

However, no satisfactory argument was put
forward in support of this claim. A recent paper
by Colson et al'~ reports high success rates
using pulses entirely different in shape and
magnitude from that of Bassett. The results of
this present work also suggests that the narrow
amplitude windows quoted for the technique
to be successful by Bassett et a] may not be
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generally valid. Further studies ought to be made,

with careful choice of pulse systems and

magnitudes in order to evaluate the effectiveness

of the pulsed electromagnetic stimulation on bo~e
healing including an animal study on rabbits to

discount psychological effects.
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