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Fracture Healing in Rats Exposed to
Extremely Low-Frequency Electric Fields
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AND ROBERT O. BECKER, M.D.#

Weak electric current has been shown capa-
ble of stimulating and altering bone growth and
healing®; its clinical use in orthopedics holds
considerable promise.'

There are 2 basic methods of applying elec-
tric current to bone (Fig. 1). In one, electrodes
make direct physical contact with the test sub-
ject, usually both superficially and at the site of
the osteogenic response' (Fig. 1A). In these in-
stances the electric current flows between the
electrodes through pathways within the subject.
In the second method the electrical energy is
coupled into the subject via an electric or mag-

*Research Biophysicist, Veterans Administration Medi-
cal Center, Irving Avenue and University Place, Syracuse,
NY 13210, and Assistant Professor of Orthopedic Surgery —
Research, Upstate Medical Center, Syracuse, NY 13210.

**Research Assistant, Veterans Administration Medical
Center.

fResearch Biophysicist, Veterans Administration Medi-
cal Center.

*Chief of Orthopedic Surgery, Veterans Administration
Medical Center, and Research Professor, Department of
Orthopedic Surgery, Upstate Medical Center, Syracuse,
NY 13210.

This work was supported by the National Institute of
Environmental Health Sciences, Department of Health,
Education and Welfare, the Environmental Protection
Agency, and the Veterans Administration.

Address correspondence to Andrew A. Marino, Ph.D.

Received: September 20, 1978.

netic field—physical contact is not required.
An electric field from a pair of energized plates
induces currents which depend on the exposed
subject’s electrical characteristics® (Fig. 1B). In
magnetic field applications, electric fields are
created which similarly result in induced cur-
rents? (Fig 1C). Regardless of the method used,
but quantitatively depending on it, there is al-
ways some current flow in tissue surrounding
the intended site of osteogenesis. Such ancillary
currents arise essentially because fields and cur-
rents are inextricably linked—the presence in
tissue of the latter insures the former—and be-
cause there is no practical way by which either
may be focused on specific tissues or sites to the
exclusion of any superficial or adjacent tissue.
From a safety standpoint, therefore, one must
consider whether the currents produce effects
other than those intended—either adverse ef-
fects on bone, or unanticipated effects on other
organs.

Beyond applications involving only bone,
fields have given rise to a variety of biologic
effects in many different animals.> Many of the
observed effects indicate that the fields used
were biologic stressors.>” If the fields and cur-
rents used in electrical osteogenesis can also be
stressors, one may expect a range of additional
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FiG. 1. Methods utilized in electrical osteogene-
sis. V. = voltage.

effects which depend on field or current
strength, and on individual subjects’ predisposi-
tions. Any stress produced by ancillary currents
has the potential to adversely affect bone heal-
ing because such stress is an adventitious physi-
ologic burden.”

Because biologic stress is a contraindication
to the therapeutic use of fields and currents in
orthopedics,” it is clearly desirable to ascertain
the range of fields—strength, frequency, and
waveform—which can be stressors, particu-
larly with regard to bone. To this end, we have

developed a procedure to determine the effects
of full-body exposure to various electrical envi-
ronments on bone healing following a standard-
ized fibular osteotomy (SFO) in rats. In our ini-
tial study we chose an electric field whose
precise characteristics have not been utilized in
bone stimulation studies.

MATERIALS AND METHODS

Our procedure consisted essentially of the histo-
logic evaluation of the impact of a full-body electric
field on the degree of fracture healing.

Male Sprague-Dawley rats, 21 days old, were ob-
tained commercially and acclimatized to our animal
care facility for 6 days, after which the SFOs were
performed. Under anesthesia, the head of the fibula
was palpated for orientation and a small incision was
made on the lateral margin of the leg midway be-
tween the fibular head and the lateral malleolus. With
the skin retracted, the fascial plane between the pos-
terior compartment plantar flexor muscles and the
lateral compartment peroneal muscles was bisected.
Gently separating the 2 muscle groups exposed the
shaft of the fibula, and a midshaft fracture was pro-
duced using sharp, fine-tipped scissors. Following an
open reduction in which the exposed bone ends were
manually aligned using forceps, the wound was
closed with 4-0 silk sutures. Because the fracture was
visualized during reduction, consistently good align-
ment was achieved. The rats were then divided into
control and experimental groups, with an equal num-
ber of right and left SFOs in each, and exposure was
commenced.

Each animal was housed individually in a non-
metallic cage; vibration, light, light-dark cycle and
temperature were controlled. From 5 to 8 cages were
situated on shelves of specially constructed exposure
assemblies. Each shelf consisted of a sheet of metal,
the plate, sandwiched between 2 layers of wood.
Each of 2 assemblies, housing respectively the con-
trol and experimental rats, consisted of 3 pairs of ver-
tically arranged shelves. When a voltage was applied
to the plates, the region between them, which con-
tained the cages, became filled with a uniform, ho-
mogeneous electric field. In the assembly which
housed the control rats, the plates were electrically
grounded. The lower plates in the second assembly
were energized and the upper plates were grounded,
thereby creating the electric field in each of the 3 re-
gions. Except for the electric field, the environment
of each rat was identical in all respects. We applied
1590 volts, at 60 Hz, which produced an electric
field of 5000 volts/meter in the living space of each
experimental rat; the 60-Hz field in the control as-
sembly was essentially zero.






