SEcTION 1V

LETTER TO THE EDITOR

Electrical Osteogenesis: An Analysis

Dear Sir:

Many investigators have studied the
growth promoting effects of electric currents
on osseous systems from 107** to 10™* am-
peres (a).!-3.5-17.20. 21, 23-26 Tn this com-
munication we wish to discuss the experi-
mental conditions which are associated
with an osteogenic response (OR) in this
interval, and the mechanisms involved
therein.

Table 1 lists an" extensive series of stud-
ies which describe attempts to produce an
OR at the site of implanted electrodes.
Where possible, the applied voltage and
currents, and the total energy dissipated,
are given. The reports have been grouped
roughly in order of increasing energy dis-
sipated.

The data in Table 1 show that an OR
has been observed at currents of 0.2 upa
and 5,000 upa, and at currents of 3-20
pa. On the other hand, currents of 0.7-4
wa have produced no OR, and currents
above 50 pa have produced necrosis. The
data therefore suggest that different mecha-
nisms produced the ORs in the low and
high current range.

In the high range, currents of about 3-20
ra, when applied sufficiently long that the
total energy dissipated was greater than
about 7 joules, generally elicited an OR.
Currents of 0.7-4 pa and less than 7 joules,
generally failed to produce an OR, while
currents above 50 pa (for 10-14 days) pro-
duced necrosis. The assignment of upper
and lower limits of current and energy (in
the high range) which can elicit an OR is
admittedly crude, but appears to have cer-
tain advantages. It clearly categorizes the
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major reports dealing with ORs, regardless
of type, technique of observation, or elec-
trode material.

Electrical osteogenesis in the high range
exhibits a threshold, an efficacious region,
and blends directly into necrosis. The en-
tire spectrum occurs within a current inter-
val of less than 50 pa. We therefore sug-
gest that injury or tissue irritation resulting
from the electrical current is the underlying
physical mechanism.

The existence of an OR in bone subject
to chronic or acute injury is well known.??
A variety of nonspecific stimuli (mechani-
oal, thermal, chemical) are transduced by
the animal into a biological signal which
initiates cellular proliferation and bone pro-
duction. It appears that the most parsimo-
nious explanation of the OR in the 3-20 pa
interval is that the applied current is simply
another form of nonspecific stimuli capable
of eliciting an OR. The stimulus may be
electrolysist 18 of tissue fluids, although
there is some contrary evidence.!?

The OR observed in the low range’ !
cannot reasonably be attributed to injury
from electrical current, and may be a direct
cellular effect such as that postulated to
arise from the piezoelectric currents of
bone.!?
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