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Bone Growth Accelerated by Stimulation of the Epiphyseal Plate
with Electric Current
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Summary The effect of stimulation with continuous
small amounts ( 20 A) of electric current on the
distal epiphyseal plate of rabbit femurs was examin-
ed In contrast to control animals 6 weeks after the
operation 18 of the 20 experimental animals showed
an increased lengthening or broadening of the femur
on the operated side In 14 cases the increased
growth resulted in varus or valgus deformities.

Zusammenfassung Es wurde der Einflu B der Elektro-
stimulation ( 20 t A) auf die distale Wachstumsfuge
von Kaninchenfemura untersucht Bei der Kontroll-
serie zeigte sich im Beobachtungszeitraum von 6
Wochen kein unterschiedliches Wachstum Dagegen
wurde bei 18 von 20 Tieren mit Elektrostimulation
eine Wachstumsbeschleunigung in Lange oder Breite
an der stimulierten Seite festgestellt In 14 Fallen
kam es zum Fehlwachstum im Valgus oder Varus-
sinne.

Materials and Methods

Femurs of 6 to 7-week-old rabbits, which were still growing,
were used for the experiment Femur growth starts mainly at
the distal epiphysis Figure 1 illustrates the placement of elec-
trodes used to apply continuous low-voltage electrical stimula-
tion to the epiphyseal plate Electricity ( 20 p A) was supplied
by 1 5-V button batteries through a suitable resistor Two 8-
cm-long, twisted stainless-steel wire electrodes were soldered
to the battery and insulated with 1-mm polyethylene tubes.
The battery, the resistor, and the soldered wire ends were
sealed in a polymethacrylate capsule from which the positive
and negative electrodes protruded (Fig 2).

Though the idea of using electric current to influence
the healing of fractures inspired interest among rese-
archers as early as the end of the last century l 7 l, the
positive effect of electric stimulation on osteogenesis
has only recently been proven l 1-5, 8, 11, 14, 16, 17 l.

Most researchers agree that small amounts of
electric stimulation ( 10-20 A) accelerate osteo-
genesis, whereas higher doses ( 30 j IA or more) cause
osteonecrosis l 3, 6 l The stimulating effect of electric
current can be measured at the cathode, or negative
pole l 2, 6 l Epiphyseal chondroblast cell structures
can be stimulated in vitro by electric current l 12 l, and
the growth of embryonic chick tibiae can be enhan-
ced in vitro by electric fields l 15 l This latter result
suggested that the effect of electric current on the
epiphyseal plate of long tubular bones should be
studied to see whether a potential increase in bone
growth could be used therapeutically.
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Fig l Schematic drawing of our experimental device with
small intensity ( 20 g A) electric current R resistor

Fig 2 Battery with twisted electrodes insulated in methyl-
methacrylate and polyethylene tubes
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Fig 3 Extra growth (double headed arrow) in length of the femur on the stimulated (right) side

Fig 4 Irregular growth with valgus deformity and broadening of the distal part of the femur on the stimulated side (right)

Fig 5 Control experiment with no electric stimulation of the epiphyseal plate (right) shows no difference in length or width

A total of 25 rabbits of both sexes with an average weight
3500 g were used Under Nembutal anaesthesia and sterile con-
ditions two O 5-mm-thick Kirschner wires were inserted
percutaneously Using the image intensifier the wire were
situated below and above the epiphyseal plate of the right
femur (Fig 1) A small skin incision was made at the pro-
truding ends of the Kirschner wires A 3-mm incision was then
made in the abdomen and the sealed battery package was fixed
with one suture to the abdominal wall The two insulated elec-
trodes were introduced under the skin and connected to the
two Kirschner wires so that the cathode was above the epiphy-
seal plate and the anode below it.

As a control the same operation was performed on five
animals, but the Kirschner wires were not connected to the
battery.

All experimental animals were killed 6 weeks after the
operation with an overdose of Nembutal Both femurs and
battery packages were removed.

The femurs were carefully cleared of soft tissues and fixed
in formalin X-ray pictures were made of the pairs of femurs
before further histological study Femur length could be estab-
lished from the X-ray pictures with millimetre precision
(Fig 3-5).

Results

Of the 25 animals 5 died within 4 weeks after the
operation In 16 of the remaining 20 cases we found
that the femur on the stimulated side (Table 1) was

Table 1 Frequency distribution into 1-mm size classes of extra
longitudinal growth for stimulated femurs

Difference
0 1 2 3 4

in length

mm mm mm mm mm.
in mms.

Number

4 4 8 2 2
of cases

Table 2 Frequency distribution into 1-mm size classes of extra
width in the distal part of stimulated femurs

Difference
0 1 2 3 4

in broade-
mm mm mm mm mm.

ning in mm.

Number
2 7 7 3 1

of cases
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larger than the femur on the unoperated side There
was, however, not only a difference in the length of
the two sides, but also in the width of the distal part
of the femurs This was found in 18 of the 20 cases
(Table 2) In the control group there was no differ-
ence in length or width of the two femurs (Fig 5).

The extra growth in both length and width appear-
ed in various forms, but was mostly irregular with
varus and valgus deformities We found only two

Table 3 Forms and distribution of extra longitudinal growth

Number
of cases

Overgrowth t
with valgus
deformity

Overgrowth
with varus
deformity

Overgrowth
similar to
the physio 
logical growth

8

6

2

cases where the extra longitudinal growth showed
neither varus nor valgus deformities, almost cor-
responding to physiological growth (Table 3).

Histology

The haematoxylin-eosin-stained sections of decalcified
distal femurs showed a broadening of the epiphyseal
line even under low-power magnification The carti-
lage cells of the unstimulated epiphyseal plate
(Fig 6 a) showed a typical longitudinal columnar
arrangement ("columnar zone"), below which was a
layer without columnar structure ("inert zone") l 9 l.
The columnar zone of the growth plate on the stimu-
lated side was usually wider and the columns longer
with many mature cells at the border of ossification
(Fig 6 b) The inert zone was also wider with embed-
ded immature cartilage cells In some cases, espe-
cially where the extra growth was irregular and
caused varus or valgus deformity, the longitudinal
arrangement of the columnar zone was disrupted and
there was an increased number of the immature carti-
lage cells embedded in the "inert zone" (Fig 7).

After the animals were killed and the battery
package had been removed, battery power was meas-
ured in every case The original 20 A had usually
decreased considerably, generally to 5-10 g IA In two

Fig 6 a, b Photomicrographs of
the epiphyseal plates a Normal
side without stimulation.
b Stimulated side.
(haematoxylin-eosin stain, x 80)
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Perhaps a more even distribution of current would
result in more regular growth Further research is
needed to prove this The rabbit, however, because
of the smallness of its epiphyseal plate is not the best
subject for this experiment.
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Fig 7 Photomicrograph of the epiphyseal plate in which the
extra growth resulted in valgus deformity and broadening of
the distal part of the femur (haematoxylin-eosin stain, x 80)
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did not provide a constant amount of voltage over
time.
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extra growth on the side to which current had been
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stimulated and the non-stimulated sides Though no
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the insulation of the battery package was faulty, and
that the electric current did not reach the epiphyseal
plate but short-circuited through the wall of the
abdomen.

In the control group there was no difference be-
tween the two femurs either in length or in width
(Fig 5).

From our experiments we conclude that a very
small amount of electric current ( 20 gt A) stimulating
the epiphyseal plate can accelerate bone growth This
growth is, however, irregular and cannot be properly
directed (Table 3) Probably the effect of linear elec-
trodes on a disc-shaped epiphyseal plate is uneven.

1 Becker RO ( 1979) The significance of electrically stimulat-
ed osteogenesis Clin Orthop 141: 366-374

2 Becker RO, Spadaro JA, Marino AA ( 1977) Clinical expe-
riences with low intensity direct current stimulation of
bone growth Clin Orthop 124:75-83

3 Brighton CT, Black J, Friedenberg ZB, Esterhai JL, Day
LJ, Conolly JF ( 1981) A multicenter study of the treatment
of non-union with constant direct current J Bone Joint
Surg lAml 63:2-13

4 Burny F, Herbst E, Hinsenkamp M ( 1978) Electric stimu-
lation of bone growth and repair Springer, Berlin Heidel-
berg New York

5 Cordey J, Steinmann S, Perren SM ( 1978) Electrodes used
for stimulation of bone formation In: Burny et al (eds)
Electric stimulation of bone repair and growth Springer,
Berlin Heidelberg New York

6 Friedenberg ZB, Zemsky LM, Pollis RP, Brighton CT
( 1974) The response of non-traumatised bone to direct cur-
rent J Bone Joint Surg lAml 56:1023-1030

7 Garratt AC ( 1961) Electrophysiology and electrothera-
peutics Tickner and Fields, Boston

8 Hellinger J, Kleditsch J ( 1980) Electrical stimulation of the
callus-formation by means of bipolar rectangular pulse
sequences Arch Orthop Trauma Surg 16:241-246

9 Kember NF, Sisson HS ( 1976) Quantitative histology of
human growth plate J Bone Joint Surg lBrl 58:426-435

10 Landa WA, Poljakow AN, Baranow WK ( 1976) Uber die
Wirkung des pulsierenden elektrischen Stromes auf die
reparative Regeneration des Knochengewebe Orthop
Traumat 10: 55-59

11 Marion AA, Cullen JM, Reichmanis M, Becker RO ( 1979)
Fracture healing in rats exposed to extremely low electric
field Clin Orthop 145:239-244

12 Rodan AG, Bourret LA, Norton LA ( 1978) DNA synthe-
sis in cartilage cells is stimulated by oscillating electric
field Science 119:690-692

13 Romano RL, Burgess EM, Rubenstein CP ( 1976) Per-
cutaneous electrical stimulation for tibial fracture repair.
Clin Orthop 114:290-295

14 Spadaro JA ( 1982) Bioelectric stimulation of bone forma-
tion: Methods, models, and mechanism J Bioelectricity
1:99-128

15 Watson J, de Haas WG, Hauser SS ( 1975) Effect of elec-
tric fields on growth rate of embryonic chick tibiae in vitro.
Nature 254:331-332

16 Weigert M, Werhahn C, Mulling M ( 1972) Beschleunigung
der kn 6 chernen Heilung von Osteotomien an Schafen
durch elektrischen Strom Z Orthop 110:959-962

17 Yashuda I ( 1974) Mechanical electric callus Ann NY
Acad Sci 238:457-465

Received March 11, 1985

124


