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ABSTRACT

Bone regeneration was assessed in albino laboratory rats in terms 

of the length of growth at the sites of regeneration. Bone fragments

of 2.5-5.0 mm were excised from the midsections of the fibulae. The

experiment ran for twenty days after surgery, at which time the animals 

were sacrificed for closer analysis. Six rats were allowed to regenerate

under normal conditions. The second group of six rats were allowed 

to regenerate under the influence of a pulsing stimulus of 22yA<amps at 

a frequency of 5-6 Hz, at a duration of 0.1 seconds. This stimulus was 

provided by an integrated-circuit 3-volt battery component affixed to 

the back of the animals (via a backpack-harness) via wires under the 

skin to the rat's lower leg. Rat food and water were given ad lib as

needed.

Statistical analysis shows that regeneration occurred at a faster

rate in those specimens receiving electrical stimulation.
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INTRODUCTION

The fibula of the adult rat is fused to the lower tibia at its

distal end and has a tight cartilagenous binding to the tibia at its 

proximal end. This makes the rat fibula an excellent structure with 

which to test regenerative capabilities. Experimenters can success

fully remove a section of the fibula from an anesthetized rat with 

very little permanent damage. The fibula is very small in comparison 

to the tibia and both epiphyseal ends are connected to the main body

of the tibia. As a consequence, the fibula serves little structural

or supportive function and rats operated on in such a manner require 

no artificial support (casts or splints). The fibula is easily accessible 

surgically and offers experimenters an optimal site to test various

modes of osteogenic regeneration.
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LITERATURE REVIEW

4
Bone regeneration is one of the most necessary reparative cycles 

in the vertebrate body. The peak of regenerative ability, with respect 

to the complexity of structures regenerated, is found within the 

vertebrate phylum under Urodela (salamanders). A salamander larva 

can regenerate a perfect replica of a lost limb in 30-40 days, while an 

adult can accomplish regeneration in a slightly longer period of time 

with the resulting appendage being somewhat smaller (3). Limb regenera

tion requires three conditions: injury, hormones and nerve innervation 

(7, 5). Injury causes a series of complex electrical events at the site 

of the injury. These electrical events are directly responsible for

cellular events such as dedifferentiation and mitotic activity; in

other words, blastema formation (1, 7).

Becker and others have concluded that the nervous system plays 

a major part in bone regeneration and that this neural function is the 

electric activity associated with peripheral nerves (4, 3). Such small 

amounts of electrical energy polarized to augment the naturally occurring

potentials seem to accelerate the two phases of the regenerative process. 

These two phases are: 1) the simple electrical trigger mechanism which 

stimulates the cellular activities resulting in blastema production and 

2) the initial complex transmission of data to the blastema establishing 

it as a self-organizing system of growth and dedifferentiation (1).

Various experiments have been conducted to quantitatively and

qualitatively measure bone regeneration in various species (1, 3, 7).
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Becker experimented with several salamander and frog species in which 

the upper appendage was amputated mid-humerally. A small d.c. current
4

was provided with solid silver-silver chloride electrodes embedded at 

the amputation site. One group of salamander larva was given a £^amp 

stimulus for five to ten minutes per day the first five post-operative 

days. By the tenth or twelfth day these specimens showed a blastema 

twice as large as those found in control animals of similar operative 

age. A second group of salamander adults was given a 3yZ^amp stimulus 

for five to ten minutes per day from the fifth to tenth day post-op.

These specimens showed no increased blastema size with regard to controls 

of the same age (3).

Becker also performed experiments with rats. He used twenty-one-

day-old male Sprague-Dawley rats and amputated at the right foreleg at

the junction of mid and lower thirds of the humerus. In several groups

he inserted a current-limiting resistor and bimetallic electrogenic 

device. One group was provided with silver or platinum electrodes which 

delivered a 0.001-0.lytamp current; the other group was provided silver- 

platinum couplings which delivered 5-15ytlamps. In just seven days 

after amputation Becker observed regeneration as advanced as the late 

cone stages of salamander limb regenerations in both experimental groups. 

There was little difference in growth between the two groups. Humeral

regeneration appeared with small anlages for the radius, ulna, and 

scapula (1, 7). The longer Becker waited to sacrifice the rats, the 

less organized the regeneration became. Becker assumed this indicated

that the duration of time the electrical device was left in situ

affected the results. That is, the persistence of electrical triggering

beyond a specific time may have had deleterious effects (1).
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Still other experiments utilized dogs in which battery-powered 

devices were implanted. Marked proliferation of the endosteum at 

the negative electrode site appeared under a 2-10x^amp stimulus (5).

Singer experimented with the adult Triturus using bilateral 

amputations in the distal third of the upper arm. He found that 

water content of regenerates was highest in early stages of development 

and only in very advanced stages of regeneration did water content

approach normal bone levels (2).

Various researchers have tried to discover the origin or makeup

of blastema cells. While true regeneration from bone cells is a

possible explanation, many theorize that blood cells actually become

the blastema. Becker discovered that the source of the regeneration 

blastema in amphibians was from the dedifferentiation of nucleated 

erythrocytes in the fracture hematoma (5). It is known, for instance: 

that monocytes take part in limb regeneration; that lymphocytes can

dedifferentiate under certain circumstances; and that marrow elements

are induced in osteogenesis (1).

An important question is: "Exactly how does electrical stimulation 

promote bone regeneration?" A feasible answer to this question has 

been put forth by Rodan, Bourret and Norton, all from the University of 

Connecticut. They discovered that an oscillating electric field

stimulated the incorporation of thymidine in DNA in various cartilage 

cells from the proliferating epiphysis of a 16-day chick embryo. The 

electric field stimulated the cells with a d.c. current of 1166 volts/cm

oscillating at 5 Hz. They found thymidine incorporation increased
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53±13 per cent above the norm. In bone cells from the calvaria of 

a 19-day rat embryo, similar stimulation showdd an increased incor

poration of 27±1.2 per cent. The increase was noticed after a six-

hour lag period which suggested that the electric field acts on a 

regulatory step in the cell cycle which precedes DNA synthesis (6).

• Apparently the electrical stimulation reduced the cellular cyclic

AMP level in the chondrocytes through enhancement of calcium uptakes 

and the inhibition of adenyl cyclase (6, 8, 9). Ion fluxes were also 

found to increase by such a pulse current (6).

The release of calcium from intracellular stores as a result of

depolarization (sodium influx) may account for the electric field's 

effects on DNA synthesis. The membrane depolarization carried by the

sodium current is followed by an increase in the intracellular calcium

concentration, which triggers DNA synthesis (6, 5).

In conclusion, growth responses seem more related to electric

factors than to electrochemical factors or any other factors associated

with metallic electrodes. Secondary phenomena (chemical accumulation 

or changes in pH) are possible agents in regeneration but must have 

minor effects next to electrical stimulation (1).
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MATERIALS AND METSODS

«
Sixteen male Holtzman albino rats (Holtzman and Co., Box 9509, 

Madison, WI 53715) weighing an average of 300 grams each (63-69 days 

old) were used in the experiment. Twelve of these in two groups of 

six each were eventually used as experimentals and controls. Two 

of the original sixteen rats died from anesthetic respiratory compli

cations, and two were sacrificed because of operative mistakes. Both 

food, in the form of Purina Rat Chow (no. 5012; mineral content including 

sodium and calcium not more than 3%), and water were freely available 

to the rats. The rats were kept separately in wire-mesh cages measuring

one foot on each edge.

Surgical Procedure

Anesthetic consisting of 50-60 mg nembutol (Na pentabarbitol) 

per kilogram body weight was administered to each rat intraperitoneally 

with a 26 gauge needle and 1.0 ml disposable Plastipak syringe (BD- 

no. 5602). The animals were swung by the body in a large circular 

motion just prior to injection to facilitate disorientation and ease 

of administration. The anesthetic usually took effect within five to

ten minutes, after which both the middle of the back and right hind

leg were shaved and the animal mounted stomach-down on an operating

board.

The leg was swabbed lightly with alcohol, and an initial incision 

was made with a disposable scalpel (Surgiblade no. 5515, Hospital

Marketing Services, Inc.) laterally along the entire length of the
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tibiofibula (Plate 1). The biceps femoris, extensor digitorus, and 

peroneus longus were separated with sc&lp2l and probe to expose the 

fibula on the lateral side of the leg (Plate 2). Connective tissue 

was removed with the aid of a scalpel, an3 a section of bone approxi

mately 3-5 mm long was clipped from the center of the fibula (Plate 3). 

This bone chip was measured and weighed in every case.

A one-centimeter section of 1/8-inch nylon tubing (Dixco 1/8-inch 

white nylon tubing) was then cut along its length to form a "trough;” 

this was weighed, measured, and inserted into the fibula gap using the 

overlapping tubing on either end to maintain and secure positioning.

The nylon tube was then rotated to keep the slit facing laterally (Plate

4).

The separated muscles were then sewn with 4-0 Dexon dissolvable 

suture (Ethicon Corp.) using 2 or 3 Lembert knots triply tied (Plate 5).

Installation of electrodes was accomplished by first inserting 

the plastic-coated electrodes (Alpha Wire Corp. 2841/1 no. 30 solid 

SPC 0.006 TFE ins. Type ET MIL-W-168780) in a straight section of 

1/8-inch brass tubing (K and S Mfg. no. 127) with a sharpened end, 

which was then run under the skin from the proximal end of the initial 

incision to a point midway in the back. An incision through the skin 

was made at this point in the back, and the rod pulled out, leaving 

the two electrodes in place subcutaneously (Plate 6).

A small curved needle and suture were then inserted and looped

around the proximal and distal ends of the tibia. The insulation at

the end of each electrode was burned off to bare the wire, and the
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wire was tied with the suture silk (Plate 7). The electrode wires 

could then be pulled through and tied pround each respective end of 

the tibia using clamps and tweezers. The initial incisions were 

closed using 5 or 6 knots of 00 silk or gut (Plate 8).

Backpack Installation

The six control rats were left with electrodes implanted during

the course of the experiment. The six experimental rats were allowed to 

recover for approximately one hour, after which they had regained

consciousness, and were fitted with harnesses. The harnesses were

fabricated from double-stranded insulated speaker wire (Archer - cat. no. 

278-1602), formed into three rings for head, stomach, and tail, and 

interconnected with runners of the same vire (Diagram 1). The wire 

junctions were insulated with duct tape (Frost King T-90). Backpacks 

of batteries and DC square-wave generators (Plates 9 and 10) were 

wrapped in duct tape, the electrode wires bared, and the packs connected

to the electrodes to form a positive-negative gradient from the proximal 

to distal portions of the leg (Diagram 2). Then the backpacks were

attached to the harnesses.

The generators were made of Radio Slack 1C-555 timers (no. 276- 

1723) wired according to the schematic ir. Diagram 3.

The pins of the integrated circuit were flattened and soldered 

directly to 30-gauge insulated single-stranded wire (Archer wire wrap 

wire 30 AWG Kynar wire, cat. no. 278-503), which was then soldered to 

the other backpack components. The entire 1-C circuit was encased in

silicone rubber (G. E. clear or white Bathtub Caulk and Seal no.
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Plate 1 - Initial incision exposing the nuscle layers

Plate 2 - The fibula exposed
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Plate 4 - Nylon tube in place
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Plate 5 - Suturing of overlying muscles

Plate 6 - Subcutaneous placement of electrodes
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Plate 7 - Electrode wires looped around tibia with suture

Plate 8 - Final closing with suture
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Diagram 1 - Diagram of harness used on esiperimental rats

Diagram 2 - Diagram of positive-negative gradient set up in lower leg



15

Diagram 3 - Diagram of schematic of DC generator
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GE 2561-71DP) as shown in Plate 9, and the pack connected to two 

1.5 volt mercury cells (Eveready EPX-8^5) soldered in series. The 

output was a square wave of 5-6 Hz and 22 microamps current, degenerating 

constantly to about 17 microamps over a four-day period. The pulse 

lasted about 0.1 seconds, with a very short rise time. The rat legs 

measured about 800 ohms resistance, and the batteries were changed 

every four days for twenty days. During the changing of the batteries, 

interruption of current lasted no longer than one or two minutes.

Techniques Used to Study Regeneration

At the end of twenty days the animals were sacrificed in the 

euthanasia cage with COo. Records of rat weight and backpack output 

were recorded every fifth day during the twenty days.

X-rays of the legs were then taken cn dental x-ray film (Kodak 

Dental X-ray Film, ANSI Type Size no. 3.4, Film Size 2^x3 in. A.N. 

Standard Speed Group D Safety Film) at the Carroll College Dental 

Hygiene Department. The legs were dissected and morphological descrip

tion of bones made. The lengths of the gaps in the fibulae were 

measured and compared against the original gaps (due to surgery) in an

attempt to quantify the amount of bone regeneration.
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RESULTS

Twelve out of 16 rats underwent successful surgery to remove a

portion of their fibula and implant a nylon support in its place.

The surgically removed section of bone averaged 3.8 mm in length and 

5.7 mg in weight. The nylon implant was 10 mm long and averaged 35.9 mg 

in weight. The exact length in millimeters and weight in milligrams 

of the excised bone and nylon support for each rat are recorded in

Table 1.

The amount of anesthesia in milliliters and length of each operation

in minutes are also recorded in Table 1. The mean amount of anesthetic

used was .36 ml of 65 mg/ml of Sodium Pentabarbitol and the average 

operation lasted 34 minutes. In examining Table 1 the alpha-numeric 

code given to each rat respectively determines if it was a control (C) 

or experimental (E) animal, and the order in which the animal was

operated on.
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Rat Implant
Wt. (mg) L. (mm)

Bone
Wt. (mg) L. (mm)

Amount of 
anesthesia (ml)

Length of 
operation (min)

Cl 30.4 10 7.4 4.O' .35 40

C2 34.8 10 6.9 4.0 .35 42

C3 35.7 10 7.6 7.0 .35 Death due to penta
barbitol O.D.

C3 34.5 10 10.0 4.0 .38 35

C4 34.1 10 5.7 3.0 .35 30

C5 38.4 10 9.4 3.0 .37 25

C6 37.2 10 5.5 4.0 .35 45 (death 1% hrs 
post-op)

C7 41.0 10 —— .35 Sacrificed; bone 
useless

C8 34.8 10 4.4 3.0 .40 30

E9 38.8 10 — — .35 Sacrificed; lower . 
fibula removed

E10 38.5 10 4.2 5.0 .35 45

Ell 33.9 10 4.3 3.5 .35 30

E12 34.8 10 3.5 2.5 .35 30

E13 37.2 10 3.9 4.0 .35 30

E14 35.4 10 3.5 2.5 .35 20

E15 35.3 10 3.6 3.0 .35 40

Table 1 - Control and experimental groups surgery data
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The battery-powered, pulsing current backpack was affixed to the

back of each experimental rat by means,of a harness. When the backpacks 

had fresh power supplies, they all generated a 22 microamp pulsing 

current. At the end of 4 days the amperage for the experimental circuit 

was measured and recorded in Table 2. The average drop in amperage

over this 4-day period was 6.24 microamps with a standard deviation of 

1.3 for experimental organisms 10 through 14. After these measurements 

of amperage were made, a new power supply was inserted into the backpack

The amperage created by the backpack of experimental animal number

15 was not determined past February 6, because he disrupted

by chewing through the wires.

Rat Amperage (in microamps) on
Feb 3 Feb 7 Feb 11 Feb 15 Feb 19

E10 17 14 15 14 15

Ell 16 16 17 15 17

E12 15 14 18 14 17

E13 15 14 15 18 17

E14 15 16 17 16 17

E15 16 wires — —— __
cut

Table 2 - Records of amperage output at time of battery change
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Data was obtained by 2 different methods. The first method involved

total body weight determinations in grams, including and every 5 days

after the day of implantation, for the course of the experiment. This

data is recorded in Table 3.

Initial examination of the data presented in Table 3 indicates

that there was fluctuation in the early post-operative body weights,

but by the end of the experimental period of 20 days all the rats

showed a gain in total body weight. In order to better examine this 

data, separate graphical analyses were made of the control and experimental 

animals’ body weights.

Table 4 is the graphical analysis of the control animals. One 

notices that during the first 5 days after the operation most of the

controls showed a slower rate of weight gain than after this 5-day 

period. Control number 5 showed an initial loss of weight during the 

post-operative period, followed by a rapid gain in weight until the end 

of the experiment.

Table 5 is the graphical analysis of the experimental animals.

During the initial post-operative period only experimental rat number 13 

experienced a gain in weight, while the rest of the experimental animals 

showed a loss of weight. After this initial period, all of the experi

mental animals finished with a gain in weight.
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Rat Wt. (g) on day 
of implantation

5-day wt 
(8)

. 10-day wt. 
(g)

15-day wt. 
(8)

20-da
(g

Cl Jan 28 329 341 *374 390 417

C2 Jan 28 334 359 372 388 416

C3 Jan 28 360 380 41], 433 463

C4 Jan 29 320 333 353 377 399

C5 Jan 29 365 350 377 408 432

C8 Jan 31 390 395 407 438 403

E10 Feb 3 372 340 37C 390 415

Ell Feb 3 363 330 30C 320 360

E12 Feb 3 349 330 345 365 390

E13 Feb 3 390 400 415 440 468

E14 Feb 3 381 360 380 385 410

E15 Feb 3 390 380 396 419 440

Table 3 - Weight measurements at 5-day intervals
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The second means of obtaining data was through examination of

x-rays taken at the level of the fibula, after the rats were sacrificed 

at the end of the 20-day experimental period. As a means to substantiate 

the viewing of these x-rays, dissections of the lower leg were made 

after the x-rays were taken. These dissections allowed direct measure

ments of the excised area to be made with a 15-centimeter ruler, and

also allowed for a general inspection of the affected area.

Cl: (a) x-ray analysis indicated no bony growth across the

excised area. The electrodes were lying free in the leg.

(b) dissection revealed tissue growth all the way across

the 4 mm excised area, but no bony growth- 

C2: (a) x-ray analysis indicated no bony growth across the

excised area. Both electrodes; were in place.

(b) dissection revealed a gap of 1.5 mm, and tissue growth

all the way across this gap.

C3: (a) x-ray analysis indicated that the two ends of the cut

bone were out of alignment. Loth electrodes were in place, 

(b) dissection revealed tissue growth across the 3.5 mm

excised area, with no bony grcwth. The tube had also slipped

off the distal end and the area was inflamed.

C4: (a) x-ray analysis indicated no bony growth across the

excised area. Both electrodes were in place.

(b) dissection revealed a gaj of 2 mm, and tissue growth 

all the way across this gap. The fibula was loose at the

proximal end.
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C5: (a) x-ray analysis indicated that the distal end of the

cut fibula was destroyed, while the proximal end was in 

fairly good shape. Both electrodes were in place.

(b) dissection revealed tissue growth across the 7-8 mm

excised area. It also showed that the distal end of the

fibula had been lost due to trauma and extensive infection.

C8: (a) x-ray analysis indicated no bony growth across the

excised area. Only one electrode was visible around the

tibia.

(b) dissection revealed a ge.p of 3.0 mm, and tissue growth 

all the way across this gap. The second electrode had

worked itself free, and was lying subcutaneously lateral to

the backbone of the animal.

E10: (a) x-ray analysis indicated no bony growth across the

excised area. Only one electrode was visible around the

tibia.

(b) dissection revealed a gap of 3.0 mm, with a thin layer 

of tissue growth across this gap. There was no bony growth

and some infection due to the wire. The second electrode

was not found.

Ell: (a) x-ray analysis indicated no bony growth across the

excised area. Both electrodes were in place; the proximal

electrode was untied.

(b) dissection revealed a gap of 2.0 mm, and tissue growth 

all the way across this gap.
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E12: (a) x-ray analysis indicated bony growth across the

excised area. Only one electrode was visible around the

tibia.

(b) dissection revealed bony growth completely across 

the excised area, with the middle 2 mm being thinner than 

the rest. There was also tissue growth all the way across

this gap. The second electrode was not found. Note: the 

electrode wire "ate" into the tibia proximally.

E13: (a) x-ray analysis indicated some bony growth across the

excised area but there was still a gap. Both electrodes

were in place.

(b) dissection revealed a gap of 1 mm with tissue growth 

completely across this gap.

E14: (a) x-ray analysis indicated some bony growth across the

excised area. One electrode was in place while the other

was displaced outwardly.

(b) dissection revealed a gap of 1.5 mm with tissue growth 

completely across this gap.

E15: (a) x-ray analysis indicated some bony growth across the

excised area. Only one electrode was in place.

(b) dissection revealed bony growth completely across the 

excised area, with the middle 3 mm being thinner than the

rest. The second electrode was not found. Note: tissue

growth in the experimental and control animals was cone-

shaped as on a blastema.
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A quantitative determination of the amount of regeneration was 

made from the difference in the size of the excised gap before and 

after bone growth. This data was statistically examined at a ninety 

five percent confidence level using a statistical test to make an

inference about the difference between two means.

Rat Bone gap (mm) 
(Before) (After)

Regeneration (mm) 
Bone gap

Cl 4.0 4.0 0.0

C2 4.0 1.5 2.5

C3 4.0 3.5 0.5

C4 3.0 3.0 0.0

C8 3.0 3.0 0.0

E10 5.0 3.0 2.0

Ell 3.5 2.0 1.5

E12 2.5 0.0 2.5

E13 4.0 1.0 3.0

E14 2.5 1.5 1.0

Table 6 - Amount of regeneration of controls and

^control = -8 mm = average amount of regeneratioi

Yexperimental = 2.0 mm

”5L(Yi~Y)2 for controls = 4. 1

(Y.J-Y)2 for experimentalsi = 2.5

S2 = 4.1 + 2.5 = .825 S=.91
_ 5 + 5-2

t= ^control ” ^experimental (2.0 - .8; =1.6 =2.08
S^l/nj. + l/n2 . 9lV 1/5 + 1/5 . 9T\f?4
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There are 10-2=8 degrees of freedom, so t = 1.860. This means 

that at a 95% confidence level the t value must be greater than 1.860 

before the results are considered significant. As shown above, the

t value was 2.08, well above 1.860.

Rat number 5 was excluded from this statistical study because

of massive infection, seen during dissection. Rat number 15 was

excluded because he kicked off the power pack early in the experiment.
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INTERPRETATION OF DATA

The use of rats as experimental animals was advantageous for a 

number of reasons. Rats are fairly large, relatively easy to handle,

and have a strong immune system. This abLlity to resist infection makes

it easy to operate with a high level of success. The fusion of the

fibula to the tibia in rats produces an ideal situation for the study

of bone regeneration.

The weight-time graphs presented in Tables 4 and 5 were used as

indices of health, assuming that a healthy young rat will show an

increase in weight with time. All of the control and experimental rats

showed a definite gain in weight by the end of the experiment. The 

experimental rats did show an initial period of weight loss when 

electrical stimulation was started. This could be a sign that their 

bodies were directing their metabolic energies toward rebuilding damaged

bone, instead of producing new tissue during this time of electrical

stimulation.

The statistical examination of the quantitative results of this

analysis demonstrate that the mean amount of regeneration in the experi

mental rats was significantly more than the mean amo nt of regeneration 

in the control rats at a 95% confidence level. In general, x-ray 

analysis qualitatively supports the conclusion arrived at by statistical 

means. Becker was able to show an increase in regenerative abilities 

due to electrical invigoration at the sight of injury in a number of 

experiments. In one experiment he found a significant increase in the 

size of blastemas formed in salamander amputees when an electrical
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stimulus was applied to the stump of the amputated foreleg (3). Becker

did similar amputation studies with rats. In these tests direct current

stimulation was applied to the amputation site for 3-28 days. This

resulted in the formation of partially differentiated structures within 

7 days, in contrast to controls which were still in the early stages 

of blastema formation (7).

The results of this experiment point to a hypothesis that pulsing 

electrical currents can induce the process of regeneration. The relia

bility of this evidence is increased because the pulsing electrical 

current was fairly constant for the experimental animals. This is

substantiated by the data in Table 2. A reason electrical stimulation

increases regeneration may be that it simulates a natural situation

conducive to healing.

The individuality of regenerative capabilities in organisms was 

illustrated by control rat number 2. This rat showed a degree of regener 

ation comparable to the experimentals. Tie only verifiable difference 

between this rat and the other control rats is that during the earlier 

post-operative period this animal had an Increased rate of growth. This 

could exemplify an increased tolerance by this rat toward surgical 

trauma, resulting in a faster recovery and healing rate.
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CONCLUSION

*
The hypothesis advanced in this work could use supplemental,

experimental verification. Further research would obtain more reliable

results by refining the techniques used in the experimental procedure.

A problem encountered in this experiment was maintaining the electrical 

stimulation for the entire 20-day period. This problem could be elimi

nated by perfecting a battery-pack harness and electrode system.

Another area of research could explore why certain individuals have a 

higher regenerative competence than other individuals of the same species.

The electrical stimulation of the regenerative process could have 

viable applications in many restorative processes. That is, it could 

be used to speed up the healing of broken bones, cuts, and other damaged 

tissues. Practical human applications will not develop until more is 

learned about the effects of electrical stimulation on the process of

regeneration and the generality of these results.
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