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Effect of e l e c t r i c a l st imulation was studied in 18 

buffalo calves a t 2 phases of healing i . e . a t nineth and 

eighteenth day. The e l e c t r i c a l st imulation was achieved 

by passing 20 microamperes of d i r ec t current a t the 

f racture s i t e . The fracture healing was evaluated by 

radiographic, a r t e r i o graphic, macroscopic and h i s t o -

morphological s tud ies . Radiography f a i l ed to demonstrate 

any difference between the t r ea ted and control l imbs. On 

arteriography s ignif icant increase in a r t e r i a l supply 

was observed in t rea ted limbs as compared t o cont ro l , 

which probably may be responsible for accelera t ion of 

f racture healing, liistoraorphological examination 

c lear ly revealed an acce lera t ion in the healing process 

in t rea ted l imbs, when compared t o the cont ro ls . 
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1. Instruments used for surgical procedure. 

2. Crescent shaped incision given over the metacarpus. 

3- Rectangular defect created in the metacarpus. 

4. Flectrodes insulated with polythene tubing anchored. 

5» Skin incision closed. 

6. Calf in standing position with electric stimulator 

fixed over the back. 

7. Appliances used for electric stimulation. 

8. Diagram of the electrical circuit. 

9. Arteriograph, lateral view (9 days). 

10. Arteriograph, anterioposterior view (9 days>. 

11. Arteriograph, Lateral view (18 days;. 

12. Arteriograph, Anterio. —posterior view (18 days). 

13. Photomicrograph of 9 days treated callus. 
H & E stain x 170. 

14. Photomicro}*raph of 9 days control callus. 
H 6< K stain x 80. 

15. Photomicrograph of 18 days treated callus. 

H fit E stain x 80. 

16. t*hotomicrograph of 18 days control callus. 
H & U stain x 80. 
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I. ffiTRQUUCTIQN 

The nature of bone and the manner in which it heals 

and remodels have evoked the curiosity of physicians and 

surgeons throughout the history of modern medicine. An 111 

experimentation over the past 30 years has yielded a 

wealth of information about osseous repair and remodelling. 

Modern medicine has made great strides in the successful 

treatment of fractures. However, the natural phenomenon of 

033eous regeneration has remained essentially unchanged. 

To achieve acceleration in this natural phenomenon, a great 

deal of work has been carried out. Many agents like 

collagen, cartilage extract, vesical mucosa and growth 

hormone and techniques like venous occlusion and 

electrical stimulation have been used for acceleration of 

fracture healing. 

The idea to stimulate osteogenesis by delivering 

extremely low intensity current in bone and especially 

at the fracture site, is comparatively a new venture. The 

initial interest aroused about two decades ago when it 

was proved by a Japanese team led by J. Yasuda t>iat bone 

also posses a peculiar property known as piezo­

electricity. This sparked a chain of hectic activity in 

the field of research all over the world and many 

researchers tried to find out the utilization of this 

property of bone in the complex problem of fracture healing. 
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In the last two decades a lot of work has been done 

to acquire the knowledge about the electrical behaviour 

of normal bone and effect of electrical stimulation on 

fracture healing in laboratory animals, but as no such 

type of work has been done in bovlnes an attempt was made 

to study the same by keeping the following objectives 

in mind. 

1, To study the feasibility of application of 

electric current to the fracture site in bovlnes. 

2, To find out experimentally whether electrical 

stimulation accelerates the process of fracture 

healing or not? Which is to be evaluated by 

comparing the radiographic changes, macroscopic changes 

and histomorphology of normal callus and 

electrically stimulated callus. 

3« To study the vascular pattern during normal 

healing of fracture and electrically stimulated 

fracture. 



R E V I E W OF L I T E R A T U R E ft 



I I . KfaVIiiW OF LIMliiTUKt, 

The e a r l i e s t repor t s of the use of e l e c t r i c a l energy 

t o stimulate bone healing, seem t o be from England in 1353 

arid from Boston in 1360. However more earnest e f forts 

have been made in the l a s t t h i r t y years , due t o a be t t e r 

knowledge of the f racture healing and the measures t o 

hasten i t . 

Beginning with s tudies of the re la t ionsh ip between 

mechanical s t r e s s and the e l e c t r i c a l po t en t i a l s generated 

by s t r e s s , these inves t iga t ions were l a t e r extended t o 

include non-s t ress po ten t i a l s and the response of bone t o 

applied cur rent . 

S t ress generated po ten t i a l s were o r ig ina l ly described 

by Yasuda eJt a i . (1955/ in Japan and by Bassett and 

Becker (1962); Sharaos s t aJL. (1963J in the United S t a t e s . 

Yasuda ejt a i . (1955^ invest igated s t r e s s 

generated po t en t i a l s in bone. They found t h a t compressed 

pa r t of long bones showed a negative po ten t ia l and pa r t 

under tension showed pos i t ive p o t e n t i a l . 

Bassett and Becker (1962) a l so demonstrated 

generation of e l e c t r i c po t en t i a l s by bone in response t o 

mechanical s t r e s s . The po ten t i a l s generated in these 

s t ressed bones, apparently, were not dependent upon c e l l 

v i a b i l i t y 3ince frozen and thawed or a i r -d r i ed specimens 



4 

behaved l i ke the fresh specimen. They fur ther suggested 

t h a t since bone i s composed of c ry s t a l s of hydroxy-

a p a t i t e , p i ezoe le l ee t r l c po ten t i a l s may be responsible 

for the conversion of s t r e s s t o e l e c t r i c a l s t imul i which 

may influence the a c t i v i t y of osseous c e l l s d i r e c t l y , 

Sharaos ejfc aj.. (1963) observed the same s t r e s s 

induced e l e c t r i c po ten t ia l i n a number of whole bones from 

di f ferent anatomical s i t e s and species ; both in bending 

and compression modes. Based on these f indings they 

suggested tha t the surface charges which appear on the 

s t ressed bone may be the contro l l ing fac tor in bone 

formation. The loca l e l e c t r i c f i e l d s r e su l t i ng from such 

surface charges might be expected t o influence the 

or ienta t ion and deposit ion of ions , 

Steinberg a t a l , (1974) studied s t r e s s induced 

po ten t i a l s i n moist bones in v i t r o . The surface under 

compression was constantly e lect ro-negat ive with respect 

t o t h a t of under tens ion. 

The above s tudies show t h a t the po t en t i a l s which 

a r i s e when the bone i s mechanically s t ressed are not 

dependent on c e l l u l a r v i a b i l i t y , but a r i s e mainly from 

organic component of bone and are e lec t ro-negat ive in 

areas of compression and e lec t ro -pos i t ive in areas of 

tens ion. 
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; U . HQU*«CKK3a a&mifflito purfogiALa* 

Friedenbe*g and Brighton (1966> measured the r e s t ing 

po ten t i a l s of fractured bone in rabbi ts* They found t h a t 

the metaphysis had a negative po ten t i a l in r e l a t i o n t o 

d iaphysis . Following fracture of shaft of t i b i a , the 

diaphysls became negative in r e l a t i o n t o epiphysis and 

the metaphyseal po ten t ia l a l so became more negative* The 

negat iv i ty of the dlaphysis remained u n t i l the f rac ture 

uni ted, a f t e r which the po ten t ia l returned t o normal. 

These r e s t ing po ten t i a l s are a lso known as non-stressed 

po ten t i a l s or b ioe l ec t r i c po ten t i a l s and are e l e c t r o ­

negative in areas of ac t ive growth and repair* 

These po ten t i a l s quite na tura l ly led t o experiments 

in which the current was applied t o the bone* 

I I I . &FFKCT (F ELECTRICAL STIMULATION (M iiUMKt 
(Experimental s tudies) 

Yasuda a£ a l* (1955). by using a bat tery of 1,5 v o l t s , 

kept a current of one microampere passing through femur 

for three consecutive weeks* A ridge of ca l lus was formed 

running through periosteum from pole t o pole* The cathode 

aide had more ca l lu s than the anode side* When current 

was between 1-100 microampere, bony ca l lus was formed, 

but when the current was stronger than one railliarapere 

bone des t ruct ion took plaoe* 
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Bassett at al. (1964) studied effects of 

electric current on femora of eighteen adult dog3 by 

implanting units consisting of two iridium platinum 

electrodes, a 1,4 volt mercury battery and a resistor. 

After fourteen and twenty one days of operation, on micro­

scopic studies, they found a greatly increased quantity 

of non-oriented young trabecular bone around the cathode, 

Friedenberg and Kohanira (1968) studied the 

effect of electric stimulation on epiphysis and bone in 

rabbits* In this study they found that : 

(i) Direct current stimulation of an epiphyseal line 

failed to stimulate the growth of rabbit tibias. 

(ii) There was a tissue destruction around anode, 

(ill) The area adjacent to the negative electrode, whether 

the epiphysis or metaphysis, frequently revealed 

minimal formation of new bone trabeculae or cartilage 

nodules, 

O Conner at al, (1969) carried out similar experiment 

as that of Bassett at al» (1964) in twelve dogs and found 

more bone around the cathode. Though their results agreed 

with Bassett at &•» they cautioned its use in clinical 

application as they found considerable biological variation 

in the response of bone to electric current even within a 

single species. 
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Lavine e£ aj». (1969> studied the effect of electric 

current on bone in rabbits. The test side consisted of a 

bony cortical defect of fixed 3lze, drill holes were 

placed fifteen millimeter apart for the electrodes and the 

experimental defect was placed midway between them. The 

experimental power unit consisted of a 1,4 volt mercury 

cell, connected in a series with 174 K resister. The 

leads from the battery pack were copper wires fastened 

to platinum electrodes with silver epoxy ceraent. Alligator 

clips were placed in one end of the lead for monitoring. 

The rabbits were killed at the interval of one, two and 

three weeks. Gross and histological examination of bony 

defect revealed that after 2-3 weeks direct current 

varying from 2-3 microamperes markedly enhances healing 

in experimental as compared to control animals. 

Friedenberg a£ aJL. (1970^ studied bone reaction 

to varying amount of direct current. Right femur of the 

rabbit was used for the study. 1, 5, 10, 20, 90 and 100 

microampere of current wa3 passed. The rabbits were 

killed on the tenth post-operative day, 

Roentgenograms of the specimen were not helpful in 

showing bone production or destruction except in higher 

amperages, bone destruction could be seen at the both 

electrode sites. 
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Microscopically bone formation occurred predomi­

nantly around the cathode. The optimum range of current 

for such formation was 5-10 microamperes with diminution 

of bane production above twenty microampere. 

Friedenberg ejj a^. (1971-*, studied the effect of 

direct current on rabbit fibula, in relation to the site 

of electrodes to the fracture site, and the fracture site 

of each animal was subjected to ten microampere galvanic 

current. Leads were placed in opposite (control) fibula 

but did not deliver any current. Each fibular fracture 

was studied by roentgenogram, stressed for rigidity and 

evaluated microscopically. The evidence strongly suggests 

that a cathodal current of this intensity placed within 

the fractured site stimulates fracture healing. 

Hambury ej; &L. (1971) studied the effect of micro­

ampere electrical current on bone in vivo and its 

measurement using Strontium-85 uptake in eighteen white 

rabbits. They could not detect any difference between 

the radio isotopic uptakes at the site of anode and 

cathode of active implants. Therefore they concluded 

that no constant evidence of increase in bone growth at 

one electrode over that of other of an active implant can 

be shown by gross examination, histology, radiology and 

radio-isotopic assessment, although they suggested 

designing of experiments to achieve larger current. 
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Charaay eji a l . (1972> studied the influence of e l e c t r i c 

impulses on osteogenesis in twenty-six r a b b i t s . In r abb i t s 

a generator produced f i f t y microamperes impulses of one 

second duration a t nine seconds i n t e r v a l . Osteogenesis 

was recorded around the two act ive e lect rodes and a few 

necrot ic foc i were found about the cathode. I t would 

appear therefore t ha t there I s osteogenic influence exerted 

by t h i s dosage of e l e c t r i c i t y . 

P o l l i s fli a l . (1973J studied the atraumatic osseous 

response t o e l e c t r i c current . They inser ted insulated 

wires with one t o two cms of t i p exposed in to medullary 

canals of rabb i t t i b i a e . A current of 2 t o 10 micro­

amperes for twentyone days caused bone t o be formed, only 

a t micro amperages of about twenty or below, pa r t i cu la r ly 

a t the end of insu la t ion . Maximum osteogenesis was a t ten 

microamperes and only minimum ef fec t s were seen a t 2 - 5 

microamperes. 

Weigert fi£ a l . (1973) studied the ef fect of 

d i r e c t current on the rabb i t t i b i a in r e l a t i o n t o the 

s i fe of e lec t rode . The f rac ture s i t e of each animal was 

subjected t o 1 -10 microampere of DC curren t . The f rac ture 

healing was studied by radiology, histology, micro­

angiography, atrontium-87-B-scanography and by measuring 

the weight bearing capaci ty. The r e s u l t s of the 

experiments indica te t ha t there was accelera t ion of 
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fracture healing due to electric stimulation which was more 

pronounced when the cathode was near osteotomy gap* 

Connolly at SiL» (1974) investigated the effect 

of electrical stimulation on the biophysical properties 

of healing canine-fractures. They studied the torque 

strength, the mineral content and the structural organi­

zation. Increase in torque strength was found in stimulated 

fracture 3ite. Tiie authors have related the increased 

torque strength to better collagen or matrix, 

Friedenberg ejt al. (1974) studied the response of 

non-traumatized bone to direct current by inserting the 

teflon insulated stainless steel cathode with a bare tip 

into the tibial medullary canal. In each group of rabbits 

5, 10, 20, 40, 50 and 100 microampere of current was passed 

for 21 days. The direct constant current cathode caused 

bone to form at the site remote from any bone trauma in the 

medullary cavity. The osteogenic response was current 

dependent and the greatest bone response developed around 

cathode delivering 20 microampere of current. Excessive 

current i.e. 30 microampere and more caused osteonecrosis. 

Lavine ejfc, aJL. (1974) carried out clinical and 

ultrastructural investigations of electrical enhancement 

of bone healing. This study showed that enhancement of 

bone formation by direct electrical current was reflected 

not only in clinical and X-ray film but also at raicroscopic 

and ultrastructural level. 
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Brighton g£ aj». (1975) studied the cathodic 

oxygen consumption and electrically induced osteogenesis. 

The purpose of this experiment was to compare changes in 

oxygen and hydroxyl ion concentration that occur at the 

cathode at ourrent levels known to be capable of inducing 

osteogenesis (10 to 20 microamperes) and with those changes 

that occur at the current levels known to be toxic to the 

bone (100 microamperes). It was concluded from this 

in vitro experiment that at 10 »20 microamperes the oxygen 

tension in the vicinity of the cathode is lowered and the 

pU is moderately increased. At 100 microampere the oxygen 

tension is not lowered but the pH is Increased dramatically. 

If these same changes occur in the vicinity of a cathode 

in vivo, then lowering the local tissue oxygen tension and 

raising the local pli may be mechanisms operative in 

electrically induced bone formation. 

Martin and Outman (1978) studied the effect of 

electric fields on osteoporosis of disuse In male rats. 

The right femurs of untreated rats were found to be atropic 

with respect to opposite limb. In the treated rats the 

immobilized femur was larger than the opposite bone. 

Treharne ejfc, ai. (1979) carried out in vitro study of 

electrical osteogenesis using direct and pulsating currents. 

The results Indicated that electric current did cause 

osteogenesis in vitro and the direct current was more 
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effective in bone growth than pulsed current delivering 

the same total charge (coulombs), 

Satyanand g& ai. (1980) ...... studied the fracture 

healing toy electrical stimulation in 24 rabbits. 10, 20 

and 50 microamperes of current was passed in three groups 

of animals for 18 days. The extent of osteogenesis was 

studied by radiography, morphology and histology* From 

this study they concluded that a current of 10 to 20 micro­

amperes is the safe range for osseous stimulation and 

yields more calcified callus. The maximum osteogenesis 

takes place at the cathodal end of electrical circuit. 
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I I I . HATKRIAL3 MID MhiTHQUS 

The present study was conducted on 18 clinically 

healthy male buffalo calves in the Age group of six to 

eight months weighing 60 to 80 kg, which were selected 

randomly. 

All the animals were observed for one week before 

commencement of the experiment. They were maintained 

under similar raanagemental and dietary conditions. 

Before commencing actual experiment different types 

of fractures viz,» tibial fractures, fracture of transverse 

process of lumbar vertebrae, metacarpal fractures were 

created and then electrically stimulated in pilot trial* 

so as to determine the feasibility of contemplated 

procedures and to standardize the techniques involved* 

It was observed that creation of a rectangular defect in 

metacarpus was most feasible and it offered many advantages. 

Being a partial fracture complications like displacement 

of fra$aents and post-operative impairment of gait were 

not seen. For the same reason the need for immobilization 

of limb was not required. •• 

The 18 animals were randomly divided into two groups 

(group I and group II) of nine animals each. A rectangular 

defect was created in both metacarpl and 20 microampere DC 

current was passed for 9 days in group I and for 18 days 

in group II. 
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the radiographic, a r t e r i o g r a p h y , macroscopic and 

hiatoaorpholagleal s tudies of a l l the animals of both the 

groups ware recorded to two phases of healing i . e . on 9th 

and 18th pos t - f rac ture day. 

AH the animals were fasted for 24 hours and deprived 

of Miter 12 hours p r io r t o surgery, Un the day of the 

experiment both the fore-limbs from knee t o coronet were 

prepared for asep t ic surgery. 

The antoals were res t ra ined in l a t e r a l recumbency 

and deeply aedated with mi chloral hydrate. Two per cent 

procaine hydrochloride (Novocain) was i n f i l t r a t e d on the 

proposed l i n e of inc is ion and then t e s t ed for analgesic 

a f f e c t s . 

A crescent skin inc is ion approximately th ree Inches 

long was taken on the antero-iaedial surface of the 

Midshaft of the r igh t metacarpus. The bone was exposed 

and the periosteum was resected out . A rectajigular defect 

of 17 x 10 aa was created with s t a i n l e s s s t e e l ch i se l s of 

aaiae s i z e s . A s t a in l e s s s t ee l wire electrode (26 gauge) 

was anchored a t the d i s t a l end of defect by passing I t 
<**•*•*mmm^m—mmmm wi iw < i w IWI •» m m mmmmumm^mmmmmmm m im «i •jum « m mmvmim m • i «I«»I am alii immmmt*tmm mumnmmmmtmmmmmmm 

Hoechst Pharmaceuticals Ltd., Bombay* , 
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through a hole d r i l l e d d i s t a l t o the f rac ture s i t e . This 

electrode was ul t imately connected t o the negative pole 

of bat tery so t ha t i t served as cathode. Another s t a i n l e s s 

s t e e l wire, anode, was anchored in the soft t i s s u e s proximal 

t o the f racture s i t e . Both the e lect rodes were insulated 

with polythene tube . The area was dusted with hostacycline 

powder and the inc is ion was closed by mattress sutures using 

s i l k . The e lec t rodes were ul t imate ly connected t o the 

c e l l . The limb was l i g h t l y plas tered t o r e s t r i c t the 

s t re tching of wires and subsequent breakage. Ident ica l 

operation was carr ied out in the l e f t f orelirab, but the 

f rac ture s i t e was not stimulated by e l e c t r i c a l l y and hence 

i t served as a con t ro l . 

A semi-invasive technique, as described by 

Brighton aSk &U (1975)» was employed t o f i x the e l e c t r i c 

stimulator* 

The c i r c u i t was made up of insulated copper wire, 

three vo l t dry c e l l , 0 - 1 0 0 K£X- var iable res i s tance and 

a microampere meter with a scale of 0 - 1 0 0 microamperes. 

The var iable res i s tance and the microamperemeter was 

connected in se r i e s with the pos i t ive end of the c e l l , 

while the negative end was connected d i r e c t l y t o the 

electrode using insulated copper wire . The c e l l and the 

Hoechst Pharmaceuticals L td . , Bombay. 
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var iable res is tance were kept in rexin case which was 

anchored over the back of the animal. The microampere-

meter was used t o check the s t rength of current flowing 

through the c i r c u i t . The current s t rength was kept constant 

by a l t e r i n g the res is tance during the da i ly check-ups. The 

calves of f i r s t and second group were sacr i f iced on 9th 

and 18th day respec t ive ly . 

Pyat-flnwaUve cars* 

After surgery the animals were shif ted t o the s t a l l s , 

on recovery of anaesthesia they were made t o s i t and water 

was offered. Post-operative a n t i b i o t i c Oxytetracycline 

hydrochloride (Qxystecline) a t the r a t e of 5 mg/kg was 

given for 5 days. 

The current s trength was checked twice a day by 

raicroamperemeter. 

The limbs were examined for edema. 

Following s tudies were made a f te r sac r i f i c ing the 

animals on 9th and 18th day for 1st and 2nd group respect ively, 

JteWMdauM ^YsatAsfltgd,* 

*• BatUaaaahlfi and acfcadMBaaala ^tutUea* 
Arteriography was carried out in 6 animals of 

group I and in 7 animals of group II. 

Sarabhal Chemicals, Baroda. 
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The limbs along with shoulder region were removed 

by cutting through the muscles of shoulder girdle. The 

brachial arteries were cannulated and perfused with normal 

saline until the clear fluid came out through the 

respective veins. About 15 to 20 ml of Barium sulphate 

(mlcrobar) suspension in water in proportion of 1.8 goas/ml 

was Injected by glass syringe. 

Arteries were ligated and radiographs were taken in 

medio-lateral and anterio-posterior positions from knee 

downwards with a constant exposure factors of 60 KV and 

6 mas at 75 cms PFD. The arteriographs obtained were also 

employed for radiographic interpretation* 

Quantitative analysis of the arterial supply was done 

in treated, control and normal arteriographs. Keeping the 

fracture site in the centre the site was divided into 40 
2 

squares with each of 1 cm . This almost covered the whole 

metacarpus. The arteriographs of the normal limbs were 

obtained from the special problem work of Parsania (1982), 

The blood vessels in each square were counted, totalled 

and statistically aaalyaed. 

11 * ifattrqaggftlg Qtoaarvatlaaa* 

After the arteriography the fracture site was exposed 

by incising the skin. Macroscopic changes at the fracture 

* 

Eskay Fine Chemicals, Bombay. 
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site inclusive of the site of insertion of anode were 

observed and recorded, 

i l l , fj4afcreiQjnahPl9gy: 

Immediately after arteriography the fracture site 

as a whole was collected by careful sawing. The piece of 

bone was transferred to neutral buffer formalin for fixation. 

Then this fixed tissue was decalcified by a fluid containing 

1, Formalin - 10 parts, 

2, Concentrated nitric acid - 5 parts, 

3» distilled water - 85 parts. 

Then ten microns thick cryostat sections were taken 

and were stained with hematoxylin - eosin for studying 

histomorphology, 



Fig, 1. Instruments used for surgical procedure. 

Fig* 2. Crescent shaped incision given over the 

metacarpus. Adequate exposure of 

metacarpus is evident. 
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Fig, 3, Rectangular defect created in the 

metacarpus. 

Fig. 4, Electrodes insulated with polythene 

tubing anchored. 





Fig* 5. Skin Incision closed. The opposite ends 

of the electrodes are visible, which 

are to be connected to the electrical 

stimulator. 

• 6. Calf in a standing position with electric 

stimulator fixed aver the back, the 

microaraperemeter connected to check 

the current. 





Fig, 7. Appliances used for electric stimulation* 

Fig* 8* Diagram of the electrical circuit for 
electrical stimulation of bone* 
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Fig, 9, Arteriograph flateral view (9 days). 

Fig* 10. Arteriography anter iopos ter ior view 
(9 days). 





Fig. 11, Arteriography lateral view 

(18 days)* 

Fig. 12. Arteriograph, anterioposterior view 
(18 days)* 





Fig* 13. Photomicrograph of 9 days treated callus* 
Note the fibrous tissue with Infiltra­
tion of Innumerable neutrophils. 
H and E stain X 170. 

Fig, 14, Photomicrograph of 9 days control 
callus, Note the haeraorrhaglc 
areas with less fibrous tissue, 
H and & stain X 80, 





Fig. 15* Photomicrograph of 13 days treated callus 

showing dense trabecular formation with 

less intertrabecular space as compared 

to Fig, 16. H and I stain X 80. 

Fig* 16. Photomicrograph of 13 days control callus. 

Hate the sparce formation of trabeculae. 

H and I stain X 80. 
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,S . L I B P . p , 

f f ' [ COLLH £ OF 

IV. R&SULTS Aijxj UI3CIJ3JI0K x ^ . 

A . AnfltatfraaXft* 

Local i n f i l t r a t i o n anaesthesia with chloral hydrate 

narcosis was adequate for surgical procedure. Sharma ejfc aJL. 

(1977) have a l so created fracture of metatarsus under 

chlora l hydrate sedation and l i n e a r i n f i l t r a t i o n of s i t e 

with l oca l anaes the t i c . Similarly Brighton g£ aX. (1975) 

found loca l anaesthesia adequate for d r i l l i n g the holes 

ins ide the bone and f ixa t ion of e lec t rodes in 23 p a t i e n t s 

suffering from non-unions. 

»• SiMVUQftX PEPqeAiye '. 

The crescent shaped incision employed in the present 

study proved advantageous in exposing medial portion of 

metacarpus completely and creation of fracture was 

facilitated. 

The steady and alow hammering of chiesel adopted to 

create rectangular defect proved satisfactory. However, 

splintering of the fragments occured in two animals. Bona 

defect of a fixed size was created so as to achieve uniform 

results. Sharraa at SX* (1977) employed oscillating bone 

saw in addition to chisel and hammer for creating fracture 

in midshaft region of metatarsus. Since uniform rectangular 

fractures could be created only with chisel and hammer 

the use of oscillating bone saw was not felt necessary* 

Similar bony cortical defects of a fixed size as a teat 
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s i t e for studying the effect of e l e c t r i c a l current *mrm 

•aployed, successfully, by Lavine e t a l . (1969)-* 

I t was observed tha t creat ion of a rectangular defect 

i n DWtacarpus was most feas ible and offered many 

advantages. Being a p a r t i a l f racture complications l i k e 

displacement of fragments and post-operat ive impairment 

of ga i t were not seen. For the same reason the need for 

immobilization of limbs was not required. Similar ly , t o 

avoid these complications Friedenberg ejj, aJL* (1971) and 

Satyanand ejfc aJL. (1980) created f rac ture of f ibula in 

r a b b i t s . 

The semi-invasive technique employed in the present 

study proved very p rac t i cab le . Monitoring of a constant 

current was moat f eas ib le , as and when required. Since 

the rexin case was fixed on the back of the animal i t did 

not in te r fe re i n the normal a c t i v i t i e s of the animal. 

Similar advantages were a lso recorded by Brighton fl£ aX» 

(197£) with the above method. The other teoimique avai lable 

for e l e c t r i c st imulation v i z . , t o t a l l y invasive technique 

as suggested by Bassett ejfc ajj». (1964J, Friedenberg s £ SLL, 

(1968)^Connor g& &L. (1969) was not employed in the present 

study because of t h e i r inherent disadvantages. 
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Friedenberg flfc j&. (1970) used 7.5 volt battery and 

passed 1, 5» 10, 20, 50 and 100 microamperes of current 

in different groups of rabbits and found maximum osteo­

synthesis at 20 microamperes. 

Satyanand ejfc aX« (1980) used a 1,3 volt mercury 

cell and passed 10, 20 and 30 microamperes of current and 

concluded that a current of 10 to 20 microamperes as a 

safe range for osseous stimulation. 

Based on their studies and findings, 20 microamperes 

of current was passed at the site of fracture by using 

a 3 volt cell in the present study. 

A 1.5 volt cell as suggested by Srlva3tava and 

Saxena (1977) was employed for electric stimulation of the 

fracture site during the pilot trials. However, 

maintenance of current at a constant level of 20 micro­

amperes was not possible with this voltage. So a 3.0 volt 

cell was used by which the constant current could be 

•aintalned throughout the experimental period. Cathode was 

placed at the fracture site, since it is at the cathode 

that maximum osteosynthesis occurs. Friedenberg e& aX» 

(1970) studied acceleration of fracture healing by placing 

the cathode at different places relative to the fracture 

site and recorded maximum osteosynthesis when the cathode 

was placed at the fracture site. 
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Evaluation, QX xragftiM ftBi3.tog» 

Maoroacoplcally in the group I of 9 days, a whitish 

soft fibrous tissue was seen accupying the fracture gap 

in the treatment limb. However, the gap in the control 

limb was filled by a reddish tissue indicative of a 

blood clot* 

In the group II of 18 days a whitish callus firm in 

consistancy bridging the fracture site was observed in 

the treated limbs. The callus was resistant to moderate 

external pressure, while in the control limbs whitish 

callus comparatively softer in consistancy covering the 

fracture site was noticed, 

These findings of group II corroborated with the 

results of Satyanand g£ aJL. (1980), However ifembury s£ si. 

(1971) did not get any consiatant evidence of increase in 

bone growth on gross as well as other examinations. 

Ravine ejfc aJU (1969) concluded from gross examination 

that after 2-3 weeks direct current markedly enhanced 

healing in experimental as compared to control animals. 

In the present study necrosis was always observed 

at the anode site, due to which dlslodgement of anode was 

found in 3 cases which subsequently required refixation. 

This finding corroborates with Friedenberg ejfc, aX. (1970, 

1971 and 1974) as well as Charaay a£ aj.. (1972). 
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Infection of the fracture site was observed only in 

one animal of group II. 

i i . EfrUftcautia 

Radiographs failed to demonstrate any difference 

between the fracture healing of control and treated 

limbs in both the groups. This observations is in 

agreement with Friedenberg ejt aJL, (1970) so far as group I 

of 9 days is concerned. They found that Roentgenograms of 

the specimen were not helpful in showing bone production 

on the tenth post-operative day in rabbits. However, 

Friedenberg ,&£ aJL. (1971) in another series of experiment 

of fibular fractures in rabbits observed radiographic 

evidence of accelerated fracture healing on eighteenth 

post-operative day by electric stimulation. Such evidence 

of aocelerated fracture healing could not be noticed by 

eighteenth day in the present study, probably, this may 

be due to the difference in the fractures created. Similar 

radiographic evidence of dense callus formation on 

eighteenth post-operative day was observed by Satyanand 

£& & U (1930) in treated fibulae of rabbits. 

in. Arteriography, 

Arteriographic studies in both the groups showed 

apparent increase in vascularity at the treatment site as 

compared to control. In the treatment limbs the growth of 
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arterioles wa3 more from dorsal metacarpal artery as well 

as from palmar metacarpal artery II and III. The branches 

of proximal and distal deep palmar arches showed extensive 

ramification when compared to control limbs. The maximum 

ramification and branching around the fracture site was 

from the distal deep palmar arch. There was an increase 

in vascular tributaries along the periosteum. 

Table I 

No# of arterioles surrounding the fracture site 

(Total 40 aq. cms area) 

Sr. , 
No. , 

1. 
2. 

3. 
4. 

5. 
6. 

7. 

Group I 

' Lateral 
' view 

G 

71 
38 

53 
50 
61 
38 

i 

, T 

100 

62 
62 
81 

45 
45 

f Anterio-
,posterior 
f view 
'i • t' 

i & i 

v ' 
70 
24 
50 
66 
56 
24 

T 

105 
60 

75 
78 
30 
36 

, Group II 

1 Lateral 
1 view 

' C , T 

31 47 
98 115 
90 114 
38 85 
39 42 
38 45 
73 114 

,Anterio-
,posterior 
, view 

. c t 

47 
85 
86 
24 
36 
43 
75 

T « 

52 

95 
85 
68 
38 

51 
115 

• Uormal 
[ arteriographa 

'Late-
1 ral 

24 
36 
38 
24 
40 
43 

• ,Anterio-
,posterior 
i 

' V ' " ' ' ' 
t 

if 
- 3» 

m 
<SWr 

0 
m 

C «* Control, T = Treatment. 

the quantitative analysis of the increased number of 

arterioles is shown in Table I. When this data was subjected 

to paired *t' test significant increase in number of 

arterioles was found in treated limbs of groups I in both 
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lateral and anterior-posterior views. In group II signi­

ficant increase was found in treated llabs, so far as the 

lateral view was concerned, dowever, no significant 

difference was found in anterio-posterior view in treated 

and control limbs. The fifth observation in group I was 

excluded from the analysis as the findings were in 

contrast to all other animals. This ral#t be due to 

improper filling of arterioles with barlua. 

It is quite evident from the qualitative as well as 

quantitative results, that blood vessels assume a major 

role in the fracture healings, This increase is not 

limited only to the site of fracture but the whole bone 

becomea hypereaic. An increased vascularity was evident 

even in control llabs, when the arteriographs were compared 

with the normal limb arteriographs of buffaloes 

(Parsania g£ al,, 1981), Teneff (1950) and Wray and Lynch 

(1952) observed similar increase in vascularity In early 

stages of fracture healing in dogs, Cavadias and Trueta 

(1965) while studying the vascular contribution to the 

fracture callus stated that %...... an outstanding fact 

appears, namely that the successful organization of the 

preliminary callus as well as the further development 

until reaching the final stage of repair, is in direct 

relation to the vascular activity elicited by the 

interruption of bone continuity. The contribution of 

peripheral vessels, mainly periosteal, to the organisation 



26 

of the callus is much greater than that of endosteal 

vessels". Regional blood supply has been observed to be 

an important factor during fracture healing (Blevinsf 1968). 

Rhinelaiider g£, al. (1968) observed that periosteal 

circulation was the chief source of blood to the healing 

area in case of displaced radial fracture in dogs. In view 

of the above facts increased vascularisation seems to be a 

natural phenomenon by the body mechanism towards healing 

of fractures. Since increased vascularisation was more 

in treated limbs when compared to the control limbs, it 

seems that electric stimulation probably brings about 

intense vascularisation resulting in accelerated healing 

response. This is in agreement with the findings of 

Weigert g£ aJL« (1973) in their study of electric callus III 

rabbits* Increased vascularisation has also been observed 

when other methods, other than electric stimulation, were 

employed for acceleration of fracture healing by different 

authors. Kumar (1977) recorded increased vascularisation 

in experimental femur and humerus fractures in buffalo 

calves when fresh autogenous conchal cartilage was used 

for acceleration of fracture healing, Khanna (1979) 

recorded increased vascularisation in the rib fracture of 

buffaloes with the use of cartilage extract, Tadkod (1980) 

observed intense soft tissue, periosteal and extra-

periosteal vascularisation in the lower third tibial 

fractures an, tenth and twentieth post operative days 
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titrough venous occlusion in buffalo calves. Urn opined that 

this was indicative of accelerated healing response. 

It was interesting to note in the present study that 

the dorsal metacarpal artery was enlarged and filled up 

with barium in both the treated and the control limbs, 

more so in the treated limbs, Sapra and Dhingra (19W 

and Paraania (1981) reported incomplete filling of this 

artery by barium in normal limb arteriographs of buffaloes. 

This was attributed to the fineness of this vessel by the 

authors. The complete filling up, enlargement and 

delineation of the dorsal metacarpal artery in the present 

study may probably due to increased vascularity of fracture 

site from this artery, / 

xv« l^wrpJiQlagy* 
Group I 

iiistoraorphologically on the nineth post-operative 

day majority of electrically treated calluses showed 

extensive proliferation of fibrous tissue, Periosteally 

the fracture site showed innumerable fibroblasts with 

elongated nuclei, interspaced by a few neutrophils, Few 

budding capillaries were also evident. However, 

•ndosteally haemorrhagic areas still persisted at sons 

Places and these areas were invaded by many budding 

capillaries. Many neutrophils and few osteoclasts were 
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also observed in these areas, the histological picture in 

general was indicative of fibrovascular connective tissue. 

The control calluses of these animals showed abundant 

haemorrhaglc areas both periosteally and emdosteally with 

alight fibroblastic activity at few places* The number of 

budding capillaries and neutrophils were comparatively 

less when compared to the treated calluses. However, many 

osteoclasts had invaded the haemorrhagic areas. At places 

organised blood clot could be observed especially at the 

endosteal side. 

There was no difference in the histological picture 

of both the treated and control calluses in one 

experimental animal. Considerable haemorrhaglc areag were 

still persisting at periosteal and endosteal region in 

both the calluses. These haemorrhagic areas were invaded 

by Innumerable neutrophils. Few osteoclasts were also 

evident. The number of capillary buds observed in those 

calluses were very few. Fibroblastic activity was evident 

at vary few places and was mostly restricted to the 

adjacent areas of bony fragments. 

The electrically treated calluses of two experi­

mental animals were observed to be well advanced in the 

healing process. Bony trabecular formation with wide 

intertraoecular spaces was evident at a few places, 

especially near the fractured fragments. However, 

surrounding these areas fibroblastic activity and well 

i 
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organised clot was evident. Huaber of capillary buds was 

very less and so the Invasion of neutrophils. 

The control callus of one of theit *xperimenta! 

aniraal did show sparce trabecular formation, however, 

haenorrhagic areas and fibroblastic activity was abundant. 

The neutrophils and budding capillaries unarm comparatively 

less. The control callus of the second experimental animal 

did not show any trabecular formation and the histological 

picture was almost similar to other control calluses. 

liistowrphological studies could better demonstrate 

the acceleration of healing process in comparison to other 

parameters. The results observed are indicative of a 

better attempt at healing In the electrically atiaulatad 

liMbs Whaa eaapared to control limbs at hliatth post-

fracture day. Budding capillaries, an essential oaapttteut 

ef granulation tissue along with abundant fibroblasts and 

neutrophils in the calluses of electrically treated lirabs 

could be demonstrated in majority of the animals in this 

group. Demonstration of areas of oiatrix in the form of 

trabeculae in two calluses was a further proof of 

•Wceleration of healing process, iiowever, haemorrhagic 

araaa with IlBCs interspaced with neutrophils were still 

persisting in the calluses of control aniraals, Some 

fibroblasts and fibrinous aeahwork though noticed in 

these calluses, were few. Importance of inflammatory 
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reaction during normal fracture healing has been ahown by 

Grueas and Uusiont (1979). the authora opined that invasion 

of capillaries and |»!3LaBiiaatory cell3 waa essential for 

absorption of the blood clot and nsorosad bone at the 

fracture site. Laying of granulation tissue started 

after this absorption but there was some overlapping In 

this process as par the authors, Thus peraiatance of 

haeaorrhagio areas at the fracture site of control limbs* 

in the present study indicated that these definitely 

lagged behind in the healing process when corapared to the 

electrically treated limbs. Looking to the fibroplasia, 

bttrtfUm capillaries and invaded neutrophils it can be 

very well presumed that the absorption stage had already 

passed in the electrically treated limbs and the healing 

process had advanced to the next phase of repairative 

process. Similar attempts at accelerated healing were 

observed in venous occlusion by Brookes and Helal (1968) 

in rabbits, Kruse ana Kelly (1974) in dogs and Tadkod 

(1980; in buffalo calves. Further, fatted (1980) 

demonstrated differentiation of fibroblasts into osteo­

genic cells in the fibrous calluses of aniraals with 

venous occlusion. Friedenberg ft& ai. (1970) while studying 

the bone reaction to varying amount of direct current on 

tenth post-fracture day in rabbits found that the bone 

formed to be predominantly osteoblastic type with some 
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areas of fibro-osseous metaplasia. She areas of bone 

formation were continuous with surrounding areas of 

cartilage. 

Group II 

By eighteenth day in almost all the electrically 

treated calluses the flbrovascular connective tissue was 

replaced by provisional cartilage, indicative of endo­

chondral ossification. The osteoblasts invaded the 

chondroid tissue and had laid osteoid tissue at many 

places. The osteoid tissue was in the form of trabeculae 

and these trabeculae had coalesced to leave very less 

intertrabecular space. Varying degrees of compactness 

In the trabeculae of the osteoid tissue was evident. The 

corapactnea3» especially at the periosteal and endosteal 

region of the fracture fragments, was almost comparable 

to the normal bone with establislment of iiaveraian system 

at places In a few of the specimen. Away from the 

fractured fragments few areas of fibroblastic activity 

with fibroblasts having elongated nuclei could be seen. 

The osteoblasts were observed lining the trabeoulae. 

The control calluses at this phase of healing were 

more oartilaganoua. The trabecular formation was evident 

at places. However, these were spares with wide inter­

trabecular spaces. The amount of fibrous tissue was more 

when compared to the treated calluses. In one of the 

specimen haemorrhagic areas invaded by many neutrophils 
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still persisted. Mo specimen showed compactness of bona 

and establishment of /haversian system. 

Histomorphological evidence of acceleration of 

fracture healing could be demonstrated still more clearly 

in this group of animals where a constant 20 microampere 

current was passed at the fracture site continuously for 

18 days. The type of ossification for the repair in both 

the treated and control calluses was predominantly 

endochondral in nature. However, the cartilage present 

was very less in the treated callus when compared to the 

controls. The presence of compact trabecular with less 

intertrabecular spaces in the treated calluses was indi­

cative of advanced healing process when compared to the 

controls. Further, the establishment of characteristic 

Haversian system in some of the treated calluses indicated 

a clear acceleration of fracture healing by electric 

stimulation. Formation of cartilage during fracture 

healing depends on the degree of rigidity of Immobili­

zation, chances of its formation depending an vasculari­

zation are more in unstable fractures (Jraden and 

Brinker, 1976). Johnson fl£ aL. (1974) have stressed the 

importance of rigid fixation of long hone fractures 

through compression plating for detouring cartilage 

formation. However, in the present study cartilage was 

quite evident in both the traated and control animals, 

though only defects were created, where there was no 
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question of unstability. Cartilage can also occur when­

ever cellular proliferation outspaces the vascular 

regeneration (Ham and Leeson, 1961^. Cartilage i3 also 

formed when oxygen tension is low and when oxygen is 

adequate hone is formed per primum (Cruess and ̂ umont, 

1975). Cartilage formation observed in the present study 

could have been due to any of the above mentioned factors. 

Although arteriography observations and the observed 

abundant capillaries at histomorphology of nineth day 

specimens almost exclude the possibility of lack of 

vascularization especially in the treated animals. It is 

possible that growth of the callus might have out-paced 

the vascularlsation due to electric stimulation. 

Hlstomorphological evidence of osteogenesis and 

acceleration of fracture healing through electric 

stimulation by direct current exists. Yasuda ejfc fii.(l955) 

obtained electric callus by stimulating normal bone by 

using a battery of 1.5 volts cells and passing a current 

of 1 microampere for three weeks. The authors postulated 

that since electricity always generated at parts of living 

organisms, which are active, greater potentials may also 

be expected in the callus. Similarly Bassett ej£, 3^.(1964) 

found histological evidence of osteogenesis at the cathode 

on electric stimulation. He observed greatly increased 

quantity o£ non-oriented young trabecular bone about the 
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cathode on twentyfirst day. Lavine && aJL. (1969) also 

reported enhancement of bone healing, on histology, after 

application of 2 -3 microamperes of current when compared 

to controls. Satyanand a£ ii» (1980) observed osteo­

blastic activity, early calcification of cartilage tissue 

and some fibrous tissue on the eighteenth post-fracture 

day of the fibulae of rabbits when treated with 20 micro­

amperes of direct current, while those of the controls 

showed organised highly vascular granulation tissue 

invaded with cartilage. Peripheral fibrous proliferation 

was also observed in the control calluses by the authors. 

Almost similar histological picture was evident in the 

present study in the treated limbs indicating enhanced 

fracture healing with 20 microamperes of constant current. 

However, the control calluses of the present study showed 

better healing process when compared to the control 

calluses of Satyanand s& &JL, (1980)# This probably may be 

due to the difference in the mode of creation of fracture 

and the species Involved. 

Many theories have been postulated by different 

workers on the mechanism by which constant direct current 

induces osteogenesis. 

Becker ejfe aJL. (1964) demonstrated orientation of 

collagen fibres in electrical field. In their opinion 

such orientation leads to spatial arrangement that 
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enhances calcification. Becker (1972) postulated that very 

small currents lead to cellular differentiation. Importance 

of oxygen tension at the fracture site were discussed by 

Brighton and Frledenberg (197^)» Brighton g£ 4L» (1975) 

and HappenstaLi g£ ai, (1975). Shese authors showed that 

the cathode consumed oxygen and produced hydroxyl radicals 

which helped in lowering the oxygen tension and raising 

tissue pH in the vicinity of the cathode. The authors were 

of the opinion that the low oxygen tension was favourable 

for bone formation and alkaline environment wa3 favourable 

for laying of calcium, Brixton s& §&,* (1981) while 

studying the treatnent of non union with constant direct 

current opined that the ralcroenviroxiaental changes 

occurring in the vicinity of the cathode lead indirectly 

to cellular changes which ultimately resulted in osteo­

genesis. They thought that, presumably, electricity acted 

directly on bone or cartilage, which probably activated 

cells cyclic AMP system. This resulted in the activation 

of various enzyme systems within the cell to bring about 

the cell's specific physiological response. 

In view of the arteriographic, macroscopic and Msto-

morphological findings in the present study, it can be 

emphatically said that constant electrical stimulation with 

20 microamperes current does accelerate the healing process* 
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V. SUMMARY AND CCHCLU3IQHd 
«—«•»—— • I i » mi in n i m m n in » II 

The experiment was conducted to study the effect of 

electrical stimulation on fracture healing in buffalo 

calves. 

Eighteen animals were selected randomly and were 

divided in two groups (Group I and group II) of 9 animals 

•ach. A rectangular defect was created by chiael and hammer 

in both metacarpl under local infiltration anaesthesia and 

chloral hydrate narcosis, A constant 20 microamperes of 

DC current was passed continuously at the fracture site of 

right fore liab by a 3 volt cell and a potentiometer. The 

cathode was fixed at the fracture site and anode in the 

soft tissues proxiiaal to fracture site, while the left limb 

served as a control. The animals of group I and group II 

were destroyed on nineth and eighteenth dayf respectively. 

The fracture healing was assessed by macroscopic, 

r̂adiographic arterlographic and histomorphological studies. 

Macroscopically in group I a whitish soft tissue was 

seen occupying the fracture gap in the treated liiab. 

However, the gap in the control limb was filled by a 

reddish tissue indicative of blood dot. 

In group II a whitish callusjfirm in consistency 

bridging the fracture site was observed in the treated 

limbs while in the control lisabs whitish callus, 

comparatively softer in consistency covering the fracture 

site was noticed. 
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In the present study necrosis wag always observed 

at'the anode site* . 

Radiographs failed to demonstrate any difference 

between the fracture healing of control and treated limbs 

in both the groups* 

Arteriography studies in both the groups showed 

apparent increase in vascularity at the treatment site as 

compared to control. Statistically, the number of 

arterioles showed a significant increase in the treated 

as compared to control limbs at 5% level of significance 

but no such difference was observed between the two groups* 

In the treatment limbs the growth of arterioles was more 

from dorsal metacarpal artery II and III, the branches 

of proximal and distal deep palmar arches showed extensive 

ramification. 

It was interesting to note in the present study that 

the dorsal metacarpal artery was enlarged and clearly 

delinated in both the limbs* more so in treated limb as 

compared to control limb, 

Histoaorphologlcally, by 9th day an accelerated 

attempt towards healing was evident in the electrically 

treated callus through proliferation of fibroblasts and 

infiltration of cells as compared to control calluses* 

Trabecular formation was also seen in two treated calluses. 

By isth day a definite acceleration of healing was evident 
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through marked osteoblastic activity and osteoid tissue. 

The trabeculae were compact with very little inter-

trabecular apace. Establishment of Haversian system was 

found in a few of the specimens. However, the control 

calluses were cartilagenous \*ith sparce trabecular formation 

and wide intertrabecular space. Formation of Haversian 

system was not found in any of the control calluses. 

cqncJLuaiQfta 

Following main conclusions can be drawn from the 

present study: 

1. Local infiltration anaesthesia with chloral hydrate 

narco3i3 was found to be satisfactory for creation 

of fracture in the middle of the metacarpus. 

2. Crescent shaped incision adequately exposed medial 

surface of metacarpal bone and fascilitated 

creation of a rectangular defect. 

3« Use of two sizes of chisel for creating a clear 

cut rectangular defect of uniform 3ize proved to 

be satisfactory. 

4. Stainless steel wire electrodes insulated with 

polythene tubings were found advantageous for 

electrical stimulation since they could be 

anchored very easily. 
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5. A 3 volt cell was found to be sufficient for 

maintainance of 20 microamperes of constant electric 

current* The device could be conveniently fixed on 

the back of the animal in a rexin case. 

6. Electrical atiraulation of the fracture site resulted 

in increased vascularity and probably, tlii3 helped 

in accelerating the healing process* 

7* radiographs failed to delineate the difference in the 

healing process between the treated and control limbs. 

8. The repair of fracture defects in buffalo calves is 

mainly through endochondral ossification irrespective 

of immobilization. 

9» Macroscopic, arterlographic and histomorphological 

evidence exists to show that electric stimulation 

results in accelerating the healing process of bony 

defects. 

10, Historaorphological studies provide a batter picture 

of the bone healing process than radiography, since 

changes in structural components of the bone are 

visualized better. 
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