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INTRODUCTION

The goat was earliest ruminant to be domesticated
(Zeuner, 1943%), and of all the species of domesticated animals
axcept dogs has the widest ecological range (Epstein, 12635).
When  man began his farming opsration in the dawn of history the
goat was C“kingpin® of the pastoral 1ife. The Harappan toy
containg  representation of a geoat. Two seals from Mohenjo-daro
show & wild bezoar goat with enormous curled and side spreading
horns.

Goat is & very important livestock species in  the
developing countries, sspecially of Asia and Africa. Nearly 94%
of the world population of 5537 million goats exists in developing
countries, Goat is sssentially an asian animal although it is
gdistributed all over the world and is available in all ecologies,
ranging  from cold arid to hot humid. The present world wide
distribution of goats show that the number of milch type goats
are more in the temperate zone and dual or chevon type are mostly
located in subbtropical Asian and African countries.

India ranks first in world's goat population with
116.75 million goats (FAQ, 1993). In India most concentration is
in  arid and semi-arid north west region. In Rajasthan the goat
population was about 150.62 lacs in 1992. Goats form about 20.4%
af the total livestock population. Inspite of 4274 annual
slaughter of the goats the population continues to increase at

the rate of 1.2% annually.



Goats contribute to the subsistence of small holders
and landless rural  poor. They also produce marketable
commodities vir., meat, milk, fibre (pashmina/mobair), skin,
manure and transport power especially in high altitudes as 1in
Himalayvas. Goat along with sheep have an\impmrtént role in income
generation, capital storage, employment generation and improving
household nutrition. Goats form an integral part of the rural
gmaio~ecmnmmic system and provide a dependable income of upto 40%
to the rural population which is below poverty line in India.

Although, goat is blamed as an agent for soil erosion
and desertification but in fact it materially contributes to the
agriculture by enhancing the soil fertility and eating away
unwanted bushes in range lands (Chopra, 1992).

The goat have religious and ritualistic importance inb
many countries. BGoat has been worshipped for its coreative and
generative powers. Goalt is known as "poor man’'s cow" or "foster
mother"  of man as its milk is cheap, wholesome, nutritious and
easily digestible because of smaller sized fat globules. It has
much  less allergic problems  than milk of other species of
livestock (Acharya, 1992).

The habitat of goat in hilly areas and along side of
roads  in  densely populated urban areas predisposes them to a
variety of orthopaedic ailments causing lameness and

subsequent

decline in milk and flesh production, premature culling and

treatment expenses. Commonest of these ailments 1is fracture

which requires a greater attention in order to have an early

ostecsynthesis, rehabilitation and restoration of productivity.



Due to economic reasons, the animals particularly male is not

brought for treatment and is slaughtered for meat, being small in
size can be consumed by family and would not need refrigeration.

Fracture is partial or complete break in the continuity

of bone or cartilage. External trauma seems to be most important

factor in causing the fracture. Higher frequency of hind limb

fractures could be fully justified because in vehicular accidents
most  of  the goats are hit from behind (8ingh et &1, 1983). A

fractured long bone, under normal circumstances heals by the

initial production of a periosteal and endosteal callus. The

function of callus is to stabilize the fragments and allow

lamellar bone to grow and fill the fracture gap. The extent of

periosteal and endosteal callus formation depend upon the degree

of stability that is present at the fracture site.

Treatment of fracture is bhased on reduction, alignment

and  immobilization of the part, while maximum use of the limb

should be permitted to prevent muscle atrophy and assist healing.

The most important point is the effective ilmmobilization of the

fractured fragaents. Depending apon the type of fracture and the

bone invoalved the immobilization may be done either externally or

internally. No one method can satisfy all reguirements. o each

case has to be considered on its individual merits.

Radiography play an important role in the diagnosis of

fractures, The exact position and type of fracture, the degree

and extent of the displacement and whether or not there are added

complications such as involvement of a joint can easily be find

out by radiography. It is also wvaluable in evaluating the

responss of fracture to treatment. The healing of fracture can



also be monitored radiographically.

Available literature suggests that scarce work has been

done  on caprine orthopasdics. Most of the reports are based on

experimental work. In view of this present study was undertaken

on clinical fracturss while esmploying various external  and

internal immobilizing techniques 1in  goats with following

ohiectives i

1. To study the incidence of fractures of various bones in
goat.
::)I

To carryout the clinical and radiological diagnosis of the

fractures and its healing.

Z. To  dmmobilize the fractures with diverse rternal and

internal fikation techniques.

4. To evaluate the efficacy of diverse technigues used to

repair the fractures,
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REVIEW OF LITERATURE

FReview of fractures in livestook revealed that  the

study conducted on fractures in goat is  very scarce &0 the

references used in the present study are mostly on cattle, sheep

ard dogs.

INCIDENCE

Faichel (19%&) in an analysis of ingurance company and

slaughter house statistics on approdimately 5,000 eguine  and

bovine fractures over a period of ten years found highest
incidence of phalangeal fracturs (334 followed by metacarpus
(21%),  tibia (18%4), metatarsus (T4,

7% radius—ulna (&%), humerus

(3%, femur  (7%), pelvis (24 and spine, scapula and cranium

(1%7).

Feitel (1971) reported the freguency of limb fractures

and  the azsoclated economic loss in horses and catbtlie. 0OF 0 5574

Tioh fractures and fissures in bhorse 27% involved firet phalanu,
29% the tibia, 10% the radius, 2% the third metacarpus and 9% the

third metatarsus. OF 269 cases

in cattle 17% involved femur, 13%

the tibia, 11% the metatarsus and 117 melacarpus. Losses in

horses amounted o about S8% of the sum insured and in cattle
about FE

bt Fuw

Fhillips (1979) made survey of 284 canine and 298



feline fractures over a period of 2 years. Approximately 807 of
fractures occurred in animals less than 7 vears old., Males were
M e mmmmaniy involved than females in  both species. Road
accidents were the main cause of fracture but falls and crush
injuries were more common in dogs than cats.  Bones most commonly
affected in the cat were femur (28.2%), pelvis (24.8%4) and
mandible (11.4%). and in the dog radius and wlna (17.3%4), pelvis
(15.8%), femur (14.8%) and tibis (14.8%). 4@% of fractures were
treated conservatively or by external fixation, 46.8% by internal
fivation and 1%.1% were not treated. Results were satisfactory
in 96.7% of treated CABES .

gingh  and Nigam (1981) examined 87 cases of bone and
joint  disorders of limb in sheep and goat in a radiographic
study. These disorders ingluded fractures of different bones,
infectious arthritis, dislocation of tibio-tarsal Jjoint ahd
patella, osteomyelitis and congenital tibial agenesis. 78 cases

of fracture of different bones were encountered in sheep and

poats. The highest incidence of fracture involved the femur
(52.0%), Fellowsd by tibia (21.7%), metacarpal (15.3%),

metatarsal (10.2%), phalanges (&.4%), humerus (5.1%), radius  and
ulna (2.8%) and pelvic bones {(2.6%4).

Singh et &l (1983) studied the incidence and anatomical
locations of fractures in 511 clinical cases of canine, caprine,
bovine, equine and camels. They found that fractures are more
common  in female goats than male as compared to other species
where the incidence in male is greater than female. Most of the
fractures were recorded in the age group of 1-3 vears in  bovine

and  caprine while in canine and equine occurrence of fractures



was more in younger animals below one year of age. Regardless of

gpecies, most of the fractures involved the shaft of the bones
and were either comminuted, obligue or transverse in nature.
They also found higher frequency of femoral fractures (327%)
foallowed by tibial (21.7%),- metacarpal (15.34), metatarsal
(10.2%), phalany (4.4%), humerus (5.1%), radius ulna (3.84) and
pelvic bones (2.46%) fractures in goats.

Ferguson (1982) reported the incidence of fracture of
humerus as less than 5%, radius-ulna (74), scapula (rare), tibia
(12%4)  and of metacarpal and metatarsal as B@L  being more of
metacarpal in cattle.

Adams (1L985) in a survey of 92 cattle from 1979 to 1983
found  the incidence of femuwr, humerus, radius ulna, tibia,
metacarpal, metatarsal and phalanx fracture as 15.0, 4.5, 18.84,
1%.@, 29.@0, 8.4 and 1.1 %, respectively.

Dags et al (1985%) in an analysis of 108 fractures of
goats in the hilly terrain of Chhotanagpuwr found that over half
of the fractures resulted from falls and only 28 from traffic
accident. The most common bone involved was metacarpus (39
cases) followsd by metatarsus (28), femur (13), tibia (12) and
radivs wlna in 11 cases.

Fatil et &l (1971) reported the incidence of fracture
in a total 471 clinical cases of fractures brought to University
Hospital, Anand from 1978 to 1988. Affected animals included
cattle, buffalo, goat, sheep, borse, donkey, camel, dog, cat,
avian and other species. The results showed higher incidence of
fractures in females than in males except in donkey, camel and

DEL2PY)

tog. In goats the frequency of tibial (24%). metacarpal 23, 2%



and metatarsal (23.2%) fractures was almost equal. Regardless of
species most of the fractures involved shaft of the bones and
were either comminuted, obligque or transverse in  nature. The
incidence of fracture was more in hind limb as compared to
foraelimb.

Tyagi and Singh (1993) found the incidence of fracture
of scapula, humerus, redius, metacarpal, metatarsal, femur, tibia
as  rare, 9.8, 7-11, 21.2, 10.8, less than S and 28.0%,
respectively.

Ganesh et &l (1994) made retrospective study on  the
incidence and anatomical locations of orthopaedic problems  in

large animals. Dut of 187 cases of large animals the common

species  involved were sheep and goat (62.6%4), cattle (34.35%),

buffala (14) and other species (1.9%). Fractures in the pectoral
Timbs were 3I0% and in the pelvic limbs were 70%. Out of 187

cases 6H9 animals (&4.48%) were below one year of age, 33 animals

(30.84%) were bhetwesn 1-4 years of age and 3 animals (4.67%)

We e

between 4-8 years of age.

Balagopalan et al (1993) reviewsd fractures in 208

cases  of dogs and found highest incidence of fracture of femur

(28.9%) followsd by tibia (18.8%). The lowest incidence was

observed in  scapula (2.5%). Amongst the different types of

lale @

fractures, obligue S2.6%), transverse (23.2%) and epiphyseal

separation  (11.6%) were more common. Fractures of femur were

seen mostly in the middle and distal third but in tibia it was in
the middle and proximal third. Fractures of hind limb  (&5%.9%)

were more than that of the fore limb (21.2Y).



DIAGNOSIS AND TﬁEATMENT

Kendrick (1931) discussed the treatment of tibial and
radial fractures 1In large animale with transfixation. Tibial
fractures were found difficult to treat because tibia is at  a
point  where soft tissue structures of the leg become  thin  and
anterioposterior dimension of the leg at the proximal end of  the
tibia is twice that of the distal end. Therefore, 1f cast alone
is applied the distal fragments can firmly be fixed bult proximal
fragmants can’t. The taper of the leg in the tibial region may
allow a cast to slip. It was anatomically impossible to place a
cast above the stifle in large animal and hence transfixation
technigue was uwsed.

Ganis (1952) described the reduction to diagonal
fracture in a 2 yvear old bull by external pin bar device. At each
pin  site a small incision to the bone was made and the pin was
placed through the bone and the skin of the opposite side. Two
ping were passed lateromedially through proximal tibia. The lower
pin  was then placed through the opposite side. Clamps and  pin
rads wers applied. Before tightening the fixation bars in place,
the leg was checked for rotation. The apparatus was  left in
place for 33 day and then was removed. Though healing took place
but  some suppuration developed from the proximal  pin sites.
Bending of the pins was noticed in last two weeks. Bix months
later most of the limping had vanished and the size of the leg
was nearly normal.

Reichel (1936) described treatment of fractures of the

long bones in large animals. The object was not only to achieve



bony  wnion of the fragments, but also, full restitution of the
patients so that they could resume their former tasks without
impediment. He attempted uwnpadded plaster of Faris cast and the
tranafiration with Steinmann pins for the repair of long bone
fractures in large animals. On hind leg the cast proved to be too
cumbersome, immobilizing the whole animal. Fracture of radius
ulna; tibia, metatarsus and the phalangeal bones in  hind legs
waere tireated by twanafia&tiwnvwith Steinmann pins. This method
CIAVE mMOre fremdmm\mf movend®t and was found in this way superior
to the unpadded plaster of Faris cast. However, the application
of two pins through the bone made it more dangerous. The animal
suffered from a sequestering pin channel caused by a hot pin  and
recovered after several weeks.

I the treatment of fractures in farm animals Hickman

(1957) pointed out the problems associated with the reduction,

alignment and immobilization of fractures in farm animals  and
suggested the methods of overcoming these. MHe treated 17

fractures in cattle, 2 in sheep and % in pigs by both close and
apen  reduction.  The open reduction was used for fracture above
the knee and hock joint while plaster of Faris cast was used for
fractures below these joints.

Beckenhauer (1958) used the modified Thomas splint on
1% experimental and 18 clinical animals with fractures of long
hones. One bull was killed following refracture and two bulls
developed lateral angulation of the leg below the fracture and
were non-serviceable. Half of the animals recovered functionally
and continued breeding. While in S0% cases rate of recovery was

low, but it degmonstrated that suthanasia was not always necessary
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or advisable for fracture cases in cattle.

Lundvall (1968) wsed Thomas splint, plaster of Paris
caste, intramedullary pins, stainless steel plates and screws,
through and through fixation pins with or without the concurrent
use of plaster of Faris cast and supporting crate with no attempt
at reduction in cattle and horses. Flaster of Faris cast was
used as most common method of external fisation upto stifle and
elbow joints both in horses (41%) and cattle (35.29%). Out of 99
Morses and  ponies 34 showed good, 29 failr and 7 poor functional
recoveries. Out of 32 cattle 12 showed good, 19 fair and o poor
functional recoveries.

Gahel (1961) uwsed half pin device for the tibial
fracture repair. Two pins each, were fixed at an acute angle to
each other in tibia and femur and these were supported by plaster
of Faris cast. Upper pin céme out from leg and plaster. Arimal
recovered with slight abrnormal gait which improved later on.

L.aweaon (1926%) gave in detail the managemesnt of
fractures in domestic animals and reviewed different methods of
fracture treatment which were then emploved and also described
the complications assocliated with esach technigue. He also
described the usefulness of plaster cast in fractures upto the
level of the elbow and stifle joints and complication of plaster
cast like slipping of the cast and plaster bite causing damage to
the askin. The complications associated with intramedullary
pinning were mostly as a result of improper diameter of the pin
as compeared to the medullary cavity cau%ing lateral deviation in
transverse and both lateral and longitudinal displacement in

obligue fractures.
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West (196%) used resin bonded fibre glass for the
immobilization of fractured or damaged equine and boving limbs.
Tt was used with success to immobilize the forelegs of 4 young
horses. The substance has a very high strength and low weight
ratio and is both durable and inert.

Jenny (1965) described the following treatment of open
fractures for rapid and complete recovery. General condition like
shock should be treated first by minimizing the loss of blood and
by restoring blood veolume. Wound should be protected from
external contamination to prevent infection. Body defenses
should be supported with antibiotics and early debridement should
be performed to remove all foreign matter and devitalized tissue.
Unnecessary disturbances of the wound during the healing process
should be avoided.

Vaughan  and Osman (1947) observed that out of the 16
cases  of fractures of third phalanx encountered in cattle, all
involved  the medial claws of forefoot and in eight the condition
was  bhilalteral. Treatment by the metal or wooden shoe showed
rapid improvement in the condition of the animal.

Mohanty et al (1976 used different methods for
treatment of fractures in an experimental and clinical study on
cattle. Long bone fractures, 26 experimentally created and 40
clinical cases, were treated by plaster cast, modified Thomas
splint, intramedullary pinning, stainless steel wire sutures and

kKirschner’'s splint. The results though variable were successful

in most cases especially with the first three techniques
mentioned above. Far compound fractures, however, meticulous



debridement, hot saline irvigation and use of antiblotics was

advisad.

Dingwall et &1 (1971) carried out compression plating
for  treatment of fracturés of long bones in large animals. The

major  problem encountered were massive weight of the large
animals  and probably to a lesser degres the temperament of the
large animal species. This technigue offers the advantages of
rigid internal fixation and early weight bearing. Because of the
complexity of the technique, familiarity with the equipment and
its application is sssential.

Gill  and Tyagi (1973) reported a study on  the repair
and  management of long bone fractures in  large animals with
apecial reference to external fixation. Coaptation was found to
be simplest and safest technigue and it was observed that bandage
in "8 fashion arcound the hock with subseguent ascending bandages
kept the pla%t@r_im position for tibial fractures. Strong and
pliable aluminium splints were found to be most suitable
reinforcing material for tibial as well as metatarsal fractures.
Aluminium  being light in weight did not make the cast heavy and
could easily be shaped according to contour of the limb. The
technique of hanging pin cast proved ideal for preventing
rotation in metatarsal fractures where inclusion of hock was not
tolerated by the animal. This further avoided slipping of the
cast. Modified Thomas splint found its value only in  heavy
animals to render an additional support during walk. In all the
clinical and experimental animals— healthy calves, adeguate union
of bone was seen exceplt in coaptation procedures slight rotation

was observed. The animal started bearing weight on affected limb



by 155 to 20™P gay. Casts were removed after 35 days. The gait
was  slightly altered, yvet no external deformity or rotation was
observed in animals.

Gimilarly Tyagi and Gill (1972) conducted a study on
the fracture repair and management of long bones in large animals
by tranefisation and bone plating. Transfixation proved useful
in the treatment of tibial fracturss especially in heavy animals.
Obligue fractures which had & tendency to slide over were
repaired with this technique. Bone plating proved efficacious in
transverse fractures and healing occurred with minimum deformity
arnd  maximum  alignment though it dinvelved & major swgical
intervention for the application and removal of the plate.

Montgomery (1972) describesd use of fiberglass with
plaster of Faris in the fabrication of casts.

Hanselka et al (19732) ussd resin bonded fiberglass cast
for external fixation in large animal fractures. These materials
are resistant to chemicals and exudates and produce a cast which
hardens  within & ressonable period of time and is exceptionally
astrong in relation to its weight, thus requiring no metal
reinforcemsnt .

Verschooten et al {1972) treated transverse fractures
of  tibia in catile by transfixation with Steinmann pins and an
external methylmethacrylate bridge. Spiral fractures in  the
length of the tibia were treated by cerclage and a plaster of
Faris bandage or by a combination of screwing and transfixation.
Eighteen animals were treated, the results in 14 being good.

Ramkumar &t &l (1973) described the disadvantage of

hanging pin cast for distal obligue fracture of tibia in a 4 vear
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old cow and found that the method had no advantage over simple

coaptation technique as far as the prevention of over-riding of

fractured fragments was concerned.
Rao  and Rao (1973 employved specially fabricated

multiple rush pins  for ﬁibial and metatarsal fractures in
hovines. Foth provimal and distal sites were tried for insertion
of the pins. The wse of only two pins driven through the distal
wites were considered advantageous. af 12 animals with
gxparimental (18) and clinical (2) fractures of these bones thus
treated, nine recovered and resumed normal gait.

Hutzschenreuter et &l (1973) conducted experimental
studies on a plate ostecosynthesis after shortening osteotomy of
the metatarsus in @ aheap. Fracture healing was proved
radiographically and histologically and full use of the limb was
regained after 3 weeks, With this method any additional dressing
WaE WNNECessary .,

Northway (1973) described cross pinning for  fracture

immobilization in foal, dogs and cats. lse of 2 or «ore
Steinmann  ping in & crossed pattern proved very satisfactory in

prevention of rotation of distal fragment. The technique was

successfully  used for dmmobilizing epiphyseal and Y  shaped

frachtures. Im most cases, the pins were removed after &-10
weeks. Occasionally they were left imdéfinatelyn

Walff (1973) reviewsd the ASIF techmiques and implants
for fracture repair. The complete system allows optimal

treatment of animals with severe comminuted fractures, delayed
unions and non-unions.  In many such cases the patient was  able

to bear waight on the affected limb 48 hours after suwrgery.
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Mewton  {1974)  reported fragture non-union  resulting

T o cerclage appliances when used simul tanecsusly with
intramedullary fixation. In most cases, non-union resulted  from

two ﬁrmblemﬁ.

1Y The intramedullary pin and wires, apparently stable at
surgery, were inadequate and resulted in motion at  the
site.

1i1) The cerclage appliance impairs circulation.

Mon—union resulting from ithe simultanecus use of

cerclage wires and intramedullary fixation did not always occur.

The amount of trauma, periosteal stripping, reduction of motion
at  the fractuwre site or impaived cirvcalation prior to or  during

fivation seems to be the major consideration. Cerclage wires

ustally cause non-union because cortical circulation was impaired
and fixation was poor.
The lack of & suitable fixation device led to  the

development of a techniguwe which employs Kirschner pins and

[
welding to hold  broken bones rigidly  (Comnell, 1974). This

technique overcomes the disadvantages of weight, pressure and

covered fracture site. A major advantage of the procedure was

that as soon as the bones were immobilized in  apposition, pain

i

Wt

t

: @liminated and the animal regained mobility of the 1limb.
This technigue was used successfully in more tham 100 head of
cattle and a few horses.

Fhinelander (1974} obszserved that bealing of tibial
fractures particularly of distal extremity posed a problem as it
was  sparsely covered by the soft tissue which was the

temporary
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and immediate sowrce of extraosseous blood supply during fracture

healing.

Winstanley {19743 reviewsd the aspects @ of the
compression treatment of fractures and opined that the
application of pressure to the fracture site proavides rigid

fivation. Healing'tmmk place by direct bony union and there was
minimum  formation of periosteal callus. Special precision
instruments and implants were used to achleve Conpression.
Failure to apply the technigue in the recommended manner lead to
unpredictable  and disappointing results. The prime indication
for the use of compression methods was the treatment of uwunstable
and non-union fractures.

Fag  (1975%)  described successful use of  the plaster
cast, short and modified Thomas splint for the treatment of
metacarpal frachture in a 3 vear old bull and metatarsal fracture
in a 3 year old bullock.

Brown  and Dicken (1973) showed the surgical procedure
used for repair of fractures of the distal third of femuwr by
intramedullary pinning in a 3 day old calf in a photo assay.

Bacher and Fotkay (1973) accomplished internal fixation
of radial and ulnar fractures in three gosats Wwsing compression
plating. The gosats tolerated suwrgery well, were ambulatory on
the first postoperative day and had full use of the fractured
imbs within 5-7 days. Inadequate stabilization and rotation did
not  ocouwr and external support device was not required. It was
possible to retuwrn the goats to the herd within 4 weeks after
S CETY - Bone plates measuring 3/8Y X 3" were best suilted for

use in goat weighing from 53477 kg.
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Rittmann and Perren {1973%) studied the effect of
infection on cortical bone healing of long bone fractures in
sheep &fter immobilization with either compression or non-
compression  plate technique. &8 days after suwrgery, a kEnown
rwmber  of  penicillinase producing staphylococci were  injected
locally. The course of infection was monitored twice between the
second and sixth weeks after the operation and at slaughter. The
results indicated that even massive infection does not destroy
the healing process in cortical bone under stable conditions  and
the stabilizimg implants should be left in situe when infection
OIS .

Satish et &l (197%) used buffalo bone as a swrgical
plate and screws and found that buffalo cortical bone were not
affected by sterilization and were gasy to prepare and handle.
The use of these was suggested in small animal swrgery in  place
of standard metallic plates or screws.

Yaughan (1973) gave an account of some of the
complications that arise following the internal fixation of
fractures in dogs. Osteocmyelitis was oﬁévmf the aost serious
untoward sequelae and treatment by means of debridement, fracture
immebilization and antibictic therapy proved successful  in the

majority of cases. Stifle joint stiffress following the repalr

aof femoral fractures arose most often in association with
internal  fixation methods particularly when complicated by

infection, but may also follow direct damage to the joint due to
penetration with an intramedullary pin during the operation or to

its migration later. The commonest error resulting from
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technical  fault iﬁ using an implant, whether pin or plate, of
insufficient size adequately to immobilize and support  the
fracture. Unless a pin fits the medullary cavity closely, it
will not prevent rotation of the distal fragment. The movement
interferes with fracture healing and non-union may result.,

Fama kumar et &l (1974) described use of Kuntschner
clover leaf nail in spiral fracture of bhumerus  in & buffalo
heifer in & case report.  The animal could bear weight on  the
affected limb on the Bth postoperative day. At the end of 6
weeks the nall was removed and the X-ray showed complete bridging
pf the fracture line.

Bommaiah et &l (1974) tested the efficacy of bone
plates and screws prépar@d from macerated buffalo bone for the
treatment of distal tibial fractures in dogs. Clinical and
roentgenological observations revealed that bone plate and metal
serew assembly was  alt par with metal plate and screws.

Grandage {(1976)  discussed fouwr aspects of rnormal
radicgraphic  anatomy in relation to  the diagnosis of bone
pathology. Where two bones are superimposed the observer may

perceive a phantom radiolucent line parallel and close to one of

the bones. The radiolucent  line is & Mach band and is  an
illusion which may simulate a fracture. Nutrient canals may also

gimalate fractures although subject to typical site, number and
direction, excepltions are frequent. The normal appearance of
cancellous bone varies from species to species. In the shesp and
cat the ﬁpﬂﬁgimﬁa iw coarse and sparing and may Talsely tempt a
diagnosis of osteoporosis. The trabeculaes are delicate in  the

pig and abundant in horse.,
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Singh et &l (1976) observed the time effect of
intramedullary pinning  in tibial fractures repailr of  the dog.
The left tibia of 12 healthy dogs, divided randomly in 4 groups
of % animals each, was fractured. The fractures were immobilized
with intramedullary pinning on @ day in I group, on Zrd, 7th  and
10th  post-fractuwre day in 1T, 111 and IV group, respectively.
The animales were observed for 8 weeks. Healing rate was fastest
in group I in comparison with other groups. However, at 6&th
week very little difference was observed in I, III and IV groups
and the healing was complete by 8th week in all the dogs. It was
suggested that the open reduction in clinical cases may be done
on 3rd or 7th day post-fracture. However, if it is undertaken on
zero day, additional stress due to surgery may be deterimental to
the animal and there is little difficullty in breaking the soft
callus if fracture is immobilized on 10th day post-fracture. The
healing of fracture was complete by Bth week irrespective of the
time of intreamedullary pinning.

Braden and Brinker (1974) evaluated bone healing
associated with 3 technigques of mid-shaftt  femoral fractures

fivation by radiographic and gross pathoanatomic studies in 3

dogs . The radiographic evaluation was done in series. The
first radiograph was taken during surgery and  then taken

imnediately after swrgery, to record the status of reduction,
alignment and fixation. FRadiographs were then taken at 4th  and
12th postoperative weeks, to monitor healing. Gross examination
was done after euthanizing the dogs at the 10th week and removing

the normal  and  healing femur. Each type of fixation was
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assouiated with a distinct mode of osteogenesis. Bony union  and
clinical wnion (that stage in the healing process when fixation
can  be removed) were defined as a successful conclusion to  each
Casa., Malunion and non-union were defined as  unsuccessful
conclusions. Delaved union was defined as neither successful nor
unsucoessful ., The intramedullary pin cases had a &4.2% %ucﬁﬁga
rate and 14.2% failure rate. The intramedullary pin and 1/2
Kirschner cases had a 128% success rate. The bone plate cases
WE e L% successful, with @4 failure. A problem with
intramedullary pinning was axial rotation (& of 14 or 424 cases).
Tt was concluded that intramedullary ping should not be used
alone for the fidation of femoral fractures in adult dogs.

Sanford and Rendano (1977) reported abscess  formation
and malunion conplicating fracturse healing in & alf.
Osteomyelitis following trauma is usually associated with a break
in skin continuity. Abscessation with & well formed abscess wall
at the fracture site is rarely reported, even in a compound
fracture,

Johnson  {(1977) presented a ngw system for fisation of
bone fragments by wire which served to compress the fragments,
prevented migration of wire and reduced the area of pressurized
contact between the wire and bone. This method was used in
conjunction with intramedal lary pinning to  successfully repair
fractures in two dogs and a cat.

Chaffee (1977) described a technique to repair mid-
shaft fractures of the humerus, middle and proximal third of the

femur in dogs wusing multiple (stacked) intramedullary pin.
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Ffeiffer (1977) described treatment and results of

tibia fractures in dog recorded betwesen 1970-74. 3200 dogs with

maEn fractures of  tibia  and/or fibula (744 diaphysis, 26%
apiphysis or metaphysis) were treated. 2.8%  were compound
fracture. About half the dogs were less than one year old. 161

of 292 fractures were btreated conservatively and 131 surgically
(82%  and 65%, respectively were shaft fractures). Both methods
of treatment were 96% successful with fractures in diaphysis
area. In the areas of epi- & metaphysis osteosynthesis were 654
successtul . against 73% with conservative treatment.

Similarly Meyer (1977) described the treatment and
results of radius and wlna fractures in the dog between 1970~
1974, Transverse and compound fractures were the most  freguent
(23%  and 11%)y. Most fractures were of diaphysis (64%4) and  the
distal metaphysis (3&6%).

fokerman  and Silverman (1978) reported the importance
af  radiography in the diagnosis of fractures and evaluating the
responsse of the fracture to treatment., The healing of a fracture
can and should be moniltored radiographically. The sequence of
events which may be observed radiographically depends on the age
of the animal, the type of fracture and post-treatment alignment,
the blood supply to the fractured bone, the type of orthopaedic
device used for fracture immobilization, the stability of
fracture repair and the presence of complicating factors such as
infection or sequestrum formation. In yvoung animals  fractures
heal more readily and rapidly because bones are growing and more
active. Callus formation is minimal with bone plates while the

use of dintramedullary pin or external splint may results  in



fractures which heal with a large bony callus. Radiographic

evidence of complete fracture healing occurs  long after the

fracture is clinically healed, thus clinical examination is  best

€

for evaluating fracture healing.

Singh  and Nigam (1979) studied the fracture repair of

matatarsus in boving with special reference to homogenowus  bone

plating. Radicological and macroscopic obssevations revealed that

homogaenous onlay bong plates could be an adeguate substitute to

metallic plates, 1T not superior replacement to them. The amount

of periosteal callus formation was directly related to the degree

of  stabilization of fractured fragments. It was smaller in

fractures treated with sither metal or bony plates when compared

o plaster cast alone.

Qimgh et &1 (1979) reported & case of successfully

treated Monteggla fracture in a goat. The head of the radius

which was dislocated cranially was reduced in the flexion. Thes
fracture of wulna was reduced by use of intramedullary pin in

extension. Radiclogical wndion of the olecranon process  with
distal end of ulna took place at the end of

3th wesek and the pin

was removed.

Valder: et al (1979) performed compression plating of

long bone fractures in foals aged 1-20 weeks and weighing 35-160
kg . Both dynamic compression plates and ASIF plates were uwsed
for  interpnal fixation. External fivation was also used in

nins
cases. OFf the 10 foals used, 4 were subsequently killed, 2 were

lame and the remaining 9 were sound.

Chatre et &l (1979) described a technigue of successful

bane setting of fractures by means of external pins, in calves of

i
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less than 100 kg, in the lower leg and tibia. No success has
peen achieved in  bones of the upper leg (femur, humerus).
Fustless steesl ping of 2-4 mm diameter were used for reduction

and immobilization of fractures.

Walker {1979} recommended  a highly successful
coaptation aplinting device for  the management of tibial

fractures, which are very common in the bovine. Such a device
also stabilized stifle joint in cases of cranial cruciate rupture
or torn menisci. The splints contained its own extension device
and  provided valgus fixation of the limb to prevent the natural
tendency for the medial displacement of the fractured bone but
the device was not recommendsd for recumbent animals.

Stick and Derksen (1980) successfully repaired a open
comminuted proximal femoral fracture in a 7 day old foal using a
large (@.5% inch) intramedullary pin. Radiographic evaluations of
the fracture were made periodically. At 4 weeks postoperatively,
periosteal callus formation could be seen radiographically. {In
lst postopesrative day, the pin was removed.

Hamilton  and Tulleners (1988) reduced and stabilized
tibial fractures in 3 newborn beef calves by transfisation
pinning. Return to normal function was rapid in two calves, but

oneg  calf acquired septic arthritis of the stifle and was later

euthanatized, however, T he fracture had healed. Good
radiographic and clinical evidence of stability was evident

at 4-6 weeks, at which time the pins were removed.
SBharmsa et &1 {1%80) studied the effech of
immobilization time on  fracture healing in buffaloes and

concluded  that the best time of immobilization in  large animal
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appears  to be around  3rd post fracture day. A delay can
complicate the fracture as the broksn ends may somebime rupture
the skin.

Marudwar and Kulkarni (1980) described a new technigue
for  immebilization of bovine limb. This technigue provided
additional immobilization of limb with a rope by flexing through
krnes and shoulder joint in fore limb and through fetlock in hind
Timbs, It was used successfully for treatment of simple
fractures of humgrus, radivs, metacarpus, femur and luxation of
soulder & hip joint and severed flexor tendon in bovine.

In a radiographic study of 104 clinical cases of bovine
foot disorders Nigam and Singh (1980) found that 84 (80.8%4) of
the affected animals wers males and most were > 4 years old.
Common conditions encountered were phalangeal fracturss (38.5%4),
arthritis (34.6%), periostitisiexostosis (18.3%), dislocation
(5.8%)  and solar penetration (2.9%) of cases. Fhalangeal
fractures were most common in hind feet with higher incidence in
Fooand Fu.

Ames (1981) compared the methodes of  femoral fracture
repair  in 12 yvoung calves repaired with intramedullary pins,
half-pin  assemblies or bone plates and sCrews. Nine calves
survived the & wesk experiment. One calf with each type of
intermal  fixation was equipped with either a modified Thomas
gplint, an Ehmer sling, or had no external  fixation. At
necropsy, 42 days after surgery, the femurs with intramedullary
pins were healing with slight malalignment and overriding. The
femurs  with half-pin assemblies were considered nonunions, with

severe overriding, malalignment and osteomyelitis. The femnurs
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with bone plates and screws were healing, although the screws had
loosened  and allowed overriding with rotational malalignment of
the fractures. The calves eguipped with the Thomas splints  and
thos with no external fixétimﬁ were able to stand and to walk
garlier and with less difficulty tharn the calves with  {the limb
placed in an Ehmer &#ling.

Vijaykumar  (1981) carried out a radiographic survey
hased on 268 clinical cases of fracture of different bones and
revealed high incidence of tibial fractures in  bovines. Hig
further experimental trials were performed on 3@ buffalo calves,
where tibial fractures were reduced and immobilized by  hanging
pin cast, double stainless steel plating and kKuntschner's clover
leat nailing. Tt was shown that internal figation with double
plate osteosyntheslis gave better resulits than Kuntschner nailing
or hanging pin cast.

Vijaykumar &t &1 (1982) evaluated the four techniques
of  osteosyvnthesis based on 12 clinical cases of bovine tibial

fractures. The four techniques were dual plate fixation, single

plate fivation, Kuntschner neailing amd hanging pin cast. It was

coneluded that dual plate fixation in combination with a

plaster
cast, though cumbersome, is an effective technique for repairing

tibial fractures in adult cattle. Good interfragmentary contact,

gasy postoperative care, early ambulation and rigid fixation with
primary bone union were some of the advantages of this technique.

Losslein (1982) reviewed the treatments and results of
metacarpal and metatarszal fractures between 1975-1981. Results
of

clinical and radiclogical follow-up examinations showed that

intramedul lary  pinning together with external splinting was the
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most satisfactory technique when closed reduction was impossible.
The use of metal plate sometins led to tendon irritation.

Rama Kumar et al (19873 studied angiographic patterns
in  large animal fracture healing in  an  experimental study.
Surgically created mid-shaft fracture of bumerus and femur in 18
buffalo rcalves were reduced and immobilized by intramedullary
pinmning with FHuntschner's clover leaf nail. Angiography was
paerformed  aftter 1, 2, 3, 7, 14, 21, 38 and 4% days to study
vascular patterns as  the heasling progressed. The results
indicated that the soft tissue vessels played a vital role in
heal ing of  these fractured bones following intramedullary
pinning.

ﬁingﬁ et &l (1983) reported intramedullary use of
iron nails covered with methylmethacrylate in  femuwr fracture
repair  in  sheep and compared it with frectures immoblized by
Kuntschner naill. No markbed difference was observed clinically  in
hoth  the groups of animals except that pericd of disability was
Langer  and  relatively large and lrregular callus  was  observed
indicating dmperfect fidation in animals immobilized by EK-nail.
The radiographic obssrvations at different intervals upto 140
daye postoperatively revesled uninterrupted complete
immobilization without any sign of metal corrosion or tilasus
damage in  fractures immobilized with iron nails  covered with
methylmethacrylate, The gross and histological examination of
bore at the end of observation period (160 days) showed a fibrous
layier betwesen  the nall and bone without any infiltration of
inflammatory cells, whereas no such layer was observed in animals

whisre Kuntsochner nall was used.
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Chawla &t &l (1983a) evaluated tibial fracture healing
in sheep on the basis of radiological examination. Comparatively
marked pericstesal reaction and bigger callus were seen  1in
fractures immobilized by simple coaptation and  intramedullary
pinning than the plating.

Acdams  and  Fessler (1983%) treated radial-ulnar and
fibial fractures in cattle using modifisd Thomnas splint-cast
combination. The cattle ranged in age from 1 day to B years and
welghed from 446 to 7735 kg. Eight c¢attle had radial-ulnar

fractures and 7 had tibial fractures. The fractures healed in 14

cattle. The most freguent long term complication was deviation
of the involved long bones after healing. The degree of
deviation decreased over sgveral months’ time in most Cases. &

of the 14 cattle with healed fractures were used for breeding or
milking and their capacity for those function was not diminished.

Chawla et al (19823bh) studied vascular response during
tibial fractureg healing repailred by simple coaptation,

intramedullary pinning and bome plating in 26 sheep. Generalized

gxtra-osseous hypervascularity was observed in initial stages of
fracture  healing. Mowever, it was more intense in  fractures

repalred with ceaptation, followed by intramedullary pinning and
bone plating. The vascularity returned to near normal after &
weeks, except in displaced fractures where it persisted sven upto
Fth week. The callus was well vascularized by newly proliferated

vessele of soft tissue origin between & and 9 weeks in  all the

Rao et al (1983) conducted experimental studies on  the
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repair of metacarpal fractures in bovine with reference to use of
allogenic onlay bone plates and compared it with standard
metallic plate. The allogenic onlay bone plate offered good
stabilization at the fracture site similar to that of metallic
plate in young calves. Immobilization with simple coaptation
resulted in  higher percentage of postoperative complications,
viz. angulation, delayed union and malunion. The use of  frozen
cancellows bone gratts in conjuction of either metallic or onlay
bone plates resulted in better bone healing than  that of
autoclaved cancellous bone grafte.

kagan (1983) used multiple intramedullary pin for the
fivation of femur fracture in dogs and cats. 4} gingle
intramedul lary pin gave axial alignment, acting as  an  internal
gaplint, embedded in the ends of the bone and contacting the inner
face of the cortex near the fracture. The more completely the
intramedul lary pin fill the medullary canal at the fracture
site, the better the reduction and alignment. Use of single
large pin had some disadvantages. Thicker pins are not flexible
and donot follow the shape of the medullary canal.WEll and also
does not confer rotational stability. Use of mtitiple
intramedullary pins for fracture repair has several advantages.
Thin, flexible pins may follow the curvature of the medullary
canal. There are meximum number of contact points between the
pins and the cortex. The entire un;t {(the pin bundle and contact
. points) acted as & torsion bar, protecting the fracture line from
rotational stress.

Chawla et &1 (1983c) made histomorphological studies of

tibial fractuwre healing following internal and external fixation

a%
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in s sheep immobilized by either simple caaptation,
intramedullary  pinning or stainless steel plating. Within 9
weeks, union of the bony fragments ocourred with pinning and with
the steel plating. With simple coaptation, microscopy revealed a
callus formed of fibrovascuwlar tissue, chondroblasts and
peteoblasts, and little calocification. Fixation ococurred more
rapigly  with  intramgdullary pinning than with | stainless steel
plating.

Singh &t &l {1964) gescribed postoperative
conplications associated with fracture repair of long bones  in
bovine, equine and oving. Malaligrnment and infection were the
most  common postoperative complications  after  external and
internal fisation of fractures in 2780 cases of bovine, eguine and

ovine. External immobilizations by simple coaptation, hanging

pan ang  transfixation were mostly associated with
complications like ma].unic}m£l delayed unilon énd nen-union,
Infection and elevation of plates were major complications with
plate  fixation. Internal fixation with intramedullary pin, k-
nall  and  double plates fixation showed minimum  postoperative
complications.

Mbiwki and Byagagaire (1984) treated tibial shaft
fractures in 7 calves and 5 goats by manual reduction and
immobiliztion by full limb plaster of FParis cast., The cast was
gxtended from the hoof to a point seven to ten centimeters above

the stifle joint. Union of the fracture segments was confirmed

N

in  all 12 animals when casts were removed after six  to eight

ehe.  Complications included muscle atrophy at the level of the

fold of flank, pressure point lesions, and weakening of the



joints and tendons. After the caslt was removed, & modified Robert

i

dones bandage  was ussd

or two weeks to  support  the weakened
Limbs and prevent swelling.

Vijaykumar &€ &l (1984) evaluated simple coaptation, kK-
nailing and double plate fidation in 346 calves aged 1.3-2 years,
After  the operabtion the animals were observed for upto 12 weeks
and  radiography were made, afler which the animals were Lkilled.
SQimple coaptation provided inadequate immobilization, resul ting
in prolongsd  lameness  and  the formation of  large areas of
external  callus  with  angular deformities and malunion. The
fractures with E-nails healed satisfactorily bul were associated
with complications (slab  fractures of the fragment, distal
migration of the nail and cortical necrosis). Fixation with a
double plate provided good interfregmantory contact, rigid
stabilization and primary bons union resulting in early use of
the repaired limb.

Mowlvi &t gl (198&4a) radiographically evaluated femoral
fracture heal ing following Henogenio bone plating and
nevtralization plating in goats. With heterogencous bone plates,
radiographic union of fragments was discernible at 4 weeks, while
at 6 weeks the continuity of medullary canal was established.
There was little periosteal reaction. Failwre occurred in only
one case due to the elevation of the plate. With neutralization
plates two goalts showed non-union and one delaved union. Out of
2 onon-union cases, in one theres was ectopic callus formation. In
obher animals radiographic studies revealed that the process of
healing  was not complete even by & weeks., The feasibility of

failure with single plating was very less with HBF than with NF



in the repair of femoral fracture in goats.

Moulvi et &l (1984bh) made histological studies of
femoral  fracture healing under heterogenous bone plating  and
neutrilizaetion plating in goats. 12 clindcally healthy goats,
1218 months old., were used. They were divided in 2 groups of &
aaih . Heterogenous bone plates (HEF) prepared from bovine ribs
ang stainless steel neutralization plates (NP) were employed for
repairing femoral fractures in goats. The results suggested that
HEF  can be used as a substitute to conventional steel plates as
MEF  appeared  to  induce a process of faster healing  than NP,
Further, the chemical treatments of bone plates were adequate for
deproteinization and defatting.

Ferguson &t al (1984) in a retrospective study of 77
femoral fractures in newborn calves revealed that most ocourred
inm  the femoral sheft or in the prodimal physis  with  thin
cortices. Feriosteal stripping was a significant problem in  the
fracture of  femoral shaft, Most cases were related to forced
gxtraction, with more left femurs being affected than right. The
edistance of concurrent diseasse reduced the treatment success
rate by 3% and when significant additional trauma was present,
no calves survived,  When all cases were cmﬁﬁid@req regardless of
condition the long term success rate was 43%.

Buchoo  and  Sahay (1987) evaluated the efficacy of
compression osteosynthesis for radial and wlmar fractures in goat
o the basis of clinical and radiographic findings. Study was
umﬁduat@d on 12 goats, aged 2-3 yvears and weighing 1520 kg.
They were randomly divided into 2 groups. In group I compression

plating was dons. Group T was kept as control  and  fractursd



bone was immobilized by applying plaster cast. The animals of
group 1 bescams ambulatory the day after swgery, exhibited near
P mal movemnents with adeguate welght bearing by 12th
postoperative day. The animals of group I showsd displacement

of  fractuwre fragments after 1 week of

immobilization. Higher
percentage  of postoperative complications like delaved undaon,
malumion  and  bigger callus formation was reported following

simple coaptation. Therefore present study showsd that plaster
cast alone is not sufficient to provide rigid immobilization and

stability in the repair of radial and ulnar fracture in goats.

Contrarily, compression plating proved to be an ideal method  and

auitahle for ths management of such fractures,

Singh et @l (1986) clinically, radiographically and

Mistomorphologically evaluated mid-shaft fenoral fracture repair

by FEuntsohner clover lesf nail (K-nail) and double SBteinmann ping

in calves. Calves with K-nail showed early ambulation and weight

beraring capacity. Radiographic arel histomorphological
observations showsd that healing of fractursd bone was better

with double pins.

Bingh et &1 (1987) used bone plates prepared from

bovine  horn for  the fidation of femoral fracturss in  goats

without external immobilization. Radicgraphic assessment was

facilitated in both views due to radicolucency of horn plates.

Climically, the animals did not show any abnormal  reaction  to

hern plate at site of contact throughout the period of

observation. Organisation of periosteal callus and obliteration

of fracture line was observed at 43 days but remodelling of

callus could be seen at & aonths postoperatively. It was

e
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concluded that horn plates were well tolerated and proved strong
enough to hold fracture fragménta in alignment wuntil fracture
wrdon in goats.

Bennett et &l (1987) compared the strength and holding

powar  of 4 pin designs for use in half pin  (type 1) external

sheletal fixation. Fins  tested were fully threaded, ron—
threaded, two  cortices partially threaded and one cortex
partially threaded. The results of this study suggest that one

cortex partially threaded pins were better at maintaining bholding
power and resisting bending and breaking than non-threaded pins.

Whitney and Schrader (1987) evaluated 71 cases of
distal femcral fractures in dogs and cats repaired by  dynamic
intramedul lary cross pinning technique. The results were good or
excellent in &6 of 71 animals (23%).  The mean follow-up period
was  2E months. Distal pin migration was the major complication
(180 animals: 14%). The pin migrated in 8 animals after bony
wnion  and was associated with intermittent lameness. In & of
these, pin removal was performed and the lameness resolved.

YVaohon and baﬁaw&g (19287) reported proximal metatarsal
fracture repair in a galf by open reduction, internal fisation
and  external coaptation. The internal fixation was carried out
by dynamic compression plate and then a full limbh cast was
applied. The calf recoversd withoult complications,

Buchoo et &1 (1988) made histomorphological studies of
conpression  osteosynthesis for radial and uwlnar fractures in
goats and compared it with conventional technigue of plaster cast
immobhilization. Compression  technigue induced the process of

garly and organized callus formstion resulting in complete union

4



by & wesks., Early initiation of osteogenic process was chiefly
due to rigid imwobilization and close apposition of the fractured
ends.  The histological picture of delaved union was conspiocuous
im the plaster cast immobilization.

Singh et &l (1988a) used PVYC (FPolyvinyl Chloride) pipe
for  the external immobilization of metacarpal and metatarsal
fractures in  experimental cow calves. After  immobilizing  the
fractures with the help of bamboo splints for a day, the fracture
zite was  dmmobilized with only one & inch plaster bandage and
aftrter proper padding with wool cotton and bandages the limbs were

fitted into FVYD pipe upto the level of knee/hock joints.

HEH

ingh &t al (1788h) svaluated three types of internal
skeletal Tigation for repsir of experisental bhumeral fractures in
18 cow calves., The animals were divided into three groups (A, B
and ) of six animals each. Ee-nails, single Steinmann pin and
double Steinmann pins werse ussed for immobilization in animals of
group A, B oand 0, respectively. Radiographs were taken at
different intervals uplo ableast nine months. The radiographs
wers  evaluated for osteogenic reactions, infection and  any
migraticon of internal Ffixation devices. The results Wi e
encoudraging  in all the groups except the migration of pinsg  in
groups B oand (.

Bilngh et &1  (198%) in & case report described the

-y
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Fepalr humeral  fracturs in & buck. A snugly fitting
Kuntsochner intramedullary nail of appropriate size was introduced
into the proximal  segment and then anchored into the distal

segment  after proper reduction and alignment of the fracture.

After 2 months, the nall was found  totally  smbedded in the



medul lary cavity and clinical union of fracture had occurred. The
buck started bearing full weight on the affected limb.

Dallman &t al (1998) studied the rotational strength of
double pinning technigues in repair of transverse fractures of
femur  in dogs. Transverse mid-shaft fractures of  femurs from
freshly killed dogs were stabilized by means of & methods @ 35 mm
boine plate émd asrrews, single intramedullary  pin, double
intramedul lary pins retrograded proximally and driven distally to
the level of the femoral trochles, double intramedullary pins
retrograded distally and driven proximally into the trochenteric
region, double intramedullary pinning in Rush pin fashion and
multiple intramedullary pinning that filled the medullary cavity
at  the Jfractured site. A11 bones were subjected to  torsional

SR The measured strain was converted to forces of  torgue

and correlated with bone dianmeter to normalize the data. The
force of torgue from each fixation technigue were comparsad with
each obher and with the mean torgue force necessary to  fracture

intact femurs. Torsional shear applisd o plated femurs resul ted

i
-

e e

i &  Tailure & @ meran level of EEEY of the calculated

theoretical moment. Tortional forces were concentrated at  one

end of the plate and catastrophically failed at  that point,
whereas the fracture site remained rigidly fined. There was no
gignificant difference in the initial moment of torsional failure
betwssn the single intramedullary pin technigque (B.8% Nm). The

-

maltiple pinming  technigue was 1.8 to I times as effective in
resisting rotational forces conparsd with the other pinning

techniques put not significantly so.

Tver {199@) studied thes @effect of retained



intramedullary pin in the femur of & dog. The normal femur

waighed 14.1 grams and the pinned one 11.8 grams without the pin.

Comparad with the normal femur, the shaft of the pinned femur was

more  flattened, the midshaflt region appeared wider due to  good

callus  formation, the distal ends curved slightly in both

directions and labium laterale and mediale were not well defined,

The  length of  the normal femur was 11.7 om with  mid-shaft

circumference of 3 om and that of pinned femwr 1@0.7 cm and 6 om,

reaspectively., On radioleogical examination, the bone was  found

curverd in both directions. There was de

H
H

Creass
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i

in the density of

cortical bone of the shaft, well formed callus esxtending to  both

progimal  and  distal fragments with a

zone of  radiotransparent

tissus indicating the presence of fibro cartilage and shadow of

hallowness on the length of the bone with increased radiodensity.

There wWas no appreciable difference betwesn the marrow sogars

prepared from provimal end of normal and pinned femur.

Gahlot et &1 (1998) reported the use of modified iron

splint  for tibial fracture repale  in bovines. The splint

comprised of & ring, two parallel iron bars and a foot plate. 2]

transverse  bar connecting the two parallel bars was welded in  a

measured  positlion  Jjust above the hook. The splint was padded

with cotton  and bandage. The splint being placed on medial

aspect of the limb prevents medial deviation of fractured

fragment and averits it to becoms compound in nature.

Fostlin et &l (199@) reviewsd treatment and results of

metacarpal and metatarsal fracture in cattle. The cause of

fracture was

incorrect traction during

sted delievery in

almost  one  bthird of cases. 59 out of 7I cattle trested



conservatively and 7 out of 9 treated surgically were healed. In
TE animals the fracture healed without malposition; 28 developed
a shortening o bending of the affected limb, which with
gxception of one case, did not functionally impair the animals.
Complications ocourred in 22 patientsy in closed fracture this
was predominantly dus to dislocation of the fragments within  the
cast, whereas an osteomyelitis was uswally the cause in the case
of the opesn fractures.

Siedean et &l {(1991) reviewed medical records of 5
ralves with tibial fracture that were reduced and stabilized by
transfivation pinning and casting. Multiple Steinmann ping were
placed transvaersely  through  proximal  and distal fracture
fragmernts and the pin ends were incorporated inv fiberglass
material after fracture reduction. Cast material served as  an
external Trame o maintain pin position and fracture reduction.
Atter surgery all calves were ambulatory within 24 hours. Ta

improve  tarsal figation and achieve normal stance in 3 calves,

cast  revision was required on the caudal aspect of the limb.

Good radiographic and clinical evidence of stability was observed

i 310 weeks (mean 8 weeks), at which time the pins and casts

were removed.  Retuwrn of norsal function was rapid and judged to

brep excallent at follow-up evaluation 3-12 moriths

later.
Advantages of transfidetion pinning and casting in management of
tibial fractuwre includes flexibility in pin positioning. adequate

maintenance of reduction, sarly return to weight bearing status,

joint  mobility and sase of ambulation. The inability to  adjust

fixzation and alignment after cast application is a disadvantage

of this technigue, compared with other external fixators,

=8



Banner (1992 suggests & method of fracture
gtabilization under laboratory condition by Farley conpression
oot Although the studiss were conducted on a limited number of
limhs, the device appearsd to reducs stress, acting on the distal
third of metacsarpus and the first phalans.

Mubheriea and Sahay (1992&) made clinico-radiographic
evaluation of bielogicel ostecinducers in bthe healing of compound
fragtuwre  in goats. Radiographic signs of  garly osteogenesis,
obliteration of fracture gap by osseous tissue in 4 weeks and
complet@ wnion  and normal periosteal contour after & weeks
ocourred.

Mukherjea and Sahay (1992 made histomorphological
studies of Comnpound fracture healing with biological
csteoinducers in goats. Two biological ostecinducers viz., fresh
avtologous  bone marrow and bhomologous pulverized bone were used
locally in cases of compound fracture in goats. The histological
evidernce suggested that bone marrow exerts salutory effects in
the healing process to & moderate degree only. By &th week
newly formed bone tissue increased in the compact substance with

MEF I OW  SRECHST

ancg Haversian system were conspicuous but  osseous
activity was in progress.  When pulverized bone with marrow  was
usee  the features of osteogenssis wers appreciable by 4th  week
and by the end of &th week abundance of osteoms, thicker bony
trabeculas with varyving marrow spaces and significantly decreased
vascularity of the periosteum were observed. In control animals
compound  fracture was associated with delaved healing ard

inadegquate caloification by six wesks, apart feom massive

St



infection and non-union in one animal each.

Steiner et al (1993a) retrospectively evaluated 38
shaft fractures of the metacarpal and metatarsal in cattle using
& new radiographic scoring system. Open reduction and  internal
fivation provided significantly better long term resulis  than
external coaptation. A significant correlation was found between
the quality of the fracture reduction and the long term result.
0 correlation was not found brer b wereer age and body weight of the
animal  and the outcome, nor betwsen the time that elapsed from
trauma to treatment and the outcome.

5

T

giner et al (1993b) svaluated physeal fractures of

1 hes e b as ar pus and metatarsus  in 1é CARBES of cattle
retrogspectively wusing a ﬁ@w radiographic score system. 13
animals  were  treated by full limb casty 1 by modified walking
cast and 2 by open  reduction  and  internal fixation. A
sigrificant ﬁ@g&tivm- correlation was found between the body
waight of the animals and the bims thal elapsed from trauma  to
treatment respecltively, and the long term result. A correlation
was ot found between the quality of the fracture reduction and
the long term resultb.

Auer et al  (1993) reviewed internal fixation of long
hone fractures in 46 farm animals. 21 animals (446%) were treated
using external fixation and 16 (35Y%) with internal fixation, one
case was treated without any fixation by simple stall rest. In 8
(17%)  animals no  therapy was performed becauvse of economic
FEABONS The cases nanaged with external coaptation involved
mainly closed reduction trestment of distal physeal fractures of

metacarpal  III/7IV and metatarsal [I1I1/7IV and healed without



conplications. Out  of the 16 animals trested with internal
fiwation, 1% were cattle and one was a sheep. In 14 A0 implants
namely  dynamic compression plates and dynamic  gondylar screws

were used. Ten of 16 cases (434) resulted in successful outcome.

Orne  case had  to be treated twice but eventually twrned out
successfully.  In another case, partial bresakdown of the fixation
developed but the fracture healed with & minimal hyperextension
defarmity. Both  humaral fractures (12.5%) and  both proximal

tibial fractures (12,854 failed shortly after recovery from

anassthesia and initiation of weight be

aring  on the repaired
Dere . The greatest disadvantsge of the described treatment are
the costs of the swoery and implants.

Dubey &t &l (1993) used intramedullary nails prepared
fram boving horn for managemsant of transverse femoral fractures
i 4 dogs inoan esperimental study. A disadvantage of the horn
pin was the difficulty in visualizing them radiographically,  but
the advantages were the ability to shape the pins  individually,
the lack of reaction in contact with the endosteuwnm and  larger
periosteal callus with better fracture healing than with metal
pins.,

Ross and  Matthiesen (1993) successful ly treated
orthopasdic injuries in 74 dogs  using multiple Rin and
methylmethacrylate external sheletal fixation. The major
advantages associated with wse of the E@chﬂique included
increassd versatility in the location and angle of fixation pin
placement and greater sase in placemsnt of the connecting bar
when compared with conventional clamp and cornnecting bar systems,

particularly with transarticular placement of a device. The

a1



major  disadvantages associated with the technigque included,
increased difficulty compared with conventional kK-E  systems
regarding  postoperative adjustment of the device and difficulty
in  removing  individual  pins  that were loose or infected.
Generally, removal of the device was not a problem, provided
sufficient space was left betwsen the connecting bar and the skin
surface. Complications associated with the technigue were
similar to studiss which have svaluated other types of external
fivation and include figation pin loesening, pin tract drainage
or infection, fixation failure, osteomyelitis, angular limb
deformity, malunion, delayed union and non-union. The multiple
pin and methylmethacrylate sxternal fivator provides a useful and
effective asthod of repair for a wide variety of oarthopaedic
injuries. The use of methylmethacrylate as a connecting bar is
a helpful adiunct to standard external fixation systems.

Salem et al (1993 described adaptation of the
Ilizarov method for bone swgery in sheep. A fracture of
metacarpus was made in 24 sheep and fracture fivation was carried
out using & simplified Ilizarov method in 12 sheep and using the
Maynard method in obther 12. Clinical, radioleographical and
histological  examination showed that healing was more rapid and
more complete when Ilirarov method was used.

Dixorn et &1 (1994) gvaluated the effects of +three
different technigues of intramedullary pin plac@mentvmn proximal
pin location and incidence of stifle joint injury using 70
cadaver canine tiblas after mid-diaphyseal osteotomy. Inm 58
tiblae, pins were placed retrograde in either & nondirected

(group A) or a craniomedially directed fashion (group B)Y with 25

ol
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tibizge in sach group. Fins were driven normograde (group N din
2 tibias. A1l the stifles were dissected to qualitatively
evaluate pin interference with different joint structures. Erc-
an radiographs of the tibial plateaus were used to gquantitatively
evaluate pin location. Interference with the caudal coruciate
Ligament, medial meniscus, lateral meniscus or meniscal ligaments
was  not observed  din &ny group. There was & significant
assooiation betwaen pinning  technigue and incidence o f
involvemsnt  of the cranial oruciste ligament, patella, patellar
ligament and femoral condyle. Pin location for group A was
significantly different from either other group in a coranial-
caudal direction and was significantly different from group N in
a medial-lateral direction. Mo significant difference W
ohserved betwssn pin location for group B and N in sithsr plane.
Tt was concluded that although nondirected retrograde  pinming
cannot  be recommended, retrograde pins  directed craniomedially
may be am acceptable technigue for the repailr of proximal to mid-
diaphyseal tibial fractures if carse is taken to propsrly seat the
pins,

Doiphode  (19%4) made comparative study of different
bypes  of  splintage in the breatmsnt of long bone fractures of

sheep  and  goats. Flaster of Paris bandage, outrigger methods

using motor cycle spokes and resin impregnated bandage reinforced
with bamboo splints were used for immobilization inm 3 groups.
The resin impregnated bandage reinforced with bamboo splints was
simple, gconomical  and effective method for treatment o f

fracturas in shesp and goats.

Duhautois  (1993) described the development of lochked



intramgdullary  pinning to overcome some of the problems  of

classical  intramedullary pinning. It was concluded  that  the

technigue may be used to stabilize fractures in the long bones of

dogs  and  cats. The advantages of the teschnigue are ita

simplicity, the stability of the pin and the elimination of

sCiatic nerve problems.

Marnde et a1 (1999 clinically evaluated some of  the
plaster caste available in Kenva. The ease of cast breakage, the

grtent of cast wearing at the foot, the ability to bear weight on

the cast limb, the severity of lameness and cast related

complications

were compared clinically in 3 groups of & calves

each, cast with different plaster of FParis bandages (Flasrun-

gyps, Veronese and Salvagyps) and observed for next 21 days.

Cast breabage was sesn only in one case in which Plasrun—gyps was

used but was ohserved in most of the cases casted with Veronese

and Salvagyps. Cast bresakage was more often seen at the midshaft

of  the metacarpud than at the fetlock. There was marked cast

wearing at  the foot in all plaster casts. All casts enabled

welght  besring  in all calves and when lamgness was seen  to  be

savera this was due to broken casts whose sdges iopringed on soft

tissue causing pain. Since Plasrun-—gyps had the lowest number of

breakage on clinical application, it was considered to be the

most suitable for use on calf limbs.

Anderson et al (1995) reviewsd the use of a Thomas

splint-cast combinstion for stabilization of tibial fractures in

cattle in 21 cases bebwsen 19731993, The bhones of 17 (B1%) of

the 21 healed. Ressarch indicated that Thomas splint-cast

combination was an effective and economical technigus for

84



atabilization of tibial fractures in cattle.

Fofler and  Stanek (1995 evaluated treatment of
metacarpal  and metatarsal fractures in cattle between 1984-1993
in a retrospective  setudy. 19 metacarpal and 8 metatarsal
fractures were btreated. 24 fractures were closed and 3 were
CEIET 24 cases were discharged after a recovery period of 6
weeks,

Harkate et al (1993) reported & case gf bilateral
metacarpal fracturs in a goatb. Radiological @xamination
demonstrated short obligue fracture of lowsr third of left
matacarpus and  transverse fracture of right mstacarpus at  its
prodimal thivd diaphysis. Open reduction and internal fixation
with horn plates was performed in both the metacarpals. The horn
plates were fixed on lateral surface of bone with one stainless
ahes] ascrew  on @ach side of fracture ling on both the
metacarpals. There wes functional weight bearing by both  the
forelimb from 45th post-operative day. It was concluded that
bilateral metacarpal fracture in goat couwld be successfully

treated by cost effective horn plating.
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MATERIALS AND METHODS

The present study was carried out in two groups. Group
Aoconsisted of 143 goats which were examined at Surgery olinic
of College of Veterinary and Animal Science, BRikaner from a
period of July 94 to June 96,

Goats of either sex and various age groups  were
examined clinically and radiclegically for the various fractures.
These were treated by an appropriate method of external or
internal  dmmobilization technigue depending upon  the type of
fracture and bone involved.

The goats of group B were part of a retrospective study
derived from 1262 case records of last 1% years of Surgery clinic
to find out the incidence of fractures in goats. This served not
only as testimony to the incidence and occurrence of  various
fractures screened over the past years bult also served as a
useful data  indicating a trend of fractures in goats. The
animals  of this group lacked elaboration on etiology, symptoms
and diagnostic methods adopted, hence served as basal data only.

In  order to maintain consistency  in recording  of
clinical cases of various fractures among the animals of group A,
a record sheet was prepared (Appendix 1) and was filled
accordingly. 1t incorporated the detaills of animal, history,

clinical & radiological examination and treatment.
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HISTORY

A detailed case history was recorded for every case in
relation  to  age, sex, duration of indury, colinical signs  and
possible etiology of the fracture as per the proforma appended

(Appendiy 1),

EXAMINATION

Each animal  was thoroughly examined clinically and
radiographically. For clinical examination the animal was first
obhserved in standing position to see any difference in.gait and
waight bsaring by the affectsd limb. The physical examination of
the affected 1imb was done in lateral recumbancy keeping the
fractured limb uppermnost, for any swelling at the site and type
of fracture.

A1l the cases which were showing no weight bearing and
remalnead suspected for fracture were subjected to plain
radiography to assess the type of fracture and possible treatment
to be followsd.

Lateral or  darsapalmar/dorsoplanter  views of the
fractured site was taken with radiographic factors as per shown
in table 1,

For  radiography of plastered limb the mAs was doubled

keeping the EV same as on unplastered limb. The film was
By oressed by rouwtins  procedure., The animals were also
radiographed at regular intervals Jduring the process of healing.



Table 1. Radiographic factors used for lateral or dorsopalmar /
dorsoplanter views for various bhones.

Limb View mAs kV
A.FORELIME
Humerus (Adult) ML 12 7@
Humerus  (Kid) M. a &HB
Radius Ulna L a8 &@
Radius Ulna(kid) i & e
Carpus, Metacarpus & Digit DFa 8 55
L. 6 53
B.HINDLIMB
Femur ML. 10 7
Femur (Kid) Ml 8 &0
Tibia I & &0
Tibia (kid) i & bl
Tarsus, Metatarsus & Digit DF1 8 a8
L. b a5

INSTRUMENTS USED

A routine ﬁgrgical pack with orthopaedic instruments
such as pin cutter, pin chunk, muscle separator, bone cutter,
hammer, chisel, orthopaedic wire were also used for the internal
fikation techniques.

For external fixation the simple coaptation splinting
wsing plaster of Faris cast was used.

Modified Thomas splint was prepared from the aluminium

hangers.

ANAESTHESIA
General anaesthesia was given only to the animals
wndergoing  internal  fixation. Atropine sulphate was given as

preanassthetic agent at a dose rate of .2 mg/kg body weight.
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Ketamineg and syvlazine combination was used for general
anaesthesia at the dose rate of 2-4 mg/kg and 0.2-0.% mg/kg body
weight, respectively. The animal was kept off feed for 2 hours
prior  to  operation and no water was offered 12 hours prior to

SUrQEry .

TREATMENT

Animals  brought to the surgery clinic having fracture
of different bones were treated by suitable internal or external
fivation technigues. The internal fidation technigue was used
only in a situation where external fixation was not feasible
e.0.5 fracture of humerus, olecranon process of ulmna and  femur.
For all other appendicular fractures plaster of Faris cast or

Thomas splint were used.

IMMOBILIZATION BY INTERNAL FIXATION
Intramedullary pinning

Evecept for the difference in size and physical factors,
the techrigue for intramedullary pinming in large animals is much
the same as that described for small animals and was  performed
as per the techrnigque described by Archibald (1974) in retrograde
fashion with the sodification that the pins were made pointed
from  other side also. Freoperative radiograph was  taken to
access  the size  and diameter of the pin. The operation was
performed in general anagsthesia. In internal fixation technique
aingle  or double intramedullary pinning was done depending upon
the age of the andimal and diameter of the medullary canal.

Fostoperatively aryimel WAS administered with
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antibiotics for 5 days and antiinflammatory drug for 3 days.
Skin sutuwre were removed after 10 days postoperatively. Fin was

ramaved after clinical and radiological union had occurred.

IMMOBILIZATION BY EXTERNAL FIXATION
For  external fixation generally plaster of Paris cast
was  used. I ong young animal modified Thomes splint was  also

e .

Flaster of Paris cast:

The external immobilization with plaster of Faris cast
was  done  as  per the technique described by Oehme and Frier
{1974y, In  compound frackureg a window was created at the
fracture site after 48 hours to facilitate the local dressing.
Arrimal  was  also given antibiotics for § days in cases of
compound fractures only.

The plaster of Paris cast was removed after 24 weeks

in young animal and &8 weeks in adult animal.

Modified Thomas splint:

It was used only in one case of fracture of humerus in
young kid where there was no displacement of fractured fragments.
Gluminium  hanger was  used Tor this purpose. The splint was
prepared as per the technigue described by Brinker et al (1983).
The splint was removed after I weeks.

In one yourng animal with 7 day old undisplaced fracture
of  femoral neck Velpaeu bandage was applied as per technique

described by Whitbick {(1974).
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EVALUATION PARAMETERS

Healing of the fracture was evaluated clinically and
radiographically  at weeskly interval in young animal and at 13
days interval in adult animal.
1. Clinical examination: The animals were observed clinically for
lameness,  weight bearing, local swelling, any complication eto.
from the treatment day till the healing had ocourred.
2.Radiological examination: The plain radiographs were taken
immediately after internal fidation and after 7, 14 and 21 or 2
gdave  An o yourg and 15, 3@, 40 and 68 days in adult  animals. The
radiographs were taken medicolaterally for all bones sxcept for
phalany fracture where antericor-posterior view were taken.

In aaﬁeé of  external  fixation the radiographs of
plastered limb were takern at 7, 14 and 21 or 28 days interval in

yvoung animal and 15, 30, 4% or 60 days interval in adult animal.

OTHER TREATMENT

In one animal having fracture of third phalany  with
infection at site surgical amputation of the third phalany was
chore .

In one adult animal having fracture of dleum the
blister {(bin iodide of Mercury) was applied at the fracture site.

Im one animal with old fracture of mandible “ternal

support was provided,
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RESUL TS AND DISCUSSION

I the present study 7646 cases of various caprine

surgical aillments were soreened of which 143 showed fracture  and

ware  cabtegorized as

A O A . In a 1% vears rebtros

nective  shtudy

out. of 10515 caprine cases of various surgical ailments screened,

1263 showed fracotbur

amc  these compri groap-i .,

INCIDENCE

The incidence of frachtures was 14.88%  and 2.A% in

Ju AP

animals of group & and B, respectively. The overall incidence of

1 L IR A
Aol it S

fracture

g 8

Himg  limbg sustained more frachures than  forelimbh as

reflectad  in the incidences vir., 41L.25% and 48.96% for the fore
Timb  and Sé6.64 and 54.10% for the hind limb, in the animals of
group A and B, respeotively (Appendix IVY.  Similar findings were
oheserved by  Singh ed &1 (1987%) in their study on 78 clinical
cases  of fracturess in capring. Fatil et al (1991) studied 471
cliniceal cazes of fractuwres of domestic animals and aves and alsa
found higher incidence of hind limb fractures (47.4%) as compared
to fore limb (328.46%). 8imilarly Ganesh et &1 (1994) found higher
incidence of orthopasdic ailment of pelvic limb (78%)  than of
nectoral limb (3207%) in & suwrvey conducted on 107 large animals.

Thi incidence of open fracture was 6,394 and &.4653%, in

)
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the animals of group A and B, respectively. However, Brinker et

&l (1983 reported 5% incidence of open fractures in canines.

A

4 gex ratio vis-a-vie  fractures revealed higher
i idence of fractures in females (71.32%) than males (ZB.674) in
.

the animals  of group & (Appendix T1). Similar findings were

¥E

vy Bingh et al (1983), who also found higher incldence
ot  fractures in females (69.23%) than in males (380.76%4). Fatil
gt al  {(1991)  also observed higher incidence of fracture in
females  than males in domestic animals except donkey, camel and
dog, where males showsd highsr incidence. Contrarily Fhillips
{(1979) Jfound highsr  dncidence of fracture in male {(58.1 and

2.4

AFL.ELY  as comparsd to femals (41.7 and 31.7%) in cats and  dogs,

recpectively.

A age vis-a-vis fractures comparison revealed higher
incidence of fracture in arnimals of age group below 1 yvear in the
animals  of  group & {(Appendix TI1).  The incidence of fracture
Below 1 yvear, betwsen -3 vear and above 3 vear was 32.44, 38,44

Dl w

and 2.89%,. re

ectively., Similarly Fhillips (1979) found higher
Fraquaency of fracturss in age group below L oyear [(51.7 and 49.5%)
than  betweern L-3 yvesr (2609 and 38.32%0) and above 3 years (21.8
antd  2@0.1%) in dogs and cats, respectively. Ganesh et &l  (1994)
alsn  reported higher incidence of orthopasdic ailments below L
yaar of age (64.468%) than between 1-4 vear (30.84%) and 4-8 vyear
of  age  (4,674) in a survey conducted on 1087 cases of  large
animals.

Contrary to  the present finding Singh &t &1 (1983)
found dincidence of fracture aﬁ_iﬁ.ME, 46,15, lé.bbH and 5.12%  in

animales of age group below 1 year, between 1-3 year, between J-é&



yvear  and  above & vears of age, respectively in  caprine. They
alao found higher incidence of fracture in age group of 1-3 years
in bovins bt in eguine and canine it was highsr in animals upto
L oyear of ags.

Higher incidence of hind limb fractures, as observed in

the present study may be due to fregquent traumatization of  hind

quartér an & resuwlt of hitting on hiﬁdqu&rtwr” aoverrun by cycles/
avtomobile in narrow streets and close habitations and  falling,
thus  such fractuwres could be sccounted more to the managemental
problemns.

The lower incidence of fracture in male animals and
between  1-3  vears of age group could well be accounted to  the
reason that such animals are frequently slaughtered and at  times
despite of orthopaedic traumatization slaughtering is preferred
aover  treatment, hence incidence of male animals acorue less for
fractures than females.

I the andmals of group & most of fractures line were
ohligus (34.802%), transverse (J4.55%) or comminuted (18.24%)  in
natwre  where as most of the fractures were across  the middle
third (&4&6/118), lower third (Z29/71156) and upper third (21/7114) of
the diaphysis (Appendix VYV oand Figwrs 4, 8, 9, 11, 15, 19, 28, 21,
2Ry 26, . 2B and FE).

Singh et &l  (1983) also reported that most of  the
fracturss involved shaft of the bones and were sither comninuted,
obligue or transverse in nature. They found higher incidence of
compminuted  (ER.5%), followsed by obligue (320.3%) and transverse

(12.2%) fractures in cattle. These together constitute 81.24 of

gl

all the fractures recorded. In goat they found 25,4, 48.8 and



= 7y ef fractures  to be transverse, obligue or  comminuted,

a2 fractures  were

H

respectively  while in dogs percentage of thess

4%, 1, LB ang 14046, respectively.

Ffeiffer (1977 alen reported higher incidence of
diaphyseal fracture (74%) of tibia in dogs as compared to epi  or

fracture (Z&6%4).

e ey s
Fatil et &@! (1991) alsco  found  that most of  the

fractures involved shaft of the bones and were sithsr comminubed,

obligue or transverse in matﬁrwy regardless of the species.
Majority of fractures of femur, tibia and phaland

involved prodimal and middle third (Figure 4, 7, 8, 9, 11, 20,

2, 22, ERy 41, 4% and 43) while in metatarsal, hunerus,

Fadiug ulpna  and  metacaerpal middle and distal  third of the
diaphysis was involwed (14, 13, 16, 17, 27, 29, 30, Z1, 33, Ib
and  E&).  Hingh et &l (1982) recorded sajority of fractures of
Rumerus and  bibda i the proximal and  middle  third, whereas,
radius wlna, metacarpal, femur and metatarsal fractures were
moastly across bthe middles and distal thied.

G@img to the lack of information on the record sheest in
the andmals of group B, the sex ratio, age wise distribution and

type of fracture could not be determinesd.

FORE LIME

The various bones in order, upper to lower ones, will
he discussed,
SCAPLLA

The incidence of fracture of scapula was  found as

miviimal  as @.474 in thes

o~
B

animals of group B, where as animals of



growp A did not reveal these fractures. The lower incidence of

srapula  fracture has been reported by Heichel (19%4)  in eguine

arnd bovipg (14), Fhillips {(1979) in dogs and cats (1.4 and  @.3%,

respectively) and Singh et &l (1983) in bovine (8.374). Ferguson

(1983) and Tyagi & Singh (1992) also reported rare occurrence  of

thess fracturs in cattle.

HUMERUS

The incidence of humerus fracture was found to be 8.39%

e

i the animals of group &, whereas 1t was &.10% in the animals of

group B Out of 12 animals of bumerus fracture in group A, 4

were male and 8 were female. A animals were below 1 yesar, 5 were

between 1-3 yvears and 1 was above 3 yvears of age group.

Incidence of humerus fracturs was found to be 5% by

Reichel (198%&)  in eguing and bovines 4.4 amd 7.7% in cats  and
dogs, respectively, by FPhillips (197%); 5,174 in sheep and goat by

Simgh  and Nigam 1981y 5.1, 7.5 amd 13.2 % in

caprine, bovine

and canins,

somctively, by Singh et al (198313 less than 34 in
cattle by Ferguson (1982); 4.3% in cattle by Adams  (1985); 7.5
arnd  13.3Y 0 dn bovine and canines, respechbively by Fatil et al
{1991 and 3% in cattle by Tyvagi and Singh (1993

RADIUS ULNA

During  the course of

study the incidence of
fracture  in radius ulna was 7.469% in the animals of group & and
&.97% dm o the animals of group B, Dut of 11 animals of group A, 3

were male and 8 were female. 4 animals were below 1 year of age,

& were between -3 vear of age and one wag above 3 vear of  age

S



G CIAED

Reichel (19%4) ohserved slightly lower incidence of
radius  ulna fracture (&%) in eguine and bovine. Feital (1971)
found  incidence of radius ulpa as 1@0%  in equine. Relatively
higher incidence of radius ulna fracture was observed by Fhillips
(1979) in cats (#.4%) and dogs (17.3%).

Contrarily, Singh  and  Nigam (1981) found 1mwer
incidence of radius  Wina fracture in sheep and goat  (3.8%).
Similarly, Singh et &1 (1983%) also found lower incidence  of
radius  wlna . fracture in caprine (3.8%) but  higher in bovine
(L1.10%), eguine {(18.1%) and canines (16.5%).

Imgidence of radius ulna fracture was found to be 7%

and  1B3.84%  as  reporbted by Ferguson (1982)  and Adams (19835,

respectively in bhovines.

&1 (1985 found comparatively higher incidence
of radivs wlina fracture (1@.18%) in goabs.

Fatil et al (19%1) found the incidence of radius wlna
fracture to be 7.2% in goats which is similar to the findings of
present study. But  they found higher incidence of these
fractures in bovime (18.7%) and caming (1L.4%).

Tyagd and Singh (1993) found 7-11% incidernce of radius

wina fracture in cattle and buffalo.

METACARFAL

The animals of group A showsd 21.67% incidence of
metacarpal  fracture, whereas it was 27.41%4 in  the animals of
group B. o Owt of 21 animals of metacarpal fracture of group A, 10

welre  mals  and 21 were fomnale, Seventeesn animals were below 1

'n-‘ R



year of age, 13 were between 1-3 vears of age and 2 were above 3
yaears of age grodp. 4 out of 31 animals showed open fracture.

Feichel {1958) alsn  found  higher incidence of
matacarpal fracture (2174 in equine and bovine.

Feital (1971} ohserved lower incidence (9 and 1174) of

metacarpal fracturs in eguineg and bovine, respectively.

Lower  incidence of mnetacarpal fracture in doges  (4.6%)

and cats {(1.37%9) was obs

rvid by Fhillips (1979).

Singh  and  Nigam (1981) reported 195.3% incidence of
metacarpal fracture in  sheep and goat. Singh et &l (1983)
reported  the incidence of caprine, bovine, equine and canine
metacarpal  fractures to be 15.3, 10.8, 18.1  and  1.8&%,
respectively.

Ferguson (19ad) reported  combined incidence o f

meElacarpal argd  metatarsal frachture to  be 3@% with ila Tl
involvement of metacarpal bone.

Adams (198%) found higher incidence (29%) of meltacarpal
fracture in cattle. Dass et &l (198D) Ffound highest incidence of
metacarpal  fractwre  (346.11%)  in an analysis of 108 cases of
fractuwres in goat.

Fatil et &1 (1991) found 23%.3% incidence of metacarpal

fracture in goats which is similar bto the observation of present

study. They also reported incidence of metacarpal fracture to be
16.4 and 446,.46% in bovine and sheep, respechtively.

Tyagi and Singh (1993) reported lower incidence (19.8%)

=
i
—h

metacarpal fractuwre in bovine,

ae



HIND LIMRE
FEMUR
The incidence of femur fracture in the animals of group

B oand B owas 11.18 and 9.832%, res Out of 16 animals of

oy

femur  fracture in group A, 2 were male and 14 were female. &
animals were below 1 year of age group, 8 between 1-3I year age

-

were above 3 oyears age group.

y
e

CIFOURY & d

shsl (198564 found lower incidence (74)  of  fenoral
fracture in equine and canine.

Conmtrarily Feital (1971) found higher incidence (177%)
of femur Ffractuwrs in bovine.

Fhillips (1979 also observed higher freguency of femur
fracture in cats and dogs as 28.2 and 14.8%4, respectively.

SBingh  and Nigam (1981) reported highest incidence of
femur fracture (32%) in sheep and goat. Singh &8 &1 (1983) also

reported  highest incidence of femur fracture in caprines (39%).

R

anatow

They also reported incidence of femar fracture te be 4.8, 22.7
and B5.5% in bovine, equine and canines, respectively.

Adams  (19785) reported 19 incidence of femur  fracture
in ocattle. Dass &t &l (1985) reported 12.0%% incidence of
fractuwre of femur in goats,

Fatil st &l (1991) reported lower incidence of femoral
fracture in goats., It was below 7.2% as reported for radius ulna
fréctureﬁ but they found higher incidence of fenur fracture 19.0
and I5.87% in bovine and canines, respectively.

Tyagd and Singh (1993 found less than 5% incidence of
femar fracturs in cattle

B

%
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TIERIA

The incidence of tibial fracture was found to be

Wt
Fn

highssth 231774 in andmals of group A, while it was

14714 in

the amimals of group B. Out of 3246 animals of group A with tibia

e

fracture L3 wers male and 2% were foemale. 22 animals were below

Lovear aof age, 11 were between 1-3 vear of age and 2 were above 3

vaars of

group. 2 oub of Z4 arnimals showed open fracture.
Feichel (1954) reported incidence of tibial fracture in

goptine and bovins to be 18%. Feital (1971) found the incidence of

fracture in equine and bovine as 2% and 13%, respectively.
Fhillips (197%) reported lower incidence of tibial

fracture in dogs (14.8%) and cats (5.4%).

o

SGingh  and Nigam (1981) found the incidence of tibial

fracture in sheep and goat to be Z1.7%4. Similarly Singh et

1]
s

(198%)  also reported  21.7% incidence of  tibial fracture  in
capring.  They also reported the incidence of tibial fracture in
ovire, equine and canine as 28,7, 15,8 and 22.5%, respectively.

Ferguson (1982) and Adams (1988) reported 12 and  15%

incidence of tibial fracture in cattle and eguines, respechtively.

Contrarily, Dass et al (1985) reported comparatively
Tower incidence of tibial fracturs (11,117 in goats.

Fatil &t &l (1991} observed almost equal incidence  of

tihia (24%), metacarpal (23.2%) and metatarsal (23.2%) fracture
in goate. They also reported 37,23 and 34% incidence of tibial
fracture in bovirnsg and canineg, respectively.

Tyagi and Singh (1993 also reported higher incidence

- 4 R

of tibial frachures in cabtble (28¥Y) and shesp (E22%0.

i



METATARSAL
The incidence of metatarsal fracture was found to  be

among the animals of group B. The ingidencs of metatarsal

Mgl
fracture was 1&.08 and 27.73% in the animals of group A and  H,

¥4

respectively. ut of 2% animals of group A with metatarsal

Fractureg 2 were male and 13 were female. 1% animals were below 1

T £
i

vaear of ags, 7 wers bDelween 1-3 year o z oand 1 was  above D

m

ag

Y

year of 2 oout of 2% animals showed open fracture.

Loesezy incidence  of metatarsal  fracture (7%) WaE
observed by Reichel (1954) in equine and bovine whereas Feital
(1971 found it to be 9 oand 114 in egquine and bovine. Fhillips
(1979 found it 2.9 and 2.0% in canine and feline, respectively.

Singh  and  Nigam {(1981) reported 18.2Y%  incidence of

metatareal fracturs in sheep and goats. Singh et al (1983 found

1.2, 21,28 and 9.0% incidence of metatarsal fracture in caprineg,

Bowving and equing, respectively.
Adame (15945} reported lower incidence (8.6&%) of

metatarsal frachture in cattle,

et al (1985) reported higher incidence (25.%92%) of
matatarsal fracture In goats. Patil & &l (1991) also  found
higher incidence of metatarsal fractures (2%.2%) in goats.

Tyagi and Singh (1993) recorded  21.2%  incidence of

metatarsal fracture in bovine,

PHALANX

[,

r

-t

The incidence of phalany fracture was 5.59% the

arnimals of group A, while it was 1.58% in the animals of group E.



Out  of B cases of phalangeal fracture one was male and 7 were

femalss. 2 animals wers Delow 1 oyear of age, 3 animals  Detween

1-Z years of age and I3 animals were bhelow

years of age group.

W Ll

Feichal  (1954) observed highest  incidence (33%) of

phalangeal fracturss in cattle.
Fhillips (197%) observed lower incidence (2.8 and B.7%)

of phalarngs

3l fracture in dogs and cats, respechively.

Simgh  and  Migam  (1981)  found comparatively higher

incidencs  of  phalany  fractore  (4.4%) in sheep and goat as

compared to the present study, Bimilar findings were observed by

-

Singh et &l (190835 dirn caprine.  They also found the incidence of

phalangeal  fracture in caprine, bovine and squine as &.4, 13,4

ard 9.0%, respectively,

The lowsr incidence of phalangeal fracture in cattle
(1.1%)  and  eguines (2.98%) wers reported by Adams  (198%)  and

[ingh (1993217, respectively.

OTHER BONES

The incidence of fractures of other bones was very low

im animals of bobh groups A and B vig. tarsals {(1.39 and  1.34%),

pelvis (1,469 and 8.47), mandible (@.4% and B8.63%), ribs (B.69 and

s

R.234) and vertebra (0.46% and B.47%4), respectively.
Reichel (1934) reported the incidence of pelvis as 2%

and of spine, scapula and cranium as 14 in egquine and bovine.

Fhillips (1979 reportsd higher inclidence of  tarsals,

pelvis, mandible and rib as 5.6 and 4.0%, 15.8 and 24.8%, Z.% and

11.4% and

5
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and @.4%  for dogs and cats, respectively.

Sirgh and Migam (1981) found higher incidence of pelvis




e

fracture (#.6%) in sheep and goats. Similarly, Singh et al
(1L9R7)  also  reported incidence of pelvis fracture as Z2.6%4  in
O LTE, They alszo found the incidence of pelvis  and mandible
frachture as 0.3% in bovine and of vertebra as 2.4% in canines.

The minimal incidence of fracture of scapula could be

puplaingd on the analogy of ibs sdvant

pmos anatomical location
where it remains survounded by the ribs and muscles  hence not

commonly  pred ta the divect traumatization which other

limb bones are predisposed to.

The  higher incidence of fracture of tibia, metacarpal

arngd metatarsal camn be suplained on the basis that thess bones are

covered  only by skin and fa

ra with & thin muscular layer. so
@ven a slight external btrauma can cause fracture of these bones,
The lower incidence of femuwr and humerus fracture could be due to

HUEEE

sive and abundant muscoles covering thess bones. Comparatively

lower dncidence of  humerus fracture as compared

-

¢ femur is

E

hecause bthe bone  is relatively thick and short so 1t is  not

easily o

gdisposed to fracture, Lowsr incidence of radius ulna
fractures may be dug to its paired nature.

Higher incidence of frectures in young animal below 1
year could be dus to thin cortes of the young animals as comparsad

tor the adult ones. The yvoung animals, being naughty are more

prone to external traumabtization by falling or other means.



ETIOLOGY

In the animales of present study, the VErious

ehiclogioal

agents causing frachures in goats, recorded as  per
history were ¢ contusion (B1), accidental injury (28), falling on
giouct From helght (21, btrapping in the cow cabtcher (8), dog bhite
(Z) and unknown eticlogy (32).

The incidence of orthopasdic problem in sheep and goat

is highesst. Ganesh &t &l (1994) found incidence of orthopasdic

prolem  dn sheep and goat, cattle, buffalo and other species &g

i

G2a.by 3.5, 1.0 and L.9%, respectively.
The most  common cause of fracture remained external

radma in animals of prs tomhudy . Contusion injuwriss like

lathi Dblow while qgoats are taken  to open  pastures, stone
Lhrowing by the  children or while grazing in others  fisld,
falling of brick or stone and stepping by cows/buffalo over legs
whers  common hu%bamﬁr% practices are adopted, constitute the
major cause of fracture in the animals of group A.

Goat is a

poor man s cow o and is being kept as & milch

and  meat animal. Males are sold out for meat purposes. Most of

the at  owners live under hardship and  in close habitation.
Goats  are  uwsually kept on road/street  side thus  are more
predisposed to cycle/automobile accident, dog bite sto.  In the

5

arimals  of  present  study coyele, motor coyvols, auto-rickshaw,
scooter,  tongas and camel carh wheel accident causing fractures
werre  beought  for treatment. Generally the animal is  hit  from

behind by  these objects or they overrun the animals leg whils

they were  sitting. thus causing more  hind  limb injuries

iz
o



particularly of tibia and cannon region. Similar findings of
highsr number of hind limb fractures and more incidence of  tibia
and  cannon bhones fracture were observed during  the course of
present stody.

Falling on ground from height was also & common  cause
of  fractures in the animals of group A, Falling of the animals
from  bhoundary wall, stairs and roof of the house were observed
during the couwrss of this study. Goat, particularly kid, being
naughty freqguently step up on stairs, roof or boundary wall  and
whan they fall from height get trauamatized and fractursd.

Btepping in a hole or a trench while running  or  when

i

leagg 4 caught  in & cow catchsr or in o a  gate have also  been

reparted to cause rauma leading to fracture during the course of

present shudy,

Goats often fall pray of street dog. Fractures dug to
dog bite injury or trauvma resuliting from running of andimal dus to
fear of & dog arnd subsequently falling or accident were also
recorded in the pressnt shudy.

Dass

gt al (1985 in an analvsils of 108 cases of
fractwres  in the hilly teerain of the Chholanagpur  showsed that
over half of the fractures resulted from falls and only 2@ from
traffic accidents.

Spontanecus or pathological fracture were not  recorded
in the pressnt study.  Although these may be seguel to the  tumor
and oyst, csteoporosis, localized bone infection and rickets eto.

(Tyagi and Singh, 1993).
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CLINICAL SIGNS

Table 2: Clinidcal signs of fractures recorded for various bones.

Weight Abnormal Local Pain on Crepitation
bearing deviation Swelling Falpation

Femur ¥ fu] Y iore l.ess
Humerus My Lems re Less
Tibia Mo More Lo More
Radius—

Ulna N More Lpss More More
Metatarsal MNo More Less More More
Metacarpal No More Less More Moy e
Fhalanx N L.oss More Gevere less

BT R e e R S e

Following sympioms were commonly observed in &1l the
animals of group A which were presented for treatment.
i) fBhoence of weight bearing
Li)Y 0 Abmormal deviation
1ii)Y Local swelling

iv)y  Pain on palpation

V) Creapltation

Absence of Weight bearing

11 the animals which were brouwght for the ltreatment
did not bear weight by the affected limb. Affected limb was kept
i semi  flexed stance with  toe  touching  the grmuﬁd whiile
standing, bul during locomobion animal limpsd with the affected

Timby with partial to complete absence of weight besring.

fbnormal deviation

The pathogromic sign - abimormal deviation was  observed

i
3\



in all fractures of long bonegs. It was inappreciable in digital

fractures., Aliwly long bones such an abrormal  deviation was

viwibly evident in fractuwres of radius wlna, tibia, metacarpal,

metatarsal  bot was confirmed on palpation in fractures of feoar

arel Fumerus .,

this was thalt humerus and Temur are
coversd with thick suscles and associated inflammation reshbricts
movement  of  the  fractuwrsd  Tragment. In  humerue and Temur
fractures  the  limbs showsd exesssive abduction  angd  adduction.
Digital fractures did nobt revesl such deviation possibly because

of Thedir small size and lack of space in nelghbouwring area.

Local swelling

A swelling was sost marked in the fractures of  the
femur followsd by hwneras, phalansd, radius wlna, tibia and cannon
bones.  SBwelling at  the fracture site ocouwrs  as  a  result of

taaring  of soft bissue inglu

g hhe periosteuam and  swerounding
muscles and rupturing of blood vessels across the fracture  ling

e R

resuliting in formation of hasmatons.

Fain

Fain was evidenced on palpation of fractured fragment.
Dagraes  of  pain was conparatively less  in humerus  and  feour
fractures tLhan radivs ulna, tibia, metacarpal and metatarsal
fractures., Fain was severe in cases of phalangeal fTracture as
evidenced by flirnching and groaning by the animal on palpation of

digital aresa.



Crepitation

It was produced by moving the  proximal and  distal
fractured fragment against sach other. The crepitation was heard
more pronouwnced in tibda, metatarsal, radivs ulna and  metacarpal

fracturs than Temur and humeruas Tractures

This may bs dus  to

v

don of  soft tissuwe between the fractured end in the

interpe

famur and  bumes fracture as bthess

are ooversd by heavy  ouscles
while other long Dbones lack abundance of soft tissue around them.

In ths present study one animal with fractuwre of lumbar
vertebra accompanied wilth paralysie was seen. This animal didnot
FE Y B gven  afber removal  of  fractured fragment Causing
COMprEss o . However, animal survived for two weeks bult  died

tater on,

Open fracture

In these fracitures an open skin wound edtended down  to
The  borns Anjuey. Frash  wounds were  sutursd uandsr aseptic

condition before applying the pleaster of Faris cast.

TREATMENT

The fractures of animals of group & were treated by
either sxternal @ or internal figation technigue  {(Appendix VI).
The internal fidation was performed in 22 out of 143 animals

{L5.38%)  while 118 out of 143 animals {(76.92%) were treated by

grternal  fization technigue. Rest of the animals  wers either

&HE



treated surgically or by other methods. The animals of group B
lacked adequate informabtion on treatment, hence  the treatment

will bhe discussed in respect of group & only.
i Y

INTERNAL FIXATION

The internal  fixation technicue was accomplished by
using stainless stesl intramsdallacy pin of 2 or 3 mm diameter
for immobilization of fractures of huperus, olecranon process and
femsr in 22 animals. Femure and hnerus fracturs were treated by
wingle  intramedullary pinndng technigue in 7 and & animals,

respechtively  while double intramsdullary pinning  technigue  was

used for repair of femur and humerus fracture in § and 2 animals,

respectively. The cerclage wireg was used in 8 animals  having
ebhligue/multiples  fractures along with  intramedullary CARrTLrGg .
Lo

Out  of 2 animals with fractwe of olecranon process of wlnae  one

1

i

trested by intramedullary pin using tension band wire while
other withoat it., Three animals of humerus and fesoral fracturs

gach were nobt pres

snted for treastment by the owner.

Out of 7 animals with fracture of femur immobilized by
single intramedullary pinning technigue clinical and radiological
wrndon occwrred in 4 weeks in 3 oanimals (Fig. 2 and 9). Remaining

four cases showsd complications viz impaction of fraciure

fragment (Fig.l8), splitting of t

upper  fragment  {(Fig.7),
migration of  pin owith (Fig. 9) or without union (Fig.12)  and
seroma formation bheneath the skin.

Out  of the 5 fractures of femur immobilized by double
intrameduallary pinning bechnigue 3 animals showsd clinical  and

radiological  union in normael duration of 68 weeks (Fig.l, 4, 5
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aridd &Y. Two andimals showsd complicetions viy. migration of  both
pins from distal extremity gradually (Fig. 5% and &) and migration
af  pin from upper extremity after infection and tearing of  skin
resulting In non-union.

Out of & andmals of humerus fracture treated by single

v

intramedul lary  pinning 3 showsd olinical and radiological  wnion

Tl
p

after 2 to 4 wesks (Fig.l4d and 1é&). {Inee animal s howed
complication iz, lateral deviation of the fracture fragment
{(Fig.lé). Follow up examination of two animals  couwld not  be
macle ,

Two  animals of  huwnerus fracture  treasted by double
intramedullary  pinning  showed climical and radiological  union
with massive oallus formation in &8 weeks (Fig.l17 and 18). One
animal  showsd retention of intramedallary  pin in the medullary
ravity withoult any 111 effect (Fig.l8).

Ot of 2 animals of fracture of olecranon process,  one
treated by  intramedullary pin (2 om) with tension band wire
showed good dmmobllization and healing (Fig.40) The other animal
whiegre only intramedullary pin was wused for reduction, fractured
fragmsnt could nobt be reduced resuliting in none-union.

I &1l the animals the operated wound healed by firet
intention, In the yvoung animal the follow up was done after 7
day  while in the adult animal the follow up was done  after A

oy . I bhe yvoung animal partial weight bearing was started

after Znd week postoperstively while in the adult it started
after about  ans oonth.  Complste weight besaring was  observed

after 3 weeks. Buch animals showed all signs of climical union.

Radiologically the periosteal reaction was observed at

7@



second  week. Fartial obliteration of the fracture gap wae
phesrved abt  this  time by formation of anchoring  and  sealing

callus  but at this time fracture line was still demonstrable. A

o e phliteration of fracture  line  and  formation of  a

bridoing  and undting callus was

at  4th  week. The
density of this callus was comparable to  the normal  cortesd.
Grossly well developed internal callus was  palpable at  the
fracture site suggestive of bthe olinical union.

A owell developed external callus in the animals of
present  study  suggested littles movemsnt at  the fracture site
following intramedul lary pinring. This . finding is ir
corroboration with the findings of the Braden and Brinker (1974)
in dogs, Chawla el &1 (19873a&) in tibial fractuwre of  sheep  and
Dubey =t al (1993 in femoral fractuess of dogs ilomobilized  with
intrameduallary nall prepared from bovineg horn.

Tmmobilization wsing intramsdollary pin is & popular
method of treasting & variety of fractures particularly transverse
arnt obligque fractures of long bones such as femur and humeruas in
simal l Aarimals. A1t hough intramedul lary pim provide

immobilization of the fracturs fragment not as riglid as  obtained

in compression plating hence little movemant at the fracture site

makes external callus more pronounced. In the animals of group A

ek mf the fracbures

™

af femur and bumerus were  diaphyseal
(27738) and were sither btransverse (8/28) and obligus (15/728)  in
natuwre  so Antramedullary  pinming was  preferred  for  internal
fivation of fractuwres of these boness. Plating though offers the

advantage of rigid internal fixation, early weight bearing and

is oa comples techrnigue and reguires special
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tools  for its appligation thus hecomes unsconomical  too for  a
marginal farmer who kesps goabs.

T the present study 2 animals which underwent single
{2)  and doubls (1)} intramedullary pinning showsd migration of
intramedul lary  pin from distel extremity and one animal had
migration from progimal extremity. In the animals with single
intramedullary  pin the migration of pin cccurred after clinical
and  radiological union in one animal {(Fig.%) while other showed
migration without healing resulting in non-union (Fig.123. Thie
animal  with double intramsdullary pinning showsd migration of
first pin after 4 weeks of immobilization with slight periosteal
reaction. The second pin showed migration after B8 weeks till
such time clinical and radiological union had coccouwrred (Fig.3 and
H) .

I ome animal with double intramesdullary pinning  both
pins  migrated from proximal extremity on 3rd post operative day
and appeared subcutaneously. These were driven back but next day
it got  loossned and came oul through the necrosis of the shkin
forcing  its removal resulting in infection at the site and non-
uriion of the fracturs. VYaughan (1973%) also observed migration of
pin causing stifle joint stiffness. Belection of improper size of
the pin, nobt fitting in the medullary cavity olossly, causes
movement  at the site resulting in interference with healing  and
non-union may resualt. A loosely fitting pin tend to riss wup  the

medullary  cavity, especially in femur and & painful swelling is

producsd by  its protrusion beneath the skin.  The pin can be
deiven back into the shaft but the problem recuwrs and may enforce

garly removal of the pin with the risk of producing none-union,



Similarly, a colleague of Hickman (1957) who used 1/2
inch diamster intramedullary pin for repaiv of fracture of femur
in  gattle observed distal migration of the pin as weight of the
pin forced its way through the distal esbtremity of the bone and
praotruded through the skin in the stifle region.

o«

Chawla et &l (1%8%a) alsco observed slight distal

migration of pin in 3 ot of 12 animals. Radiglogical wunion  of

the bone ocourred at 2ohoweebk, wilh aore discrets and  radlodense

ossaous callus, the density of which was comparable to the normal
o hey,
Bingh et &l {(1984) also observed progimal or distal

migration of pin as a wmajor complication associated with

imtramedullary  pin fisation in tibilal fractures. The two main

ing  wmigration of the oin  observed by  them were

firstly insufficient size and diameter

of pin not  filling the
medullary  cavity and secondly, impropse embedding of the pin in
the distal fregment or pin is driven too  far in the distal
fragmant .

Finm migration and infection was also observed in 2 out

s of femur fractwre  in catble resulbing in non-union by
Twlleners (1984},

Singh &t al (1%87) also observed prosimal migration of
noth pin in & mid shatt feaur fracture cresated in an experimental

calf leading to displacement of fractured end by 1@th day.

“a

Slight proximal  or distal migration was  also  observed in 2
Ariimales.,

Whitrney and  Sohrader (1987)  observed distal pin

e



migratican aw  major  complication of dynamic intramedul lary

crosspinning bl

e, The pin migrated before bony  urnion  in

two  animals Dhecaw

ef the instability and collapse at  the

fracture site. The oin migra

g in B animals after  bony  wanion

and was

seoriated with intermittent  lamsness  which  resolved

after removal of ths pin in 5 of those

rverd migration of pin in

fiation of humsral frectures in 18 sxperimental  cow

Infection AR R in the animal with g At double

intramsdullary  pinning with proximal migration is also  observed

1y

by  many  workers. Lundvall (19680) and Vaughan (197

i

)} observed

as  most  common complication  of  intramedullary
pinning in largs animals and dogs, respecbtively. Mohanty (197@)
also rrepor ted overriding  and  infection S mest ORI
conplications associated with intramedullary pinning in calves.

Fittmann  and  Farren  (1975) found  that 204 of the
intermally fiuxed bone fracturss became  infected. Thay also
concluded thal even massive infection doesnot destroy the healing
process Ln cortical  bong  under  stable conditions  and the
stabilizing implant should be left in situ.

Ames  (19781) also observed slight infection associated
with double intramedullary pinning in 1 out of 3 cases of repair

of femar fracbure in calves

Im one andmal of group &, where intramedullary  pinning
was  performed for the repair of femur fracture secoma  foromation
arount the proximal end of pin beneath the skin was observed.

The fracture healed with the lopaction of bthe fractured fragment



(Fig.1l@). The seroma rescolved after the removal of pin. Seroma
formation following repair of femur by intramsdullary  pin bas
been attributed to the swinging motion of the proximal Ehd of the
pin curing ambulation {(Stick and Derksen, 1784 . This

complication e

olves following the removal of the pin.

Impaction of the fractured fragment occours  in the

o

obiligue fracture trested with intramedullary pinning as it cause
Pt lateral and  longitudinal displacemsnt  of  the fractured
fragment. Similar finding were observed by Lawson  {(1963)  and
Moharnty (1976).

Lateral displacement eof e Fractured fragment
immobilized with =singles  intrameduallary  pinning  resultbed in

malumion  din one oo

-

"1

v transverss

fracture of humerus  in the

present  study (Fig.léd. Lawson (1963) also opined that lateral

displacensent of  the fractured fragment ocours in transverse

fractuwre  1if the diamebtsr of the pin is too small as compared  to
the medullary cavity.

Splitting of the upper fragment was observed in one

o 8

i

fractuwrs of femu in the animals of the pr

sty
immobi )i zed with  single intramedullary  pin (Fig.7) True
splitting was not observed in this case as there was longitudinal
fracture in the prodimal fregment which got detached and appeared
as splitting. Lawson (1963) described splitting of the fractured
fragment as a result of large diameter of the pin as compared to
The medallary canal.

In the present study cerclage wire was used effectively

T immobilize  the fractwres along with  single  or clouble

intramedul lary  pinning in 9 cases of obligue fracture of femur



{4} and humerus (1),
Hinko and Rhinelander (1975) effectively used cerclage

in  thse treatment of long bone fractures  in dogs. Similarly

il

Withrow and Holmberg (1977) successTully used cerclage wire  and
revfuted all the controversy of  ths  past regarding the
complications of cerclage wire.

Contrary  fto this finding Mewton and Bruce Hohn  (1974)
pbserved non-union when cerclage  appllances  were  wsed  with
Intramedul lary  pinning in dogs.  They opined thalt cerclage wire
interferes 1o clrowlation and provides inadsguate stabilization
arnd wltimately results in mobion.

In the animals of present study fractures of femuwr  and
humesras Lmmobilized by double intramedullacy pinning showsd  less
complication as compared to the single  intramedullary  pinning.
In animals which underwent double intramedullary pinning,  though
hmalinq oo e at  par with animals underwent single
intramedul lary  pinning  bub the complications  were minilmam  as

conpared to single intramedullary pinning.  This might be due L

f
=1

better stabilization of the fractursed fragments, lesser tendenoy
af  rotation and grester strength of the implant. Lawson  {(1943)
advocated use of more than one pin for the repair of  fractured
fyragment as conplications of intramedullary pAnming were
associated with lmpropse size of the pin.  The intramedullary pin
must neither be too slack that it fails effectively to immobilize
the  fracturs nor so largs that it is liable to split the corbex

af  the  bone when inserted into the mec

dllary canal. lse of a
single  large pin instead of mulbiple pin causes breaking of  the

fractured fragment and also distal migration of the pin  due to

7é



its weight.

Fagarn (19831 also found several advantages of using
mtltiple intramedullary pin. Thin, flexible pin may follow the
curvature of the medullary canal. Each pin is immobilized in the
progimal and distal metaphyseal region as well as by contact with
diaphyseal cortex and other pineg in the canal. The entire unit

acts as & tension  bar  protecting the frachuare  ling from

rotational
Simgh et &l (1984) also used double intramedullary  pin
for  rapalr  of  fracture of femue  In expsrimental calves  and
reported  that  use of double pins is  not  inferior to K-nail
provided that migration of pin doss nol ocour.
Tyagi and  Singh (1993) also advocated use of  two or
mors pins together in adult animal, sspecially for the repair  of

famur and humerds fracture.

EXTERNAL FIXATION

aptation splinting was the preferred method of

external immobilization in 188 out of 1473 cases where fractures

cccurrad  below  the stifle and elbow joint. The coaptation was

done in Jh4, 9, 3l 7 oand 2 animals with fracture of tibia,
radius wlna, metacarpal, metatarsal, phalany and  tarsal  bones,

respectively.,

Thomas  splint  was  applied in only  one  animal  with

undisplaced  humerus  Tracturs (Fig.13), while one  animal  with
fracture of femuw neck was treated by applying Velpaew bandage

and stall rest (Fig.3).

Gimple coaptstion cast is the most common, economic and



affective mes b o af external fisation. Inspite its

]

disadvantages simple ceaptation cast is most widely adopted  and

standard technious of external fTixation in fractures upto  the

level of stifle and elbow joint. Plaster

of Faris cast has &

disadvantage of being heavier and is nobt resistant o moisture

and  looses its strength afier coming in contact  with  water.
Al though Tight  welght cast materials like TFibgrglass  Overcome
these disadvantages but  are expensive  limibing its  use  in
clinical cassse and is alseo difficalt to mould according to  shape
of limby.

Mormal healing with simple coaptation cast was observed

st
5=
(8]

h

i By o 28, L3 and & andimals  having  radius wina, tibia

(Fig.24 and 26), metacarpal (Fig.34, 30, 36 and 37), metatarsal

(Fig.a%, arcd A1y and  phalanx fractuwrs (Fig.42 ard 45,
recspectively.

The healing WS o tored clinmically and
radiographically at  weeskly intervals in young animals  below 1
vesr  of  age group upto 34 week while at 1% days  interval  in
adhult animals upto 45-48 davs.

Boon after the application of simple coapltation cast
animal did not  bear weight on the plastered limb  and  showsd
Timping or dragging of limb during locomotion. It was probably
dus ko dnconvenience to the animal due o weight of  ths cast,
gxtended  limb oy dinability to flex and pain as & result of
interfragmentary movemsnt.

Inclusgion of hock joint in the simple coapteation cast
in the hind limb restricted the movement of the animal as it kept

the limb in extended position withowlt touching the ground.



By the end of the first week in young animal and 15
days in  aduit  animal partial weighlt bearing was seen  in the
affected limb but andimal continued to drag its limb. By the end

in oyouwng andmal and 4 week in adult, animal showsd

naaf pormal weight bearing with slight limping during locomotion.
By the end of Zrd wesk in yvoung and Hth wesk in adult  when the
animal  was presented for opening of simple coaptation cast full
weight  bearing was seesn.  Grossly atter removal of  plaster  of
Faris cast well organized caellus was palpable at the fracture
mite and mobility at  the fracture site  was  notb obssrved
suggestive of clinical urnion.

Radiograph taken at wesk interval in voung and at 15
days  post  fractuwre in adult showed beginning of  formation  of

anchoring  callus nesr fractured end. On second week in y O

amimal and 4th week in adalt there was forms bridging and
anchoring callus. By the end of third week in young animal and &

week  in adult, the bridging and anchoring callus  becoms nors

compact  with partial obliteration of fracture line. Ry the end
of  4th  wesk in young and 8th week in adult thers was complete

ohliteration of fracture line. Thers was formation of sealing

and wniting callus suggestive of radiological union.

i

Similar clinical  and radiclogical findings were
reported by G111 and Tyagi (1972) in largs animals, and Chawla et
al (198%:) in tibial fracture healing in sheep.

Even though a perfecht weight bearing was observed in

animals where clinival umion had ooocurred in cases where fracture

WA immobilized with simpls  coaptation cast, the lLimping



persisted for 33 days after removal of the cast and disappeared
later on. It may be attributed to the disuse atrophy of nuscle

arcl stiffre

of the joints during plaster cast immobilization.

Flater of Paris cast has been considered to be feast

1]

o
o3

method of immobilization for fracturess helow kEnee and hock joints

in largs andimals (Fendrick, 193@; Reichel, 19565 Jenny., 1965;

®

Gill and Tyvagi, 1972 and Singh and Nigaem, 1979).

H

el

used plastsr of Paris cast  in 21

animals. The @& aftter & weeks. The lameness after

Fremeyval o f

Sedodays.  No casse of  skin

damage was
Full limbh cast have besn  used successfully to
immobilize fracturss of the radius and wlna {(Mohanty, 197@0; and
Mbiuki  and Byagagaire, 1984). Least satisfactory results  have
been achisved in stabilizing tibial fracturss in largs animals.
Pespite significant athvances in large animal
orthopasdics, the frachbure repailr of tibia has besn problematic.
Feculilar anatomicel placement of the bone, magrnitude of forces,
the size and the nature of the animal  involved lead sither Lo
implant failure or freguent comminution of the fracture. Cast

application alone h

ot proven sufficient and caused Jjoint
stiffrness and muscle inactivity, sometime making the animal
recumbent for prolongesd period.  Therefors, coaptation asplinting
particularly  in  large animal has & distinct disadvantage as
stifle Jjoint cannot be incorporated in the cast dus  to  heavy
musculature and peculiar anatomy of the tibia. On contrarily the

stifle can bhe incorporated in the ceast for tibial fracture repair

o ggerabe e fractures heal with least complication, thus



hear an advantags of the technigue as compared to cattle.
Comsidering these demerite of coaptation cast for tibia

fracture repair in largse animal various technigues viz. modified

Thomas  splint (Beckenhauer, 19583 Mohanty, 19785 and Gahlot et

al, 199@), transficetion technigque (Ganis, 1951 Reichel, 195&43

R

Mohanty, 1978y Gill and Tvagi, 19723 Hamilton and Tuwlleners,

19860Y  and hanging plno (Lawson, 1963 Gill and Tvagi, 1972
were used with variable results.

In the animals of group & compound fractures of  tibia,
metacarpal, metatarsal and tarsal bones were observed in 2, 4, 2
arnd 1 animals. These fragtures were treated by creating a window
A48 howrs later. Dressing was done aseptically with  Nebasulf
pow e (Composition pesr gram ¢ Meomyoin aulphate- Smag s
Bacitracin- 258 units  and Sulphacetamide 4@ mg: Pfizsr Ltd,

Bombay) for  7-10 davs daily and thereatter on alternate days.

FParentesrally  ths artimal were glven injection oxyletracycline
{Duyvstecling Sarabhal, India Ltd.). Compoung fractures of tibia
were sesn An animals betweesn -3 years of  age  group. Theses
arnimals  showed osteomyelitis and delaved union as a result  of
imfection at  the fractwre site. Oedema occurred st the  wound
site dus to uneven pressure of the cast that ultimately resulted

in excessive granwlation. One of these animal didnot show  union

upto 8th week

Flaster cast was though opened at 10th weelk  but

sligrs  of delayed union were still pre

at. Medial deviation of
the leg at the window site and lack of full weight bearing were

calreme eyl AT 18t week

~Laft). Othee A S showed
radgiclogical  wridion by 9th week. Skin wound healed in both  the

CLESER



Gut  of 4 animals with compound fracture of metacarpal
bone, two showsd delayved anion viz, <1 yvear age group (1) and
RO oyear  aQEe  group (l)". The obther two animals  having  fresh
injuriss were subwed aszepbically and wers then immobilized with
plaster of Faris cast. Healing in fresh injuries ocourred with
first intention, The animal below 1 yvear of age group showed
radiological  union by the end of fourth week while obther animal

showed it by 9th week. The skin in both of these

healed by
second intention.

Dut of 2 andimals wilth compound fractuwre of metatarsal
ane animal was belbwsen age group of 1-3 years of ages group showed
delayved union while other animal below one yvear of age group  had
froesh injury and showsd wnion of the fractures in normal tims.

The animal with tarsal bone fracture was not presented
fopr treatment after the application of plaster of Faris cast  and
creastion of window.

Hickmern (1957 aleo treated one case of  compound
frachuwre of metatarsal and metacarpal in catile and one  animal
with metatarsal fracture in sheep by application of plaster of
Faris cast and creating window. Camﬂliﬂation of compound
metatarsal fracture were slight contracture of flexors leading to
brogckling of the fstloock Joint and formation of anchoring callus
only  at uppesr  end of metatarsel while compound metacarpal
Frachturs  showsd  radicological undon after 4 wesk  bubt the  limb
remained crookecd.,

Landvall (1960 and Jenny (loc.cit) did not  recommend

plaster o window in cases of compound fractures  bhecauwse  of

az



unever [N

sure leading to oedema, e}xcessive granulation  and
necrosis  but Singh and Nigam (1979) didnot encountered such
complications.

Mohanty (1978 observed normal hesling in 2 cases of
compound fractures one  each of metacarpal and metatarsal in
experimental  calves in 57 days while-in & clinical cases of
compound fracture healing wes normal in 3 animal except in one
cow in which limbk bhad to be amputed.

Denny @t &l {1788, ohserved development e3f

kg

peteomyelitis in & out of & andimals immobilized with plaster of

courss  of  study obssrved were @ viz. malunion, plaster bites,
breaking of plaster of Faris cast angd tearing of plaster of Paris
cast at hoof.

Displacement of fractured fragment and malunion  were
the most common complications of plaster of FParis cast and were
observed in 3, 1i, % and & cases of radius ulna, tibia,
metacarpal and metatarsal frachtuwres (Filg.d25%, 25 efh, 28 and 38).
The high  incidence of malunion could be  attributed to Faulty
reduction  and dnadeguate immobilizabtion by simple coapltation  at
the fractuwre site. BElimimation of ailr spaces of padding material
might cause loosening of plaster cast and escess movemsant  during
later stages,

However, FRudy and Tharp (1952) considered fracture
healing to be satisfactory with faulty alignment leading  to
malurion for the tibia fracture immobilized by simple coaptation.

Singh and Nigam (1979) observed comparatively larger
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periosteal callus formation with plaster of Faris cast and opined
that it is dirsctly related to the degree of stabilization of the
fractured fragment.

Chawla et &l (198%a2) also observed complications like

displacement of fracture fragments, malunion, delayed union  and

osteonmyelitic changes in fractwre immobilized by plaster of Faris
cast  and  atbtribubted this o inadeguate  immobilization and

lovsening of plaster of Paris cest due to wse of thick padding in

tibial frachwre in she

Fao et «l (19823) also obsgerved higher percentage of
complications  like angulation, delayed union and malunion with
plaster of Paris caest in baffalo calves.

Gingh st &l (19784) observed thalt mostht of the
postoperative complication of fracture repair waere assocliated
with axhernal immobilization being highest Wwith simple
coaptation. The incidence of malunion was highest (18/31).  They
also  abtbriboted faulty undon amd malalignment of  the fractwred
borme  to  inadegquate  stabilizetion of the fracture site with
plaster of Faris cast.

Vijaykumar & &@ (1984 also reported that simple
coaptation  provides inadeguats  immobilization, resulting in
prolonged  lameness and  formation of large areas of  external

callus  with angular s

formities arnd malunion.  Similar  findings
were observed by Buchoo and Sahay (L9E7) in goats.
Denny ef &l (17688) also observed malunion in two calves
and nore-union in one calf trested by plaster of Faris cast.
Flaster bite occcurred in 3 animals of the present study

and  can be attributed to the excesssive pressuwre applied to  the

g4



imb particularly first 2-2 laver of plaster of Paris cast. This
causes  damage to the skin which subseguently healed after
antiseptic dressing.

Lundwvall  (1968) and Lawson (1943) also reported cases
of plaster bite and atbtributed this to  improper padding  or

application of exce atire while putting lavers of plaster

of Faris.

I one animal of this study the plaster of Paris cast
broke due to its poor guality afiter 180 davs. 1t was removed and
reapplied and the animal showed normal healing.

I more than 384 of the casee plaster cast developesd
cracks  and broke from the bottom of the limbh due to dragging of
the limb by the amnimal but as only solar surface of the plaster

of Faris wag broken it had no 111 effect on the healing of the

frachures. Marde et al (1995) also observed marked cast  wearing

at the foobt in plaster o

OTHER TREATMENT :

(e

each of fractuwre of third phalany  with
infection atbt the site (Fig. 4l-Left) and fracture of spine of
lumbar vertebra weres treated by swurgical operation. In the case
af phalanpeal fracturs the third phalany was amputed while in the
case of Ffracture of spine of Jumbar vmrt@bfa the fractured pisce
of the bone was removed., Bub dus to induwry to the spinal  cord
the paralyltic signe persisted and the animal eventually died.
Ferguson (1985 advised amputation of Zrd phalany  particularly

wher infechion is

One  andimal with accidental injury showed frachture of

e



the ribs, but the animal died due to internal  haemorrhage and
resul tant shock soon after 1t was brought in for treatment.

The animal with fracture of ileum of pelvis was treated
by application of Blister alb the site and follow up of the animal
could not be  made. The animal  with mandible fracture was
pressnted for trsatment afiter & days and was treated by  applying
external support  only. The esternal support was removed
temporarily during suckling. Tha arnimal  being  young made
uneventful recovery.

Ore case of uwndisplaced fracture of humerus in a kid

was  breated by Thomas splinting technigus (Fig.l13)., The splint
0 & i fabricated by etandard technigue. 5 A days after
application of Thomas splint animal neither  bear weight nor
showed periosteal reaction at the site radiographically. at
second wesk animal startsd bsaring slight weight on the limb  and
there was marked anchoring callus around the fracture site  as
evidenced radiographically. There was formation of  bridging
callus by the end of the third week and at this time the Thomas
gplint was removed and animal started bearing weight on the limb.

A external callus wes palpable clindcally with no  movement of

bhe fractuwed fragment sugg pf clinical union. One animal
with 7 day old undisplaced fracture of femoral neck was treated

by application of Yelpeauw bandage and follow up could not be made

of this animal.
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sSuurrMtARY

In  the present study out of %66 cases of various

caprine surgical ailments screened 1473 showed fractures  {(group

AY. In a simultaneous retrospective study of past 15 years, out
of 13515 capringe cases of various surgical ailments, 136%E  showed

fracturs (group Br.  The incidence of fracturs waszs 14.80 and

- .
12.8% 1

-

1 animals of group A and B, respectively and  overall
irncidence was 122354

The hind limb sustained more fracture (56.64  and
B6H.10%) than forse limb (41.325 and 4@.986%), in animals of group A
and B, respectively. The incidence of open fractures was b.db
and &.45% in animals of group A and By respectively. The animals
of  group A showed higher incidence of fractures in female

(71.052%) than  males, The fracture was found to occur more in

animales helow 1 yvear of age (62.44%) in this group. Most of  the
fracturas W obligue (36.82%), lLransverse (34,557%) o
comminuted (18.34%) in nature and were across the middle third

(&66H/11LE)Y,  lower third (29/114) and upper third (217114&) f  bhe

™
w

giaphysis  in the animals of group &, Majority of  the femur,
tibia  and phalany  involved prodimal  and middle  third whils
matatarsal o humerus, radius wlna and metacarpal fracture involved
middle and distal third of the diaphvsis.

I animals of group & the highest incidence of fracture
wat  found  in tibla (23.177%), followsd by mestacarpal (Z1.67%),
metatarsal (1&;%&2)5 femur (L1.187), humerus (8.239%), radius ulna
(7.6%%), phalanx (5.539%), tarsal (1.39%) and other bones (2143,

The incidence of metatarsal and setacarpal  fractures

~d



(27,73 and 27.41V4, respectively) was almost equal in animals of
group B, followsd by tibia (16.71%), femur (9.82%), radius ulna
(6977 humerus (6.10%), phalans (1.58%), tarsals (1.34%)  and
other bonss (JL1¥%).

The compound  fractures were mostly  found in tibia,
metacarpal and mebtatarsal bones and rarely in othsr bones.

of tarsals, pelvig, smendible, ribs  and

The Tractures
vertebra were thouoh recorded bul werse rarse In OGCCWErENce.

The most  common etiological  agent causing fragture
recorded as  per history was contusion (8517147, fTollowsd by
avcidental injury (28/714%), falling from height (217143
trapping in cow catcher (87147 and dog bite sto..

A1l fractures were treated either with esxternal or
internal Tixation technigue. Internal fixation was performed  in
22714% cases (15.38Y) while external fidation was carried out in
1187143 cases (7H.92%).

Internal fination R carried aut try single

imtramedullary pinning (15) and doubls intramedollary pinndng (7)

en

technicue. In of obligue and multiple fractures cerclage

of olecranon fracturs tension  band

wire was wsed and in one od
wiring was done along with intramedullary pinning.
External fisvation was accompanied by simple coaptation

cast in 108 animals while Thomas eplint and Velpaew bandage was

inoons case pach.

The compound fracture was treated by creating a window

48

howirs after plaster of Paris cast application for regular

e

zing while  the fr wounds  were sutured under  aseptic

of Faris cast.

condition befors applyving ple

a8



Mealing was monitored clinically and radioclogically  at

sTRT=RY: interval in yvoung animal while at 195 days interval in

adult  animal. In young animal the healing ocourred in 3-4  weeks
wWhile in adult it ocowrred in A8 wesks.

The complications encountered with  internal  fixation
warae  wiy, migration of ping from prodximal/distal sytremity with

o without undion, impaction of fracture fragment, seplitting of

the upper fragment, seroma formation and lateral displacement.

The complication of simple cosptation gast  observed
during  the course of study were vig, malunion, plaster Dite,
breaking of the gast and tearing of the cast at hoof.
fAmongst  internal  fixation the doubles  intrameduallary
pinning proved efficacious tharn single intramedullary pinming.
Gimple coaptation cast was an effective and economic

mesthod for repair of fractures below stifle and elbow joint.

Goat iz & good subject for & bebtiter and effective

postoperative care as compared to large animals because of  its

Light weight and tempsramesnt.

i
=

~i3



CONCLUS IO

The following conclusions were drawn Trom the present study.
1. The overall incidence of fracture was 12.33%.
2o The hind limb sustained more fracture than fore limb.
. The incidence of open fractures was &.29 and &.65% in animals
of group A and B, respectively.

4, The animals of group A showed higher incidence of fractures in

female tham males.

i

. The fractwre was found to ocowr more in animals below 1 year
of age.

b. Most of the fractures were obligue, transverse or  comminugted
in nature.

7. In animale of group & the highest incidence of fracture was
found in  tibia, followed by metacarpal, metatarsal, femur,
humerus, radius ulna, phalanx, tarsal and other bones.

8. The incidence of metatarsal and metacarpal fractures Was
almost  equal  in animals of group B, followed by  tibia, femur,
radiuvs wlna, humerus, phalanx, tarsals and other bones.

. The compound fractures were mostly found in tibia, metacarpal
and metatarsal bones and rarely in other bones.

18. The most common eticlogical saent causing fracture recorded
as  per history was contusion, followed by accidental injury,
falling from heaght, trapping in cow catocher and dog hite etc..
12, In young animal the healing ocouwrred in 3-4 weeks whila. in
adult it coccurred in &8 weesks.

13, Amongst internal fixation the double intramedullary pinning
proved efficaciows than single intramedullary pinning.

14. SBimple ceoaptation cast was an effective and economic method

for repair of fractwes below stifle and elbow joint.
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ABRSTRALCT

In the present study 1435 caprine cases showed fracturs
and  wers  Ccategorized as group A, In & 1% vears reltrospective
atudy  L26% goats showsed fracturss and these comprissd group B,
The overall incidence of fracture was 12,2374, The highest
incidence of fracturs was found in btibias (25,174, Tollowsd by
metacarpal (21.467%), metatareal (16.@08%), femur (11.18%), humerus
{(8.39%), rvadivs wlna (7.469%) etc., in animals of group A, The
incidence fractuwre of metatarsal and metacarpsl bones (27.73 0 and
27.41%,  respectively) were almost equal in animals of group B,
followed by tibia {(16.71%),. Temur (2.884), radiuvs ulna (&.974) .
humarus (6, 10%)  ete. Hind limbs sustainsd more fractuwres than
forelimb., The incidence of gpen fracture was &6.29% and  6.63%  in
the animals of group A and B, respectively. The animals of group
A orevealed higher incidence of fractures in females (71.332%)  and

in o age group below 1 oysar (32.44%). Most of the fracturs lines



were obligus (36.02%), transverse (34,550 or comminuted (18.247%)
inonaturse and was agross the diaphysis.

Fractures in goats occurred  due Ters contusian,
accidental injury, falling on groud from height, trapping in  the
cow catoher, dog bite and unknown etiology.

Internal fiwation was perforosed in 28 animals while
external fixalion was dﬁﬁa‘iﬁ 110 cases,

Simple coaptation splinting was the preferred method of
gxternal  dmmobilization and was dong  where fractuwre occourred
below  stifle and slbow joint. Healing goeourred in 3-8 weeks  in
young animals  while it ocouwrred in &8 weeks in adult.

The complications encountersd with  internal  fixation
ware  vir. migration of ping from proximal/distal extremity with
o without union, impaction of fracture fragment, splitting of

L

the upper fragment, seroma formation and lateral displacement.

Thee  complicabtion of simple coaptation o were vir.
malunion, plaster bite, bresking of the cast and tesaring of  the
cast at hoof.

amorngest dinternal  filxation the double intramedullary
pinning  proved sfficacicus than singls  intramedullary  pinning.
Simple coaptation cast was an effective and economic method for

repalr of fractuwrses below stifle and elbow joint.
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AFPFENDIX I : CASE RECORD PROFORMA

COLLEGE OF VETERINARY AND ANIMAL SCIENCE, BIKANER

CLINICAL AND RADIOCLOGICAL EVALUATION OF FRACTURES IN GOAT

(Capra hircus)

Dut Door Moo wesvseossassons

1. Owner s Name and Addresss

4, Clagsification of Fractures:
A, Fracture of Ty e of
Fore limb Fraoture

ol msed / open

1. SBoapulsa

i1ie Humsrus

iiisFadius Ulina

ive Me Fpal

v. Larpals

vi. Fhalamg 1
11
Ivi

Otheyr bones

S. Clinical Signs:

6. Radiographic details:

S Factors

Pe AT e reserumeens BEEEdE . wue e

Ee Brief Mistory fessoesvouowans su s Eown e o

Date

£ we
auwuoaeew BN .

Fracture of

Hind

ii.

Timh

Felvis

Femuar
Tibia

Metatarsal
Tareals

Flalans 1

il
111

Fosition

iii. Radiograpiic signs (including mature o

7. Treatment adopted:

8. Follow up and Progrnosis:

q4 Al
129

.f:

fracturs)

Type of
Fracture
closed/open



AFPENDIX IT: SEX WISE CLASSIFICATION OF FRACTURES OF VARIOUS
RONES INM THE ANIMALS OF GROUF A.

Bone Male Female Total FPercentage

Tibia ’ 1E SELE) I60E) 25,17
Metacarpal 1a 21{4) L4 21.487
Metatarsal & 1502 a5 16.04
St - 14 L& 11.18
Muime o 4 o 1z AT
Radius Ulna = 8 11 7 .69
Fhalans 1 7 a8 5,59
Tarsal . 201 201 1.29
Felvis = 1 @, ALY
Mandible - 1 @&
Rib - 1 B.69
Vartebhra - 1 .49

H

PR e p

Total: 41 182
Fercentage 28.67% Fr. 2%

fosnt surbe Shirs Aesn) SORES BHern 4S04 044 shase deurd Bebve srbme seaes smees Skbss HOAS SRRV SHRRD enne SR sbAkn dvind SiAM H4mve AeSnd Seere Sefss iR Bebe ARASE BOROS Soere thin e sares snane sunen spass agssh ssaed Srere seses

143(9)

_APFENDIX III- AGE WISE DISTRIBUTION OF FRACTURES OF VARIOUS
' BONES IN ANIMALS OF GROUF A

Bone B—-1 year 1-3 year % year above Total

Tibia N 1103

Meltacarpal

Meltaltarsal 15017 RN )

Femur & . & - ié

Humesrle & ‘ il

Radius Ulna 4

Fhral ans 2 K

Tarsal il 1 = 201
1

L) RSNED]

,._
~d
—
—
H
-3
—tey
i
—
3ol e

i

P RS S
}-—l.
§_.l.

Felvis
Mandible . -
F;: l b . 1 ....
Vertebra -

=
H
H
j—s

Total: 73 55 i3 143
Fercentage 52.44% IB.46% 7.09%

Number in the parentheses indicaltes compound fractures,

1@



APFENDIX IV - LIMB WISE CLASSIFICATION OF FRACTURES OF VARIOUS
BONES IN THE ANIMALS OF GROUP A and B.

Bone Group A

A. Fore limb

1.

L. Boapala - -
FooHumerus 1 77
Ha Radins Ulna ‘ 11 : a8
4., Metacarpal i BI04 Bid
Se Frhaslans i : -

Total:
Percentage: 41 ,25%

B. Hind limb

1. Pelvis 1 &
2. Femur
Se Tibia
Ao Metat
= Tar

b. Fhalang

4 e
PR, o
a4l
xhE

i7

Total:
Fercentage:

788
S6. 18

896 .64%

¥ o= Due to lack of information the phalangesl fractures could
ot b divided inbo fore and hind Limb.



AFFPENDIX V :

Bone

intes Dokt nintd ABOH Hvn Remin choms SerSh moke seres Burs Siss derdp S9SSS ke Spimy Bemee WY o

L. Femar
Z2aTibia
EMetatarsal
Ao Hume s

5. Rad;

7uFhalans

CLASSIFICATION OF FRACTURE LINE OF VARIOUS BONES OF

GROUF A.

owlna & i

H.Melacarpal

Total:
Percentage

T= Transverse,

Me Multiple,
Lo Lt

(= Obligue,
C= Chip,
M= Neck,

= Domminuted,
Wpper
= Lower extrimity.,

Diaphysis

T U M
lé 4 18
1@ 15
- 11
132 )
i1 i 4
1 2 13

g o O

137 21 66

15.3 48,1

M

L N o L.E. T
1 ié&
b -t A =

ks
Jrapn

-1z
211
g8 = 4 31

— 1 e (.:z

P
H

=
4]
i

54
B RD

29 11 18 137
21,1 8.8 7.3

Epiphyseal
Middle



APFENDIX VI: VARIOUS TYPES OF TREATMENT ADOFTED FOR THE FRACTURES
OF ANIMALS OF GROUFP A

EBone Internal Fixa. External Fixa. Not Presen-— Total
Single Doulbe Coapta— Other ted for
IMP IMF tion treatment

1o Famur 7 i - 1 3 1é
(Ve lpsaw)
2 Humerus & & e 1 A =
{Thomas
Hplint)
v - 1 1

3

FeRadivs uwlna 3 -
4.Tibia - - R - - AN
G.Metacarpal - - E1 - - K
b.Metatarsal - 2E s - 2
FuFhalans - - 7 1 - 8

{Amputation)
B.Tarsal - - & - - 2

-

(Blistering)
1@ .Mandible - - - - 1
iEﬁtwrnal
Bupport)
11.Rib - e e i - 1

F.Felvis - - | - 1
T
'i

12 Vertehra - -

Total: 15 7
Percentage. i8.i8 4.8%9

IMP = Intramedul lary Finning



APPENDIX VII: RESULTS OF EXTERNAL FIXATION TREATMENT ADOPTED FOR
THE VARIOUS FRACTURES IN THE ANIMALS OF GROUP A.

F H RuU T MC MT Ph T Total

A. Union 1 1 W] 18 2 15 & - &4
B. Complication

alDelayed Union - - - - &
BiMalunion - - A 11 i & - - 25
C. No follow up - - i S 4 :

o ahvas seben poset e ven g weres shave 4mses Lpes Bross brser S44S8 Sloe Fukst 44190 Hense bant Labie bimck wove

Total: i 1 4 36 31 23 7 2 112

ez Femuir Pl Hume s Fll= Radius ulna
T= Tibia PGz Metacarpal MT= Metatarsal
Fh= FPhalanx Tax Targmal

APPENDIX VIII: RESULTS OF INTERNAL FIXATION TREATMENT ADOFTED FOR
THE VYARIOUS FRACTURES IN THE ANIMALS DOF GROUF A.

Femur¥k ’ Humerusk Olecranon Total
Single Double Single Double
IME IMP ImMF iMP

A.Union I it ) 2 1 1&

B.Complications
aifin Migration
bYNorn-union
ey Impaction
dyEplitting
eiMalurion o - 1
C.No follow up - - 2.

[
[
i
i

-

g
i
H

e
H
L T

Total: 7 5 b 2 2 22

animals esach of humerus and Temur fracture were not
presented for breatment.
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APFENDIX IX: INCIDENCE OF FRACTURES OF VARIOUS BONES OF ANIMALS
OF GROUF B.

Eone ‘ No. of Animal Percentage

1. Maetatarsal FED (17 2T VTE

2. Metacarpal 46 (52 27.41

A, Tibia 2L1 (L 1&.71
Femuy 114 (2 9.8%
Radiues Ulina - g8 (0 &H.97

- Humerus T4 &H.18
Fhalans: 2 1.58
Tarsal 17 1254
. Mandible & Q.63

18 Vertebra & @.47

1i.Felvis éa @.47

12.8capula & B.47

15 Ribs A B.32%

reof
I

L& 2

83 ~3 o~ it
% *

.
t
.

.Total : 12462 (84)

Numbers im the parentheses indicates compound fractures.
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