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INTRODUCTION

Externa skeletd fixation (ESF) isamethod of immobilization of fractured bone using
percutaneous pins that are connected outsde the body to form arigid frame or scaffold (Van-
EE and Geading, 1992). Externa skeletd fixators are used for the trestment of fractures
which are difficult to reconstruct anatomicaly, for arthrodess, for stabilizing corrective
osteotomies and for bone lengthening procedures (Harari, 1992; Aron et al., 1995; Lewis et
al., 2001).

Externd skeletd fixators are widdly used in smdl animd practice and have severd
advantages over other moddlities, like they help in preserving neurovascular structures and
soft tissue, cause minima damage to injured Site, maintain bone length and alow biologicd
osteosynthesis (Egger, 1983; Lewis et al., 2001). The wound management in case of open
fractureswith procedures|like debridement, lavage, drainage dong with skin grafting and bone
grafting can be performed we| with externa skeletd fixation (Ueng et al., 1999; White, 1999).

Externd skeletd fixators of various designs and types have been used for fracture
treatment based on fracture location, bone involved and fracture type. In generd, externa
skeletd fixators can be of linear, circular or hybrid designs. The first and the most commonly
used externd skeletd fixator syseminveterinary orthopaedicsisKirschner-Ehmer splint (Pettit,
1992). The components of externd skeletd fixators are pins, connecting barsand pin gripping
clamps (Boothe and Tangner, 1983). It isether in uniplanar or bi/multi-planar configurations,
and unilaterd or bilatera configurations. The strength of the fixation frame increases with the
increasein the complexity of thefixation frame (Johnson and DeCamp, 1999). Circular (Ilizarov
model) and hybrid designs have been more versatile and found to provide stable fixation of



unstable fractures (Paey, 1991; Clary and Roe, 1995; Lewis et al., 1998; Marcdlin-Little,
1999).

Generdly the components of the external skeletd fixators were made of ameta, most
commonly stainless stedl. Other materials used include duminum, titanium and carbon fibers,
which are of rdatively light in weight. However, carbon components are expensive. The mgjor
disadvantage associated with ESF made of meta is their high cost, heavy weight and their
fixed frames which offer less versatility in shape and direction. The size and shape of the Sde
bars/rings remain the same. Also, the diameter of the transosseous pinsis dictated by the Size

and location of the clamps or rings.

Severd modificationswere madein the external skeletal fixators even for better usein
clinical dtuations. One of such modificationsis replacement of the metdlic connecting barsand
clamps with the non-metallic substances. Different materids used to design ESF components
for usein veterinary patients, including polymethylmethylacrylate (PMMA), epoxy putty and
automotive bodly filter (Tomlinson and Congtantinescu, 1991; Roeand Keo, 1997; McCartney,
1998; Worth, 2007). Use of these substances provides several advantages to the externd
skeletd fixatorslikelight weight, less expensive and the pin direction need not beinfluenced by
thedirection and location of the connecting bar/ring. Also the pin diameter isnot limited by the
clamp size (Okrasinski et al., 1991).

Acrylicresnwasinitidly usedin the congiruction of componentsof the externa skeleta
fixatorsfor human and veterinary patients (Green, 1989; Worth, 2007). They wereused inthe
repair of mandibular fractures of smdl animas (Chambers, 1981; Stampley and Lawrence,
1993). Among acrylics, dental acrylic or horse hoof repair products were often used
(McCartney, 1998). Except for medical grade acrylics (which contain barium sulphate) most
acrylics are radiolucent, which facilitates postoperative assessment of fracture site (Lewis et
al., 2001).

Epoxy adhesive and cast materia s have a so been used to congtruct free-form externa
fixators in birds (MacCoy, 1981; Bennet and Kuzma, 1992; Roe and Keo, 1997). More
recently, epoxy-pin fixator congtructs have been used successtully for trestment of compound
fracturesin dogs, small ruminants and calves (Kumar, 2007, Aitha et al., 2009; Kumar et al .,
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2011).

Biomechanicsisthe sudy of the structure and function of biologica systemsby means
of the methods of mechanics (Hatze, 1974). In clinica practice the fractures encountered are
more commonly a product of a combination of the forces/loads. Long bones mostly fracture

under the influence of compression, bending and torsiona loads.

For clinica acceptance, an ESF must be sufficiently rigid, well tolerated, eesily gpplied,
and inexpendgve (Singh et al., 2007). Fixator rigidity depends on the design and the materia
used to congtruct the fixator, and hence it varies among different fixator constructs (Johnson
and DeCamp, 1999; Singh et al., 2007). Biomechanicd studies havereveded that the acrylic
fixator isstronger in axid, craniocauda and torsond loads and asstrong in mediolaterd bending
loads compared with gtainless sted equivdent (Willer et al., 1991). Roe and Keo, (1997)
based on their biochemical study suggested that epoxy putty can be a suitable materid for
connecting pinsin free-form externd skeletd fixators. Nevertheless, very lesswork has been
doneonthe use of acrylic and epoxy infreeform externd skeletal fixatorsfor trestment of long
bone fractures in dogs and on their biomechanica aspects. The present study was therefore,
planned with the following objectives

1 To design and develop suitable techniques of externd skeletd fixation usng acrylic
and epoxy as externd fixator componentsfor treetment of 1ong bone fracturein dogs.

2. To study the comparative in vitro biomechanica properties of different designs of
acrylic and epoxy-pin externd skeletd fixation systems.

3. To evaduate a suitable design of acrylic and epoxy-pin externd skeletd fixatorsin the
trestment of long bone fracturesin dlinica cases.

Qad
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REVIEW OF LITERATURE

Externa skeletd fixation (ESF) isamethod of treating bone and joint injuries as well
as correcting skeletd deformities by attaching bones to an externd device that stabilizes the
injured limb (Marcdlin-Little, 1999). It dlows manipulation of the limb segments to achieve
retoration of length and dignment. A synonym for externa skeleta fixation is “externd
osteosynthess’. In contragt, interna osteosynthesis employs devices implanted under the skin
and muscle. Externa braces, cast splints and orthotic devices are not consdered externd

fixators.

Externd skeletad fixation is most commonly used for fracture management. ESF may
be applied using ether closed or open fracture reduction and are often used for highly
comminuted fracturesthat cannot be recongtructed anatomicaly (Marcdlin-Little, 1999). They
aso facilitate management of associated soft tissue injuries, making ESF idedly suited for the
trestment of open fractures. ESF is so commonly used in combination with other forms of
interna fixation (usudly intramedullary Steinmann pins and/or cerclage wires) to provide
adjunctive fracture stabilization. Other indications for the use of these systems include the
trestment of non-union and infected fractures, the correction of limb deformities, the sabilization
of arthrodeses, and the transarticular immobilization of joints following ligament or tendon
repair (Lewis et al., 2001). ESF dong with osteotomy of radius and ulna has been used to
correct angular limb deformities (Marcdllin Little et al., 1998; Singh et al., 2008).The use of
external skeletd fixators was once associ ated with complications and postoperative morbidity.
But clinicd and experimenta studies have led to technological advances and modificationsin
application techniques, which have greatly reduced the complications associated (Marcellin-
Little, 2002).



When placing an externd fixator, preoperative planning isessentid. Damageto exiging
anatomic gructures, including muscles, tendons, nerves and vessals, must be avoided or
minimized. Anatomic safe zonesfor pininsertion are suggested to avoid such damage. Usudly,
thesafezoneisintheareaof bonetha ismos superficid, with thefewest number of neurovascular
sructuresin the vicinity (David and Nirmd, 2007).

Theexterna skeletd fixators can beof linear, circular or hybrid (combination of linear
and circular) type. If the connecting rods or rings are replaced by some non-metdlic polymeric
materid, then the fixator is caled as free-form of externa skeletd fixator.

Linear external skeletal fixators

Thebasic linear externd fixator frameis composed of connecting rods and a series of
connecting clamps (Lewis et al., 2001). Single connecting clamps are used to fasten fixation
pins to connecting rods. Double connecting clamps are used to fasten connecting rods to one
another. Externd fixatorsare modular systems and thus can be assembled in numerous congtruct
configurations (Lewis et al., 2001). Main factors that affect the stiffness and various loads
ressting capacity of the linear ESF system depends on the pin factors, connecting bar materia
and frame configuration(Lewis et al., 2001).

Pin factors

Pins and wires connect sdebars and clamps to bone and are a criticd link in the
dability of externd fixation. Theweskest link inthe ESF systemisthe bone-fixation pininterface
(Briggsand Chao, 1982, Aron et al., 1986). Pin factorsinclude pintype, size, length, number,
location and pin insertion technique.

Fintype/desgnisanimportant parameter affecting bone-fixation pin sability (Anderson
et al., 1997). Non-threaded or partialy threaded pins can be used as fixation pins. Non-
threaded fixation pinshave sgnificantly lessresistance to axid extraction in cortica bonewhen
compared with partidly threaded fixation pins (Egger et al., 1986; Bennett et al., 1987) and
thus are prone to loosening during the convaescent period, resulting in pin tract drainage and
patient discomfort (Aron et al., 1986). Clinicaly, theincreased Sability afforded by the use of
partidly threaded pins decreasestherisk of complications associated with prematureloosening
of fixation pins (Aron et al., 1986; Anderson et al., 1993). Partidly threaded pins can have
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the thread poditioned at the end of the pin (used for haf-pin splintage) or centraly on the pin
(used for full-pin splintage) (Anderson et al., 1997). Ellisor SCAT pins, which have cutting
threads only aong ashort length (approximately 1 cm) of thetip of the pin facilitates placement
of thethread smooth shaft interface within the medullary cavity, thereby protecting thisinterface
from bending forces during weight bearing (Bennett et al., 1987).

Initidly, most partially threaded fixation pins were negative profile (Anderson et al .,
1997). Poditive profile fixation pins are also purported to have superior axial extraction
resistance characteristics to negative profile pins (Pamer et al., 1991, Anderson et al.,
1993). Postive profile fixation pins have been designed with both cortica and cancellous
thread profiles. The cancellous thread profile was developed to be placed in regions of the
bone that are composed of predominantly cancellous bone, such as the proxima tibia,
proxima humerusand distal femur (Anderson et al., 1997). In addition, positive profile pins
can be manufactured to function effectively as both centrally threaded full-pin splintage pins
and end threaded half-pin splintage pins, whereas negative profile pins can only effectively
function as end threaded half-pin splintage pins.

Fin sze/diameter increases the fixator stiffness directly. Pin's stiffness is proportiona
to itscore diameter to the power of 4 (Nunamaker et al., 1986; Bennettet al., 1987; Muir et
al., 1995). Thepin diameter should not exceed 25 % (20-30%) of the bone diameter (Edgerton
et al., 1990). Shorter pinsare differ thanlong pinsbecause pin siffnessisinversaly proportiond
to pin length to the third power (Bouvy et al., 1993).

Number of fixation pinsin the proxima and dista major bone fragmentsinfluencesthe
fixators dtiffness and affects the distribution of the physiologic loads among pins. The greater
the number of fixation pins per fragment, the more effective is the device in gabilizing the
fracture and maintain pin-bone interface integrity (Smith, 1985; PAmer et al., 1991; Bouvy et
al., 1993). Thisis true up to four pins per mgor proxima and dista fragments; beyond this
number the increase in mechanica advantage is negligible (Pamer et al., 1991; Bouvy et al.,
1993).

Locating pins both close to the fracture and at the end of the bone increases the
diffnessand decreasesthe mation a thefracturesite. Thisprincipleisfar-near-near-far principle
and isuniversd for dl type of ESF systems (Bouvy et al., 1993; Marcdlin-Little, 2002).
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Fin fixation technique can vary from using ahand chuck, low speed drill or high speed
drill and has asubstantid effect on the integrity of the bone-fixation pin interface (Egger et al .,
1986; Gumbset al., 1988; Clary and Roe 1995, 1996). Fixation pins (non-threaded) placed
using a hand chuck had inferior acute axid pull-out strength and were loose when compared
with those pins placed using alow speed (150 rpm) power drill (Gumbset al., 1988). Egger
et al. (1986) found that the mechanicd damage was more near pins inserted using a hand
chuck on higtologica examination. High speed (1200 rpm) power drill dso had sgnificantly
lower axid extraction forces, which was ascribed to therma necrosis of bone surrounding
these pins placed at high speed (Egger et al., 1986). So, it is advantageous to use low speed
power drilling of the pins.

Pre-drilling apilot hole to facilitate the placement of fixation pins has been suggested
as another means of further improving the bone-fixation pin interface (Clary and Roe, 1995,
1996; Anderson et al., 1996). A pilot hole of substantidly smdler diameter than the core of
thefixation pinreducesaxial micro motion asaresult of circumferential compressveinteraction
between the fixation pin and the bone, referred to as ‘radia preload’ (Biliouris et al., 1989).
Conversdly, a pilot hole exceeding the core diameter of the fixation pin reduces mechanical
bone trauma during insertion (Clary and Roe, 1996).

Clary and Roe (1996), in a study designed to define the optimal pilot hole diameter
for apogtive profile partidly threeded fixation pin, found that the excessvely smdl pilot holes
were causing micro-structural damage that occurs during pin insertion in such cases, wheress,
pilot holesthat exceeded the core diameter of the fixation pin resulted in decreased initid pull-
out strength. Thus, pre-drilling of apilot hole that approximates, but does not exceed, the core
diameter of the fixation pin was recommended. This represents a compromise between
maximizing the initid pull-out strength and minimizing insertiond bone damage.

Connecting bar material

Conventiona ESF systemsare made of metadsmost commonly dainlesssted (Kummer,
1990). The other avallable metds are duminum, titanium and carbon fibers. Carbon fiber,
titanium and duminum weigh less than comparable diameter of dainless ged rods These metds
are ds0 having more giffness than sainless sted (Lewis et al., 1998; White et al., 2003;
David and Nirma, 2007). Carbon fibers are radiolucent and comparatively stiffer than other
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metas available (Nele et al., 1994; Lewis et al., 1998; David and Nirma, 2007). But it is
very expendve and in addition, once used the carbon rods cannot be reused (White et al.,
2003).

Frame configurations

Externd fixators have been classfied as being ether typel, I or Il configurations
(Roe, 1992). Type | configurations utilize haf-pin splintage fixation pins, which pass through
both cortices of the bone but only penetrate one skin surface. The connecting frameis placed
on only one sde of the limb and thus these are unilaterad congtructs. Type Il configurations
utilize full-pin splintage fixation pins, which penetrate both cortices of the bone and opposing
skin surfaces. Connecting frames are placed on both sdes of the limb and thus these are
bilaterd congtructs. Typelll configurations utilize acombination of haf-pin and full-pin splintage.
Type | and Il systems are placed at gpproximately 90° to each other and the frames are

interconnected; these are therefore trilateral constructs.

Externd fixators can dso be classfied as elther uniplanar or biplanar configurations. If
al thefixation pinsand the connecting frame occupy asingle plane, then thefixator isuniplanar.
Typell configurationsare uniplanar. Most type| configurationsare uniplanar (typela), however,
if two half-pin splintage fixators are placed at 60° to 90° of axid rotation to each other and the
frames are interconnected, then the resultant type Ib configuration is biplanar. Type Il
configurations are also biplanar (Lewis et al., 2001). Types| and Il are Sngle-plane. All the

other frame types are multiplanar.
Linear external skeletal fixation systems

TheKirschner-Ehmer (KE) splint wasintroduced in 1947 and for the past half century
has been the most frequently used ESF system in dogs and cats (Pettit, 1992). Kirschner-

Ehmer systems are manufactured in three 9zes amdl, medium and large,

Use of type Il and 111 congtructs, however, is principaly limited to gpplications dista
to the ebow and stifles because of impingement by the media connecting system on the body
wall (Anderson and Aron, 1998). An dternative method isto employ thetype laKE splint as
adjunctive sabilization to an intramedullary pin. Thisresultsin asubgantia improvement inthe
fixation biomechanics, in comparison with ether fixation method aone, and often alows for

17



early remova of the externd fixator (Vasseur et al., 1984; McPherron et al., 1992).

Sahility can besgnificantly improved if theintramedullary pinisleft protruding through
the skin surface (i.e. a the shoulder or hip) and incorporated or ‘tied-in’ to the externd fixator
frame (Aron et al., 1991). This ‘tie-in’ congtruct also prevents intramedullary pin migration;
however, some surgeons have complained of the development of large skin wounds over the

hip when this construct was used to repair femora fractures (Lewiset al., 2001).

Severd new ESF systems have been developed to address many of the deficiencies
of the Kirschner- Ehmer splint; specificdly, the inability to place postive profile fixation pins
directly through fixation clamps, the inability to add or remove individud centrdly located
fixation clampswithout completely removing the connecting rods, the relatively wesk connecting
rods, thelack of aconvenient system for pre-drilling pilot holesfor fixation pins, thelack of a
system fadilitating congstent accurate placement of multiple full-pin splintage fixation pinsin
the same transverse plane, and impaired visuaization of osseous structures on radiographs

through frame components.

IMEX Veterinary (Longview, TX, USA) introduced its SK system in 1997. In this
system, the diameter of the connecting rod has been markedly increased (smdl rod 6-3 rnm;
large rod 9.5 mm) to improve the biomechanics of the fixator frame (Bronson et al., 1999;
White et al., 2003). SK connecting rods are manufactured from carbon fiber, titanium and
auminum, and weigh less than comparable diameter stainless stedl rods. Carbon fiber and
auminum rods have the added advantage of being radiolucent. The SK fixation dampshavea
two-piece clamp body, which can be readily assembled and disassembled. This aso dlows
gable fixation irrepective of fixation pin angle and dlows the use of fixation pins of varying
diameter. The hole in the fixation bolt is large enough to accommodate direct placement of

appropriate diameter pogitive profile partially threaded fixation pins.

The Securos ESF System (Securos; Fiskdale, MA, USA) was introduced in 1997.
The Secur-U clamp consists of three components. The U-shaped component is the body of
the clamp. The head component engagesthe fixation pin and secures the connecting rod within
the U-shaped component. The third component of the clamp is abolt which secures the head
component within the U-shaped component. Unlike Kirschner-Ehmer clamps that deform
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upon tightening, the U-shaped component provides a more secure fixation to the connecting
rod (Krauset al., 1998b). The Securos clamp can be assembled and disassembled, and does
not need to be preloaded on the connecting rod before gpplication. The Securos system
includes an aming tool that facilitates congtruction of type I fixators. Thisaming device hasa
drill deeve attachment to facilitate drilling pilot holesfor the placement of postive profilefixation
pins.

Clinicd results reported using the Securos system in 10 dogs with dista limb fractures
found that the system simplified application, was associated with shortened surgery timesand
rapid times to union, and there was a low incidence (16 per cent) of fixation pin loosening
(Kraus et al., 1998a). Decreasing the stability of the fixator frame during bone healing has
been shown to accel erate the hedling process (Egger et al.., 1993). The Securossystem alows
two uniquemethodsof dtering framedtiffnesswithout removing fixation pins. Frg, augmentation
plates, which are made in sx different lengths, have been designed to be attached to the
connecting clamps of type | constructs to enhance initid frame stiffness. Secondly, if atypell
fixator is applied, the bolts of the fixation clamps diga to the fracture can be replaced with
dightly longer bolts Thelonger bolts will engage the fixation pin, but release interference with
the connecting rod.

Circular external skeletal fixators

Deveoped by the Russan physician, Gawriil llizarov, these modular systems can be
assembled in numerous configurations, which can be used to stabilize fractures and arthrodeses,
and to perform bone lengthening and transport, as well as to correct angular and rotationa
deformities (Ferretti, 1991; Welch and Lewis, 1999). Circular externa skeleta fixator (CESF)
sysems are being used in dogs and cats (Marcdlin-Littleet al., 1998; Lewiset al., 1999, b;
Tommeasini Degnaet al., 2000).

CESF frames consist of a series of complete and/or incomplete rings that are
interconnected by threaded rods. Each ring is secured in position dong the rod by placing a
nut on ether Sde of thering (Lewis et al., 1998). CESFs are uniquely designed to perform
digtraction osteogenesis (Welch and Lewis, 1999). The frame can be elongated or shortened
to distract or compress osteotomies or fractures (Bianchi-Maiocchi, 1994). If an osteotomy is
digtracted at the proper rate (approximately 1 mmv/day) and rhythm (fractionated into two to
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four equd timeintervas), regenerate bone is produced within the distraction gap (Stalings et
al., 1998; Welch and Lewis, 1999).

Main factorsthat affect the stiffness and various loads resisting capacity of the CESF
system dependson thering factors, materid of the congtruct and pin factors (pin or pin number,

pin location, pin Sze and pin tension).

Ring diameter, which dictates pin length, has a profound influence on the mechanica
properties of the CEF (Gasser et al., 1990; Kummer, 1992; Bronson, 1995). Asring diameter
increases, thelength of the pin gpanning thering must also increase, thereby decreasing sability.
Ilizarov's origind recommendation to sdect the amdlest diameter ring possible, leaving a
minimum of 2 cm distance between the skin and theinner circumference of thering to dlow for
soft tissue swelling and facilitate pin tract care is Hill gpplicable (Paey, 1991, Ilizarov, 1992,
Kummer, 1992). Configurations that secure individua bone segments at a minimum of two
levels (double-ring block) sgnificantly increase the stability of fixation when compared with
configurationsthat secureindividua bone ssgmentsat only oneleve (sngle-ring block) (Cahoun
et al., 1992; Bronson, 1995).

CEF rings have been fabricated from stainless stedl, d uminum, and carbon composite.
Sanlessgted isthemaost common materia used to make CEF rings (Kummer, 1990). Although
the auminum and carbon compodite rings must be thicker than Sainless sed ringsto maintain
comparable rigidity, duminum and carbon composite rings are lighter in weight and also have
the advantage of being relatively radiolucent (Kummer, 1990; Nele et al., 1994). Carbon
composite rings, however, are subgtantially more expensive than duminum or stainless sted
rings (Nele et al., 1994). In addition, carbon composite rings can delaminate when pins are
directly clamped to the ring and thus carbon rings cannot be reused.

Unlikelinear systems, CESFsdasscaly use smal diameter K-wires, rather than pins,
asfixation dements (Bianchi-Maiocchi, 1994). Wires are typicaly tensioned to improve their
dtiffness characteridtics (llizarov, 1992). No tensioning is recommended for patients weighing
lessthan 5 kg. For 5-10 kg, 10-20 kg and more than 20 kg patients a tension of 20-30 kg,
30-60 kg and 60-90 kg is recommended, respectively (Lewis et al., 1998). The tensoned
wiresimmohilize the bone segments and adequatdly resist bending, shear and torsiond forces,
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whilealowing axiad micromotion a the osteotomy-fracturesite (Pdey, 1991). Axid micromotion
isconddered to beimportant in creating amechanica environment conduciveto osteogeness,
and is purported to enhance fracture heding (Lewis et al., 1998; Welch and Lewis, 1999).

Increasing the number of fixation pins increases the stability of the fixation. Orbay et
al. (1992) found theaxid and torsond rigidity of asngle-ring congtruct wasdirectly proportiona
to the number of pins used in the construct. Single-ring blocks typicaly use two pinsthat are
placed on opposite surfaces of the ring. Additional pins often referred to as drop pins can be
placed on either Side of aring if posts are used. Drop pins aso improve res stance to bending
forces (Neleet al., 1994).

Fin srength and stiffness increases proportiond to the diameter of the pin squared.
The axid dadticity inherent to CEFsisaresult of the use of amdl diameter pins (Ndeet al.,
1994). Pinsmust be of sufficient diameter, however, to prevent plastic deformetion or breskage
when subjected to the forces of weight bearing.

Olive or stopper pins have abead fixed dong the midportion of the pin. Olive pinsare
placed such that the bead is positioned in direct contact with the cortex of the bone. Olive pins
sgnificantly improve bending stiffness and stability by minimizing trandation of the bone dong
the pin (Nele et al., 1994). Orbay et al. (1992) showed that the use of opposing olive pins
effectively mitigated the low-shear resistance associated with pin intersection angles of less
than 60° Counter opposed olive pins greetly increased the stability of fixation, particularly in
oblique fractures and can be used to generate interfragmentary compression. Cahoun et al.
(1992) found that parallel, opposing olive pins placed across an oblique osteotomy improved
both compressive and digtractive stiffnessfrom two to five times as compared with the stiffness

provided by the smooth pins placed across the osteotomy.
Circular external skeletal fixation systems

Severd circular externd skeletd fixation systems have been designed specificadly for
usein dogs and cats (Ferretti, 1991; Stdlings et al., 1998; Marcdlin-Little, 1999).

The Jorgensen system has full and partid rings, arches, connecting plates, threaded
connecting bolts, spacers and an inexpensive non-cdibrated device for tensoning pins. An
innovetive design feature of the system isthe universal joint component (Stalingset al ., 1998).
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Ringsin this sysem are 70 mm, 100 mm and 150 mm in diameter, made of Sainlesssted, and
lessthan 3 mm thick, presumably to minimize the frame weight. Unfortunately, thesethin rings
deform easily during routine use. In addition, the ends of the haf rings are not machined with
ledges and thus do not interlock in asingle plane when atached to one another (Stdlingset al .,
1998).

The Polyfix systems (Centravet, Tanen, France) were developed by the French
veterinarian Yves Lattein 1989 (Stalingset al., 1998; Lewis, 2001). All ringsare complete, 5
mm inwidth and made of anodised auminium. The Palyfix 4 Sysem, which has4 mm diameter
connecting rods, is designed for use in animas weighing up to 7 kg. The black coloured
Polyfix4 rings have an internd diameter of 45 mm. Connecting rods comein 70 mm, 110 mm
and 150 mm lengths, and fixation bolts can accept 1.0 mm to 1.4 mm diameter pins. The
Polyfix 6 has 6 mm diameter connecting rodsand isdesigned for usein dogsweighing between
7 and 70 kg. The blue-coloured rings are available in interna diameters of 70 mm and 100
mm. Connecting rods come in 80 mm, 120 mm, 160 mm and 200 mm lengths and fixation
bolts can accept 1.2 mm to 2 mm diameter pins. The remaining component parts are
interchangeabl e between the two systems, which do not have atensoning device. These are
gable, reliable systems and the smal number of components makes them easy to use and

economicd.

The IMEX CESF (Longview, TX, USA) wasfirs marketed in 1996 (Stdlingset al .,
1998). Ringsin the IMEX system are manufactured from atempered duminum aloy, usualy
reserved for aerogpace gpplications, which imparts strength to the supporting e ementswithout
meaking thefixator too heavy for usein cats and dogs. Full and five-eighthsrings, and one-third
ring arches are available in four diameters: 50 mm, 66 mm, 84 mm and 118 mm. The IMEX
system has an inexpensive non-cdibrated device for tensoning pins (Stalings et al., 1998;
Lewiset al., 19993, b).

Hybrid external skeletal fixators

Hybrid externd skeletd fixation (HESF) sysemsare made of acombination of circular
and linear ESF systems. They werefound to be stiffer than either linear or circular ESF systems
(Sngh et al., 2007). Farese et al. (2002) used an IMEX SK-circular externd fixator hybrid
congtructs for fracture stabilization in dogs and cats, and they found that time to radiographic
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union ranged from 62 to 137 days. Hybrid fixators were useful congtructs for stabilization of
humera and femord fractures, particularly fractureswith short, juxta-articular fracture ssgments
(Kirkby et al., 2008).

Clarke and Carmichael (2006) had used HSEF in trestment of distal diaphysed
fractures of R/U and tibia in three dogs. Hybrid fixator was found to provide more stable
fixation of radid and tibid osteotomies as compared to conventiona 4-ring circular fixators
(Aithd et al., 2007). In another study, pes varus deformity in Dachshunds was corrected by
wedge osteotomy of the distal aspect of the tibia stabilized by HESF (Radasch et al., 2008).

Free-form external skeletal fixators

Finsplaced in the fracture fragments may be connected with moldable polymersrather
than clamps and stedl connecting bars. This free-form type of fixation has the advantage that
pin direction need not be influenced by the connecting bar location and pin diameter need not
be influenced by the clamp size (Tomlinson and Congtantinescu, 1991; Roe and Keo, 1997;
McCartney, 1998; Worth, 2007). Specific fractures that have been managed with thisform of
fixation include those of the mandible, the maxilla and the smdl bones of birds (Chambers,
1981; Stampley and Lawrence, 1993) but the technique was a so found effective for treatment
of long bone fracturesin dogs, smdl ruminants and caves (Aithd et al., 2010; Kumar et al.,
2011). A number of different compounds have been used to form the connecting bar for free-
form fixators. Most are methylmethacrylate based (denta or hoof acrylics or cement used for
implantation of prostheses). Epoxy adhesive and various cast materias have been used in
birds.

Acrylic external skeletal fixators

Acrylicsare polymerswhich on hardening (polymerization) form astrong structure. In
some ingances, it is preferable to subdtitute acrylic (usudly polymethylmethacrylate) for the
connecting clampsand rods, to completethe externa frame (Okrasinski et al., 1991; Willer et
al., 1991; Rossand Matthiesen, 1993). Acrylic has been used to substitute for the connecting
clamps (McCartney, 1998) and rods, to completethe externa frame (Okrasinski et al., 1991;
Willer et al., 1991; Ross and Matthiesen 1993).

Theuseof acrylic columnsaffordsthe surgeon greeter latitudein fixation pin placement
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because the fixation pins need not be aligned in asingle longitudina plane. In addition, fixation
pinsof any diameter may be used, and not just those that can be accommodated by aconnecting
clamp. Mogt acrylics (except medica grade polymethylmethacrylate, which usudly contains
barium sulphate) areradiolucent, which facilitates postoperative assessment of fracturereduction
and fracture heding (Lewis et al., 2001).

The acrylic column is dso light in weight, which may encourage an earlier return to
function (Okraginski et al., 1991; Egger, 1992; Ross and Matthiesen, 1993). Although the
polymethylmethacrylate can be moulded into a cylindrica shape and gpplied to the fixation
pins while in its dough phasg, it is preferable to pour or inject the PMMA while in its liquid
phase into hollow tubing that has been preplaced over the exposed ends of the fixation pins
(Chandyet al., 2007; Julieet al ., 2007). Shipov et al. (2008) reported that PMMA reinforced
with pin within proved to be better than PMMA done.

Acrylic connecting systems have some limitations. The fumes produced during
polymerization are noxious and toxic (Anderson, 1988). Acrylic columns were used for
adjunctive sabilization such asin transarticular sabilization following ligamentous recongtruction,
and as adjunctive stabilisation of an arthrodesis or fractures that have been reduced via an
open reduction primarily stabilised using intramedullary pins, interfragmentary screws and/or
cerclagewires (Lewiset al., 2001). Postoperative adjustment or remova of an individua pin
isdifficult when an acrylic connecting columnisused (Rossand Matthiesen, 1993). The column
can breek, particularly if its diameter is not sufficient (Ross and Matthiesen, 1993).

Acrylic ESF were used in 9 dogs and 2 cats for repair of long bone fractures, for
arthrodesis, or for immohbilization of jointsfollowing ligament or tendon surgery. Therewereno
complications associated with the use of acrylic ESF. Acrylic ESF offers the advantage of
reduced cogt, improved versatility, and smplified gpplication technique when compared with
Kirschner ESF (Okrasinski et al., 1991). In case of long bone fracture trestment, acrylic
externd skeletd fixators have been used successfully in smdl animas (Jdulie et al., 2007;
Worth, 2007).

A commercid sysem (APEF System, Innovative Animd Products, Rochester, MN)
has been developed that smplifies the use of acrylic connecting bars for ESF in smal anima
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patients. Based on mechanica evauations of fixatorswith acrylic connecting materid, suitable-
Sized bars can be formed for dogs of various szes (Willer et al., 1991).

Fins with a postive profile end thread and a roughened shaft (Acrylic Haf Rins,
IMEX Veterinary, Inc, Longview, TX) have been developed to improve the durability of small
free-form fixators. The shaft diameter of these pins ranges from 0.9 mm to 24 mm. The
posgitive profile end thread is designed to improve engagement in bone. The am of roughening
the pin shaft is to increase the strength of the attachment of the acrylic. This should avoid the
need to bend or notch pins (Roe and Keo, 1997).

Epoxy external skeletal fixators

Epoxy isapolymer avalladlein resn form and when mixed with hardener it solidifies
to form avery srong materid. It isavailablein the market (non-medica grade) to sed various
house-holditems. Duetoitsmechanica propertiesand usefulness, it can be used asacomponent
of ESF sysem just like acrylics.

Epoxy adhesive and cast materials have been used to congtruct free-form externa
fixators in birds (MacCoy, 1981; Bennet and Kuzma, 1992; Roe and Keo, 1997). Epoxy
putty is easy to handle, inexpensive, and has suitable setting times and mechanica properties
(Roe and Keo, 1997).

Recently epoxy fixators have been used for treatment of open fracturesin dogs, small
ruminants and calves with good success (Kumar, 2007; Aitha et al., 2010). Aithd et al.
(2009) based on their clinical study reported that epoxy-pin ESF system is strong enough to
withgtand the weight of smal animas weighing up to 100 Kg and can be effectively used to
provide rigid fixation, using fixation pins of varied diameter.

Biomechanical studies

Biomechanics is defined as mechanics gpplied to biology. Mechanics, in turn, is the
andydis of any dynamic system, be it the relative mation of quanta and subatomic particles or
the motion of galaxies (Smith, 1985). The term mechanics was used as early as 1638 by
Gdlileo describing force, motion, and the strength of materids. (Akeson et al., 1975; Fung,
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1981). Biomechanicsis the gpplication of mechanica principles to biological systems, such
as humans, animals, plants, organs, and cells (Alexander, 2005). One of the best definitions
was provided by Herbert Hatze in 1974 was “ Biomechanics is the study of the structure and
function of biologicd sysemsby meansof the methods of mechanics’. Theword biomechanics
describes the gpplication of engineering mechanics to biological and medical systems. An
understanding of severa biomechanicd principlesisimportant to understanding the effects that
forces have upon biologica systems.

Long bone fracture is very common in case of dogs due to extreme force or load.
Force or load isequd to the acceleration of matter (F = massx acceleration). The amounts of
force, the direction of the forces, and the rates of gpplication to the materid dl have an effect
on the outcome of the materia. Long bones experience mainly three forces (Smith, 1985), or
acombination of these: (i) An axial compressive force dong the long axis of the bone which
is generated by the body weight on thet leg; (ii) A bending force which is generated by the
axid compressve force and by the muscles and tendons around the particular bone and (jii) A
twisting or spinning or torsional force which is generated by the movement of the bone ends
and thejoints.

Inclinica practice, however, fractures encountered are more commonly a product of
acombination of the aforementioned modes. When a load/force is applied, deformation will
occur. This can be seen from the load-deformation graph (Fig 1). The stress on the vertica
axis is the force per unit area being exerted on/experienced by the bone. The strain on the
horizonta axisisthe deformation of the bone relative to the stress (Frost, 1971; Black, 1988;
Radasch, 1999).

tailure
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Fig. 1. Atypical stress-strain graph
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L oad-deformation curves dlow for the mechanical evaluation of a bone or a bone-
implant composite. The curves are vauable for obtaining information about how a bone will
respond to aforce and the effectiveness of implants to resist the gpplied forces. In particular,
thedope of the curve containsinformation regarding the iffness, strength, and energy absorption
capacity of amateria or composite (Frost, 1971; Black, 1988; Radasch, 1999).

Theinitid phase of aload-deformation curve is the dadtic region which is where no
permanent deformation occursin the materid. Thistype of deformationiscaledelastic. Inthe
elagtic region the stress and strain are directly (linearly) related to each other. Stiffness, which
correlaes to the eadtic region of the curve, isindicated by the amount of load a materia can
sugtain with minima deformation (Smith, 1985; Hulseand Hyman, 2002). Stiffnessiscal cul ated
from the dope of the curve; astegper dope meansthe stiffnessis greater (Frost, 1971; Black,
1988; Radasch, 1999).

When increased loads are gpplied to the materid, permanent deformation occurs
darting at the yield point. The following region is known as the nonelastic phase or plastic
region. If aload is applied beyond the plastic region, the ultimate failure point is reached
symbolizing ultimete failure. This is the strength of the materid. Strength is defined as the
amount of load needed to cause catastrophic failure (Frost, 1971; Black, 1988; Radasch,
1999). In the plastic region the strain increases more rapidly than the stress, and failure of

courseisfracture.
Compression

Compressonis an axial for ce which causesashearing stressin the block asindicated
by the diagond arrow (Fig. 2).

& T

Fig. 2: Compression forces
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Compression forceson astructuretend to shorten and widen it. Maxima stressoccurs
on aplane perpendicular to theload gpplied. If that axid forceis sufficiently largethe block will
breek, fail, asshown in, ‘B’ to the right. Thisisshear failure, and when amaterid falsina
brittle manner because of compression, it fallsin shear. Thisis an important type of falure of
bones and in young dogs fracture of growth plate may occur (Smith, 1985; Hulse and Hyman,
2002).

Bending

Long bones are normdly subjected to bending which entails compression, tenson,
and shear. It results in the generation of maximum tendle forces on the convex surface of the
bent member and maximum compressve forces on the concave Sde (Fig. 3). Between the
two surfaces, that is, through the cross section of the member, there isacontinuous gradient of
stress digtribution from tension to compression (Smith, 1985; Hulse and Hyman, 2002). An
imaginary longitudind plane corresponding to the trangtion from tenson to compresson,
approximately in the center and normal to applied force, is designated the neutral surface.
Along thissurfacethereistheoreticaly no tendle or compressiveload on the materid. Another
ussful desgnation istheneutral axis, whichisthelineformed by theintersection of the neutral
surface with a cross section of the beam, perpendicular to its longituding axis.
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Fig. 3: Bending force

The bending may be present because of the angulations of a bone reétive to the
ground but is largely caused by muscular and tendinous forces exerted on a bone (Smith,
1985).
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Under bending load, the beam is bent downward with compression of the upper part
and tension of the lower part. Because mature hedthy boneis stronger in compression thanin
tenson, failure usudly begins on the tengon surface (Smith, 1985; Hulse and Hyman, 2002).
In very young animals or severdly osteoporatic bone, however, folding or bucklefracturesare
sometimes noted on the concave or compresson sSde of the bone, indicating failure in a
compressive mode subsequent to bending (Smith, 1985).

Torsion

Theremaining type of smplefallureistorsgon. Torsond loading asdepicted (Fig. 4) is
ageometric variaion of shear and actsto twist astructure about an axis (the neutrd axis). The
amount of deformation is measured in terms of shear angle, dpha. As in bending, in which
maximum tensile and compressive stresses occur on the surface and distant from the neutra
axis, torsona loading produces maximum shear stresses over the entire surface, and these

stresses are proportiond to the distance from the neutra axis.
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Fig. 4: Torsional force

Thisisanimportant and dmost invariable component of fracturesof long bones(Smith,
1985). It probably never occurs alone in fractures of bones. In dog bone subjected to pure
torsond loading, it has been suggested that fallure beginswith crack initiation in a shear mode
(Frankel and Nordin, 1980) , that is, parald to the neutral axis, followed by crack propagation
generdly dong theline of maximum tendle stress (30° to the neutrd axis). The net effect of this
fracture mechanism is to produce a so-called spird fracture of the long bone (Smith, 1985;
Hulse and Hyman, 2002).
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Biomechanics of external skeletal fixators

Various studies have reported the factors which affect the biochemical characters of
externa skeletd fixators. In case of linear ESF systems, pin number, size and diameter affect
the biomechanicd siffness markedly. In addition the diameter and plane occupied by the
connecting bar affect the strength of fixator (Cheo et al., 1979; Egger, 1983; Brinker et al.,
1985; White et al., 2003).

As compared to the smooth pins, negative profile partially threaded pins are less
resstant to bending forces. The thread-smooth shaft interface of partialy threaded pinsis a
stress concentrator, which further compromises the pin's resstance to bending forces and
many atimesapin bregk a this point (Bennett et al., 1987; Pamer and Aron, 1990). Ellisor
SCAT (end threaded) pins have comparable axia extraction characterigtics as fully threaded
pins and Smilar resstance to bending forces as smooth pins (Bennett et al., 1987). Pinswith
threads raised above the core diameter of the pin, the postive profile fixation pins, which have
stiffness superior to that of negative profile pins (Anderson et al., 1993).

Thenumber of pinsin proxima and digtd fracture ssgmentshasbeen shown toinfluence
fixator giffness directly, with three pins per segment yielding 50% to 100% more giffnessin
compression, bending, and torsion than two pins per ssgment (Chaoetal., 1979). Interestingly,
the addition of more pins (more than four) per segment results in an inggnificant increase in
overdl fixator stiffness, particularly in the most critical anteroposterior (AP) bending mode.
Fin placement within each pin group is aso important. In generd, a comparison of variouspin
numbers used and their placement in bone has demondrated that fixator stiffness can be
improved by increasing pin separation within each group, minimizing pin length, and reducing
pin-group separation (Chao et al., 1979).

Biomechanica studies performed in the 1980sand early 1990s established therel ative
strengths and stiffness of various Kirschner-Ehmer congiructs (Egger, 1983; Brinker et al.,
1985; Bouvy et al., 1993). It was confirmed that uniplanar, unilaterd type la configurations,
particularly those employing double connecting damps, weresignificantly wesker than uniplanar,
bilatera type Il configurations (Egger, 1983; Brinker et al., 1985; Whiteet al.,2003). Three-
dimensiond biplanar type 111 congiructs were biomechanicaly superior to biplanar, bilaterd
type Il configurations (Egger, 1983, Brinker et al., 1985; White et al., 2003).
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Strategies have been devel oped to improve the biomechanics of type lacongtructs. A
second connecting rod can be placed on the fixation pins, which approximately doubles the
strength and gtiffness of atype la construct (Egger, 1983; Brinker et al., 1985).

Modified type | Kirschner-Ehmer congiructs, with the most distd fixation pin(s) being
(@ full-pin splintage pin(s), have aso been biomechanicdly evauated and used to sabilize
complex diga humerd and femord fractures (Klause et al., 1990; Dewey et al., 1994;
Guein et al., 1998; Beck and Simpson, 1999).

The bridging of multiple frameswith additiona bars might aso enhance the stiffness of
ESF configurations. Although there are reports concerning the biomechanics of pins, the pin
bone interface, connecting bars, and frame design, there are few reports in the veterinary
literature on the bridging of multiplanar frameswithin ESFs (Egger, 1983; Lauer et al., 2000).

Biomechanica gudies of type | fixators showed that addition of the augmentation
plates resulted in a 1.9-fold increase in craniocauda bending stiffness, a4.2-fold increase in
mediolatera bending stiffness and a 4.4-fold increase in axid diffness (Norris and Kraus,
1999).

Podolsky and Chao (1993) examined the biomechanical properties of circular externd
fixators and found thet factorsthet increase stiffnessin conventiond frames aso gpply to crcular
frames. In both circular and conventiona systems, increased giffness could be achieved by
increasing pin or pin diameter, increasing the distances between the pins or pins, and decreasing
the bone to ring or bone to sidebar distance. Festures unique to circular frames that increase

diffnessincude increasing the pin tenson and positioning the proper pin-crossing angle.

Circular ESFsare modular systemswith numerous component variablesthat influence
the biomechanica behaviour of aparticular congtruct (llizarov, 1992). Ring diameter has been
shown to be the single most important component variable affecting the biochemicd profile
(Bronson et al., 1998). Comparison of different ring materias showed a 5% improvementin
axid and bending gtiffness, but no effect on tordond iffness when using carbon fiber rings
(Kummer, 1990). Stainless sted rings were found to be dightly more rigid than carbon fiber
ringsat low loads (Nele et al., 1994). At high loads (>1437 N), however, sanlesssted rings
exhibit a typicd plagtic behavior, with a progressve loss of rigidity. Carbon fiber rings, in
contrast, maintained dadtic deformability even at high loads.
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The axia and tordond rigidity of a Sngle-ring construct has been seen to be directly
proportiona to the number of pins used in the congtruct. Single-ring blocks typicaly use two
pinsthat are placed on opposite surfaces of the ring. Additiond pins often referred to as drop
pins can be placed on ether Sde of aring if posts are used. Drop pins aso improve res stance
to bending forces (Neleet al., 1994). Fin diameter hasthe most significant influence ontorsona
stability (Bronson, 1995; Podolsky and Chao, 1993).

Sngh et al. (2007) conducted an In vitro study on biomechanicd testing of externd
skeletdl fixation devices (developed usng mild stedl) for use in large ruminants and found thet
the hybrid fixator was the most rigid and resilient against compression and bending stresses
and was the most suitable fixation device againg linear and circular fixators. They were found

to be tiffer than either linear or circular ESF systems.

Stainless sted tubes were compared to carbon fiber rodsin a study by Kowalski et
al. (1996); it was found that, during bending, the carbon fiber rods were 15% giffer than the
gainless stedl tubes. The stainless stedl tubes deformed without breaking when subjected to a
250 Nm bending moment. The carbon rods maintained their dadtic stiffness throughout the
testing. They concluded that carbon fiber rodswere able to sustain higher loads without failing
when compared to stainless sted tubes.

Acrylic ESF were compared with Kirschner-Ehmer ESF in biomechanicd tests. A 2-
cm unilateral acrylic ESF was found to be superior to medium Kirschner-Ehmer ESF in
compression and shear loads. Acrylic ESFs when compared with stainless steel counterpart
werefound to be stronger in axial compression, craniocauda bending and torsonal |oads and
as grong in mediolatera bending loads (Willer et al., 1991).

The epoxy putties had similar strength, greater apparent modulus, and reduced
toughness when compared with the methacrylates (Roe and K eo, 1997). The greater modulus
of the epoxy means that an epoxy connected fixator will be giffer than one connected with
methacrylate, if thetwo fixators have smilar frame geometry. The shear strength of the smooth
pin interface with the Oatey Epoxy putty was greater than that with the methacrylates (Roe
and Keo, 1997). The interface with roughened pins was much stronger than that with smooth
pinsfor al materials tested.

|
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MATERIALSAND METHODS

The study was carried out in three parts.

Part 1. Development of different designs of acrylic and epoxy-pin ESF systems.

Part 2: In vitro biomechanicd testing of ESF systems.

Part 3: Clinicd evauation of acrylic and epoxy-pin ESF systems for trestment of long bone
fracturesin dogs.

Part 1. Development of different designs of acrylic and epoxy-pin
external skeletal fixation systems

Fixator congtructswere prepared using ultrahigh density polyethylene (UHDPE) rods
(Metalor®- Ashoka stedls, Chabri bazaar-Delhi, India) of 20 mm diameter. Length of thetwo
segments of congtruct was kept 7 cm each. The pins (1.5 mm diameter K-wires) made of 316
L stainlesssted (Nebulasurgicas Pvt Ltd, Gujarat, India) were passed at two or three points
both in proxima and diga segments.

Two types of designs were prepared for compression testing (Fig. 5). In the first
design a 2-point fixation per ssgment of the construct was done and in the second design a 3-
point fixation per segment was done. In two point fixation design, the nearer pins (closest to
the gap) was passed a 1.5 cm distance from the gap. In both segments, the distance between
the pins was kept a 2.0 cm. In three point fixation designs, nearer pin was passed a 1 cm
distance from the gap. The distance between the pinsin each segment was kept & 2 cm. Pins
were pased inthe sameline, pardld to each other, at aparticular disgancein uniplanar designs.
Pinswere crossed in multiplanar-1, multiplanar-11 and circular desgnsat 90° angletaking care
that the pins did not interfere with each ather. A gap of 5mm (to smulate the ungtable fracture
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Fig. 5 : Dimensions of the fixator constructs.
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condition) was kept in between the two segments of UHDPE rods using apiece of plastic for
temporary stabilization. The ssgmentswerethen joined using removabl e adhesive tape, kegping
the segmentsin proper aignment with respect to the planes of the pins passed. Sde barswere
condructed a uniform distance of 20 mm from the centra UHDPE rod. Tota length and
diameter of the fixators were 14.5 cm and 10 cm, respectively, including the connecting bars.

Acrylicfixators

Poly vinyl chloride (PVC) pipes of 20 mm diameter were connected to the pinsin the
same plane by piercing through and through. The pipeswere connected at afixed distance (20
mm) from the rod. In multiplanar design -11, the crossed pins were connected &t the proximal
and digtd endsusing additiona pipes of gppropriatelength. In circular design, the crossed pins
were connected at dl 4 points at the proxima and distal ends by fixing the pipesin acircular
fashion to make rings. Side barswere made separately by passing suitable length pipesinto the
pins. The Sde bars and rings were then joined by making an opening in the ring and inserting
Sdebar into it. The point of insertion was then secured with the help of adhesive tape. Thusa
temporary scaffold of different designs of fixator constructs was prepared (Fig. 6).

SAf curing dentd acrylic (Pyrax®-denture base polymer resin, Pyrax polymers-Roorke,
India) wasused in the present study. Acrylic powder (polymer) and liquid hardener (monomer)
were mixed in aglass besker immediately before application. Acrylic was poured into the sde
barsin semi liquid gate. In circular fixator designs, asmall opening was made at the proxima
ring and then the acrylic was poured and alowed to flow down the whole scaffold. The open
ends of sde bars were sedled with the help of adhesive tape. Acrylic was then dlowed to
polymerize and harden.

Epoxy fixators

The pins in the same plane were bent towards the gap and joined with each other
(usng adhesive tape) to make a temporary scaffold. Additiond pins were used for making
frames of multiplanar-1l and circular designs. In multiplanar design-I1, the pins were joined
proximally and distally between the sde bars of same plane, so that 2 rectangles were formed
on opposite sides. In circular congtructs, additiona pinswere used to make 2 rings, one at the
proxima and one a the distd end.

Theepoxy-resin (M-Sed® Phatgphat, Pidilite IndustriesLtd., Daman, India) wasmixed
with the hardener for 1-2 minutes, till auniform colour of dough wasformed. The Sde bars of
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Fig. 6: Construction of different designs of acrylic fixators.



the fixator were then congtructed by moulding the epoxy on the pins by incorporating the bent
pinswithinthemould. Thediameter of the gpoxy column waskept uniform at 20 mm throughout.
Further, the epoxy was alowed to harden (Fig. 7).

The technical easiness, time required for fixator gopplication, hardening time, weight
and cogt of the fixator were recorded for different designs of acrylic and epoxy-pin ESF
systems.

Weight

Weight of UHDPE rods with the pins was teken as A. The totd weight of the fixator
congtruct was taken as B. Weight of filling materid (acrylic or epoxy) used (C) was then
caculated as

Weight of filling materid (in grams), C=B -A
The average weight of each fixator design (n=7) was measured and compared.
Economics

Per unit cost of acrylic and epoxy was calculated. On the basis of materia used the
cost of filling materid (acrylic/epoxy) was caculated as A. The total cost of pins used was
caculated as B, depending on the number of pins used in each design by adding the cost of
pins and filling materid, the totd cost (C) of the fixator was caculated as.

Tota cost (inrupees), C=A +B
The cost of each design of acrylic or epoxy fixator was calculated and compared.

Part 2: Invitro biomechanical testing of external skeletal fixation
systems

The biomechanica testing of fixator constructs was done at the Department of
Mechanica Engineering, Krishna Indtitute of Engineering and Technology-Ghaziabad (U.P.).

Fixator congructs of four different designs of acrylic ESF were developed using
UHDPE rods as described in Part 1, i.e., uniplanar, multiplanar-I, multiplanar-11 and circular
fixator condructs. Smilarly, four different designs of epoxy were condructed i.e., uniplanar,

multiplanar-1, multiplanar-11 and circular fixator congtructs.
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Compression

Compression testing was done on two pin per segment and three pin per segment
model congtructs (Table 1). Thefixator constructs were mounted on Servohydraulic Universa
Tesing Machine (UTM) and axid load was applied @ 3 mm/min. until falure (Fig. 8). The
load deflection graphswere plotted. The maximum forceat which failure of the fixator construct
occurred wasrecorded and diress, strain, modulus of dadticity and stiffness of fixator congtructs
were cdculated using various formulae (Rajput, 2006) as described below.

Load (Newton)

Stress (N/ mm?) = -
Area (mm°)

Strain = Charlge in length (mm)
Initial length (mm)

Load (Newton)
Change in length (mm)

Stiffness (N/ mm) =

Stress (N / mm?)
Strain

Young's modulus (N/mnv) =

Mean + SE vaues for different parameters were estimated for different designs of

ESF constructs and were compared.

Table 1: Fixator designs used for compression tests.

Group Typeof Fixator design Number of Number of
Fixator samples (2 point  samples (3 point
fixation model)  fixation model)

Multiplanar-1 (EMD-I)
Multiplanar-1l (EMD-II)
Circular (EC)

A Aarylic Uniplanar (AU) 4 4
Multiplanar-1 (AMD-I) 4 4

Multiplanar-11 (AMD-I1) 4 4

Circular (AC) 4 4

E Epoxy Uniplanar (EV) 4 4
4 4

4 4

4 4
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Fig. 8: Testing of ESF constructs under compression force using UTM.
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Fig. 9: Testing of ESF constructs under bending force using UTM.
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Bending

The fixator constructs (3 point support per segment model) were mounted on the
bending-test assembly of the UTM (Table 2). They were held in position by specidly designed
clamps to prevent dipping. The fixator congtructs were mounted on the UTM in the form of
Smply Supported Beam as shown in fig. 9 and a Uniformly Didtributed Load (UDL) was
applied @ 3 mm/min up to a deflection of 50 mm. The failure point of the fixator constructs
was noted and the load displacement graphs were plotted. Bending moment, modulus of
eadticity and stiffness were caculated using the following bending eguation (Rajput, 2006).

Where M= Bending Moment, = Moment of Inertia of the section about neutral axis (N.A.),

E=Y oung’s modulus of elasticity, R=Radius of curvature of neutral axisands = Bending Stress.

Table 2: Fixator designs used for bending and torsion tests.

Group Typeof Fixator design Number of Biomechanical
Fixator samples/test test
A Aaylic Uniplanar (AU) 4 Tordgon, Bending.
Multiplanar-1 (AM-I) 4 Torsgon, Bending.
Multiplanar-11 (AM-11) 4 Tordgon, Bending.
Circular (AC) 4 Torson, Bending.
E Epoxy Uniplanar (EV) 4 Tordgon, Bending.
Multiplanar-1 (EM-I) 4 Torsgon, Bending.
Multiplanar-11 (EM-I1) 4 Tordgon, Bending.
Circular (EC) 4 Torson, Bending.

Torson

The fixator congtructs (3 point support per sesgment modd) were mounted on the
Tordon Testing Machine (0-100 N TTM), with the help of the coupling provided inthe machine.
Oneend of the construct wasfixed and the other end wasrotated. A torque (Nm) was applied
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@ 20 degree per minute. The torque and the degree required to fail the constructs were
recorded. Shear stress, shear strain and stiffness were ca culated using the following equation
(Rajput, 2006).

T_t_Cq

p R L

Where T= Maximum Twisting Torque (Nm), Ip= Polar Moment of Inertia (mm?), t=Shear Stress

(N/mm?), C=Modulus of Rigidity (N/mm?), ?=Angle of Twist and L= Length of the Shaft.

Part 3: Clinical evaluation of acrylic and epoxy-pin exter nal skeletal
fixation systemsin fracture treatment

Twenty seven dogs with fractures of the radius-ulna or tibia-fibula reported for the
trestment to the Referrd Polyclinic, IVRI, 1zatnagar (UP), during the period from January
2010 up to March 2011 were used in the study (Table 3).

Table 3: Design of the clinical evaluation of external fixators.

Group Typeof Sub-group Boneinvolved No. of animals
Fixator
A Acrylic ESF Al Radius-ulna 7
A2 Tibia 5
E Epoxy ESF El Radius-ulna 10
E2 Tibia 5

Preoper ative observations
History

Anamnesis regarding the species, breed, age and sex of the animal, cause of fracture,
time since fracture, bone involved and primary treetment given if any, were recorded in each
case of fracture. The cases presented were randomly divided intwo groups (A and E). Animas
of group A were treated with Acrylic ESF and group E were treated with Epoxy ESF. Each
group was further divided into two subgroups based on the bone involved.
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Clinical examination

All the dogs were examined for the degree of |lameness, boneinvolved, location of the
fracture, condition of the wound if any, and soft tissue injury at the fracture site. The degree of
Soft tissue injury was graded as dight (exposure of bone through a smal opening in the skin
with little contamination and oft tissue inflammation), moderate (relatively large skin wound
with contamination or/and soft tissue inflammation), and severe (very large skin wound with
gross contamination, soft tissue inflammation, necrosis, and sometimes with vascular

COMPromise).

Besdesthese dinica sgns, the animaswere aso examined for different physologica
parameterslikerectal temperature (RT in °F), repiratory rate (RR- per minute) and heart rate
(HR- per minute).

Radiographic examination

The fractured bone was subjected to radiographic examination in the mediolatera
and dorsopa mar/plantar or craniocauda radiographic projections (orthogona views) to assess
the type (transverse/oblique/spira/comminuted/multiple) and location (proximd third/ middle
third/digta third of digphyss) of fracture.

I ntraoper ative observations

In open fractures, after shaving and cleaning the Site around the wound, the wound at
the fracture site was thoroughly washed with norma sdine and antiseptic solution containing
1% povidone iodine. The fracture Ste was immobilized temporarily by application of splint
and bandage, to avoid further traumato the bone and soft tissue, till thetime of surgical fixation
of fracture fragments. Antibiotic Taximax (Cefotaxim +Sulbactum @ 25 mg/kg body weight)
and anti inflammeatory-andgesic drugs (Me oxicam @ 0.2 mg/kg body weight) were administered
to dl the animals till the day of surgery.

Food was withheld for 12 hr and water for 6 hr prior to surgery. The whole length of
thebone (in case of digphysed fractures) including the adjoining bones (in case of metaphysed/
epiphysed fracturesfor trans-articular fixation) was clipped, shaved and prepared for aseptic
surgery. All the animal swere given broad-spectrum /sensitive antibiotic (Taximax @ 25 mg/kg
i.v.) and anti inflammeatory-andgesic drugs (meloxicam @ 0.2 mg/kg i.v.) before the start of
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the surgery. Fracture reduction and fixation was done under generdl anaesthesiausing aropine
@ 0.04 mg/kg i.m., diazepam @ 0.5 mg/kg i.v. and pentazocine @ 1 mg/kg i.v. as pre
anaesthetics and 5 % thiopentone sodium administered i.v. till effect for induction and

maintenance of anaesthesa

After restraining the animal, the Ste was scrubbed and painted with 2% povidone
iodine solution. Fracture reduction was done by closed or semi-open method. Subsequently,
by keeping the bone fragmentsin alignment, the pins (K-wires) were passed. Whileintroducing
the pins, an attempt wasmadeto avoidinjury to mgjor vessdls, nervesand muscular attachments
by introducing the pins by hand through the soft tissues up to the level of bone (most vessdls
and nerves were gently pushed aside by this method). The pins were inserted through bone
using a low speed (200 rpm) dectric drill with continuous dropping of cold gterile norma
sdine solution to reduce therma necrosis. The firgt pin was passed in the smaler fragment,
followed by others, one by one aternatively in both segments. The pins were directed
perpendicular to the long axis of the bone, from caudomedid to craniolateral and from
craniomedia to caudolatera direction. The pins were crossed with each other at an angle of
70° to 90° in such away that they did not interfere with each other in the medullary cavity. In
caseof trans-articular fixation for thefracturesat thedista end of R/U or T/F, snglemediol aterd
pins were inserted in the metacarpalmetatarsals. In genera, 1.5 mm K-wires were used in
radiusulna and tibia/fibula, whereas in metacarpas and metatarsas, 1.2 mm K-wires were
used. Multiplanar design-Il was used in dl cases. A hybrid of multiplanar-11 and uniplanar

designs was used in the cases where fracture was near the joint.

For acrylic fixator, after passng the pins, 20 mm diameter corrugated mouldable PVC
pipe of desired length was passed through the pinsto congtruct the Sdebars (Fig. 10A). Acrylic
powder was mixed with liquid in pre-cooled glass begker in the ratio of 2:1. The mixture was
meade immediatdy beforefilling into the hollow pipes. The liquid was then poured into the pipes
with their cut/open ends facing upwards. Open ends of pipe were joined by cutting a smdl
triangular piecefrom oneend of the pipe so that thetwo ends of the pipe could fit into each other.
This joint was then secured with the hdp of an adhesive tgpe. To prevent damage to the skin
during polymerization, crushed ice was kept in between the fixator columns and the skin. The
acrylic columns were then dlowed to harden; subsequently the remaining ice was removed.
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Fig. 10A: Surgical fixation of fracutre with acrylic ESF using semiopen method; a)
Triangular piece of PVC pipe cut at ends; b) PVC pipe is moulded into
the desired shape; c) Pipe is passed through the pins to form temporary
scaffold; d) Acrylic is poured and ends sealed.



For epoxy fixator, after passing the pins, the pinsin the same plane were bent at 2 cm
from the skin towards the facture site (Fig. 10B). The bent pinswere then joined with the help
of adhesive tape to form atemporary scaffold. Using additiond pin pieces, the two side bars
of each Sde werejoined at the proxima and distal ends. The epoxy hardener and resn were
then mixed thoroughly. About 1-2 minute mixing was required to make dough which was of
uniform colour. The epoxy putty was then hand moulded and gpplied dong the temporary
scaffold incorporating the bent pins within the mould making a near uniform side bars of
gppropriate diameter (15 to 20 mm). The epoxy fixator so formed was then allowed to harden.

Intraoperatively, the time required for fracture reduction was recorded. The number
of pins passed through the bone fragments, the diameter and the direction of pinsused, and the
distance between the skin and side bars was recorded in each case. The diameter of the
acrylic/epoxy columns was noted. The technical easiness/difficulties during the application of
fixators and the degree of fracture stability achieved at the time of fixation were assessed
subjectively and graded as very good, good and satisfactory. In addition, the time required for
passing the pins, to goply fixator and for hardening was recorded. Complications, if any,
observed during the time of gpplication of fixator were aso noted.

Postoper ative observations
Postoper ative care and management

Anti-inflammatory-analgesic drug, meloxicam @ 0.2 mg/kg, was administered IM on
theday of surgery, subsequently oral administration was advised for 3-5 days. Broad spectrum
antibiotic taximax, @ 25 mg/kg i.m., was administered for a minimum of 3-5 days. Regular
cleaning and dressing of the wound was donewith 1% povidoneiodine solution. Thepins-skin
interfaces were aso cleaned regularly. All the animals were observed until the fracture hedled
radiographicaly and the fixator was removed.

Clinical observations

Wound healing: Thegtatusof wound was assessed regularly and thetota timerequired

for wound healing was recorded in cases of open fractures and open fracture reduction cases.
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Fig. 10B: Surgical fixation of fracutre with epoxy ESF; a) Fracture reduction by
semiopen method; b) Pins passed through the skin and bone; c) Pins bent
and joined to form temporary scaffold; d) Epoxy putty applied.
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Satus of the fixation device: The gatus of the fixation device (including different
components like pins and Sde bars) was evauated regularly for any change in the position or

deformation.

Pin tract sepsis: The pin-skin interfaces were regularly watched for the presence of
any discharge, infection etc. The degree of discharge, sepsis was recorded in each of the pin
tracts and graded as. 1-dight = the pin-skin interface is moist with dight oozing of serous/
fibrinous exudate on pressing, 2-moderate = seropurulent exudation from the point of pin
insertion on pressing the Site, and 3-severe = spontaneous exudation or excessive exudation

on pressing (Kumer et al., 2011).

Gait analysis. For andysisof gait, the anima swere eva uated while standing, walking
and running to observe weight bearing on the affected limb. The animas were observed on
days3, 7, 15, 30 and 45 postoperatively. Various scoreswere given for standing, walking and
running as detailed below:

1- no weight bearing, 2- dight weight bearing (anima mostly kegpsthe limb lifted and
keepsdowni.e, limb lifted mostly), 3: moderate weight bearing (kegpsthe limb on ground but
lifted in betweeni.e., limb kept on ground mostly), and 4: full/good weight bearing (touchesthe
limb on the ground during each step with full weight bearing).

Microbiological examination

The samplesfor microbiologica examination were collected from the wound site and
pin-skin interfaces a different intervas. The antibiotic sengtivity test was then performed and
the antibiotics were chosen for parenterd adminidtration, if required.

Haemato-biochemical observations

About 2mL of the venous blood was collected in heparinized syringe on days 0, 3, 7,
30 and 45 for haemato-biochemica examination. Haemoglobin (Hb-g/L) was estimated by
using 0.1 N HCI with the help of Sahli’ s haemoglobinometer, and packed cdl volume (PCV-
%) was estimated using microhaematocrit method. Plasma was separated from the remaining
blood, which was used for the estimation of akaline phosphatase (UnitsL) by pNPP-AMP
method, calcium (mmoal/L) by O-Cresol phthalein Complexone end point assay, and phosphorus
(mmol/L) by UV Molybdate end point assay.
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Radiographic observations

Orthogond radiographs were taken immediatdly after the gpplication of fixator to
assess the leve of fracture reduction, dignment of bone fragments and the placement of pins
through the bone. Radiographs were aso taken after the gpplication of fixator, i.e. on days 15,
30, 45 and 60, to evauate the status of fixation, fixator components, fracture healing and
complications, if any. Once the fracture heding was evident on radiographic examination
(bridging callus), the fixator was removed.

Fixator removal : After the radiographic hedling, the fixator was removed by cutting
the pinswith a pin cutter. The cut pins were then pulled out with the help of aplier. Pin tracts
were cleaned and flushed with povidone iodine and then bandaged. Owners were advised to
regularly clean and dress the pin tracts. Movement of the animas was restricted up to one
week. Ord adminigtration of analgesic, meloxicam @ 0.2 mg/kg body weight, was advised
for 2-3 days after fixator removd.

Functional recovery

Functiona recovery of the animal was graded as: very good - norma fracture hegling
with norma limb usage; good - normd fracture hedling but dight lameness persgting; satisfactory
- fracture hedling with dight ma union/delayed union leading to gpparent lameness and
unsatisfactory-fracture failed to heal due to fixation failure or infection (Kumer et al., 2011).

Statistical analysis

Thedataon dinica, haemato-biochemical and biomechanicad parameterswereandyzed
by Andysis of Variance (ANOVA) and Duncan’s Multiple Range Test (DMRT) to compare
the vaues with their respective base values within a group and a corresponding intervals
between groups. For non-parametric observations Kruska-Wallis and Mann-Whitney test
was used (Snedecor and Cochran, 1994).

(| [
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RESULTS

Part 1. Development of different designs of acrylic and epoxy-pin
external skeletal fixation systems.

The technicd easness, time required for the fixator gpplication, hardening time (of
acrylic and epoxy), weight and cost of thefixator were recorded for different designsof acrylic
and epoxy-pin ESF systems (Table 4).

Congtruction of fixator models was comparatively easier and less time consuming for
epoxy fixatorsthan acrylic fixaior modds Handling of acrylic was comparaivey difficult because
of its liquid phase, whereas the doughy consstency of epoxy putty facilitated its handling.
Fixing pipesthrough the pinsat proper distiance was comparatively difficult, especidly incircular
designs. It took significantly more time for congruction of acrylic circular design, in which
acrylic had to be filled. While pouring the acrylic into the pipe, leskage occurred in many
fixator congructsat the pipe-pin interfaces or a pipejunctions. During mixing of acrylic powder
with the liquid, noxious fumes were produced, which caused irritation to the eyes, respiratory
system and skin. In addition the heet produced during hardening of the acrylic made difficulty
in handling the models during congtruction. There was dight expangon of the acrylic while
hardening. At lower room temperature the hardening of acrylic was dower as compared to
that at higher temperatures. Hardening time was lessfor acrylic (nearly 11 min), so once st it
did not give any chance for even dight adjusments. There was no fume and negligible heet
production during processing of epoxy putty. Thetimefor hardening (22 min) wascomparetively
more with epoxy, which alowed minor adjusments in dignment of segments even after pin

fixation.



Table 4: Comparison of acrylic and epoxy based on their physical characters.

Parameters Aaylic Epoxy
Fumes Yes No
State Liquid Doughy
Rdative handling Difficult Easy
L eskage while applying Possble No
Hest/exothermic reaction More Less
Timefor hardening Less More
Rdaive weight Less More
Relative cost More Less
Radiographicaly Tranducent Opaque
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Weight

The weight of filling materid, acrylic, was sgnificantly (P<0.05) lesser than that of
epoxy materid (Fig. 11).

Weight (g)

Aorgls E sy
Fixator type

Fig 11: Mean £ SE of weight (g) of the filling material in acrylic and epoxy fixators.

The weight of filling materid was the leegt in uniplanar designs, fallowed by multiplanar-,
multiplanar-11 and circular designs, intheincreasing order (Fig. 12). The weight of epoxy was
sgnificantly (P<0.05) more than the acrylic in corresponding designs.
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Fig12: Mean = SE of weight (g) of the filling material in different designs of acrylic
and epoxy fixators.
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The total weight of the epoxy fixators was sgnificantly higher than acrylic fixators
(Fig. 13).

Weight (g)

Acrdls E pewey
Fixator type

Fig 13: Mean + SE values total weight (g) of the acrylic and epoxy fixators.
Themean £ SE vduesof thetotd weight of different designsof fixatorswassgnificantly
(P<0.05) different from each other with uniplanar designs weighing the least, followed by
multiplanar-1, multiplanar-11 and circular designs (Fig. 14). Different desgns of epoxy fixators
weighed sgnificantly (P<0.05) more than their corresponding acrylic fixator designs.
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Fig 14: Mean + SE of total weight (g) of different designs of acrylic and epoxy fixators.
Economics
The mean + SE of the cost of filling materid (acrylic and epoxy) used has been shown

infig. 15. Overdl, the cost of acrylic materid per unit fixator was about ~ 254.00, wheressit

was about ~ 83.00 for epoxy materia per unit fixator.
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Fig 15: Mean £ SE of cost ( ) of thefilling material in acrylic and epoxy fixators.

The cogt of epoxy materid required to develop different designs was significantly
(P<0.05) lesser than the acrylic materid for corresponding fixator designs (Fig. 16).
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Fig 16: Mean + SE of cost () of the filling material in different designs of acrylic and
epoxy fixators.

Thetotd cogt of the individud acrylic fixator design was sgnificantly more (P<0.01)
than the corresponding epoxy fixator design (Fig. 17).
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Fig 17: Mean + SE of total cost () of the different designs of acrylic and epoxy fixators.

Theoverdl totd cogt of the acrylic fixator per unitwas ~ 412.00, whichwassgnificantly
(P<0.05) higher than that of epoxy fixator, whichwas ~ 241.00 (Fig. 18).
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Fig 18: Mean + SE of total cost (™) of the acrylic and epoxy fixators.

Time

The average time required for gpplication of epoxy fixators was 13.6 min, which was
sgnificantly (P<0.01) lesser than for acrylic fixators which took about 20 min (Fig. 19).
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Fig 19: Mean + SE of time (mn) for application of acrylic and epoxy fixators.

The time required for gpplication of circular fixator desgns was sgnificantly more
(P<0.05) than the multiplanar designs. There was no significant (P>0.05) difference between
multiplanar design-I and I1. Uniplanar designstook significantly (P<0.05) lesser timefor their

congtruction than any other fixator design (Fig. 20).
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Fig 20: Mean + SE of time (min) for application of different designs of fixators.

Acrylic drcular design took nearly 30 min for its congtruction, which was sgnificantly
(P<0.05) more than dl the other designs of acrylic or epoxy fixators. Acrylic multiplanar
desgn-ll took sgnificantly (P<0.05) more time than acrylic multiplanar design-I and even
epoxy circular design. Epoxy circular and multiplanar desgn-Il took amost equd time for
their congruction, which was sgnificantly (P<0.05) more than required for epoxy multiplanar
desgn+l. Epoxy uniplanar designtook least timefor congruction (7 min), whichwassgnificantly
(P<0.05) lesser than the acrylic uniplanar design (Fig. 21).
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Fig 21: Mean + SE of time (min) for applicationof different designsof acrylic and epoxy fixators.

Thetime required for hardening/setting was lesser for acrylic congtructs (11 min) than
epoxy condructs (22 min). Thus the tota time required for application of epoxy and acrylic
fixators did not differ sgnificantly (P>0.05).

Part I1: In vitro biomechanical testing of different designs of acrylic
and epoxy-pin exter nal skeletal fixation systems

Compression

Compression testing was done in both 2-point fixation constructs and 3-point fixation
congtructs.

Two-point fixation constructs

In generd, strain followed the trend oppositeto that of stress, stiffness and modulus of
eadticity. No sgnificant (P>0.05) difference was recorded in stress and strain val ues between
the ESF congtructs having 8 and 4 pins (Figs. 22 and 23).
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Fig. 22: Mean + SE values of stress in the fixators having 4 or 8 pins.
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Fig. 23: Mean £ SE values of strain in the fixators having 4 or 8 pins.
Themean + SE vauesof giffnessand modulusof eadticity weresgnificantly (P<0.05)
higher for ESF congtructs having 8 pins (multiplanar/circular designs) than for 4 pins (uniplanar)
asshowninfigs. 24 and 25.
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Fig. 24: Mean £ SE values of stiffness in the fixators having 4 or 8 pins.
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Fig. 25: Mean + SE values of modulus of elasticity in the fixators having 4 or 8 pins.
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A ggnificantly (P<0.05) higher value of stress was recorded for epoxy fixators than
acrylic fixators (Fig. 26).
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Fig. 26: Mean £ SE values of stress in acrylic and epoxy fixators.

However, no sgnificant (P>0.05) difference was recorded in the vaues of drain,

stiffness and modulus of dagticity between acrylic and epoxy fixators (Figs. 27, 28 and 29).
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Fig. 27:

Mean £ SE values of strain in acrylic and epoxy fixators.
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Fig. 28: Mean + SE values of stiffness in acrylic and epoxy fixators.

59



1 5001

1.00

g

Modulus of elasticity (N/mm?)

Al Epaany
Fixator type

Fig. 29: Mean + SE values of modulus of elasticity in acrylic and epoxy fixators.

There was no sgnificant (P>0.05) difference in the stress and strain values between
different designs of fixators (Figs. 30 and 31).
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Fig. 30: Mean £ SE values of stress in different designs of fixators.
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Fig. 31: Mean £ SE values of strain in different designs of fixators.
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Stiffness of circular design fixation systems was non significantly (P>0.05) higher
than multiplanar design-11, but it was significantly (P<0.05) higher than other fixator designs
(Fig. 32).
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Fig. 32: Mean = SE values of stiffness in different designs of fixators.

Modulus of dadticity in uniplanar fixator design was significantly (P<0.05) lower than
circular design, however, no sgnificant (P>0.05) difference was recorded between multiplanar

and circular designs (Fig. 33).
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Fig. 33: Mean + SE values of modulus of elasticity in different designs of fixators.

There was no sgnificant (P>0.05) difference in the vaues of dress, drain, stiffness

and modulus of dadticity between acrylic and epoxy fixators of a particular design (Figs. 34,
35, 36 and 37).
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Fig. 34: Mean + SE values of stress in different designs of acrylic and epoxy fixators.
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Fig. 35: Mean + SE values of strain in different designs of acrylic and epoxy fixators.
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Fig. 36: Mean + SE values of stiffness in different designs of acrylic and epoxy fixators.
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Fig. 37: Mean £ SE values of modulus of elasticity in different designs of acrylic and
epoxy fixators.

Three-point fixation constructs

The average dtress, stiffness and modulus of dadticity for fixator constructs with 12
pins (multiplanar/circular designs) were sgnificantly (P<0.01) more than for 6 pin condructs
(uniplanar design). Wheress, 6 pin congtructs had significantly higher vaues of strain than 12
pin constructs (Figs. 38, 39, 40 and 41).
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Fig. 38: Mean + SE values of stress in the fixators having 6 or 12 pins.
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Fig. 39: Mean + SE values of strain in the fixators having 6 or 12 pins.
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Fig. 40: Mean £ SE values of stiffness in the fixators having 6 or 12 pins.
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Fig. 41: Mean + SE values of modulus of elasticity in the fixators having 6 or 12 pins.

64



No significant (P>0.05) difference wasrecorded in the vaues of gtress, dtrain, siffness
and modulus of eagticity between the acrylic and epoxy fixators (Figs. 42, 43, 44 and 45).
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Fig. 43: Mean + SE values of strain in acrylic and epoxy fixators.
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Fig. 44: Mean £ SE values of stiffness in acrylic and epoxy fixators.
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Fig.45: Mean £ SE values of modulus of elasticity in acrylic and epoxy fixators.
A dgnificant (P<0.01) difference in mean = SE vaue of stress was recorded with
circular design having the highest va ue, followed by multiplanar-11 and | designs, and uniplanar
design which had the lowest vaue (Fig. 46).
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Fig. 46: Mean = SE values of stress in different designs of fixators.

Among thedifferent designs, asgnificantly (P<0.05) higher vaueof strain wasrecorded
in uniplanar design than the other three (Fig. 47).
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Fig. 47: Mean = SE values of strain in different designs of fixators.
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Therewasanon sgnificant (P>0.05) differencein the siffnessand modulus of dadticity
between circular and multiplanar-1 and 1l designs, whereas the vaues for uniplanar design
were sgnificantly (P<0.01) lower than the other 3 designs (Figs. 48 and 49).
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Fig. 48: Mean = SE values of stiffness in different designs of fixators.
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Fig. 49: Mean + SE values of modulus of elasticity in different designs of fixators.

Themean £ SE vaue of stressfor epoxy circular fixator was non significantly (P>0.05)
higher than for acrylic circular fixator, however, it was Sgnificantly (P<0.01) higher than the
vauesfor the other fixators. Theacrylic circular design was non sgnificantly (P>0.05) different
from acrylic multiplanar-1 and |1 and epoxy multiplanar-1 and Il desgns. Themean = SE vaue
of gtress for acrylic uniplanar design was the lowest (Fig. 50).
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Fig. 50: Mean + SE values of stress in different designs of acrylic and epoxy fixators.

Among the different designs of acrylic and epoxy fixators, rdatively higher vaues of
drain were recorded in acrylic and epoxy uniplanar designs. Further, in acrylic group the
vauesof grainwere non sgnificantly (P>0.05) different among the4 designs. Smilarly, anong
the epoxy group the values of grain were non sgnificantly (P>0.05) different among the 4

designs (Fig. 51).
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Fig. 51: Mean = SE values of strain in different designs of acrylic and epoxy fixators.

The mean £ SE vaues of siffness and modulus of dadticity for epoxy circular and
acrylic circular designs were non sgnificantly (P>0.05) higher than the multiplanar designs.
Therewasno sgnificant (P>0.05) difference between multiplanar designsof epoxy and acrylic
fixators. Thevauesof stiffnessand modulus of eaticity for uniplanar designs of both epoxy or
acrylic fixators were sgnificantly (P<0.05) lower than dl other designs (Figs. 52 and 53).
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Fig. 52: Mean £ SE values of stiffness in different designs of acrylic and epoxy fixators.
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Fig. 53: Mean £ SE values of modulus of elasticity in different designs of acrylic and
epoxy fixators.

Comparison between 2-point and 3-point fixation constructs

The mean £ SE vaues of dress (N/mn?), drain, siffness (N/mm) and modulus of
eadticity (N/mn?) for fixators having 2-point and 3-point fixation per segment of rods was
recorded. Significantly (P<0.01) higher values of stress, stiffness and modulus of eadticity
were recorded in the ESF congtructs with 3-point fixation per segment than in 2-point fixation
per ssgment. Strain followed the opposite trend with lower valuein 3-point fixation constructs
(Figs. 54, 55, 56 and 57).
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Fig. 54: Mean + SE values of stress in fixator constructs having 2- or 3- point support
per segment.
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Fig. 55: Mean + SE values of strain in fixator constructs having 2- or 3- point support
per segment.
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Fig. 56: Mean + SE values of stiffnessin fixator constructs having 2- or 3- point support
per segment.
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Fig. 57: Mean = SE values of modulus of elasticity in fixator constructs having 2- or 3-
point support per segment.

Bending

Thevauesof bending moment, stiffnessand modulusof eadticity for acrylic and epoxy
fixators were comparable and there was no sgnificant (P>0.05) difference between them
(Figs. 58, 59 and 60).
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Fig. 58: Mean + SE values of bending moment for acrylic and epoxy fixators.
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Fig. 59: Mean £ SE values of stiffness for acrylic and epoxy fixators.
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Fig. 60: Mean = SE values of shear modulus for acrylic and epoxy fixators.

The mean + SE vaues of bending moment, dtiffness and modulus of dadticity for
circular desgns were sgnificantly (P<0.01) higher than for multiplanar designs (I and II).
Further, the vauesfor multiplanar designswere sgnificantly (P<0.01) higher than for uniplanar
designs (Figs. 61, 62, 63).
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Fig. 61: Mean + SE values of bending moment for different designs of fixators.
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Fig. 62: Mean = SE values of stiffness for different designs of fixators.
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Fig. 63: Mean + SE values of shear modulus for different designs of fixators.
The mean £ SE vaues of bending moment, stiffness and modulus of eadticity did not
differ sgnificantly between the acrylic and epoxy fixatorswith repect to corresponding designs
(Figs. 64, 65, 66).
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Fig. 64: Mean + SE values of bending moment for different designs of acrylic and epoxy
fixators.
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Fig. 65: Mean + SE values of stiffness for different designs of acrylic and epoxy fixators.
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Fig. 66: Mean = SE values of shear modulusfor different designs of acrylic and epoxy fixators.

Torson

The mean = SE values of shear stress (N/mn?), shear modulus (N/mm?) and stiffness

(Nm/deg) for epoxy fixator congructs were non sgnificantly (P>0.05) higher than for acrylic
fixator congtructs (Figs. 67, 68 and 69).
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Fig. 67: Mean + SE values of shear stress in acrylic and epoxy fixators.
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Fig. 68: Mean = SE values of shear modulus in acrylic and epoxy fixators.
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Fig. 69: Mean £ SE values of stiffness in acrylic and epoxy fixators.

The mean + SE vaues of shear stress, shear modulus and stiffness were significantly
(P<0.01) higher incircular design than others. Significant (P<0.05) differencewasaso recorded
between multiplanar-1 and multiplanar- 11 designs. The vaues for uniplanar desgn were
sgnificantly (P<0.01) lower than others (Figs. 70, 71 and 72).
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Fig.70: Mean £ SE values of shear stress in different designs of fixators.
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Fig. 72: Mean = SE values of stiffness in different designs of fixators.

The mean + SE values of shear sressdiffered significantly (P<0.01) between dl the 4
designs, both in acrylic and epoxy fixators. The shear stress was the least in uniplanar design
followed by multiplanar design-l, multiplanar design-Il and circular designs (Fig. 73). No
sgnificant difference was seen between acrylic and epoxy fixators of a particular design.
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Fig.73: Mean + SE values of shear stressin different designs of acrylic and epoxy fixators.
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Thevaues of shear modulus and stiffnesswere smilar for acrylic uniplanar and epoxy
uniplanar designs, acrylic multiplanar-I and epoxy multiplanar-1 desgns, whose vaues were
sgnificantly (P<0.01) lower than for respective acrylic and epoxy multiplanar-Il designs. A
significantly (P<0.01) higher value was recorded for epoxy and acrylic circular desgns than
other designs. Further, epoxy circular design recorded the highest val ues, which were significantly
more (P<0.01) than acrylic circular design (Figs. 74 and 75).
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Fig. 74: Mean £ SE values of shear modulusin different designs of acrylic and epoxy fixators.
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Fig. 75: Mean = SE values of stiffness in different designs of acrylic and epoxy fixators.

Thevauesof shear modulusand tiffness between multiplanar design-1 and multiplanar
desgn-I differed sSgnificantly (in both acrylic and epoxy fixators), with desgn-11 showing the
vaues nearly double than that of design-I.
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Part 3: Clinical evaluation of acrylic and epoxy-pin external skeletal
fixation systemsin fracture treatment

Preoper ative observations

Based on the history and clinical examination, different observations were recorded
(Table5). A totd of 24 dogs weretreated with 27 fractures. Among them, 3 dogswere having
bilaterd R/U fractures.

Relatively more number of R/U (n=17) fractures were recorded, whereas, 10 cases
were of T/F fractures (Fig. 76). Out of 17 R/U cases presented, 10 fractures were located at
the digtd third of digphyds, 5 were epiphysed and 2 were digphysed fractures. Among tibid
fracture cases, 5 cases were digphysed fracture (1 proxima third, 4 distd third and 3 mid
digphysed ) and one each of epiphysed fracture and joint luxation.

17
Radius Ulna

Fig. 76: Number of cases with radius/ ulna or tibial fractures.

Twenty cases were treated with closed (smple) fractures and seven cases were
having open (compound) fractures (Fig. 77). Eighteen dogswere malesand 9 werefemales
(Fig. 78).

20
Closed

Fig. 77: Number of open and closed fractures treated.
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Fig. 78: Number of male and female dogs treated.

Among different breeds presented, 12 dogs were mongrels. Labrador (4), Spitz (4),
German shepherd (3), Rottweiler (2), Great Dane (1) and Doberman (1) were the other
breeds presented with long bone fractures (Fig. 79).
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Fig. 79: Different breeds of dogs presented with fractures.

Of the dogstreated, 6 dogs had body weight up to 10 kg, 13 dogswereweighing 10-
20 kg and 8 dogs were having weight more than 20 kg (Fig. 80).
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Fig. 80: Number of animals treated in different weight groups.

Fal from height was the most common cause (13 cases) of fracture, followed by road
traffic accident (11 cases) and hit by stick (3 cases) (Fig. 81).
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Fig. 81: Number of animals presented with different causes of fracture.

Fourteen cases were presented to the clinic within 5 days of injury, 7 cases were
presented between 5 and 15 days, and 6 animals were presented after 15 days of fracture/
injury (Fig. 82).
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Fig. 82: Number of animals presented at different time since injury.

Degree of traumawas dight in 20 cases, moderatein 4 cases and 3 cases had severe
soft tissue trauma (Fig. 83).

4 >,
Moderate Trauma

20
Slight trauma

Fig. 83: Number of animals presented with different degrees of trauma.

I ntraoper ative observations

The number and sze of pins used (cross and single) has been given in table 6. The
most common pin diameter used was 1.5 mm in T/F and R/U. The angle between the pins
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varied from 50°-80°, based on the type and location of fracture. The pins (1.2-1.5 mm) could
beinsarted through the metacarpal and metatarsd bones, mediolaterdly, with ease. Noiatrogenic

fracture occurred.

In cases of epoxy fixation, pins in the same plane were bent and joined together,
however, even when pins were in different planes, they were easily bent and joined, giving
varied shape to the connecting bars. Additiona pin pieces were sometimes used to make the
scaffold. Joining the bent wires provided temporary stability until the epoxy-pin fixator congtruct
fully hardened.

Unlike epoxy fixators, in acrylic fixators, bent pins could not be incorporated within
the Sde bars (dueto technicdl difficulties). Thefixation pinswere pierced through and through
the PV C pipes used for congruction of Side bars. The extralength of pins coming out of Sde
bars were cut and bent.

In genera keeping the bone fragments in dignment and congtruction of sde barswas
relatively more difficult during acrylic fixation than epoxy fixation. A gap of about 1-2 cm was
kept in between the skin and Sde bars, both in acrylic and epoxy fixation systems.

Thetimerequired for passing the pins, congtruction of side bars, hardening of acrylic/
epoxy and totd time for fixator gpplication have been given in table 6. The mean £ SE time
required for passing the pins in case of acrylic and epoxy groups was 14.92 + 1.00 min and
15.20 £+ 1.13 min, respectively, with no sgnificant (P>0.05) difference between acrylic and
epoxy fixation (Fig. 84).

20.00

15.00

Time (min)

Fil=atlk E oy

Fixator type

Fig. 84: Mean £ SE time (min) required for passing the pins (construction of side bars).
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Timerequired for gpplication of fixator (construction of side bars) in epoxy group was
19.67 £ 1.42 min, which was significantly (P<0.05) lesser than in acrylic group, where it was
29.58 + 2.26 min (Fig. 85).

A0.00

S0.00

=20.00

Time (min)

10.00

000

Mordic ooy
Fixator

Fig. 85: Mean + SE time (min) required for application of fixator (construction of side bars).

A ggnificantly (P<0.05) more time for hardening/setting (22.00 = 0.52 min) was
recorded for epoxy fixators as compared to 10.67 = 0.41 min for acrylic fixator (Fig. 86).

Time (min)

_. -
=} ] o ¥
=1 a =3 a
g Z G 8

Aoglo Ersnmy
Fixator type

Fig. 86: Mean * SE time (min) required for hardening of acrylic or epoxy.

However, the tota time required for fixator application (passing pins, construction
of side bars and hardening of acrylic/epoxy) did not differ sgnificantly between the groups
(Fig. 87).
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Fig. 87: Mean * SE total time (min required for fixator application.

Complications

During the congtruction of acrylic fixators, fixation of pipe through the pins and
congruction of Sde bars was difficult. During mixing of acrylic powder with liquid, noxious
and irritating fumes were produced. The handling was comparatively difficult due to liquid
congstency of acrylic. Care had to betaken while pouring acrylicinto the pipeswhich sometimes
led to leakage from the pin-pipe interface. The setting/hardening time of acrylic was very less
(11 min.), with limited scopefor any adjusments. In addition, while setting/hardening of acrylic,
alot of heat was generated making it difficult to handle. Due to the ice kept in between the
acrylic frame and skin (for coaling), the field became wet and dirty. No such complications
were observed with epoxy fixation, and handling was easy due to its doughy consistency. No
fumes were produced. There was negligible heet production during setting. Contouring and
shaping the fixator frames according to the limbs was comparatively easer with epoxy putty.
Further, due to dow setting of epoxy, minor adjusments in the frame and dignment of bone

fragments were possible even during the frame congtruction.
Postoper ative observations
The postoperative observations have been summarized in table 7.

Wound healing: A tota of seven animaswere trested with open fracture. In al the animas
wound hedled within 10 and 15 days.

Status of the fixation device: The fixation pins and Sde bars maintained their sructures

wdl in dl the cases, barring two where the side bars were seen broken due to auto mutilation
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Table 7: Postoperative observations in animals of different groups.

CaseNo. Treatment Levd of Timefor Postoperative Functional
groups fixation  healing complications (days) recovery
(days)
1 Group | VG 30 _ VG
2 (Acrylic VG 55 Filling defect, loosening of most
Radius/ Ulna) distal pin (3), moderate transudation
from many pin tract VG
3 S 45 _ G
4 G 30 _ VG
5 VG 45 Toedragging (up to day 6) VG
6 G 60 L oosening with slight transudation
from one proximal pin tract (30) VG
7 G 58 M oderate transudation, proximal
& distal pair of pintract (30) VG
8 Group Il VG 35 Slight transudation of one
proximal pin tract (3) VG
9 (Acrylic Tibia/ VG 28 _ VG
Fibula)
10 G 65 Side bar broken due to auto
mutilation (15) G
11 S 60 _ G
12 G 45 _ VG
13 Group |11 G 30 _ VG
14 (Epoxy G 45 M oderate transudation, first pin tract
Radius/Ulna) (3), distal pin broken (45) VG
15 VG 30 Slight transudation, first pin tract (30) VG
16 G 45 M oderate transudation, proximal &
distal (30,45) VG
17 S 55 Moderate transudation, first pintract G
18 S 60 (3) 2 pins break (15), Bar broken, S
reapplied
19 VG 60 _ VG
20 G 70 Osteolysis and slight transudation,
most distal pair (45) S
21 G 60 Slight transudation, proximal and
distal pin tracts (7) VG
2 G 53 _ VG
23 Group IV G 60 On day 15-side bar broken, auto
(Epoxy Tibia/Fibula) mutilated, fixator reapplied G
24 S 60 Slight transudation, proximal pair G
of pintracts (7)
25 VG 60 _ VG
26 G 35 _ G
27 G 50 G

VG = Very good; G = Good; S = Satisfactory
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(chewing by dogs) in one anima each with acrylic and epoxy fixator at 15" day post fixation.
In the anima with epoxy fixator, epoxy was regpplied dong the Sde bar congtruct. Therewas
no breskage, bending or loosening of the pinsin the fixators, except in two cases. Loosening
of pinsoccurred intwo animaswith acrylic fixator in R/U. Inthefirst caseloosening of onepin
occurred duetofilling defect in the Sde bars. In another caseloosening of one pin wasreported
at 45" day due to breakage of pin, the fixator was removed on the same day as fracture
hedling was evident radiographically.

Pin tract sepsis No pintract sepsiswasobserved in 16 cases. In 11 casestransudation from
pin-skin interfaces was observed a various intervals. Sight exudation was seen in 6 animals,
whereasin 5 animas moderate transudation was recorded. Transudation was mostly observed
in most proxima and digtd pins.

Gait analysis: The animas were observed for weight bearing during standing, walking and
running on days 3, 7, 15, 30 and 45. All the animas showed a variable degree of lamenessin
theimmediate postoperative days. Therewasagradua increasein weight bearing (gait scores)
a subsequent intervals (Fig. 88A).

Gait scores at standing: The gait scoresfor standing during the follow-up period between 3
and 45 days for different groups with respect to the fixator types (Fig. 88), sex of the animas
(Fig. 89), treatment groups (Fig. 90), weight groups (Fig. 91), causesof injury (Fig. 92), types
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Fig. 88: Mean + SE values of standing scores in animals of acrylic and epoxy fixator
groups on different days.
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Fig. 88A: Dogs treated with acrylic / epoxy-pin ESF showing very good weight bearing
during postoperative period.
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Fig. 89: Mean + SE values of standing scores in male and female animals on different days.

of wound (Fig. 93), and bonesinvolved (Fig. 94) were found to be non significantly (P>0.05)
different.

Sgnificant differenceswere observed among some of the gait scoresduring thefollow-
up period between different groups with respect to the age group, time sinceinjury and degree

of trauma, which are asfollows

Treated caseswere anayzed according to their age after grouping them as 0-6 months,
6-12 months, 1-2 years and above 2 years (Fig. 95). The mean gait scorein standing position
on day 3 for animals above 2 yearswas significantly (P<0.05) lower than the mean scoresfor

the animds in the age group of 6-12 months and 1-2 year; however, it was a par with the

P iGroups
T | T [
St |
==yl =T

R Eimay=Flading
[%] Lima
[} — Ezcwy Tiok
=
[}
o
[
[=)]
£
T
o
© &
4=
[42]

.0

1. 507

i T i T
=] T 15 felu) 45
Days

Fig. 90: Mean + SE values of standing scoresin animals of different treatment groupson
different days.
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Fig. 91: Mean = SE values of standing scores in different weight groups on different days.
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Fig. 92: Mean + SE values of standing scores in animals with different causes of injury
on different days.
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Fig. 93: Mean + SE values of standing scores in animals with open and closed fractures
on different days.
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Fig. 94: Mean £ SE values of standing scores in animals with fractures of R/U and tibia
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Fig.95: Mean + SE values of standing scoresin animal sof variousage groupson different days
scores of 0-6 month of age group animds. There was no sgnificant (P>0.05) differencein the
standing gait scoreson days 7, 15, 30 and 45. The mean gait scoresin standing position for O-
6 month animason days 15, 30, and 45 werefound to bethe highest, however, the differences

were non sgnificant (P>0.05).

The gait was ds0 andyzed with respect to the time snce injury after grouping the
animals on up to 5 days, 5-15 days and above 15 days (Fig. 96). The mean gait score in
sanding posgition on day 45 for animas presented within 5 days of injury was sgnificantly
(P<0.05) higher than those presented later. However, there was no significant (P>0.05)
difference in the mean gait scores in stlanding position on days 3, 7, 15 and 30.
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Fig. 96: Mean + SE values of standing scoresin animals brought for treatment on different
days of injury.

Analysis of cases according to the degree of trauma was done by grouping them as
dight, moderate and severe (Fig. 97). It was observed that the dogs with dight trauma had
sgnificantly (P<0.05) higher mean scores on days 7, 15, 30. Although the gait scores on 45"

day for dight, moderate and severe trauma cases were at par with each other.
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Fig. 97: Mean + SE values of standing scores in animals with various degree of trauma
on different days.

Gait scores at walking: The gait scores for walking during the follow-up period between 3
and 45 daysfor different groups with respect to the fixator type (Fig. 98), sex of animad (Fig.
99), experimenta groups (Fig. 100), cause of injury (Fig. 101), time since injury (Fig. 102),
type of wound (Fig. 103), and bone involved (Fig. 104) did not differ sgnificantly (P>0.05).
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Fig. 98: Mean = SE values of walking scores in animals of acrylic and epoxy fixator
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Fig.100: Mean + SE values of walking scores in animals of different treatment groups on

different days.
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Fig.101: Mean + SE values of walking scores in animals with different causes of injury
on different days.
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Fig. 102: Mean + SE values of walking scoresin animals brought for treatment on different
days of injury.
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Fig. 103: Mean + SE values of walking scores in animals with open and closed fractures
on different days.
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Fig.104: Mean + SE values of walking scoresin animalswith fractures of R/'U or tibia on
different days.
Sgnificant differences (P<0.05) were observed in the gait scores for walking during
the follow-up period between different groups with respect to the variables like age group,
weight group and degree of trauma.

The mean gait score during walking for animals above 2 years on days 3 and 7 were
significantly (P<0.05) lower than those aged 6-12 months and 1-2 years and was at par with
the animals aged 0-6 months (Fig. 105). There was no difference in the mean gait scoreson
days 15, 30 and al the age groups were at par with each other. On day 45, mean scores of 0-
6 month and 6-12 month age groups were sgnificantly (P<0.05) higher than 1-2 year and

above 2 year age group animals.
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Fig. 105: Mean + SE values of walking scores in animals of various age groups on
different days.
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Treated caseswere a so analyzed with respect to the weight groups. First group (up to
10 kg body weight), second (10-20 kg) and third (above 20 kg) groups had 6, 13 and 8
animals, respectively (Fig. 106). The mean gait scorefor the animasweighing up to 10 kg was
higher on days 7, 15, 30 and 45. The mean score for gait on day 45 for the animas up to 10
kg was sgnificantly (P<0.05) higher than the animals weighing above 20 kg.
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Fig. 106: Mean + SE values of walking scores in animals of different weight groups on
different days.

Andyssof gait with respect to the degree of traumawas done by grouping theanimals
having dight, moderate and severe soft tissue trauma (Fig. 107). The mean gait score on day
7 in animds having dight trauma was sgnificantly (P<0.05) higher than those with severe
trauma. However, no significant differences in the mean scores were observed on days 3, 15
30 and 45.
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Fig. 107: Mean + SE values of walking scoresin animalswith different degrees of trauma
on different days.
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Gait scores at running: The gait scores for running during the follow-up period between 3
and 45 daysfor different groups with respect to the fixator types (Fig. 108), age groups (Fig.
109), sex of the animds (Fig. 110), trestment groups (Fig. 111), cause of injury (Fig. 112),
time snceinjury (Fig. 113), type of wound (Fig. 114) and bone involved (Fig. 115), did not
differ agnificantly (P>0.05).
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Fig. 108: Mean + SE values of running scores in animals of acrylic and epoxy groups on
different days.
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Fig. 109: Mean = SE values of running scores in animals of various age groups at
different days.
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Fig. 110: Mean + SE values of running scores in male and female animals on different days.
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Fig. 111: Mean + SE values of running scores in animals of different treatment groups on
different days.
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Fig. 112: Mean £ SE values of running scores in animals with different causes of injury
on different days.
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Fig.113: Mean + SE values of running scoresin animals brought for treatment on different
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Fig. 114: Mean + SE values of running scores in animals with open and closed fractures
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different days.
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Sgnificant differences were observed in the gait scores between different groups with
respect to the weight groups and degree of trauma

According to the weight, the animas were grouped as first group (up to 10 kg body
weight), second (10-20 kg) and third (above 20 kg) groupswith 6, 13 and 8 animals, respectively
(Fig. 116). Themean gait scoresin the animalsweighing up to 10 kg were higher ondays 3, 15,
30 and 45. The mean gait score for running on day 45 for the animasweighing up to 10 kg was
sgnificantly (P<0.05) higher than the animas weighing 10-20 kg or above 20 kg.
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Fig. 116: Mean + SE values of running scores in animals of various weight groups on
different days

According to the degree of trauma, the animals were grouped with dight, moderate
and severe oft tissue trauma (Fig. 117). The mean scores on day 7 in animas having dight
trauma was sgnificantly (P<0.05) higher as compared to those with severe trauma, however,

no significant differencesin the mean scores were observed at other intervals.
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Fig. 117: Mean * SE values of running scoresin animals with different degrees of trauma
on different days.
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Microbiological examination

The result of the antibiotic sengtivity test has been shown in fig 118. Ampicillin +
sulbactum was the most senditive antibiotic in 60 % samples, followed by gentamicin (25 %),
tetracycline (10 %) and laevofloxacin (5 %).

ﬁmplcillin&ulbzcu_m
60.00%

Fig. 118: Antibiotics found effective during sensitivity test.

Haemato-biochemical observations

Haemoglobin (Hb) : The overal mean + SE vaues of Hb on daysO0, 7, 15, 30 and 45 were
10.24 +0.35,10.37 £ 0.40, 10.41 £ 0.29, 10.46 + 0.28 and 10.80 £ 0.23 g/L, respectively.
There was no sgnificant (P>0.05) difference in the vaues of Hb a different time intervals
between the groups.

Packed cell volume (PCV) : The overal mean + SE values of PCV ondays0, 7, 15, 30 and
45 were 31.15 + 1.55, 32.93 + 1.12, 33.07 + 1.10, 31.93 + 0.92 and 34.56 + 0.95 %,
respectively. There was no significant (P>0.05) difference in the values of PCV at different
time intervas between the groups.

Calcium: Theoverdl mean £ SE vaduesof caciumondaysO, 7, 15, 30 and 45 were 2.44 +
0.05, 2.54 + 0.05, 2.44 + 0.05, 2.43 + 0.05 and 2.44 £ 0.05 mmol/L, respectively. There
wasno sgnificant (P>0.05) differenceinthevauesof calcium at different timeinterval s between
the groups.
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Phosphorus: Theoveral mean = SE vaues of phosphoruson daysO0, 7, 15, 30 and 45 were
120+ 0.04,1.19£0.03,1.18 £ 0.02, 1.23 + 0.03 and 1.16 = 0.02 mmol/L, respectively.
There was no sgnificant (P>0.05) difference in the vaues of phosphorus at different time
intervas between the groups.

Alkaline Phosphatase : The overal mean + SE vauesfor AKP on daysO, 7, 15, 30 and 45
were 189.00 + 4.58, 190.93 + 4.41,192.81 + 4.47,188.30 £ 4.48 and 191.11 + 4.32 U/L,
respectively. There was no sgnificant (P>0.05) difference in the vaues of AKP at different
time intervas between the groups.

Radiographic observations

Variousradiographic findings have been summarized in the Table 7. Radiographswere
takenimmediately after surgery and follow-up radiographswere takenttill radiographic fracture
healing was observed. Very good and good reduction of fracture fragments was observed in
29.63 % and 51.85 % cases, respectively. Intheremaining 18.52 % cases, satisfactory fixation
was observed (Fig. 119). Postoperative radiographs showed dight overriding of fracture
fragmentsin Six cases.

P = Satisfactory
\ery Good 18.52%
28.63%

Good

Fig. 119: Level of fixation in animals treated with ESF.

Anima streated with acrylic fixators showed very good, good and satisfactory level of
fixation in 20, 60 and 20 % of cases, respectively (Fig. 120).
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Fig. 120: Level of fixation in animals of acrylic group.

Animd streated with epoxy fixators showed very good, good and satisfactory level of
fixation in 41.67, 41.67 and 16.67 % of cases, respectively (Fig. 121).

Good
41.67%

Fig. 121: Level of fixation in animals of epoxy group.

Radiographsreved ed that epoxy materia was highly radiodense, whereas acrylic was
radiolucent. Hence visudization of bone, fracture Ste in particular, was clearer with acrylic
fixators (Fig. 122).
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Fig 123: Mean = SE. timefor fracture healing (days) in animalstreated with acrylic and
epoxy fixators.
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Fig. 122A : Preoperative (a); immediate postoperative (b) and follow up radiographs (c) of
case with radius / ulna fracture treated with epoxy ESF.

Fig. 122B: Preoperative (a); immediate postoperative (b) and follow up radiographs (c) of
case with radius / ulna fracture treated with acrylic ESF.



Fig. 122C : Preoperative (a); immediate postoperative (b) and follow up radiographs (c) of
case with tibia/fibula fracture treated with acrylic ESF.
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Fig. 122D: Preoperative (a) and postoperative (b) radlographs of case with tibia/fibula
fracture treated with epoxy ESF.




None of the pins was broken (except in one case, where one distal most pin was
broken as reported on day 45). Callus formation started as early as on day 15. In one case
delayed hedling was seen and cdlus formation started after 30 days (11 year old animd).

The fixators were removed after radiographica hedling i.e., bridging calus was
observed. The mean £ SE days for radiographic heding in acrylic R/'U and T/F group were
46.14 £ 4.72 and 46.6 £ 7.08, respectively. In epoxy R/U and T/F groups, the time required
for fracture healing was 49.8 + 4.73 and 53.00 £+ 4.90 days, respectively. Themean+ SEtime
required for fracture heding including animas of al groups was 48.85 + 2.56 days.

There was no sgnificant effect of factors like fixator type (acrylic or epoxy) (Fig.
123), breed involved (Fig. 124), sex (Fig. 125), treatment group (Fig. 126), weight of the
animd (Fg. 127), cause of injury (Fig. 128), timesnceinjury (Fig. 129), type of fracture (Fig.
130), degree of trauma (Fig. 131) or bone involved (Fig. 132) on the fracture heding.

Fracture healing (days)

Dog breeds

Fig 124: Mean + SEE. time for fracture healing (days) in dogs of different breeds.

Fracture healing (days)

E ] Fenals
Sex

Fig 125: Mean £ SEE. time for fracture healing (days) in male and female animals.
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Fig 126: Mean + SE. time for fracture healing (days) in animals of different treatment
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Fig 127: Mean + SE. time for fracture healing (days) in animals with different body
weight (kg).
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Fig 128: Mean = SE. time for fracture healing (days) in animals with different causes of
injury.
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Fig 129: Mean = SE. time for fracture healing (days) in animals brought for treatment
on different days of injury.
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Fig 130: Mean + SE. time for fracture healing (days) in animals with open and closed
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Fig 131: Mean = SEE. timefor fracture healing (days) in animalswith different degrees of
trauma.
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Fig 132: Mean £ SE. timefor fracture healing (days) in animalswith fractures of radius/
ulna or tibia.
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Fig 133: Mean = SEE. time for fracture healing (days) in animals of different age groups.

But age of the animd had a significant effect on fracture heding (Fig. 133). The mean
+ SE daysfor fracture healing in animals of 0-6 months age group was 37.00 + 7.68, whereas
itwas44.64 + 4.09, 56.67 = 1.67 and 56.67 + 4.01 daysin animals of 6-12 months, 1-2 year
and above 2 years age groups, respectively. Fracture heding was significantly (P<0.05) faster
in animals aged 0-6 months as compared to animas of 1-2 years and above 2 years of age.

Functional recovery

Overdl, in the present study 62.96 % dogs showed very good functiona recovery,
and it wasgood in 29.63 % cases. Satisfactory functional recovery was observed inremaining
7.41 % animas (Fig. 134).
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Fig. 134: Functional recovery in animals treated with acrylic and epoxy fixators.

Fig. 136: Functional recovery in animals treated with epoxy fixators.

Functiond recovery wasvery good (75 %) to good (25) in animal streated with acrylic
fixators (Fig. 134).

In animal s treeted with epoxy fixators, functiona recovery was very good, good and
satisfactory in 53.33, 33.33 and 13.33 % cases, respectively (Fig. 135).
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DISCUSSION

Externd fixators are primarily used for fracture treatment but may also be used for
deformity correction and arthrodesis, among other applications (Harari, 1992; Aron et al.,
1995; Lewis et al., 2001). Externa skeletdl fixation is useful as it promotes the biologica
environment of thefracture ste. By proper placement of the externd fixator pin, the amount of
traumato the soft tissues and disturbance to the blood supply of afracture are reduced, which
promotes earlier tissue differentiation and vascularization (Egger, 1983; Ueng et al., 1999;
White, 1999; Lewiset al., 2001).

Transarticular goplication of ESF hasbeen used insmadll animd practicefor arthrodes's,
temporary immohilization of joints for trestment of injuries at proximd or distd ends of the
long bones (Toombs et al., 1989; Anderson and Constantinescu, 1998; Owen, 2000). Paley
et al. (1990) have used externd skeletd fixators for limb lengthening procedures.

Lincoln (1992) stated that ESF is useful in trestment of open fractures, delayed union
and non union fracturesin smal animas. Externd skeletad fixators may be applied usng ether
closed or open fracture reduction and are often used for highly comminuted fractures that
cannot be recongtructed anatomicaly (Dudley et al., 1997; Lauer et al., 2000). Haas et al.
(2001) and Laverty et al. (2002) have reported the use of ESF in the treatment of distal radia
and ulnar fracturesin small animas and found it to be a satisfactory and appropriate trestment
providing sufficient stability with minima soft tissue trauma. Clarke and Carmichad (2006)
havetreated dista digphysed fractures of tibiaand radius using hybrid externad skeletd fixator
on three dogs.
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Connecting rods, or sdebars, provide a bridge between the pin clamps and rings,
unifying the bony fragmentsin the externd fixator congtruct. Sidebars, traditiondly, have been
composed of sainless stedl, duminum alloy or carbon fiber (Podolsky and Chao, 1993). An
ided ddebar should be Hiff, lightweight and radiolucent for radiographic evauation. In addition
to higher stiffness, carbon fiber connecting rods have the advantage of being radiolucent. But
the carbon fiber is costly and cannot be reused (Podolsky and Chao, 1993; Lewis et al.,
2001). Stainless sted or other metdlic bars are very heavy and costly when compared to free

form of fixatorsi.e,, fixators with polymer components.

Polymersused in veterinary externd fixation include methylacrylates and epoxy putties
(Worth, 2007). These polymers are light in weight, tiff, eadly avalable and cogt effective. A
number of different compounds have been used to form the connecting bar for free-form
fixators, most are methylmethacrylate based (dental or hoof acrylics or cement used for
implantation of prostheses (Roe and Keo, 1997).They have been used and studied as
replacement materid of stainless steel connecting bars and clamps, because of their low cogt,
smplicity and adaptability to various pin diameters (Okrasinski et al., 1991; Martinez et al.,
1997; Roeand Keo, 1997; McCartney, 1998; Shahar, 2000; Christoph et al., 2003; Chandy
et al., 2007; Julie et al., 2007; Worth, 2007; Kumar et al., 2011). Epoxy had been used as
fixator damp (Staudteet al., 2004). Roe and Keo (1997) have suggested that epoxy compound
can replace methyl acrylates.

A vaiety of acrylics(medicd grade) areavailablein the market, dental and bone cement
acrylic being the commonly available Dentd acrylic is rdaivey eesly avaladle and more
economica, S0 was used in the present Sudy. A number of epoxy putty (indudrid grade) is
avalable in the market. Because of the easy avalability of M-sedl® (Fidilite Indudtries Ltd,,
Daman, India) in the market and better handling characters, it was sdected in the present studly.

During standardization, al the three types of M-sedl availablein the market viz. regular
(red), fast curing (blue) and quick set (white) were tested. It wasfound that the regular M-sedl
took very long timeto set (more than 80 min), wheress, the fast curing M-sedl took about 20-
25 min for setting. Further, the time of setting for quick set M-sed was less than 10 min, not
giving enough time to mould and form the construct. Hence, on the basis of the time taken for
setting, fast curing M-sedl was choosen and used for the congtruction of different designs of

epoxy-pin fixators.
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In the present study the comparison of acrylic and epoxy fixators was done under
different phases. Firdtly, the procedure to form the constructs was standardized on the plagtic
rods and the technical easiness or difficulties, their weight and economy was studied. In the
second phase, their mechanical properties were studied by in vitro tests. This was followed
by the third phase in which the clinical use and safety was eva uated.

Part 1: Development of different designs of acrylic and epoxy-pin
external skeletal fixation systems

Congtruction of the designs

Earlier sudies on biomechanica testing on ESF congtructs have used either bone or
bone replacement materials. Plastic pipes and hard wood dowels have been used for
construction and comparison of ESF constructs (Okraninski; 1991; Lewiset al., 2001; David
and Nirmal, 2003; Kowaleski et al., 2003; Alan et al., 2004).

Okrasinski (1991) had used hardwood dowels of 2.23 cm diameter and 23 cm length
as bone replacement materia for biomechanica studies. During testing the wood dowels split
before the ESF failed. Kowaeski et al. (2003) have aso used wood dowels of 22.5 cm

diameter and 5 cm length.

Various plagtic pipes made of ultra high dendty polyethylene (UHDPE) have been
used as abone replacement for ESF congtructsin various studies. Nineteen mm thick Delerin
rods have been used in biomechanical testing of ESF congtructs by Lewis et al. (2001) and
White et al. (2003). Solid Acetal rods of 22 mm diameter and 25 cm length were used by
Alan et al. (2004).

In the present study, UHDPE pipes of 20 mm diameter were used to form ESF
congructs. These rods of uniform diameter offered the advantage of reducing varietion in the
experimenta design, dueto different Size of bonesin terms of length and diameter. In addition,
theminera content and hardness of bones vary with the breed, age, sex, weight and condition
of the dog. So, by using therods, these variationswhich could ater and affect theresults of the
experiment could be minimized.

K-wires of 1.5-2.0 mm diameter were most commonly used in humans (Kummer,
1992; Lewis et al., 1998). Whereas in dogs and cats, 1-1.6 mm K-wires were used most
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commonly (Ferriti, 1991) in externd fixators. Kumar et al. (2011) have suggested that 1.5
mm diameter K-wireswere most suited for treatment of fracturein dogs. Hence, in the present
study, K-wires of 1.5 mm diameter were used for the development of constructs. To reduce

the variation, same diameter K-wires were used in dl the designs of fixators.

Theangleof insertion between pinsattached to the externd frame affectsitsbiochemica
properties (Lewis et al., 1998). The angle between opposing pins should be close to 90° to
maximize sability and minimize shear (Pdey, 1991). Craniocauda bending siffnesswasreported
to decrease significantly when the pin intersection angle decreased from 90° to 45°. Hencein
the present study, to minimize the variation between the designs, the pinswere crossed to eech
other at 90° angle in multiplanar and circular designs.

The position of bonewithin the ESF frame (centre or eccentric) dso affectsthefixation
rigidity. Moving bone off centrein fixator rings decreasesitstorsond stiffness (Heming et al.,
1989). Hence in this study, in dl the fixators the plastic rods were placed at a centric position

within the fixator congtruct to minimize variaions.

Shahar (2000) suggested aminimum diameter of acrylic column should be 19.1 mmiif
used as a subgtitute of connecting bar of Kirschner gpparatus for animals weighing 12 to 45
kg. Inthe present study, 20 mm diameter of acrylic and epoxy columnswere used as connecting
Sde bars and rings. The diameter of Sde bars was kept congtant for dl the designs of fixator

constructs.

The gpplication of acrylic fixator was rdatively more difficult than epoxy fixator. The
acrylic had to be mixed just before application, with continuous sirring, to maintain aflowing
consstency. When delayed during application, it became hard and it had to be discarded and
fresh mix hed to be prepared. Handling of acrylic was difficult particularly asit could lesk from
the points of pin insertion. When the room temperature was rdatively higher (>20-21°C), the
mixing glass beaker had to be pre-cooled (to prevent early setting). Theliquid containsmethyl
methyl acrylate polymer, which forms poly methyl methyl acrylate (PMMA), which washighly
flammable, it had to be kept away from the source of ignition. Anderson (1988) reportedthat
the fumes produced during polymerization are noxious and toxic. In the present study aso
during mixing of acrylic powder with liquid, fumes were produced, which were quiteirritating
to eyes, respiratory system and skin. After pouring the acrylic into the pipes, it took about 11
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min for polymerization and hardening during which alot of heat was produced, and care had to
betakento prevent skin burns. Martinez et al . (1997) a so reported such type of complications
related to the use of acrylic. In contrast, the heat produced during hardening of epoxy materia
wasvery less Thiscould be dueto thefact that epoxy took rdatively long timefor polymerization
and hence must have disspated gradualy.

Epoxy aso had to be prepared immediately before the use. The gpoxy monomer was
mixed withtheresin, till it acquired auniform colour of dough. If apinispushed into the epoxy
dough, a cavity formsin the epoxy putty, and it does not contact the entire pin surface, 0 it is
necessary to squeeze the epoxy putty around the pin (Roeand Keo, 1997). A similar procedure
wasfollowed in the present study to ensure that epoxy putty made agood contact with the pin

surface,

Thetime required to gpply the fixator (excluding the hardening time) was significantly
lower with epoxy (13.6 min) than acrylic (20.32 min). Among different designs, the mean time
required to condruct uniplanar design was the least, followed by multiplanar designs and
circular desgn, in both acrylic and epoxy fixator congtructs. Especidly for acrylic circular
design, thetime required for congtructing circular rings, it' sjoining with Sde bars, centering of
the UDHPE rods and sedling of various joints took relatively longer time.

Time for hardening was lower with acrylic fixators. The polymerization of
polymethylmethacrylate involvesthree stages: dough time, working time and setting time (Hall,
1981; Mascia, 1982). The dough time occurs within the first 3 min, and the result isamateria
that issoft, pliable, and hasthe consstency of aplastic. Depending on theambient temperature,
the working time can vary in length up to the setting time of 12 to 15 min. The warmer the
environment, the faster the material will set (Hall, 1981; Mascia, 1982). In the present study
a0, during warm climate (summer) the acrylic hardened within 10-12 min. At low temperature
(winter season) acrylic took more than 20 min to harden. In order to accelerate the reaction,
temperature controlled environment was created, so that hardening could occur a normal
time. No such difference in time of hardening was recorded for epoxy fixators, which was

independent of the ambient temperature.

Epoxy compound remained in doughy consistency for relatively longer period, so it
was comparaively easy to handle. Acrylic fixators required more expertise and time for
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gpplication; moreover, it hardened quickly, giving very less time for minor adjustments. The
epoxy fixators were comparatively easy to congruct and took less time than acrylic fixators;
as the time for hardening was ratively more than the acrylic, there was enough time for
goplication and moulding over the pin scaffold alowing minor adjusments even after bone
fixation. In addition, different gauges of tubing/PV C pipes can be used asmouldsfor gpplication
of acrylicfixators, whereas, epoxy putty can be hand moulded to various diameters depending
upon the patients size for different ranges of weight.

The weight of the fixator is an important factor, which could influence the animals
comfort and tolerance towardsthefixator. Anided fixator should belight in weight and strong.
For thefixators having light we ght components, the diameter and strength of the fixator can be
increased without much increase in weight. Methylacrylates are lighter in weight than stainless
sted fixators of comparable diameter (Lewiset al., 1998; Julieet al., 2007). Both acrylicand
epoxy are lighter than metd fixators. Among the acrylic and epoxy used in the present study,
the acrylic was sgnificantly lighter in weight which was an advantage over epoxy material.

The cogt of the fixation device sometimes dictates the selection of fixation technique,
especidly in animd patients. The acrylic fixator has been reported to be cheaper than metd
fixators (Lewis et al., 1998; dulie et al., 2007). On an average, an acrylic fixator can be
appliedtoananima at acost of ~ 412.00 and epoxy fixator at ~ 240.00, both of which are
economical than commonly used KE ESF. The epoxy fixators were found more economica
(about haf the cost) than acrylic fixators. Hence, on the basis of ease of application and the
cost of the fixator construct, the epoxy has an advantage over acrylic materid.

The technique of gpplying ESF using acrylic/epoxy as connecting bar is easy, requires
least insrumentation, materials required for fixator congruction are reedily available and is
cost effective. Hence, this can be practiced in any remote place at the anima owner’s door
Sep with minimal training and facilities
Part 2: Invitro biomechanical testing of different designs of acrylic
and epoxy-pin external skeletal fixation systems

Biomechanics is defined as mechanics gpplied to biology (Smith, 1985). The forces

gpplied in mechanical study cannot mimic the complex forcesto which the bones are subjected
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tointheliving systlem. These are pure forces, whereasin biologica system, aforce never acts
aonebut acombination of forcesact. Biomechanicsisasubspecidty of mechanica engineering
focusing on the effects of forces on biologicd systems and materids used to enhance the
biologicd system. These biomechanicd testing do provide us with the information of stability
of structures under various forces and their expected behaviour under them (Palmer et al.,
1992; Radasch, 1999; White et al., 2003). In addition, we can compare various structures
and thus help to facilitate decison making for clinica Stuations.

Thepindiameter, length, number, planeof placement and materid of fixator components
are the mgor factors which can affect the mechanica characterigtics of an external skeleta
fixator. In the present study the diameter and length of pins used was kept congtant. The size
and number of pinsused in externd fixators depend on the size of patient and bone (Marcellin-
Little, 1999).

Number of fixation pinsinthe proxima and diga bonefragmentsinfluencesthefixaors
diffnessand affectsthe didtribution of the physiologic loads among pins. Increasing the number
of pins distributes the force among the pins and increases the stiffness of the overdl congtruct
(David and Nirmd, 2007). The greater the number of fixation pins per fragment, the more
effectiveisthe devicein gabilizing thefracture and maintain pin-boneinterface integrity (Pamer
et al., 1991; Bouvy et al., 1993). The pins should span the whole length of the segment
(Anderson and St. Jean, 1996). In the present study, the strength of 3 pin support per segment
were found significantly higher than the fixators with 2 pin support per segment under
compression. The fixators with 3 support points per segment were 1.26 times siffer than 2
point support per ssgment. The higher stiffness and modulus of the 3 pin support design may
be due to its spanning the whole length of the segment and aso due to more number of pins.
Thisisin accordance with the previous reports in which it was found that 3 point fixation per
bone segment was found more stable and stronger than 2 point fixation (Chao et al., 1979).

In 2 point support designs, the 8 (crossed) pin constructs were 1.14 times stiffer than
4 pin congtructs under compression. A more marked difference was seen with 3 point support
designs, where 12 pin congtructs showed 1.34 timesincreasein stiffness than 6 pin congtructs.
Thisindicates that crossing the pins provides significantly higher stiffness and strength to the

congtruct. There was a marked increase in the strength of the congtructs with the increase in
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the complexity of desgns. The uniplanar design was significantly weeker in axia compression
than the other three designs namey multiplanar desgn-I, multiplanar design-1l and circular
design. As far as dress was concerned, the circular desgn was bearing significantly more
dressin axid compression than the other three designs. Smilar findings have been reported in
earlier udies where the diffness of the fixator increased with the complexity of design of
fixators (Johnson and DeCamp, 1999; White et al., 2003). For 2 support point designs,
circular, multiplanar-11, multiplanar-1 desgnswere morethan 1.24, 1.11 and 1.08 times dtiffer,
respectively than the uniplanar design. A amilar pattern was seen in 3 point support design, but
the differencein gtiffnesswas more. Here circular design was more than 1.42 times tiffer than
uniplanar design. Multiplanar-I and multiplanar-11 designs were about 1.30 times siffer than

uniplanar design.

There was no difference between the type of materids used i.e., acrylic or epoxy;
however, a significant difference was seen between the type of designs. The multiplanar and
circular desgns were strongest in terms of stress bearing, stiffness and eastic modulusin axid
compression. Thus, only the design was sgnificantly affecting the strength of fixator, but
connecting materidsi.e. acrylic and epoxy had smilar effect.

The mean + SE vdue of giffness (N/mm) of fixators under compression was4189.24
+ 117.59, and was more than 2 times than that under bending (2060.28 + 115.47). Bending
forces result in the generation of maximum tendle forces on the convex surface of the bent
subject and maximum compressive forces on the concave side. Thus a couple of forces act
under bending, which might haveresulted inlower stiffness. In addition, the gap present between
the segments must have weakened the construct under bending. Under compression, an axid
forceisapplied, whichisgpplied only in onedirection; whentheload isgppliedinaxid direction
the gap present in between the segments keeps on reducing and findly the two segmentsjoin

a certain point, which might result in increased stiffness of fixators under compression.

Similar to compression, in bending aso there was amarked increase in the stiffness of
the congtructs with the increase in the complexity of the designs. The circular designs were
markedly strong under bending forces. It was 2.28 times stiffer than the uniplanar design. The
multiplanar designswere 1.6 times stronger than uniplanar design which wasthe weskest of dl

the other designs.
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Similar to compression and bending, there was a marked increase in the stiffness of
the condructswith theincreasein the complexity of the desgnsunder torsontests. The uniplanar
design was significantly weeker than the other three designs, multiplanar design-I, multiplanar
desgn-1l and circular design. Similar findings have been reported in earlier sudies where the
diffness of the fixator increased with the complexity of the design of fixators (Johnson and
DeCamp, 1999; White et al., 2003).

Under torson, circular design wasthe strongest, with about 18 times tiffer than uniplanar
design. The multiplanar designs-11 and | were 6 times and 3 times dtiffer, respectively, than the
uniplanar design.

A ggnificant differencein torsond gtiffness was recorded between multiplanar design
-1l and multiplanar design-1. Under torsond force, multiplanar desgn-11 was about 2 times
differ than multiplanar design-1. Thisimpliesthat multiplanar design-1 provides doublerotationa
gability than multiplanar desgn-1. Thus by joining the connecting bars/sde bars, the torsond
diffness increases markedly. Lauer et al. (2000) have reported that articulations/diagonas
result in additiond strength, without increasing stress a pin-bone interface. The articulation
formed between sde bars might have resulted in enhanced torsond stability. This can bevery
useful dinicdly, aswithout increasing pin number and pininsertion Stes, more stable configuration
can be achieved. Additiond soft tissue trauma and morbidity associated can be avoided by
utilizing the articulated design.

Epoxy has greater modulus of dadticity than acrylic and was suggested to be differ
with sameframe geometry (Roe and Keo, 1997). In the present study, however, there was no
sgnificant difference in the strength and stiffness between the acrylic and epoxy fixators. These
differences could be dueto the differencesin the acrylic or epoxy materias used and aso due
to the differencesin the techniques of their application. It can be suggested that the acrylic and
epoxy materids used in the study can provide stable fixation and adequate strength required
for an externa skeleta fixator for usein dogs.

Circular desgnswerethe strongest under dl the threeforcestested, but the congtruction
requires comparatively more technical expertise. Moreover, acrylic circular fixator was very
difficult to construct, as ring formation with corrugated pipes is cumbersome. Nevertheless,

multiplanar design-I1 was comparatively easier to congtruct than the circular, provided sufficient
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stability under compression, bending and torsiond forcesis achieved. Further, it was stronger
than multiplanar design-I, especially against rotational force. Taking these facts into
condderation, multiplanar-11 design was chosen for clinica evauation.

Part 3: Clinical evaluation of acrylic and epoxy external skeletal
fixation systemsin fracture treatment

Preoper ative observations

Externd skeletd fixation has the advantages of both internd and externd fixation
techniques. It alows cleaning and dressing of wound in open fractures, and it dso provides
gablefixation in unstable fractures. With minima disturbance at the fracture Site, thistechnique
dlowshbiologicd osteosynthess. Externd skeletd fixationisgenerdly preferred in openfractures
to provide stable fixation and alow wound drainage and dressing (Johnson, 1999; Ozsoy and
Altunatmaz, 2003). In the present study, 20 cases of zample (closed) and 7 cases of compound
(open) fractures were trested using acrylic and epoxy-pin ESF.

In the present study, the number of males was rdatively more than femaes. Thiswas
probably because maesare generaly more active and aggressve than their fema e counterparts,
leading to traumaand fracture. In addition, there is a preferentid keeping of mae dogs by the
owners, which could have aso contributed to their more number. Aithd et al. (1999) and
Kumar, (2007) have dso reported a higher number of fractures in mae dogs than femaes.
However, an equd distribution of cases among males and femaes has aso been reported
(Hill, 1977; Denny, 1988).

Among different breeds, maximum cases presented were from mongrels. In addition
Labrador, Spitz and German shepherd were also presented. Thilagar and Baasubramanium
(1988) have reported a high number of fractures in Non-Descript dogs, followed by
Pomeranian, German shepherd, Doberman, Labrador and Terrier. Whereas Baagopadan et
al. (1995) have reported mgority of casesin German shepherd, followed by Doberman, non-
descript and Pomeranian. Kumar, (2007) have reported the higher incidence of fracturesin
Spitz and non-descript dogs. The number of cases from a particular breed depends on the
breed population of that particular area. There is a large population of non-descript /mixed
breed dogsin this locality, which may be the reason for more number of mongrels presented.
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Non-descript dogs, are mostly let loose to roam around and hence are more prone to get
injured (Aithd et al., 1999).

Road traffic accident (RTA) is reported to be the mgor cause of fracture among
animals (Braden et al., 1995; Aithal and Singh, 1999, Harasen, 2003). In the present studly,
fdl from the height was the mgjor cause of long bone fracture dong with RTA. Keeping pet
dogs of a particular breed in aparticular location isamagor factor which affects the cause of
trauma. The dogs generdly run to chase some other animals like cats or monkeys, leading to
fal or jump from height resulting in fracture.

I ntraoper ative observations

Three basic principles are considered when ESF isused (1) preoperative planning (2)
application of the ESF, and (3) long term management. A deficiency in any one of these can
lead to complications and an unsatisfactory clinica outcome (Rudd and Whitehair, 1992).

Inthe present study, al surgerieswere performed under generd anaesthesia. Thelimb
involved was shaved, thoroughly cleaned and scrubbed. Surgica technique used for application
of pinsis an important factor affecting longevity of ESF (Anderson and & Jean, 1996). By
standard surgica techniques the morbidity of the patient can be reduced. In the present study,
al surgerieswere performed by the same group of experienced surgeonsto minimize variations

and complications.

In fracture treatment with open gpproach, manipulations during the operation can
cause additiond traumaand blood supply will be damaged, causng adday in wound hedling
(Dudley et al., 1997; Lauer et al., 2000). In the present study fractures were reduced with
closed or semi open technique to minimize the soft tissue trauma, preserve vascular supply and
adjacent supportive soft tissues; this technique limits iatrogenic tissue trauma, necrosis, and
surgicd infection due to overzedous manipulations and prolonged open procedures (Ozsoy
and Altunatmaz, 2003). During surgery, priority was given to establish anatomical structure
and protecting vascularization of the bone rather than to its recongtruction. This kind of an
gpproach isthe basis of biologica osteosynthesis (Aron et al., 1995; Johnson et al., 1998;
Pdmer, 1999). Only inafew old caseswith severe overriding of fragments, additiona incison

was made to facilitate fracture reduction.
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Technique of pin insartion is very important as it may affect postoperative morbidity
and complications. Bone necrogsisaitributed to high temperatures attained during pininsartion,
and mechanical properties of bone are reported to be irreversibly dtered at temperatures
greater than 50° C. Moroni et al. (1998) tested three different drill speeds in bone (hand
drilling, 300 rpm, and 700 rpm) and found that drilling a 300 rpm resulted in significantly
lower temperatures. However, in dl the three drilling methods, the temperature required to
thermally necrose osteoblasts was 55°C. High speed drilling has been shown to produce hest
and therma necros's, whereas very low speed leads to wobbling and pin loosening (Egger et
al., 1986; Gumbs et al., 1988; Clary and Roe, 1995;1996). In the present study, the pins
wereinserted usng alow speed (200 rpm) eectric drill. While passng pinswith drill, continuous
dropping of cold gerile norma sdine solution with povidone iodine was done in order to
minimize the possble thermd necross due to heat production. This technique was found
satisfactory as complications of pin infection and loosening recorded were negligible.

Useof smdl diameter pinsisincreasing with the growing popularity of ring fixatorsand
hybrid fixators. In dogs and cats, 1-1.6 mm K-wires were used most commonly (Ferriti,
1991; Kumar et al., 2011). Thin pins are dways bilatera, because they must be fixed under
tengon to provide stability between the fracture and frame. They carry the advantage of creating
smaller defectsin soft tissue and bone; however, asthey arebilateral, care must be taken while
passing pinsthrough the skin and soft tissues as there are chances of neuro-vascular bundlesto
get entrapped and cause complications (Behrens, 1989). This was achieved in this study by
introducing the pin by hand through the soft tissues up to the level of bone (most vessels and
nerves were gently pushed aside by this method). A gap of 10-20 mm was kept between
fixator side bars and skin to alow expected soft tissue swellings, facilitate pin tract care and
cleaning (Lewis et al., 2001), which was found adequate in most of the cases,

Pogtion of the bone within the fixator frame is dso an important factor which can
affect itsgability. Heming et al. (1989) observed grester axid stiffnessbut decreased torsond
stiffnesswhen bone was kept in an eccentric pogition with respect to the fixator. In the present
study, in most of the cases, the bones were kept at the centre. In ESF, pins placed in the
fracture fragments are generdly connected to sted connecting bars through clamps or to the
metdllic rings through the fixation bolts (Van-EE and Geadling, 1992). Mouldable acrylicsand
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epoxy puity have aso been used to connect the transfixation pins (Ohashi et al ., 1983; Tomlinson
and Congtantinescu, 1991; Ross and Matthiesen, 1993). This free-form type of fixation has
the advantage that pin direction need not be influenced by the connecting bar location and the
position of the fixator can be adjusted with respect to the limb.

Thetotal timeto apply fixator was amost equa in both acrylic and epoxy fixators. In
acrylic fixators, gpplication time was more but hardening time was less; whereas for epoxy
fixators, application time was less and hardening time was more. The more time required for
applying fixator in acrylic group was due to the extra time required to fix the corrugated pipe
with the pins, their moulding, filling, seding of pipe and then bending of pins. For epoxy fixator,
athorough mixing of two componentsi.e., resn and hardener was very important. These two
componentswere to be mixed till auniform colour of dough was atained which took about 1-
2 min. The time required for hardening in case of acrylic was sgnificantly less than epoxy,
indicating that acrylic isrelatively fast curing compound, which may be one of the reasons for
high temperature attained during the process. In epoxy fixator, although the time required for
applying fixator waslessthan that of acrylic, but thetime for hardening was significantly longer
than acrylic fixators. Hence the total time required for fixator application was smilar for both

acrylic and epoxy fixators.

Therewere certain disadvantages associated with application of acrylic fixators. First,
the toxic fumes were produced while mixing acrylic powder with liquid, as dso reported by
others (Anderson, 1988). Secondly, while pouring theacrylicinsgdethe pipe, therewasleskage
from the stes of pininsartion which madethefidd dirty and wet. Thirdly, the exothermic curing
reection resulted in generation of heet. Martinez et al. (1997) have suggested keeping adistance
of a least 10 mm between the acrylic bars and skin to prevent tissue necrosis due to heat
production. In the present study, agap of about 10-20 mm was kept for the expected swelling
due to inflammation without any complication.

The polymerization is an exothermic reaction, which reaches very high temperature.
Therma necrosis of sheep skin occurred with temperatures of 55°C gpplied for 1 min (Fraser,
1967). Thermd necrosisin rabbit bone occurred at 55°C or more, applied for 1 min (Fraser,
1967). Irreversble biomechanica changes occurred in a dog bone when it was hegted to
50°C (Bonfiddd and Li, 1968). In order to prevent heat conduction from side barsto pinsand
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then to the animal tissues, it was advised to pack icein between the acrylic filled pipe columns
andthe skin, or dternatively to pour cold water on the skinto prevent possibletherma necross.
It was reported that the temperature may reach about 50-55°c, which is sufficient to cause
thermd necrogs of biological tissues (Martinez et al ., 1997). To prevent damage by this hedt,
in the present study, crushed ice was packed in between the skin and fixator frame and ice
cold water was poured. Though this made the field dirty and the procedure cumbersome, it
wasfound effectivein minimizing the possibletissue necrosis. None of the animals showed any

Sgn of tissue necrosis or excessive osteolysis/bone necrosis ong the pin tracts.
Postoper ative observations

Wound healing: The use of ESF avoids the need to place implantsin an infected wound and
keepsthewound blefor drainage and daily dressing (Ness, 2006). In the present study
open wounds heded within 15 daysin al the 7 cases of open fractureswithout any complication.
Cleaning and dressing of wounds was done with 1% povidoneiodine. Thisindicates that free
form of ESF using acrylic or epoxy, not only provides stable fixation of bone fragments, but
a0 alow early soft tissue and wound heding. Ness (2006) reviewed 10 cases of dogs to
assessthe use of ESFwith open wound management for trestment of unstable open or infected
fractures, and concluded that open management of wounds with ESF, even when bone was
exposed, proved to be an effective technique.

Satus of the fixation device: The position of transosseous pinsremained the same throughout
the hedling period. There was no pin bending or breakage during the postoperative period, till
the fixator was removed. This showsthat the pins provided stable fixation. Also, there was no
breakage or change in the position of side bars (except for two cases) till the fracture healed
and fixator wasremoved. Thisclearly indicate that the K-wiresof 1.5 mm diameter and 15-20
mm diameter connecting barsmade of acrylic or epoxy are strong enough to carry the weight
of the animal and can be effectively used for the congtruction of ESF frame to provide rigid
fixation of the fracture. Two cases of pin loosening were recorded; in one case, which was
reported on day 5; the pin loosening occurred due to filling defect of the acrylic columnin the
PV C pipe. In the second case pin loosening was observed on day 45 radiograph, though its
cause could not affect the fixation, which remained stabletill fracture healed.
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Pin tract sepsis. Loosening and infection are the two most common complications of externd
skeletd fixation. (Matthewset al., 1984; Harari, 1992; Marcdlin-Little, 1999). In the present
study, pin tract sepsis was not amgor complication. Pin tract sepsis occurs due to infection
and necrosis of soft and osseous tissues (Green, 1989). Inthe mgority of cases, the pin tracts
remained dry indicating that proper technique was followed during the pin insertion and the
acrylic/epoxy-pin fixators provided stable fixation of bone fragments. Mild to moderate
discharge was observed in some cases, from most proxima pin tracts and in some cases dso
from the digd pins. Pin tract sepss mostly seen in proxima pins may be due to the presence
of more soft tissues, and more stress exerted on proxima pins during weight bearing. By
regular cleaning, dressing and antibiotic coverage, the pin tract sepss reduced gradudly and
ubsequently it subsided without affecting the fixation adversdly.

Gait analysis: The primary am of fracture treetment is to achieve the fastest possible hedling
and enable the patient to function normdly by alowing early waking (Aron, 1998; Shahar,
2000). In the present study the animals were observed postoperatively after 3 days for the
andydsof gait pattern and weight bearing. Movement isadynamic processand isbest described
in terms of observations made over time, rather than by observations of sngular discrete
events (Decamp et al., 1993). All the animals were observed during standing, walking and
running for grading of weight bearing a dl levels a different time intervas.

Subjective scoring systems may be useful in clinical and research evauation of gait,
where obtaining and maintaining aforce plate cannot be afforded (Quinn et al ., 2007). Scores
were made on thefact that adog with alesion causing severe sharp congtant pain will carry the
limb and keep the weight off (score 1), acomparatively less sharp pain will make dight weight
bearing (score 2), a dull pain will make moderate weight bearing (score 3), and full weight
bearing is observed in functiona recovery from lesion (score 4). The more the score, theless

will be the lamenessin that particular animd.

Weight bearing wasleadt in the immedi ate postoperative period in the animas of dl the
groups. Lamenessin these animalswas attributed to pain associated with fracture and fracture
fixation.Overdl, the standing score, walking score and running score, dl increased gradudly
during the follow up period. Gradud increase in weight bearing indicates reduction in pain and
asteady increasein the stability between the fracture fragments. Asfracture healing proceeds,
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weight bearing improves (Ozsoy and Altunatmaz, 2003). The scores showed no difference
when andlyzed on the basis of fixator gpplied (acrylic or epoxy), boneinvolved (R/U or tibia),
sex and type of wound (open or closed). This suggests that both fixators provided amost
equal stability at the fracture Site, irrespective of bone fractured, sex and type of fracture.

The standing scores remained the highest from the beginning till the end of observation
period, followed by walking and running scores. Ground reaction force (GRF) isthe opposite
force exerted on the limbswhen it is on the ground. GRF positively correlate with velocity and
negatively correlate with the stance time (Roush and McLaughlin, 1994; McLaughlin and
Roush, 1994). Stance time (duration that the foot is in contact with the ground) is more in
sanding, lessinwalking and least a running. More stancetime (at walk) impliesless GRF, this
explains more gait scoreswere recorded at walking. Consequently, at running, the stancetime
was less thus maximum GRF was generated and less weight bearing was seen. Veocity
(displacement per unit time) isaso highest at running, thus generating maximum GRF; thereby

least scores were recorded at running.

The age of the animd had aprofound effect on theweight bearing. Y oung animas (< 2
years) showed better gait scoreswhile standing, walking and running throughout the observation
period. This may be attributed to the fact that young animals recorded faster rate of fracture
hedling and hence, showed better weight bearing than their old aged counterparts.

Onthe basisof their body weight, dogs of different groups showed sSmilar gait scores
while standing and walking. When observed a running, animas with more weight showed
ggnificantly lower scores. This may be due to the fact that most of the light weight animals
were younger and heavy weight ones were older with dower rate of metabolism and fracture
heding. In addition, the heavy weight animas due to their weight might get larger ground
reaction force (Voss et al., 2010), thus may fed more pain, thereby showing lower scores at

running.

Onthebasisof degree of trauma (dight/moderate/severe), sanding scoresweresmilar
in al groups. But standing scores and running scores were Sgnificantly lower in animals with
severetrauma. Thismay be dueto more oft tissue traumaand thus more pain associated with
itin severely traumatized patients (V ogel sang and Laubenthd, 2008). Thisfurther suggeststhat
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the degree of soft tissue injury will dso affect the degree of weight bearing and hence fracture
heding.

On the basis of time since injury, the standing and walking scores were Smilar in
various groups during the observation period. Wheress, running scoreswere lower in animals
which were presented late for trestment. Thisindicates that delay in treetment may affect the
functiond recovery of the limb.

Antibiotic sensitivity test

In generd  Staphylococcus is the most commonly isolated microorganism from
compound fractures, which could be dueto itsnormal inhabitation on theanimals skinand the
environment (Harari, 1992; Carneiro et al., 2001; Kumar et al., 2011).

Cefotaxim plus Sulbactum was administered to dl the patients in the present study.
Sulbactum is penicillinase enzyme inhibitor. Penicillinase is an enzyme which acts on the beta-
lactam ring of the penicillin group of antibiotic and destroys it and is generdly produced by
penicillin resstant bacteria. Inthe present study, ampicillin-sulbactum combination came out to
be the most effective antibiotic for which about 60 % of the sampleswere senstive. Hirsh and
Smith (1978) and Hunt et al. (1980) have recommended the use of penicillinase resistant
penidallin.

Haemato-biochemical observations

In the present study no significant changes were recorded from the base valuesin the
haematoloical parameters. Haemoglobin and PCV did not show any variation from the base
vaues and were within the norma physologicd limits throughout the observation period.
Cdcium and phosphoruswere dso withinthe normd levelsat different intervas. The2: 1ratio
of Ca: Pwas maintained throughout the observation period. This showsthat the ESF used was
least traumatic and hence, no significant changes in haemato-biochemica parameters were
recorded.

Alkainephosphatase (ALP) activity isoneof themarkersof boneformation. Increased
ALP levels is associated with either skeletal or hepatobiliary diseases (Leroux and Perry,
1972). The vaues of ALP werewithin norma physiologica limit but remained towards higher
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sdeindl the patients. Thismight be dueto thefact that animaswere presented in traumatized
stage with increased ALP leve. No further increase in ALP level was recorded during the
postoperative period. Overdl, the values remained within the norma physiologica limit.

Radiographic observations

Although the epoxy-pin externd fixator components were radio-opaque (whichisa
disadvantage as compared to acrylic) they did not interfere with radiographic evauation of the
fracture Stein most dogs because, where possible, were the connecting bars were positioned
away from the fracture Ste. The cranio-caudal radiographs alowed better visuaization of
fractureStethanthemedio-laterd radiographs. Neverthdess, acrylicisradiolucent on radiograph
and is an advantage in clinica dtuation as compared to epoxy and dainless sted fixators
(Lewiset al., 1998).

Fracture reduction and aignment was satisfactory to very good in postoperative
radiographsin the maority of cases. In few cases, dight over riding of fracture fragments was

seen which was mainly due to closed fracture reduction.

In most cases, none of the pins was broken (except for one case) throughout the
observation period, indicating that the pins were of adequate diameter and the fixation was
strong enough to bear the weight. Post-traumatic osteomyeitis is one of the most serious
complications after open fractures (Soontornvipart et al., 2003). None of the animals of this
study showed osteomyelitis. Osteolysiswas a so not seenin most of theanimals, except inone
where ogteolysis was seen, that too in one pin tract only, suggesting stable pin bone interface.
Incidentally, this animal was brought late for fixator removal.

In fractures of the long bones (radius and ulnaor thetibia), aclosed approachi.e., the
use of externd skeleta fixation (ESF) can be very useful as a biologic fracture repair, or
bridging osteosynthesiswill occur. Biologica fracture heding will minimaly disturb thefracture
milieu; leaving the fracture’ sblood clot, with al its osteoinductive components, and the blood
supply to the surrounding bony and soft tissue, undisturbed (Harasen, 2002).

Preoperative and post operative radiographsweretaken at regular intervals. Thecalus
formation sarted asearly as 15 daysin some cases. Johnson et al . (1996) described atechnique
for closed reduction and gpplication of atype-Il ESF to communited fractures of radius and
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tibiain 23 dogs and found that mean time between surgery and development of bridging calus
was 11.4 weeksand mean time between surgery and fixator remova was 14.7 weeks. Generdly
fracture healing occurs in about 3-12 weeks by gpplication of ESF (Ozsoy and Altunatmaz,
2003). Inthe present study, healing occurred within 4-8 weeks with amean time of 48.85 +
2.56 days. Nevertheless, early uncomplicated healing observed in most cases suggest that
when anatomica dignment is achieved heding can take place in ashort time without the need
for perfect positioning of the fragments (Ozsoy and Altunatmaz, 2003). Early healing may dso
be atributed to un-tensoned pins used in this free form of fixation, which adlowed controlled
micro motion at the fracture site, leading to early calus formation. This was supported by the
fact that unlikein conventiond ESF, where normally fracture hedsby endogted callusformation
(Harari et al., 1996), in the present study fractures generaly heded by periosted calus
formation. Johnson et al. (1989) and Harari et al. (1996) have reported that fracturestreated
with externd fixators hedled with endosted calusrather than periosted calus, whereas, Ozsoy
and Altunatmaz (2003) have reported fracture heding with the formation of a large cdlus
(both periosteal and endostedl calus).

There was no sgnificant effect of factors like fixator type (acrylic or epoxy), bone
involved, sex, weight of the animal, cause of injury, time sinceinjury, type of wound or degree
of trauma on the fracture hedling. But age of the anima had a sgnificant effect on the fracture
hedling. The animdsin the age group of 0-6 months took significantly (P<0.05) lesstime for
fracture healing than animals in the age group of 1-2 year and above 2 year. The rate of
fracture hedling was comparatively faster in young animas, which may be due to more growth
hormne and higher metabolic rate (Ekeland et al., 1982; Bak and Andreassen, 1991). The
age-related decrease in fracture repair may be due to decrease in growth hormone secretion
(Bak, and Andreassen, 1991). This shows that free form of ESF used in the present study
provides sable fixation. Both acrylic and epoxy are equaly effective in terms of stability and
resulted in uncomplicated fracture hedling.

Functional recovery

The am of the trestment is to produce anatomica unity between the fractured bone
and functioning of the extremity (Piermattel and Ho, 1997; Aron, 1998; Shahar, 2000). Externd
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fixation has advantages such as causng minima damage to the injured region, mantaining
bone length, minimizing the arophy forming in the bone and soft tissues, dlowing complete
weight-bearing on the hedling bone and keegping soft tissue trauma at the fracture line at the
lowest (Johnson and Decamp, 1999; Egger, 1998; Lewiset al., 2001).

In the present study, 92.59 % of the animas showed good to very good functiona
recovery after remova of fixator. Thismay be due to early weight beering on the affected limb
after the surgica fixation which might have avoided the possible complications such as bone
and muscle arophy, thereby alowing early return to function of the limb. This shows thet the
ESF usng acrylic and epoxy as connecting materid are strong enough and successful for
treatment of fracture of long bones.

Qad
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SUMMARY AND CONCLUSIONS

Externd skdletd fixation (ESF) isamethod of immobilization of an injured part usng
percutaneous pins that are connected outside the body to form arigid frame or scaffold. Pins
placed in the fracture fragments may be connected with moldable polymersrather than clamps
and sted connecting bars. This free-form type of fixation has the advantage that pin direction
need not be influenced by the connecting bar location and pin diameter need not be influenced
by the clamp size.

The present study was planned with the objectives to design and develop different
techniques of externd skeletd fixation using acrylic and epoxy as externa fixator components,
to study the comparative in vitro biomechanical properties of acrylic and epoxy externa
skeletd fixation systems and to evauate a suitable design of acrylic and epoxy-pin externd
skeletd fixators in the trestment of long bone fracturesin dogs.

In part-1 of the study, the technique of fixator construction was standardized. Fixator
congructs were prepared using ultra high density polyethylene (UHDPE) rods of 20 mm
diameter and 7 cm length of each segment. 1.5 mm diameter K-wires were passed at two or
three pointsboth in proxima and dista segments. Pinswere passed inthe sameline, parald to
each other in uniplanar designs and were crossed in multiplanar-1, multiplanar-11 and circular
designs at 90° angle. A gap of 5 mm (to Smulate the unstable fracture condition) was kept in
between the two segments of UHDPE rods. Side bars were constructed at a uniform distance
of 20 mm from the plagtic rod. Totd length and diameter of fixators was 14.5 cm and 10 cm,
respectivey, including the connecting bars. For acrylic fixators PV C pipes of 20 mm diameter
were connected to the pinsin the same plane by piercing through and through. Acrylic powder



was mixed with liquid in pre-cooled glass beaker in theratio of 2:1 and acrylic in liquid Sate
was poured into the pipesto form the Sde barsand rings. In epoxy fixatorsthe pinsin the same
plane were bent and joined using adhesive tgpe to form a temporary scaffold. Extra wire
pieces were used to congruct rings. Then, the epoxy monomer was mixed with polymer to
make a dough. The epoxy in dough stage was applied dong the scaffold keeping the pins
within to form the Sde bars and rings.

Thus different designs of acrylic and epoxy fixators were congtructed viz. uniplanar
(one sde bar in each sde), multiplanar desgn-1 (2 bars on each sde), multiplanar design-I1
(sdebarsin each sde connected at proxima and distal ends) and circular (2 ringsoneeachin
proxima and distal ends). Thetechnical easness, timerequired for fixator application, hardening
time, weight and cost of the fixator were recorded for different designs of acrylic and epoxy-
pin ESF systems.

In the second part of the study, biomechanicd testing of the fixator congtructs was
done. Compression testing was done on two designs of fixatorsi.e., 2-point fixation per ssgment
and 3-point fixation per segment. The fixator congtructs were mounted on Servohydraulic
Universd Testing Machine(UTM) and axia load was gpplied @ 3mm/sec. Theload deflection
graphs were plotted and stress (N/mm?), strain, modulus of dadticity (N/mm?) and gtiffness
(N/mm) of fixator constructs were cal culated. Bending and torsion tests were done only on 3-
point fixation per ssgment congtructs. In bending test, the fixator constructs were mounted on
the UTM in the form of Simply Supported Beam and a Uniformly Distributed Load (UDL)
was gpplied @ 3 mm/seg, till falure. Bending moment (KN-mm), modulus of dadticity (N/
mn?) and stiffness (N/mm) were caculated. For torson testing, the fixator constructs were
mounted on the Torson Testing Machine (TTM) with the hel p of the coupling device. Oneend
of the congtruct was fixed and the other end was rotated @ 20 degree per minute. The torque
(Nm) and the degree required to fall the constructs were recorded. Shear stress (N/mmg),
shear drain and stiffness (N/mn?) were cal cul ated.

On the basis of part | and Il of the study, based on the ease of construction and
biomechanica properties, multiplanar design-11 was selected for usein clinical cases. Clinica
examination was done on the cases sel ected, which were randomly divided into two groups (A

and E). Animals of group A were treated with acrylic ESF, and group E were treated with
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epoxy ESF. Anamnesis regarding the species, breed, age and sex of the animd, cause of
fracture, time since fracture and bone involved were recorded in each case. The fractured
bone was subjected to radiographic examination in orthogona views. Fracture reduction and
fixation was done by closed or semi-open method under generd anaesthesia. The pins were
inserted through bone using alow speed (200 rpm) dectric drill with continuous dropping of
cold gerile normd sdine solution. The pins were crossed with each other at an angle of 70°-
90°. In generd, 1.5 mm K-wires were used in radius'ulna and tibialfibula, whereas in some
cases of transarticular fixation, 1.2 mm K-wires were passed through metacarpas and
metatarsals. A hybrid of multiplanar-11 and uniplanar designs was used in the cases where
fracturewas near thejoint. For acrylicfixator, after passng the pins, 20 mm diameter corrugated
mouldable PV C pipes of desired length were connected to the pinsto construct the side bars,
the acrylic was then poured into the pipes, open ends of the pipeswere joined with the hel p of
adhesive tape. Crushed ice was kept in between the fixator columns and skin, and the acrylic
columns were then dlowed to harden. For epoxy fixator, after passing the pins, the pinswere
bent towards the facture Site; the bent pins were then joined with the help of adhesive tapeto
form atemporary scaffold. Using additional pin pieces, the two Sde bars on each sde were
joined a the proxima and dista ends. The epoxy hardener and resin were then mixed thoroughly
and epoxy putty was then hand moulded and gpplied dong the scaffold. The epoxy fixator so

formed was then dlowed to harden.

During fixation of fracture, the time required for fracture reduction, time required for
passing pins, congruction of sde bars and hardening was recorded. The number of pins
passed through the bonefragments, the diameter and thedirection of pinsused, and the distance
between the skin and side bars was recorded in each case. The diameter of the acrylic/epoxy
columnswas noted. The technical eas ness/difficulties during the gpplication of fixatorsand the
degree of fracture sability achieved at the time of fixation were recorded.

Meloxicam @ 0.2 mg/kg and Taximax @ 25 mg/kg were administered IM on the day
of surgery, subsequently ord administration was advised for 3-5 days. Regular cleaning and
dressing of the wound was done with 1% povidone iodine. Wound heding, Satus of the
fixation device, pin tract sepss was recorded and subjective gait andysis was done from day

3 to 45 postoperatively, at regular intervals. Samples were collected from the wound site and
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pin-skininterfaces at different intervalsand antibiotic sengtivity test was performed. In addition,
haemoglobin (Hb-g/L), packed cdll volume (PCV-%), dkaline phosphatase (Unitg/L), cacium
(mmol/L) and phosphorus (mmol/L) were estimated at regular intervals. Orthogond radiographs
were made immediady after the gpplication of fixator and a regular 15 day intervas, till
fracture heding. After the radiographic heding, the fixator was removed by cutting the pins
with apin cutter.

Acrylic fixators were radiolucent and rdaively light weight. But acrylic fixators were
relaively codly, difficult to apply and produced more hest and fumes during application. Epoxy
fixators were more economical, easy to apply because of their doughy state, produced less
heat and no fumes, but were relatively heavy and radiopague. Hardening time for acrylic was
dependent on environmental temperature with an average of 11 min; whereas, epoxy putty
hardened in about 22 min and the hardening was independent of environmenta temperature.
Circular fixators needed maximum time and technical expertise for preparation, followed by
multiplanar designs, whereasuniplanar desgnstook least time. Acrylicfixatorsneeded rdletively
more time for congtruction and more technical expertise than epoxy fixators.

Fixators with 3-point fixation per segment were sronger than fixators with 2-point
fixation per segment in terms of higher stress bearing capacity and higher modulus of dadticity.
Multiplanar designs (Multiplanar design-1 & 11 and circular) were stiffer than uniplanar design.
Asthe number of pinsincreased, the strength of fixator increased under compression. Circular
design was the strongest in axial compression, bending and torson. Uniplanar designs were
theweakest under dl forces. Multiplanar-1 and Il designs came at par under compression and
bending. However, multiplanar-11 design, provided more rotationa stability than multiplanar-I
design. Biomechanicaly, among acrylic and epoxy fixators, there was no significant difference.

Acrylic and epoxy-pin fixators were used for the trestment of 20 closed fractures and
7 open fracturesin dogs (18 maes, 9 femaes). In acrylic group, 7 R/U and 5 tibid fractures
weretreated, whereas, in epoxy group 10 R/U and 5 tibia fracturesweretreated. Therewere
12 mixed breed dogs, 4 Spitz, 4 Labrador, 3 German shepherd, 2 Rottweiler, 1 Grest Dane
and 1 Doberman; 6 dogs were having body weight up to 10 kg, 13 dogs were in the range of
10-20 kg and 8 dogs were having weight more than 20 kg. The most common causes of

fractures were fdls from height (13) or vehicular injury (11). Fourteen cases were presented
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within 5 daysof injury, 7 casesin between 5 and 15 days, and 6 dogsin more than 15 days of
fracture/injury. All surgeries were done under generd anaesthesia. 1.5 mm K- wires were
passed at angle 50°-80° from cranio-medid to caudo-lateral and caudo-media to to cranio-
laterd directionsin R/U and T/F. A gap of about 1-2 cm was | eft between skin and side bars
of fixators. Thetotd time required for gpplication (applying fixator and hardening) was 56-59

min for both fixators.

Very good to good fracture fragment reduction was obtained in 29.63 % and 51.85 %
cases, respectively. The status of pins and side bars of fixators was maintained throughout the
postoperative period with minimal pin tract sepsis. Open wounds heded within 15 days.
Ampicillin + sulbactum was the most effective antibiotic seen in sengtivity test. No sgnificant
changes were observed in Hb, PCV, Ca, Pand ALP leves a varioustime intervas.

During the postoperative period, the mean gait scores increased gradudly in dl the
groups. Standing scores were highest, followed by waking and running, a any particular time
interval. Early presented cases with |ess soft tissue trauma showed better gait scores. Y oung
animaswith less body weight showed better gait scores. No significant difference was seenin
fracture hedling between acrylic and epoxy fixators, dthough younger animas showed rdively
early heding. The mean + SE timerequired for fracture hedling in al groupswas48.85 + 2.56
days. Both acrylic and epoxy fixators provided stable fracture fixation in dogs with good to
very good functional recovery in 92.59 % cases.

From theresults of this study, the following conclusonsweredrawn :

1 Different designs of externd skeetd fixators like uniplanar, multiplanar and circular
can be developed using epoxy-putty or denta acrylic; however, epoxy fixation is
redively easy.

2. Epoxy externa skeletd fixation is better than acrylic fixation in terms of easy handling
and manoeuvrability, no heat and fume production, and economy; wheress acrylic
fixators are light weight and radiolucent.

3. Circular desgnsof external skeletd fixators are strongest under compression, bending
and torsion, followed by multiplanar and uniplanar designs. Multiplanar design-I|
provides double the rotationa stability than multiplanar design-.
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No sgnificant difference between acrylic and epoxy-pin fixation systems, in terms of
biomechanica properties, and fracture fixation and heding.

Both acrylic and epoxy-pin fixators provide stable fixation of fractures in dogs with
early hedling and functiona recovery.

The technique of acrylic or epoxy-pin externa skeletd fixation is easy, economicd,
needs minimal instrumentation and hence can be practised by afield veterinarianin any

remote place.

Qad
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Mini Abstract

The present study was undertaken in three parts. In the first part the development of
different desgns of acrylic and epoxy-pin ESF systems was done, using 20 mm diameter
UHDPE pipes and 1.5 mm K-wires. Different designs of acrylic and epoxy fixators i.e,
uniplanar, multiplanar-1, multiplanar-11 and circular were prepared. Dataregarding thetimefor
congtruction, hardening, weight and cost of fixators were recorded. In the second part of
study, in vitro biomechanical testing was performed on the fixator-constructs under
compression, bending and torsion loads. Based on the results of part-1 and |1, multiplanar
design-1l was used in the third part to evauate the acrylic and epoxy-pin ESF systems for
treatment of long bone fractures in dogs. Surgicd fixation of the fractured radius-ulna or tibia
was done under generd anaesthesiawith closed or semiopen method. K-wiresof 1.2-1.5mm
diameter were used. In acrylic fixators, PV C pipes of 20 mm diameter were fixed to the pins
and acrylic was poured into the pipes with seded ends. Crushed ice was kept between the
skin and fixators to reduce therma necrosis. In epoxy fixators, pins in the same plane were
bent and joined with adhesive tape to form a temporary scaffold. Epoxy putty was applied
adong thepins. Thefixatorswerethen dlowed to harden. Postoperatively, anima swere observed
till fracture hedling. Dataregarding wound hedling, pin tract sepsis and Satus of fixation device
was recorded. Gait analysis was done 3 days after surgery to 45" day. Hb, PCV, Ca, Pand
ALPwereedtimated at regular intervals. Radiographsweretaken regularly, till fractures heded.

Acrylic fixatorswere radiolucent, light weight, but were relatively more codtly, difficult
to apply and produced more heat and fumes during application. Epoxy fixators were more
economical, easy to apply and produced low heat, but relatively heavy and radiopague.
Biomechanicaly, anong acrylic and epoxy type fixators, there was no sgnificant difference.
Asthe number of pinsincreased, the strength of the fixator increased. Circular desgn wasthe
srongest in axia compression, bending and torsion. Multiplanar-1 and |1 designs were at par
under compression and bending; however, under torson multiplanar design -1l was 2 times
stronger than design-1. Uniplanar designs were the weakest under al forces. During the
postoperative period, the mean gait scoresincreased gradudly indl the groups. Early presented
cases, with less soft tissue trauma showed better gait scores. Y oung animas with less body
weight showed better gait scores. No sgnificant difference in fracture hedling between acrylic
and epoxy fixators was observed dthough younger animals showed relatively early heding.
Both acrylic and epoxy fixators provided stable fracture fixation in dogs with good to very
good functiond recovery in 92.59 % cases. The technique of application of acrylic or epoxy-
pin ESF provides stable fixation of long bone fractures and is also cost effective, easy and can
be practiced a any remote place with minimd facilities.
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Table 1: The mean = SE values of weight (g) of filling material and fixator.

Group Factor N Weight of filling Weight of
meaterid () fixator (Q)
Filling materid  Acrylic 28 13250+ 10.20 262.50 + 14.93
Epoxy 28 405.35+29.18  472.85+ 29.83
Model Uniplanar 14 126.42 £ 19.902 206.42 + 14.472
Multiplanar design-I 14 237.85+ 31.18*% 332.85+ 24.27°
Multiplanar design-ll 14 308.57 + 44.95%  408.57 + 36.67°
Circular 14 402.85+ 56.31¢  522.85 + 42.59°
Interaction Acrylic uniplanar 7 55.71 + 2.022 155.57 £ 2.022
(Hlling Acrylic multiplanar 7 125.71 + 2.02° 245.71 £ 2.02°
meateria* design-|
Modd) Acrylic multiplanar 7 147.14 + 3.59¢ 277.14 £ 3.59¢
design-l1
Acrylic circular 7 201.42 £ 5.94¢ 371.42 £ 5.94¢
Epoxy uniplanar 7 194.14+ 6.80¢ 257.14 + 6.80°
Epoxy multiplanar 7 350.00 + 4.36¢ 420.00 £ 4.36¢
design-|
Epoxy multiplanar 7 47.00 = 7.55f 540.00 + 7.55f
design-|
Epoxy circular 7 604.28 £ 13.609 674.28 + 13.60¢
Overdl 56 268.92£2393  367.67 + 23.93

Means with different superscriptsin the same column differ significantly.



Table 1(a): ANOVA of the weight (g) of filling material and fixator.

Variable  Parameters Sum of df M ean F
Square Square
Fixator Weight of the Between groups  619501.79 1 61950179 39.71**
type fixator (g) Within groups 84249643 54  15601.79
Totd 146199821 55
Weight of the Between groups 104231429 1 104231429 77.87**
filling materia (g) Within groups 72282143 54 1338558
Tota 176513571 55
Design Weight of the Between groups  741533.93 3 24717798 17.84**
fixator (g) Within groups 72046429 52  13855.08
Totd 146199821 55
Weight of the Between groups  570921.43 3 190307.14 829**
filling materid (g) Within groups 119421429 52  22965.66
Total 176513571 55
Interaction Weight of the Between groups 144671250 7 20667321 648.99**
fixator (g) Within groups 15285.71 48 318.45
Tota 146199821 55
Weight of the Between groups 1749850.00 7 24997857 784.98**
filling materid (g) Within groups 15285.71 48 318.45
Totd 1765135.71 55
Within groups 9284.76 48 193.43
Tota 105269197 55

**(P<0,01); *(P<0.05)



Table 2: The mean + SE values of cost (Rs) of filling material and fixator.

Group Factor N Cost of filling Cost of
material () fixator (g)
Filling materid Acrylic 28 254.40 + 19.592 411.90 + 26.80°
Epoxy 28 83.09 + 5.98° 24059 £ 12.77°
Model Uniplanar 14 73.69 £ 9.432 163. 69 + 9.432
Multiplanar design-| 14 156.56 + 23.59° 336.56 + 23.59°
Multiplanar design-I| 14 189.43 + 26.03*  369.43 + 26.03"
Circular 14 255.31+ 36.88° 435.31+ 36.88°
Interaction Acrylic uniplanar 7 106.97 £ 3.87°¢ 196.97 £ 3.87°
(Flling Acrylic multiplanar 7 241.37 + 3.87¢ 421.37 £ 3.87°
material* design-|
Mode) Acrylic multiplanar 7 28251 + 6.90f 462.51 + 6.909
design-l|
Acrylic circular 7 386.74 £ 11.41° 566.74 £ 11.41"
Epoxy uniplanar 7 4041+ 1.392 13041 + 1.39°
Epoxy Multiplanar 7 7175+ 0.89° 251.75 + 0.89¢
design-I
Epoxy multiplanar 7 96.35 + 1.54°¢ 276.35 + 1.54¢
design-I1
Epoxy circular 7 123.87 + 2.78¢ 303.87 £ 2.78°
Overdl 56 168.74 + 15.37 367.67 + 1848

Means with different superscriptsin the same column differ significantly.



Table 2(a): ANOVA of cost (Rs.) of filling material and fixator.

Variable  Parameters Sum of df M ean F
Square Square
Fixator type Cost of the Between groups  410820.23 1 410820.23 69.92**
filling materia (Rs) Within groups 317271999 54 587556
Tota 72810022 55
Tota cost of the  Between groups  410820.23 1 41082023 34.56**
fixator Within groups 64187174 54  11886.51
Tota 1052691.97 55
Design Codt of thefilling Between groups  239469.26 3 79823.09 8.49+*
material (RS) Within groups 48863095 52  9396.75
Tota 72810022 55
Tota cost of the  Between groups  564061.01 3 188020.34 20.01**
fixator Within groups 48863095 52  9396.75
Tota 105269197 55
Interaction Cogt of thefilling Between groups  718815.46 7 102687.92 530.87**
material (RS) Within groups 9284.76 48 193.43
Tota 72810022 55
Total cost of the  Between groups 104340721 7 14905817 770.60**
fixator Within groups 9284.76 48 19343
Tota 1052691.97 55

**(P<0.01); *(P<0.05)



Table 3: The mean £ SE values of time required (min.) to apply fixator in vitro.

Group Factor N Time (min.)
Filling materia Acrylic 28 20.32 +1.33¢
Epoxy 28 13.60 £ 0.87°
Model Uniplanar 14 8.78 £ 0.64°
Multiplanar design-| 14 16.35+ 0.92°
Multiplanar design-I1 14 19.07£0.99°
Circular 14 2364+166°
Interaction Acrylic uniplanar 7 10.71 + 0.56°
(Filling materid* Acrylic multiplanar design-I 7 19.28 £ 0.60¢°
Mode) Acrylic multiplanar design-I| 7 2214 +0.91f
Acrylic circular 7 29.14 + 1.12¢
Epoxy uniplanar 7 6.85 + 0.508°
Epoxy multiplanar design-I 7 1342 + 0.72¢
Epoxy multiplanar design-II 7 16.00 £ 0.57¢
Epoxy circular 7 18.14 +£ 0.85%
Overdl 56 16.96 + 0.90
Means with different superscriptsin the same column differ significantly.
Table 3(a): ANOVA of timerequired (min.) to apply fixator in vitro.
Variable  Parameters Sum of df M ean F
Square Square
Fixator type Timerequiredto  Between groups  631.143 1 631.143 17.762**
apply fixator (min.) Within groups 1918.786 54 35.533
Tota 2549.929 55 542738
Desdign Timerequiredto Between groups  1628.214 3 17725  30.619**
apply fixator (min.) Within groups 921.714 52
Tota 2549.929 55
Interaction Timerequiredto Between groups  2355.929 7 336.561 83.273**
(Flling apply fixator (min.) Within groups 194.000 48 4.042
materia* Total 2549.929 55
Modd)

**(P<0.01); *(P<0.05)



Table 4: The mean £ SE values of stress, strain, stiffness and modulus of elasticity in
fixators with 2 support points per segment under compression.

Group Factor N Stress Strain Stiffness M odulus of
(N/mm?) (N/mm)  elasticity
Number of 4 8 4143 + 0.0345 3001.01 1215.18
pins 1.19 +00017 #1149 + 48.69°
8 24 44.02 0.0322 3434.18 1388.18
+ 0.63 +00008 +£99.01° +41.12°
Acrylic 16 41.79 0.0323 3246.27 130911
+0.61° + 0.009 +93.71 + 38.27
Epoxy 16 44.96 0.0333 3405.5 1380.75
+0.85* +£0.0012 +14385 +5961
Model Uniplanar 8 41.43 0.0345 3001.01 1215.18
+1.19 +0.0017 +£1149° +48.69?
Multiplanar design-| 8 43.62 0.0334 3246.93 1318.63
+1.00 +00012 +13314® 5577
Multiplanar design-Il 8 43.33 0.0329 3333.17 1343.18
+0.80 +0.0017 +17498* +7193*
Circular 8 4511 0.0304 3722.45 1502.72
+144 +00013 +173.07° 7433
Interaction  Acrylic uniplanar 4 39.72 0.0333 2977.11 1214.3
(Flling +0.81 +£0.0026 +22068  +89.07
materia*  Acrylic multiplanar 4 41.66 0.0329 3163.76 1270.01
Modd) design-| +111 +0.0014 +9243 +4151
Acrylic multiplanar
design-ll
Acrylic circular 4 43.65 0.0309 3553.69 1420.9
+137 +0.0013 +157.35 +68.85
Epoxy uniplanar 4 4314 0.0357 3024.91 1216.06
+2.00 +00024 £11193 +559%4
Epoxy multiplanar 4 45.58 0.0338 3330.1 1367.25
design-| +0.91 +0.0021 +£26375 +10591
Epoxy multiplanar 4 4454 0.0337 3375.81 1355.14
design-l +0.98 +00029 +£32653 +130.33
Epoxy circular 4 46.56 0.0299 3891.2 1584.55
+ 252 +00024 +£3099 +12876
Overdl 32 43.37 0.0328 3325.89 1344.93

+0.59 + 0.0008 + 85.65 + 3543

Means with different superscripts in the same column differ significantly.



Table 4(a): ANOVA of stress, strain, stiffness and modulus of elasticity in fixators with 2-
support points under per segment compression.

Variable  Parameters Sum of df Mean F
Square Square
Number  Stress (N/mm?)  Between groups 40.31 1 40.31 4,02
of pins Within groups 301.16 30 10.04
Tota 341.47 31
Strain Between groups  0.000031 1 00000312 173
Within groups 0.000541 30 0.0000180
Totd 0.000573 31
Stiffness (N/mm) Between groups 112583515 1 112583515 5.49*
Within groups 6150839.14 30 205027.97
Tota 727667429 31
Modulus of Between groups  179566.81 1 17956681 5.05*
eladticity Within groups 106595545 30 35531.85
(N/mm?) Tota 124552226 31
Flling Stress (N/mm?)  Between groups 80.20 1 80.20 9.21**
material Within groups 261.27 30 8.71
Totd 34147 31
Stran Between groups  0.000008 1  0.000008 0.42
Within groups 0.000565 30 0.000019
Tota 0.00057 31
Stiffness (N/mm) Between groups  202834.43 1 20283443 0.86
Within groups 707383986 30 235794.66
Tota 727667429 31
Modulus of Between groups  41057.03 1  41057.03 1.02
easticity (N/mm?) Within groups 120446524 30 4014884
Totd 124552226 31
Model Stress (N/mm?)  Between groups 54.84 3 18.28 179
Within groups 286.64 28 10.24
Total 34147 31
Stran Between groups 0.00007 3 00000242 136
Within groups 0.00050 28 0.0000179
Tota 0.00057 31
Stiffness (N/mm) Between groups 215272940 3 71757647  392*
Within groups 512394480 28 182998.03
Tota 727667429 31
Modulus of Between groups  339424.21 3 11314140 350*
elagticity (N/mm?) Within groups 906098.06 28 32360.64
Total 124552226 31
Interaction Stress (N/mm?)  Between groups 137.56 7 19.65 231
(Flling Within groups 203.91 24 8.50
material* Tota 341.47 31
Modd) Stran Between groups  0.000093 7  0.000013 0.67
Within groups 0.000479 24 0.000020
Totd 0.000573 31
Stiffness (N/mm) Between groups 245499889 7 35071413 175
Within groups 482167540 24 200903.14
Total 727667429 31
Modulus of Between groups  413048.91 7  59006.99 170
elagticity (N/mm?) Within groups 83247336 24  34686.39
Tota 124552226 31

**(P<0.01); *(P<0.05)



Table5: The mean £ SE values of stress, strain, stiffness and modulus of elasticity in
fixators with 3 support points under compression.

Group Factor N Stress Strain Stiffness M odulus of
(N/mm?) (N/mm)  Elasticity
Number 6 8 485 0.0362 3339.97 1354.81
of Pins +0.70® +0.0016® +137.35* +55672
12 24 55.28 0.0308 4472.33 1810.54
+£0.85°> £0.0007° +£94.85° +3817°
Filling Acrylic 16 53.07 0.0333 4038.74 1621.33
material +1.08 +00011 +17137 +65.92
Epoxy 16 54.09 0.0309 4339.75 1771.88
+1.30 +£0.0009 +157.35 +6453
Model Uniplanar 8 485 0.0362 3339.97 1354.81
+0.7¢  +£00016* +137.35* +55.67°
Multiplanar design-| 8 52.95 0.0304 4314.17 1753.56
+09> +0.0010> +137.29* +57.28°
Multiplanar design-1l 8 54.1 0.0308 4352.26 1768.09
+146° +00011° +156.36®° +67.96°
Circular 8 58.78 00311 4750.57 1909.96
+117° +£0.0014°> +169.38° +65.76°
Interaction  Acrylic uniplanar 4 47.85 0.0377 3170.71 1283.08
(Flling +1100 +0.0024> +182.72% +7233°
materid*  Acrylic multiplanar 4 5341 0.0319 4191.72 1684.55
Modd) design-| +092*¢ +0.0017* +17454°> +6213°
Acrylic multiplanar 4 53.79 0.0319 4226.71 1697.6
design-l| 179 +£0.0012* +256.02° +104.24°
Acrylic circular 4 57.21 0.0319 4565.8 1820.08
+179¢ +0.0027* +307.64™ +111.28
Epoxy uniplanar 4 49.14 0.0348 3509.24 1426.53
+0.88* +£0.0021* +18853* +76.182
Epoxy multiplanar 4 52.48 0.0289 4436.61 1822.57
design-| +168* +0.0006° +217.95° +90.98™
Epoxy multiplanar 4 54.4 0.0298 4477.8 1838.59
design-l +25%  +0.0019® +19502* +85.87"
Epoxy circular 4 60.35 0.0303 4935.33 1999.85
+125 +00012® +12838° +49.14°
Overal 32 53.58 0.0321 4189.24 1696.61

+0.84 +0.0008 +11759  +47.35

Means with different superscripts in the same column differ significantly.



Table 5(a): ANOVA of stress, strain, stiffness and modulus of elasticity in fixators with

3-support points per segment under compression.

Variable  Parameters Sum of df M ean F
Square Square
Number  Stress (N/mm?)  Between groups 275.85 1 27585  19.60**
of pins Within groups 422.25 30 14.07
Tota 698.10 31
Stran Between groups  0.000179 1 00001787 14.01**
Within groups 0.000383 30 0.0000128
Tota 0.000561 31
Stiffness (N/mm) Between groups 769338597 1 769338597 38.32**
Within groups 602239881 30 200746.63
Tota 13715784.78 31
Modulus of Between groups 124615264 1 124615264 38.24**
elasticity (N/mm?) Within groups 97761875 30 32587.29
Tota 2223771.39 31
Flling Stress (N/mm?)  Between groups 8.42 1 8.42 0.37
material Within groups 689.67 30 22.99
Tota 698.10 31
Strain Between groups  0.000047 1  0.000047 2.75
Within groups 0.000514 30 0.000017
Tota 0.00056 31
Stiffness (N/mm) Between groups  724851.93 1 72485193 167
Within groups 1299093285 30 43303110
Tota 13715784.78 31
Modulus of Between groups  181335.40 1 18133540 266
elasticity (N/mm?) Within groups 204243599 30 6808120
Tota 222377139 31
Model Stress (N/mm?)  Between groups 428.62 3 14287  14.85**
Within groups 269.48 28 9.62
Tota 698.10 31
Strain Between groups 0.00018 3 0.0000602 4.43*
Within groups 0.00038 28  0.0000136
Tota 0.00056 31
Stiffness (N/mm) Between groups 862819247 3  2876064.16 15.83**
Within groups 5087592.30 28 181699.73
Tota 13715784.78 31
Modulus of Between groups 136561887 3 45520629 14.85**
easticity (N/mm?) Within groups 85815252 28 30648.30
Tota 222377139 31
Interaction Stress (N/mm?)  Between groups 454,08 7 64.87 6.38**
(Flling Within groups 244.01 24 10.17
material* Tota 698.10 31
Mode) Stran Between groups  0.000230 7  0.000033 2.39
Within groups 0.000331 24 0.000014
Tota 0.000561 31
Stiffness (N/mm) Between groups 9376530.26 7 1339504.32 7.41**
Within groups 433925452 24 180802.27
Tota 13715784.78 31
Modulus of Between groups 154925031 7 22132276  7.87**
easticity (N/mm?) Within groups 67451208 24 28104.67
Tota 222377139 31

**(P<0,01); *(P<0.05)



Table6: Themean + SE values of stress, strain, stiffness and modulus of elasticity in
fixators with 2- and 3- support points per segment under compression.

Variable  Group N Stress Strain Stiffness M odulus of
(N/mm?) (N/mm) elasticity
(N/mm?)
Support 2 K74 43.37 0.0328 3325.89 1344.93
Points + 0.59 +0.0043 + 85.652 + 35432
3 32 53.58 0.0321 4189.24 1696.61

+ 0.84° +0.0043 +117.59° +47.35°

Means with different superscriptsin the same column differ significantly.

Table 6(a) : The mean £ SE values of stress, strain, stiffness and modulus of elasticity in
fixators with 2- and 3- support points per segment under compression.

Variable Parameters Sum of df M ean F
Square Square

Support  Stress (N/mm?)  Between groups  1666.75 1 1666.75  99.41**

points Within groups 1039.57 62 16.77
Total 2706.32 63
Stran Between groups  0.000007 1  0.000007 0.36
Within groups 0.001134 62  0.000018
Total 0.001140 63

Stiffness (N/mm) Between groups 1193000000 1 11930000.00 35.22**
Within groups ~ 20990000.00 62 338588.05

Total 32920000.00 63
Modulus of Between groups 197881456 1 197881456 35.36**
Elasticity (N/mm?) Within groups 346929365 62  55956.35

Total 544810821 63

Within groups 3984456.72 60 66407.61

Total 544810821 63

**(P<0,01); *(P<0.05)



Table 7:

The mean + SE values of bending moment, stiffness and modulus of elasticity
in fixators under bending.

Variable Group N Bending moment Stiffness M odulus of
(KN-mm) (N/mm) Elasticity
(N/mm?)
Filling Acrylic 16 11545+ 88.77  2023.96 + 166.68 240.34 + 18.07
material  Epoxy 16 11879+ 86.25  2096.6 + 164.79 247.25 + 17.48
Model Uniplanar 8 7642 + 69.79°  1281.37 + 115.6* 160.25 + 14.63?
Multiplanar design| 8 11682 + 60.68° 2058.34 + 128.93° 244.97 + 12.73°
Multiplanar design Il 8 11779 + 68.94°>  2103.72 + 153.54° 247.01 + 14.46°
Circular 8 15744 + 74.91¢ 2797.69 + 134.25¢ 322.97 + 15.36°
Interaction Acrylicuniplanar 4 6911.9 + 76.86% 1179.74 £ 122.742 144.94 + 16.12?
Acrylic multiplanar 4 11779 £ 78.49° 2048.07 + 150.83° 247.01 + 16.46°
design |
Acrylic multiplanar 4 11877 + 90.63* 2097.31 + 223.72° 249.05 + 19.00°
design Il
Acrylic circular 4 15611 £+ 100.57¢ 2770.73 £ 205.83¢ 320.38 + 20.64°
Epoxy uniplanar 4 83722+ 11519% 1383.01 + 201.02% 175.56 + 24.152
Epoxy multiplanar 4 11585 + 104.70° 2068.62 + 234.00° 242.92 + 21.95°
design |
Epoxy multiplanar 4 11682 + 117.90° 2110.13 + 244.82° 244.97 + 24.72°
design Il
Epoxy circular 4 15877 + 126.32¢ 2824.65 £ 203.11 ¢ 325.55 + 25.90°
Overal 32 11712+ 60.95 2060.28 + 11547 243.8+ 12.38

Means with different superscripts in the same column differ significantly.



Table 7(a): ANOVA of bending moment, stiffness and modulus of elasticity in fixators

under bending.

Variable  Parameters Sum of df M ean F
Square Square
Flling Bending moment Betweengroups 893X 10® 1 893X 10* 0.07
material  (N-mm) Within groups 368X 104 30 123X 10%
Tota 369X 10% 31
Shear modulus Between groups  3.82 X 17 1 38X1»® 008
(N/mn) Within groups 152X 106 30 506X 1CG
Tota 152X 1060 31
Stiffness (N/mm) Between groups  4.22 X 10 1 422X10* 010
Within groups 132X10° 30 440X 1¢°
Tota 132X10 3
Model Bending moment Between groups 263X 104 3 875X 108 23.1**
(N-mm) Within groups 106 X10% 28 378X 10%
Tota 369X 10% 31
Shear modulus Between groups  1.06 X 10° 3 3MX10¢ 21.53**
(N/mne) Within groups 460X 100 28 164X 1¢°
Tota 152X 1060 31
Stiffness (N/mm) Between groups  9.22 X 10° 3 307X1r 2146**
Within groups 401X 10¢ 28 143X 10C°
Tota 132X10 3
Interaction Bending moment Betweengroups 2.67 X 104 7 382X 10® 9.04**
(N-mm) Within groups 101X 10% 24 422X 10%
Tota 369X 10% 31
Shear modulus Between groups  1.08 X 10° 7 154X10¢ 842*
(N/mne) Within groups 440X 100 24 183X 1¢°
Tota 152X 1060 31
Stiffness (N/mm) Between groups  9.31 X 10° 7 133X10¢ 814
Within groups 392X10¢ 24 163X 10
Tota 132X10 3

**(P<0,01); *(P<0.05)



Table 8:

Themean + SE values of shear stress, shear modulus and stiffnessin fixators

under torsion.

Variable Group N Shear stress  Shear modulus Stiffness
(N/mm?) (N/mm?) (Nm/deg)
Flling Acrylic 16 79.06 + 10.09 18292 + 4454 033+ 0.08
material  Epoxy 16 80.73+10.10 196.82 £+ 4945 035+ 0.09
Model Uniplanar 8 37.23+2.72¢ 27.03+ 1.45% 0.048 + 0.0032
Multiplanar design| 8 55.23 £ 1.88" 81.23+1.10° 0.145+0.002°
Multiplanar design 1l 8 88.74 + 2.47¢ 162.23 + 500° 0.29 + 0.009°
Circular 8 138.37 £ 3.21¢ 489+ 24.76*  0.875 + 0.044¢
Interaction Acrylicuniplanar 4 35.72 £ 2977 26.74 £ 1.80* 0.048 £ 0.0032
Acrylic multiplanar 4 55.04 + 2.68" 81.1+£213* 0.145+ 0.0042
design |
Acrylic multiplanar 4 884 +427° 162.09 + 9.14>  0.29 + 0.016°
design Il
Acrylic circular 4 137.09 + 5.74¢  461.74 £ 43.96° 0.827 + 0.079°
Epoxy uniplanar 4 38.74+4.91¢ 27.32+256% 0.049 + 0.0052
Epoxy multiplanar 4 55.43 + 3.05° 81.36 £ 1.06& 0.146 £ 0.002?
design |
Epoxy multiplanar 4 89.08 + 3.18¢ 162.36 + 5.74°> 0.291 + 0.010°
design Il
Epoxy circular 4 139.66 + 3.73¢  516.26 £ 20.82¢ 0.924 + 0.037¢
Overal 32 79.89+ 7.02 189.87 + 3276  0.34+ 0.059

Means with different superscriptsin the same column differ significantly.



Table 8(a): ANOVA of shear stress, shear modulus and stiffnessin fixators under torsion.

Variable  Parameters Sum of df Mean F
Square Square
Flling Shear stress Between groups 2211 1 211 0.01
material  (N/mnv) Within groups 48917.48 30 163058
Tota 48939.59 31
Shear modulus Between groups  1547.54 1 154754 0.04
(N/mnv) Within groups 1062888.76 30 35429.63
Tota 1064436.30 31
Stiffness (Nm/deg) Between groups 0.005 1 0.005 0.04
Within groups 341 30 0.114
Tota 341 31
Model Shear stress Between groups  47410.62 3 1580354 289.41**
(N/mnv) Within groups 1528.96 28 54.61
Tota 48939.59 31
Shear modulus Between groups 1028510.00 3  342836.67 267.20**
(N/mnv) Within groups 35926.30 28  1283.08
Tota 1064436.30 31
Stiffness (Nm/deg) Between groups 3.30 3 1099  267.20**
Within groups 0.12 28 0.004
Tota 341 31
Interaction Shear stress Between groups  47443.22 7 6777.60 108.71**
(N/mnv) Within groups 1496.36 24 62.35
Tota 48939.59 31
Shear modulus Between groups 103445458 7 14777923 118.30**
(N/mnv) Within groups 29981.72 24 124924
Tota 1064436.30 31
Stiffness (Nm/deg) Between groups 331 7 0474  118.30**
Within groups 0.10 24 0.004
Tota 341 31

**(P<0,01); *(P<0.05)



Table9: Mean = SE of time required (min) for passing wires, applying fixator,
hardening and total time of fixator application in acrylic and epoxy groups.

Parameters (min) Acrylic (n=12) Epoxy (n=15) Overall mean
(n=27)
Time for passing pins 14.92 + 1.00 1520+ 1.13 15.07 £ 0.75
Timefor applying fixators ~ 29.58 + 2.26° 19.67 + 1.42° 2407+ 158
Time for hardening 10.67 + 0.412 22.00 £ 0.52° 16.96 + 1.15
Totd time 59.17 + 3.34 56.87 £ 2.28 5789+ 192

Means with different superscriptsin the sasme row differ signfiicantly

Table 9(a): ANOVA of time required for passing wires, applying fixator, hardening and
total time of fixator application (min) in acrylic and epoxy group.

Groups Sour ce of variation Sum of df Mean F
Square Square value
Time for passing pins Between groups 054 1 054 0.03
Within groups 397.32 25 15.89
Total 397.85 26
Time for applying fixatorsBetween groups 655.60 1 655.60 14.95*
Within groups 1096.25 25 43.85
Total 1751.85 26
Time for hardening Between groups 856.30 1 856.30 272.13*
Within groups 78.67 25 315
Total 934.96 26
Totd time Between groups 35.27 1 3H27 03HA
Within groups 2561.40 25 102.46
Total 2596.67 26

**(P<0.01); *(P<0.05)



Table 10 : Gait scores of animalsin standing, walking and running at various days.

Variable Group Day N Sanding Walking Running
score score score
Fixator type Acrylic 3 12 208+x026 200+x017 117+011
Epoxy 15 233+023 213+019 120f011
Acrylic 7 12 275022 275+018 175+0.18
Epoxy 15 267+019 267+016 160+0.16
Acrylic 15 12 308+£026 283+011 208+0.19
Epoxy 15 300+020 2731021 213+024
Acrylic 30 12 358+023 317+017 258+0.29
Epoxy 15 340+016 300x022 253+0.26
Acrylic 45 12 375+018 350+019 292+0.29
Epoxy 15 367+x019 313+017 253+0.22
Agegroup  0-6 months 3 4 175+£048® 225+048°> 150+0.29
6- 12 months 1 273+£027° 227+014° 127+014
1-2 year 6 233+021* 233+0.21°" 1.00+0.00
Above 2 years 6 150+022@ 133+£0.21* 1.00+0.00
0-6 months 7 4 300+041° 300+000°> 225+0.48
6- 12 months 11 282+018" 282+0.12° 164+0.15
1-2 year 6 300+x000" 300+£0.00° 167+021
Above 2 years 6 200+0372 200+037@ 133+021
0-6 months 15 4 325+048 325+0.25° 250+0.65
6- 12 months 11 327+019 28+012* 227+024
1-2 year 6 300+000 3.00%0.00° 2.00z%0.00
Above 2 years 6 250+050 217+040* 167+0.33
0-6 months 30 4 375+025 325+048 300+0.71
6- 12 months 11 364+020 336x015 264+0.28
1-2 year 6 367+021 300+000 267+021
Above 2 years 6 283+031 250+043 200045
0-6 months 45 4 400+000 375+0.25" 3.50+0.50
6- 12 months 11 382+018 355+021* 273+0.27
1-2 year 6 367+033 283+017@ 250+0.34
Above 2 years 6 333+033 300+026* 233+0.33
Sex Mde 3 18 206+021 206+017 1.17+0.09
Femde 9 256+029 211+020 122+0.15
Mde 7 18 272+019 261+016 167+0.16
Femde 9 267+017 289+011 167+0.17




Table 10 : Gait scores of animals in standing, walking and running at various days

(Contd...).
Variable Group Day N Sanding Walking Running
score score score
Mde 15 18 306+x017 278+015 206+0.19
Femde 9 3.00+£033 278+022 222+028
Mde 30 18 350+015 300+018 261+023
Femde 9 344+029 322+022 244+034
Mde 45 18 3831012 322+013 267021
Femde 9 344+029 344+029 278+0.32
Treatment  Acrylic- 3 7 171+ 0.36 186+026 1.00+0.00
groups RadiusUlna
Acrylic-Tibia 5 260+ 024 220020 140+0.24
Epoxy-RadiugUIna 10 240+034 230+x026 130+0.15
Epoxy-Tibia 5 220£020 180+020 1.00+0.00
Acrylic-RadiugUIna 7 7 257030 271+£029 157+0.20
Acrylic-Tibia 5 300£032 280+020 200+0.32
Epoxy-RadiugUIna 10 260+027 270+021 160+0.22
Epoxy-Tibia 5 280+020 260+024 160+0.24
Acrylic-RadiugUlna 15 7 286+040 286+014 214+026
Acrylic-Tibia 5 340+ 024 280+£020 200+£0.32
Epoxy-RadiugUlna 10 320+020 290+023 230%0.33
Epoxy-Tibia 5 260+£040 240+040 180+0.20
Acrylic-RadiugUlna 30 7 343+037 314+026 2711042
Acrylic-Tibia 5 380+£020 320+020 240+0.40
Epoxy-RadiugUIna 10 360+0.16 310+£031 280x0.33
Epoxy-Tibia 5 300£032 280+020 200+0.32
Acrylic-Radius/UIna 45 7 357+£030 343+030 3.00+044
Acrylic-Tibia 5 400+000 360+024 280+0.37
Epoxy-RadiugUlna 10 380+x020 330+x021 260+031
Epoxy-Tibia 5 340+ 040 280+£020 240+0.24
Weight Up to 10 kg 3 6 167+033 233+033 133+021
groups 10-20 Kg 13 223+x020 177+012 1.08+0.08
Above 20 kg 8 263+038 238+026 125+0.16
Up to 10 kg 7 6 267+£033 300+000 1.83+0.40
10-20 kg 13 277+017 269+017 1.77+012
Above 20 kg 8 263+£032 250+027 138+0.18
Up to 10 kg 15 6 300£037 317+017 283+048°
10-20 kg 13 315+022 262+021 192+0.14°
Above 20 kg 8 288+030 275+016 1.88+0.23°




Table 10 : Gait scores of animals in standing, walking and running at various days

(Contd...).
Variable Group Day N Sanding Walking Running
score score score
Upto 10 kg 30 6 350+034 333+033 3331049
10-20 kg 13 362+0.18 300+£023 223+0.20
Above 20 kg 8 325+025 300+019 250+0.33
Upto 10 kg 45 6 400+000 383+017 367+0.33°
10-20 kg 13 362+021 323+020 254+0.22°
Above 20 kg 8 363+026 300+019 225+0.25°
Cause of Accident 3 11 245+028 218+018 1.36+0.15
injury Fall from height 13 208+026 208+021 1.08+0.08
Hit by stick 3 200+ 000 167+033 1.00+0.00
Accident 7 1 273+024 255+021 173+0.19
Fdl from height 13 262+0.21 277017 154+018
Hit by stick 3 300+000 3.00+0.00 2.00+0.00
Accident 15 11 309+025 282+018 209+025
Fall from height 13 300+£025 269+021 215+0.25
Hit by stick 3 300+000 3.00+0.00 2.00+0.00
Accident 30 1 345+021 309+£016 245%0.28
Fall from height 13 346+022 308+026 262+0.31
Hit by stick 3 367+033 300+000 267+0.33
Accident 45 1 373+£019 318+018 245+0.25
Fall from height 13 38+015 3541018 308+024
Hit by stick 3 3.00 £ 0.58 267+£033 200+058
Timesnce Upto5days 3 14 207025 221+019 114+010
injury 5-15 days 7 214+026 186+026 129+0.18
Above 15 days 6 267+042 200+026 117+0.17
Upto 5 days 7 14 264+020 264+017 150%0.17
5-15 days 7 286+ 034 271+£029 200+022
Above 15 days 6 267021 283+017 167+021
Upto 5 days 15 14 314+014 279+019 2361025
5-15 days 7 300£038 286+014 200+022
Above 15 days 6 283+048 267+033 167+021
Up to 5 days 30 14 3431017 314+£021 293x0.25
5-15 days 7 357+030 300+022 243+0.37
Above 15 days 6 350+034 300+037 183+031
Upto 5 days 45 14 400+0.00° 343+014 300+0.23
5-15 days 7 343+030° 314+026 243+0.37
Above 15 days 6 333+£042* 317+£040 233x0.33




Table 10 : Gait scores of animals in standing, walking and running at various days

(Contd...).
Variable Group Day N Sanding Walking Running
score score score
Type of Open 3 7 214+£040 214+026 114+0.14
wound Closed 20 225+019 205+015 1.20+0.09
Open 7 7 243+037 243+030 129+0.18
Closed 20 280+014 280+012 180+014
Open 15 7 271+036 257+020 229+042
Closed 20 315+017 285+015 205+0.15
Open 7 314+034 314+026 271+047
Closed 20 360+013 305+017 250+0.20
Open 7 386+014 343+020 28+034
Closed 20 365+017 325+016 265021
Degreeof  Slight 3 20 235+021 210+016 125+0.10
trauma Moderate 4 150£029 200041 1.00%0.00
Severe 3 233+£033 200+£0.00 1.00+0.00
Sight 7 20 290+014> 28+011 185+0.13°
Moderate 4 200+£041* 250+050 1.25+025*
Severe 3 233+033* 250+000 1.00+0.002
Sight 15 20 330+£013* 290+012 210+0.16
Moderate 4 225+048* 275+025 250065
Severe 3 233+067* 200+058 167+0.33
Sight 30 20 370+011°® 315+017 265+0.20
Moderate 4 300+£058* 300+041 275+0.75
Severe 3 267+033* 267+033 167+0.33
Sight 45 20 375+014 335+015 270+021
Moderate 4 375+025 350+029 325+048
Severe 3 333+£067 267+£033 200+0.00
Bone Radius/Ulna 3 17  212+026 212+019 1.18+0.10
involved Tibia 10 240+016 200+015 120+0.13
Radius/Ulna 7 17 259+019 271+017 159£0.15
Tibia 10 290+018 270+015 180+020
RadiugUIna 15 17 306+020 283+015 224+022
Tibia 10 300+x026 260+022 190+0.18
RadiugUIna 30 17 353+017 312+021 276+0.25
Tibia 10 340+x022 300+x015 220+£0.25
RadiugUlna 17 371+017 335%x017 276+0.25
Tibia 10 370+021 320+020 260+0.22

Means with different superscriptsin the same row differ significantly.



Table11: Mean+ SE valuesof haematobiochemical parametersin animalsof different
groups at various intervals.

Parameters

Day

Acrylic-
RadiugUlna

(n=7)

Acrylic-
Tibia

(n=5)

Epoxy-
Radius/Ulna

(n=10)

Epoxy-
Tibia

(n=5)

Overall
(n=27)

Haemoglobin
(9L)

Packed Cell
Volume (%)

Cdcium
(mmol/L)

Phosphorus
(mmol/L)

Alkdine
Phosphatase
(mmol/L)

G8E8HEYC &HG8GYC &8GY° &HF8GY°

G8&HY®

10.14 + 0.51
10.07 £ 0.73
1057+ 0.54
10.29 + 0.58
10.71 + 047

2843+ 3.05
3043 £ 2.05
3143+ 1.77

9.68+ 1.26
10.00 + 1.30
10.30 + 0.89
10.30 + 0.89
10.40 + 0.68

3440+ 2.75
35.80 + 3.29
34.60 + 4.01

10.70 + 0.30
11.00+ 047
10.70 + 0.30
10.70 + 0.31
11.05+0.28

30.40 + 243
3250+ 1.38
32.70 + 1.40

2943+ 193 3340+ 2.09 31.80+ 1.53

33.86 + 1.47

251+ 0.08
252 +0.07
255+ 0.08
246+ 0.07
244 + 0.08

116 + 0.03
1.22+0.04
119+ 004
1.20 + 0.05
1.20+0.04

34.60 + 2.06

247 +0.16
2.39+ 0.09
2.29+ 0.08
240+ 0.15
248+ 0.12

127+014
125+ 0.05
118+ 0.02
1.33+0.06
117+ 0.02

189.43+10.71 203.40+8.82
191.57+10.38 204.60+8.41
193.29+10.47 206.60+8.18
188.86+10.48 202.00+8.35
191.29+10.09 204.80+7.85

3340+ 154

247 +0.07
2.60 + 0.08
248 +0.07
249+ 0.07
2.45 + 0.06

116+ 0.04
117 + 0.06
1.20+0.03
1.24+0.05
115+ 0.03

181.80+7.58
183.90+7.30
185.80+7.51
181.30+7.50
184.10+7.24

10.00 £ 1.22
9.90+ 117
9.70+0.99
10.40 + 0.87
10.80 + 0.66

33.20+4.93
3440 + 3.33
34.60 + 3.03
3420+ 1.77
37.80 £ 2.92

225+ 013
259+0.14
236+0.14
232+0.14
238+ 0.12

125+0.14
112 +0.03
111+0.01
113+ 0.01
114+ 0.03

188.40+9.07
190.40+8.56
192.40+8.86
187.80+8.86
191.20+8.49

10.24 + 0.35
10.37 + 0.40
1041+ 0.29
10.46 + 0.28
10.80 + 0.23

3115+ 155
3293+ 112
33.07+1.10
31.93+0.92
34.56 + 0.95

244 +0.05
254+ 0.05
244 +0.05
243+ 0.05
244+ 0.04

120+ 0.04
119+ 0.03
118+ 0.02
1.23+0.03
116 + 0.02

189.00+4.58
190.93+4.41
192.81+4.47
188.30+4.48
191.11+4.32




Table 11(b): ANOVA of haematobiochemical parametersin animalsof different groups
at various intervals.

Parameters Day Source of Sum of  Degree of Mean Fvalue
variation squares freedom square
Haemoglobin 0 Between groups 404 3 135 0.38
Within groups 80.61 23 351
Tota 84.64 26
7 Between groups 6.38 3 213 047
Within groups 10341 23 450
Tota 109.80 26
15 Between groups 3.60 3 1.20 0.49
Within groups 55.91 23 243
Tota 59.52 26
30 Between groups 0.93 3 031 0.13
Within groups 53.53 23 2.33
Tota 54.46 26
45 Between groups 148 3 0.49 0.33
Within groups 34.65 23 151
Tota 36.13 26
Packed Cell 0 Between groups 131.29 3 43.76 0.65
Volume Within groups 1560.11 23 67.83
Total 1 691.41 26
7 Between groups 97.64 3 32.55 0.95
Within groups 786.21 23 34.18
Tota 883.85 26
15 Between groups 43.64 3 14.55 041
Within groups 812.21 23 3531
Tota 855.85 26
30 Between groups 80.54 3 26.85 1.19
Within groups 517.31 23 22.49
Tota 597.85 26
45 Between groups 69.41 3 2314 0.95
Within groups 550.26 23 24.32
Tota 628.67 26
Cdcium 0 Between groups 0.22 3 0.07 1.07
Within groups 1.60 23 0.07
Tota 1.83 26
7 Between groups 0.16 3 0.05 0.93
Within groups 132 23 0.06
Tota 1.48 26
15 Between groups 0.24 3 0.08 1.46
Within groups 1.26 23 0.06

Total 1.50 26




Table 11(b): ANOVA of haematobiochemical parametersin animalsof different groups
at variousintervals (Contd...).

Parameters Day Source of Sum of  Degree of Mean Fvalue
variation squares freedom square
30 Between groups 0.10 3 0.03 054
Within groups 1.46 23 0.06
Tota 1.56 26
45 Between groups 0.03 3 0.01 0.18
Within groups 117 23 0.05
Tota 1.20 26
Phosphorus 0 Between groups 0.07 3 0.02 0.55
Within groups 0.93 23 0.04
Tota 1.00 26
7 Between groups 0.05 3 0.02 0.91
Within groups 045 23 0.02
Tota 0.51 26
15 Between groups 0.03 3 0.01 147
Within groups 0.15 23 0.01
Tota 0.18 26
30 Between groups 0.10 3 0.03 1.88
Within groups 042 23 0.02
Tota 0.52 26
45 Between groups 0.01 3 0.00 054
Within groups 0.16 23 0.01
Tota 0.17 26
Alkdine 0 Between groups 1558.29 3 519.43 091
Phosphatase Within groups 13183.71 23 57321
Tota 14742.00 26
7 Between groups 1432.84 3 477.61 0.90
Within groups 12193.01 23 530.13
Tota 13625.85 26
15 Between groups 1444.65 3 481.55 0.88
Within groups 12591.43 23 547.45
Tota 14036.07 26
30 Between groups 1431.87 3 477.29 0.87
Within groups 12639.76 23 549.56
Tota 14071.63 26
45 Between groups 1428.74 3 476.25 0.9
Within groups 11661.93 23 507.04
Tota 13090.67 26

**(P<0,01); *(P<0.05)



Table 12: Mean = SE of timefor fracture healing (days) in animals of different groups.

Variable Factors Mean £ SEm
Fixator type Acrylic 46.33 £ 3.83 (12)
Epoxy 50.87 £+ 3.47 (15)
Breed of the dog Doberman 35.00 + 0.00 (2)
Great Dane 65.00 £ 0.00 (1)
German Shephered 51.67 £ 4.41 (3)
Labrador 46.25 + 591 (4)
Mongrel 49.83 £ 4.38 (12)
Rotweiller 30.00 £ 0.00 (2)
Soitz 55.25 + 3.45 (4)
Age group* 0-6 months 37.00 £ 7.68° (4)
6- 12 months 44.64 + 4.09% (11)
1-2 year 56.67 £ 1.67" (6)
Above 2 years 56.67 £ 4.01° (6)
Sex Mde 49.89 + 3.25 (18)
Femde 46.78 + 4.26 (9)
Treatment groups Acrylic-Radiug/UIna 46.14 £ 4.72 (7)
Acrylic-Tibia 46.6 = 7.08 (5)
Epoxy-RadiugUIna 49.8 + 473 (10)
Epoxy-Tibia 53.00 £ 4.90 (5)
Weight groups Up to 10 kg 44.00 = 6.57 (6)
10-20 kg 50.00 + 3.84 (13)
Above 20 kg 50.63 £ 3.83 (8)
Cause of injury Accident 47.73 £ 3.78 (11)
Fdl from height 47.23 + 4.09 (13)
Hit by stick 60.00 £ 0.00 (3)
Time since injury Upto 5 days 50.07 = 3.67 (14)
5-15 days 51.14 + 4.69 (7)
Above 15 days 43.33 £ 5.73 (6)
Type of wound Open 50.14 £ 5.12 (7)
Closed 48.40 + 3.03 (20)
Degree of trauma Sight trauma 47.15 £+ 3.16 (20)
Moderate trauma 55.25 £ 345 (4)
Severe trauma 51.67 £ 8.33 (3)
Bone involved RadiugUIna 48.29 £ 3.32 (17)
Tibia 49.80 + 4.19 (10)
Overdl 48.85 + 2.56 (27)




Table 12(a): ANOVA of time of fracture healing (days) in animals of different groups.

Groups Sour ce of variation Sum of Degreeof Mean F value
squares Freedom sguare

Fixator type Between groups 137.01 1 137.01 0.77
Within groups 4464.40 25 178.58
Tota 4601.41 26

Breed of thedog Between groups 1389.57 6 231.60 144
Within groups 3211.83 20 160.59
Tota 4601.41 26

Age group Between groups 1490.20 3 496.73 3.67*
Within groups 311121 23 135.27
Tota 4601.41 26

Sex Between groups 58.07 1 58.07 0.32
Within groups 4543.33 25 181.73
Tota 4601.41 26

Treatment Between groups 171.75 3 57.25 0.30

groups Within groups 4429.66 23 192.59
Tota 4601.41 26

Weight groups Between groups 18353 2 91.77 0.50
Within groups 4417.88 24 184.08
Tota 4601.41 26

Cause of injury Between groups 420.92 2 210.46 121
Within groups 4180.49 24 174.19
Tota 4601.41 26

Timesinceinjury  Between groups 240.29 2 120.14 0.66
Within groups 4361.12 24 181.71
Tota 4601.41 26

Type of wound Between groups 15.75 1 15.75 0.09
Within groups 4585.66 25 18343
Tota 4601.41 26

Degree of trauma  Between groups 245.44 2 122.72 0.68
Within groups 4355.97 24 181.50
Tota 4601.41 26

Bone involved Between groups 14.28 1 14.28 0.08
Within groups 4587.13 25 183.49
Tota 4601.41 26

**(P<0,01); *(P<0.05)
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