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Abstract

The treatment of long bone fractures in horses remains to be a challenge for equine veterinarians,
since it is necessary to succeed treating an animal sometimes weighing over 500kg that will have to
endure fractureepair procedures and rehabilitation &rleast 3 months and manage the resulting
complications. The objective of this study is to investigate and shed light over some of the treatment
techniques for long bone fractures in equjreasd tosample new data from a questionnaire, an-
swered by expegnced equine surgeons in Swedaitmmarisinghe obtained results with the al-

ready existing researcin a literature review,his work starts by describing bone @amy and
physiology, gradually narrowing down to long bones. Then the diftetlypes of boe fractures are
discussegdbothin regards taheir aetiology, impact and classification. This is folloviigdhe mech-

anisms of bone healing through which bone fractures are healed. Further, this work investigates the
most common and current treatment techniques of long bone fractures in eqairass treatment
techniguesre reviewedsuch aghe internaflind the external fixation, as well as the advantages and
the disadvantages of evagspective technique. Furthermotiee factors that affect long beffrac-

ture repaiaredescribedas well aghe biomechanics of the strain forces that need to be cauatedr

for successful fracture treatment. Finally, theraturestudy describes thearious complications

that may follow bone fracture repair pagieratively or during the rehabilitation phase. In addition,

the study encompasses a gimstaire that wasent to 206wedish senioequine surgeonssking
guestions about long bone fracture treatm8omeof them replied to the questionnaire, elucidating
onhowthe different types of long bone fractugee dealt withn Sweden, thus helping the stuidy

exhibit the currenpractices okquine orthopaedic surges they aradapted to the Swedish real-

ities, including the animal welfare norms. The results of the survey showed that veterinarians who
heavily rely on surgical treatment do tend to have a lessenl to resort to euthanasia, than other
veterinarians, who do not apply osteosynthesis as their primary trealhioeabver there seems to

be a general correlation between the orthopaedic practppied byequine surgeons in Sweden
andthe oneglescibed in foreign literature, with the distinction that the Swedish veterinary policy
applies conservative treatment as standard, unless the frisaisglaced.

Keywords:equine, long bone, fracture, osteosynthesis



Sammanfattning

Behandlingav frakturer @ langardrformiga ben hos hagren utmaning for hastveterinarer. Det &r
svart att behandla ett i grunden flocklevande flyktdjur, som kan &égm500 kg for skadorsom
mastelakai minst 3 manademartill kan man behovhanteraresulterande komplikationeByftet
med denna studiear att understka och belysa nagradavbehandlingstekniker som anvariidis
frakturer pa langa rérformiga ben huosst. Dessutom, via en enkiitsvarad av erfarna hastkirurger
som arbetar i Sverige, £n uppfattning om hur dylika frakturer vanligen behandidstta land|
litteraturdversiktenbeskrivs benanatomi och fysiologi med fokus pa hastens Fémngamigaben.
Olika typerna av benfrakturéas uppavseendsin etiolog, inverkan och klassifering foljt av frak-
turlakningens grundeBehandlingsteknikesdsomintern och externfixeringen, samt fordelar och
nackdelamed varje teknilgas igenom oversiktligVidare tas faktoresom paverkar reparation av
frakturer pa langa rérformigaen upp inklusive deiomekaniska kraftesom behéver motverkas for
en framgéangsrik frakturbehandlingiven olika komplikationer som kan uppsta perioperativt och
under rehabiliteringsfasemerors Det frageformulir som skickades till 20 erfarrsistkirurgpr i
Sverigemed fragor ombehandlingav frakturer p& langa rorformiga ben hos Hiestvarades av 9
personer som alla hade Gver 20 ars erfarenhet av hastkDengidogjorde fohur de hanteratlika
typer av frakturer i hastens langa rérben. Aven dkyddsaspekter forknippade med fraktur hos
hast berordes. Resultatervisade att veterinarer soambetar pa klinik octutar sig motkirurgisk
behandling sin praktik troligerhar ett mindre behov av adtvliva patienteén veterindrer som inte
har mojlighet anvandasteosyntessin behandling. Det fannsn éverensstammelseellan de or-
topediska metoder som tillampas av hastkirurger i Sverige och dbeskmivs i utlandsk litteratur.
Dock med skillnaden atsvenska hastkiruger oftatitampar konservativ behandlingfta i hang-
matta,som standarda frakturen intéir ppendisloceradoch/eller instabil

Nyckelord:hast,rorben, fraktur, osteosyntes
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1. Introduction

Long tubular bone fractures are among the most complicated types of fractures in
horesandgenerallytheyhave a poor prognosis due to the body mass of the horse
and the necessity of weight bearing on all the four limbs. There are two basic diffi-
culties o it. Firstly, the veterinarynedical challenge ofxXating a long bone frac-

ture of an over 300 kg highly dynamic animal and, secondly, the ethical aspects of
leaving a lame horse for a long rehabilitation period with all the related pain and
suffering. Tle problem reaches its climax when an otherwise healthy young horse
has to be put down because of suctaettire Surgical teatment of long bonfeac-

tures inhoreesencompasses several stages, sudioagest,external fixation for

the immobilisation othe fractured limb, internal bone fixation by osteosynthetic
surgery, patient management, anaesthesia, recovery from anaesthesia and the post
operative rehabilitation. The aim of fracture repair is to return the bone to its origi-
nal structure and functidoy, preferably minimally invasive osteosynthesis, care-
fully dealing with the surrounding vascularised soft tissues. It is, therefore, im-
portant to optfor an implant system that is able to neutralize the biomechanical
forces at the fracture site and alléowr an accelerated consolidation of thactured

bone fragments (Perre2002)Veterinary orthopaedic surgery has keptdave

loping, butthe technical advances in this domain are mostly derived from extrapo-
lating human surgery data. However, even ab#ggnning of the 21st century, long
bone fracture repair in horseemains a challenge for vetarians.

The objective of this paper was to delve into the available veterinary methods of
treating equie long bone fracture$p sampk new data from a questionnaire, an-
swered by veterinarians that have practiced equine surgery at animal haspitals
Swedenandintertwine the obtained results with the already existing research in
the frontiers otontemporary veterinary medicine.
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2. Literature Review

2.1. The structure and function of bones

The skeleton serves as the structural protection aneérafinternal organs (Mail-

let 1979),as afastening for muscles, as wellfas haematopoietic purposésndré

etal 2008),anchst he bodyd6s mineral station depo fo
(Maillet and Chiarasini1979; Kierszenbaun2002) The main component of the

skeleton is the bone, which is characterised by its high deisigpility to undergo

constant turneer and selfepair. The equinskeleton is held together by a system

of ligaments and tendons, where ligaments link the bones together and tendons
transmitforces between bones and muscles. In the animal kingdomnedpanes

are among the densest bof@snqueiraand Carneir@005;Markel 2015).

Theequineskeleton reaches its maximal size by the age of five years; however, that
highly depends upon the breed and condition of the horse. There are three types of
bonesn the skeleton

- Short (irregular) bones, suchthg small bones afarpus and tarsus, which are of
cortico-spongy type and their cortex is thinner than that of the long bones.

- Flat bones, such as the scapula andrthedible which are madep of two thin
layers of compact bone enclosing a spongy bone.

- Longtubularbones, such as the humerus, radius, thiaj metacarpal and third
metatarsabones femur and tibia.

In thiswork, we $all be focusing on long bonesohgtubularbones casist of a
diaphysis (hollow cylinder of compact bone with medullar yellow bone marrow
inside), a metaphysis (binding the epiphysis and the diaphysis together), and an
epiphysis (spongy cancellous bone with red bone marrow inftdig) 1). The
growth plae (physis), which lies within the metaphysis, esges with age and it
becomes aent in fullygrown animals, thereby the epiphyaisd metaphysis are
united with the diaphysis in adulgdunqueiraand Carneiro 2005; Mark2015).

After enamel and dentjrbone is the hardest structure in the bdtiyystrength de-
pends on both the compact (cortical) bone and on the trabeculae of the cancellous
bone. The degree of porosity of the compact bone lies between 5% and 30% and
that of the trabedar bone lies between 30% and 90%. The compact bone contains
such tiny pores thdaheyare only visible under the microscope, while the spongy
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bone consists of a network of osseous trabeculae in an intricate system of larger
pores containing the bone mawrdFig. 2) (Bloom and Fawcettl994; Junqueira
and Carneir@005)

Cortical
(hard) bone Trabecular
(spongy) bone

Periosteum
(membrane covering bone)

| Articular
cartilage

Blood Marrow

vessels Epiphyseal plate

Medullary cavity

Figure 1. Sagittal section of an animal longngowith its internal structure§Copyright free)
https://lwww.physigpedia.com/Bone_Marrow_Lesians

The external surface of bone is coveloggeriosteum that is attached to the cortical
bone. The internal surface of the bone is outlined by endosteum. Osteoblasts par-
ticipate in the ossification process and osteoclpatticipate in bone resorption.
Osteocytesre also active in bone remodelling.

2.2. Fractures of equine bones

A fracture is defined as a loss of continuity in the bone, or any interruption, where
a bone is broken into two or more fragms (Jennings 1984JcRaeand Esser
2008). The bone is abléo withstand loads to a certain extent, but when the load
becomes excessive (overload), i.e. it surpasses the elastj¢Hatbone undergoes
plastic deformatiomand, sine the bone is stiff, a fractuoecurs.

Both mechanical and geometric properties of the bone determine its capacity to
counteract excessiv@omechanicaforces and resist being deformedfi@ctured
(Markel 2015). Fractures have both contributing and determining catedas1.

Fractures ardivided into pathological, which occur spontaneously due to a patho-

logical fragility of the bone, and traumatic that occur due to external trauma. The
latterphenomenois a lot more common than the former.
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Compact Bone & Spongy (Cancellous Bone)
Lacunage containing osteocytes Osteon of compact bone

/ Trabeculae of spongy
— hone

= Haversian
canal

Yolkmann's canal

Figure 2. Crosssection of an animal londgpone with its internal structures (Copyright free)
https://med.libretexts.org/Bookshelves/Anatomy_and_Physiology/Book%3A_Anatomy_and_Physi-
ology_(Boundless)/6%3A_Skeletal _System/6.3%3A_Introduction_to_Bone/6.3A%3A_Gross_Anat-
omy.

Table 1.The tables list the most common contributing and determining causes of equine fractures
(Krookand Maylin1988)

Contributing causes Determining causes

Breed, sex, agérace horses) Osteitis (osseous demineralization)
Training groundburface Osteochondral necrotic lesions
Tiredness/Fatigue Osteochondritis lesions

Type of usdExploitation of the horse Trauma

Previous treatment (neurectomy, repeate Degenerative tendon and ligament injurie
intra-articular corticosteroid injections) (calcinosis, fibrosis)

Nutrition (deficiency or excess in phosphd

calcic intake)

Farriery

There are diffenet ways of classifying fracturebut all classification systems gen-
erally boil down to the following points: the affected bone (e.g. radius, tibia, etc.),
the location of the fracture on that bone (diaphyseal, epiphyseal, etc.), intraarticular
(joint involvement), whether the fracturedpen (three grades of open fractures) or
closed (intact skin), the degree of comminution (simple/two fragments, minimal,
moderate and severe), and if the fracture is displaced edisplaced. Direct frac-

tures are located on the trauma site, while imdifeactures can be found at a dis-
tance from the trauma site. There can be complete double fractures, where there is
an intermediate fragment between the two larger ones. There are also incomplete
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fractures or fissures and infractions that imghigt the lone is not divided up com-
pletely. Greenstick fractures are most common in growing bones and primarily ap-
pear as pathological fractures. They are long bone fractures that only involve the
cortex, leaving the periosteum intact. Fractures can also be catshas stable
(e.g. fissurs) and unstable (e.g. commindislocated fractures). Salter Harris frac-
tures are physeal fractures that involve the growth plate in immature afigals

3). Fractures can also be classified by the geometric shape that time\sfch as
transverse, oblique, spiral, et@uyer and Stick 201)8 Stress fractures aparticu-

larly common in equinedVhen the bonesiexposed to repeated yet mistesses,
micro-cracks and fissures in the bone structaeg/occur. Both the magnitudend

the frequeny of the applied stresgetermine the frequency of the midissure
occurrence, which eventually predispe#ee bone to fracture upon a minor stimu-
lus. This type of fracturbasmainly been reporteth racehorse$Norwood 1978;
Schaffleret al. 1989; Nunamakest al. 1990) Further, a distinction between simple
fractures and comminute fractures is ttiegt formergive rise to a single fracture
line, whilstthe lattercomminute fractures are characterised by plural fracture lines,
a state known as multifragmentation. Open fractures perforate the skin, lvbdd c
fractures leave it inta¢gBramlage 1983; Walmsley 1998uer and Stick 2013

Figure 3. Classification of Saltdfarris fractures

Correct fracture classification enables the surgeon to opt for the right treatment
Fractures of long boiseare often the result of direct trauma, for example, a kick
from another horse or a fall. Cone# fractures occur frequently #se bone seg-
ments of the distal parts of the limbs are poorly covered with soft tissues, thus they
become easily perforated by the sharp bone fragment ends, bringing forth the risks
of infectious complications, prevting proper functional recovery (Perr2010)

Open fracturessomminutefractures and fractures involving long bones above the
fetlock generallyhave a poor gnosis (Rossignd@006). The prognosis is also
poore in overweight horses. (Perrd®10)

Sportsrelatedfractures are those fractures that arise because of intense dynamic
training of the horse, such as racing. Thieaeturesare highly energetiajsually
explosive and accompanidny comminution and abundant soft tissue damage.
Complete bone and soft tissue damage restoration is usually almost impossible to

15



attain after such an injurthusfracture reductiobbecomes more complicatddus-

cle contractions and the inability of the Berto avoid bearmweight on its frac-
tured limbcomplicate reductioeven further and may cause eburnati&dnother
Issue is that equine tissua® sensitive anténd to react by excessive oedema and
soft tissue swellingDenny 1990; Nixorl1996)

2.3. Fracture healing

Fracture healing aims to render the damaged bone back to its original state. De-
pending on the extent of the trauma, one of the two-beaéng processes can take
place, namely healing by pnary or by secondary intentigdennings 1984)

Healing by primary intention depends on special conditions that must be fulfilled
at the site of the fracture. Thesenditionsinclude containment of the bone frag-
ments with a proper anatomical redantwithout loss of substancexertedpres-
sureuponthe fracture line, a neoontaminated woundhtactperipheral soft tissues

and vascularization via Haversian canali¢d&nningsl984). The phase of resorp-

tion and reconstruction between the two fragments follows the phase of acute in-
flammation, same a® the secondary intention healing (Mansmaaal. 1982).
Revascularization takes place through Haversian canaliculi and osteoclasts resorb
the opposite fragment, whereupon osteoblasts form new osteons. Bone continuity
is thus regained within temeeks wihout callus formation (Mathoh999)

Healing by secondary intention, or indirect healing, occurs in fractures with evident
interfragmentary movements amdhere thefracture space is grea than 1 mm
(Reikeis 1990;McKinley 2003) Thistype of healingcan be subdivided into four
stages or three overlapgiphases: inflammatory phase (firsBaveeks of injury,
characterised by vasodilatation and chemotaxis), reparative phase (formation of soft
and hard callus, also known as consolidation phase) andleding phase (ne-
crotic regions are reated by osteonal remodelling) (McKibbin 1978; NiX&96)

These phases involve a sequence of events, where different tissues substitute each
other during fracture healing, which, eventually, renders the bone stiff and strong;
the rule of thumb being that tissues cannot be formed that could not exist under the
given biomechanical conditions.hE sequence of events includes hematoma for-
mation, inflammatory phase, formation of sofémthhard callus, and remodelling

The aim ofthese phases is to stabilige bone fragments, starting byeans of
external callusormaion, which characterizes this type of healing (by secondary
intertion) (Perren and Rahn 1980; Nix&896)

16



Bone consolidation takes place from 3 weeks to 3 monthgnaosha, starting with

the differentiation of the periosteum and of the endoststemcells into osteo-
blasts, which synthesise the bone matrix. Intramembranous ossification progresses
centripetally towards the interfragmentary gap, this occurring rapidly in the perios-
teum and slowly in the endosteum. Endochondral ossification goes orcamtil

plete bone union of the fragment ends is reached, thus forming the hard callus,
whereas the soft callus is destroyed with its constituent chondrocytes, becoming
hypertophic and calcified. Thereforé,can be said that the synergy of endochon-
dral and ntramembranous ossifications forthe hard callus (immature bone) (Ein-
horn1998) The consolidation phase stabilizes the fracture site by further increasing
its stiffness, due to both a larger diameter of the callus improved bone and succes-
sive tissue differentiation. The interfragmentary movements decrease, enabling la-
mellar bone forration in the fracture site. Sufficient strength and stiffness of the
newly formed bone is now gained, allowing its further functionality resumption,
even though the bone is still not identicaltioariginal state (Augatdt al. 2004).

The remodelling phse followsthe hard callus formation. Immature bone is-gra
dually replaced by mechanically competent lamellar bone (compact bone/cortical
bone). The remodelling phase can extend from several months to 6 or even 9 years
after the initial trauma. Its intertgiand duration are strongly linked to the con-
straints applied ahe level of the fracture site (Frost 198ff et al 2006; Wolff

2011)

2.4. Surgical techniques used for stabilizing fractures in
horses

Internal fixation consists of boneconstruction by placing internal compression
implants that will aid bone healing by restoring bone contirauiy holding it to-
gether e.g. metal devicesuch as plategre applied in and on the bone to alig a
stablize the bone fragments (Fig).4Compression devices, consisting of metal
plates and screws, align the bone fragments, thus enabling primary healing to occur.
Transfixation devices bind the bone fragments together thrboghontally in-

serted pins, where external casts support them.

Figure 4 Internal plate fixatiorof an almost healed fractur€ourtesy: Prof Nabil Ebraheim,
University of Toledo, Ohio, USA
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Osteosynthetisurgery aims to stabilize the fracturg internal fixationand pro-
mote rapid consolidation of the bone segmeTitere areurrentlymanydifferent
implants that ee available for osteosynthesis, e.g. compression saed®plates
(Fig. 5 (Fig. 13) For compression screws, a notched drill is used to dndll@in
the bondor thescrew to be placed ther€hehole corresponds to the thread of the
screw, which is, in its turrgdapted to théype of bone that is fractured, such that
fine threadis usedfor cortical bone and wide threasl used for cancellous bone,
respectively.

%
W

W Nt

¥
#
¥

&
K3
¢

4
i

Figure 5 Different bonescrews

Careful application of the screws and their positioning with respect to the fracture
line enables proper fractured fragment fusidompression screws are used when-
ever possiblee.g.if the bone is still able to withstand biomechanical fort¢lesy

can be used alonetherwise, plates are applied to reinfotbem. If the limb is
loaded the screws are placed perpendicular to the axis of the limb and not in the
fracture line, in order to avoid glidinghe optimal diameters for theerewsused

in adultequinesare4.5- 5.5 mm alternatively 3.5 miffor very small fragments)

The screws have to be well fitted and not bvéightened.(Monceletet al 2009
Launois 2012

The modern advances of surgical bone fracture repair includeideels such as
arthroscopygdynamic compression platd3CP), limited contact dynamic compres-

sion plates (LEDCP) andocking compression platésCP) (Fig. 6). For example,
interlocking nails and nail plate combinatiares beused to repair fractures tife
humerus and femur. Horses up to 300 kg mass have an overall successful fracture
treatment rate of 75%Ruggles 2016)A proper reduction of the fractured bone
fragment endsenders the bone stress resistant and allovesriggain its solidity
without affecting the implants, while a poor reductican leado the formation of

18



— = bone callusedVound infectionshat may followin-

S G ternal fixation can alone comprose the success of
> s /. the surgeryMarkel 2015a; 201%; Ruggles 2016
&

Figure & lllustration of plate holes

DCP (Dynamic Compression Platesare sefcompressing plates thate placed
under the periosteunsometimestwo perpendicular plategre placed instead of

one where screws of different lengths are usHte screws can langled n differ-

ent directions and sometimes ey#aced orthogonally or up to a-2egree angle,
thereby enabling internal fixatidor each particular situationf the hole is located
above a fracture line, it is better to put a compression screw} ¢o pat a screw

at all, if it is not possible to provide compression. The holes in the plates are oval,
and the edge of the hole is an inclined plane, allowing two possible placements of
the screw: either in a centred position or in arceffitre positiorjNixon 1996;Auer

and Stick 2018Monceletet al.2009; Launois 2012).

LC-DCP (Limited Contact Dynamic

Compression Plateshave a limited con- &% K ey 6 6 6y H
tact with the surface anthey are uni- N e )
formly stiff. The secalled sefcompress- <= R
ing plates have oval holes (Fig). Figure 7. LC-DCP plate

Screwing causes the bone to slievards the fracture site when the head of the
screw enters the plati.is thuspossible tacreate compssion of the two fractured
ends(Nixon 1996;Auer and Stick 20L,8Ruggles 201p

LCP (Locking Compression Plateslan undergo dynamic compression and they
have combholes that permit the combination of conventional or locking screws
(Fig. 8); they are stiff, quick to set up and can be applied with minimal invasiveness,
providing MIPO (Mnimally Invasive Plate Osteosynthesiehcking screws to-
gether withcortex screws are used with LCP plates, where the locking screws pro-
vide angular stability and the ¢ex screws provide compressidrhis technique is

an important advancement of bonadture repairinter alia, since iprovides frac-

ture repair stability by a higher construct holding strength, instead of increased
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boneplate frictin. A disadvantage of this methattherequirement of thepecific
surgical skill of angling sews acros the medullar cavitfRuggles2016.

Figure 8. LCP plate

The implantation can be carried out by tunnelling, using a plate passer, or through
a minkincision, which speeds up tipgocedure and protects the soft tissues even
more. The screws are also selpping, which is a real timesaver in such extensive
surgcal procedures. LCP plates guarticdarly recommended for comminufiec-

tures of the proximal long bonespiral nondisplaced condylar fractures MCIII

or MTIIl and comminutdractures of the olecranon. In fact, the plateew solidity
provided by the LCP allows for a greater stability than that oD@Ge technique
(Monceletet al 2009; Launois 2012; Richardson 2pI8oreover, the location of

the plate influenes its strength, such thdafes work better on the tension side than
on the conpression side of the bone, enabling interfragmentary compression to oc-
cur (Monceletet al 2009; Launoif012)

Intramedullary nailing involves he principle of inserting a rouhto the central
canal of a long bone. When a thread is formaaling with bore can even some-
times preventotations in the fracture si(€ig. 9 A+B). These techniques have been
scientifically describedbut so far rarely apgd in equinegMonceletet al 2009;
Launois2012)

PERIOSTEAL
CALLUS
(external)

Figure 9 A) Intramedullary pinsin the form of interlockimg nails, in drawing$a recently frae
tured bone above ané. B) Abone undergoing the healing process with successful periosteal and
intramedullary callus formatiorCourtesy: Prof Nabil Ebraheim, University of Toledo, Ohio, USA
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Interlocking nails are generally used to repair humeral fractFeg. 10) Inter-
lockingnails are rotationally stable, such thay resist collapse at the fracture site,
prevent migration oftte implant and they are not towvasve. However, they are
unsuitabldor adult equines and require special equipment asfthiquedor their
explatation (Watkins 2015%.
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Figure 10. Interlocking nails 7

Other systems such as external fixators or intramedullary pins are based on the same
principle of immobilisation The materials that aresed have to be biocompatible,
i.e.not triggertoxic orinflammatory reactiongandresistant to corrosiorfMoncelet

et al. 2009 Launois 2012

Transfixing pins transfer the load to tHeealthy part of the bonby redirecting the
biomechanical forces, which allows the fractured pakigmaturally heale@Fig.
11). An external frameacrylic resins and castsin be used tsupport transfixation
pins.For example, mincision on the lateraideof the limb is madeand the pins
each sized 6.35 mm are inserted between the mydtiem 1996;Auer and Stick
2018. However, ass that suppotthe pins should be placédsuch a way that the
bone becomesnly partially unloaed, otherwise callus formation will not tsim-
ulated. Transfixing pins areisually withdrawn after-8 weekssince theycease to
resistbiomechanicaforces any longeiEven during these-8 weeksan excessive
loadcan break thenor even lead to another fractulidnerefore, it is crucial for the
restboxesto beequipped with a shoebsorbent floor, in order to prevent vibratory
shock waves from acting othe tansfixing pins (Moncelegt al 2009; Launois
2012).

Figure 11 External fixators provide coaptation from the exteribo.the lefis a recently fractu
red bone, whildo the rightis the same bone after some time elapsadergoing callus forma
tion. Courtesy: Prof Nabil Ebraheim, University of Toledo, Ohio, USA

Sling is perhaps the most classic and least invasive external immobiliser (Fig. 12).
It provides longtermweight bearingelief, and is used isevere orthopaedinju-

ries, like long bone fracturelds main aim is to prevent the horse fréying down,

i.e. avoid raising procedureBhe ding has proved itself useful and even successful
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in complicated fractures, where internal fixation is impagsand external coapta-
tion is useless. The main drawbacksh#&sling include itdulkinessdifficulties in
removal, rubbing (gives rise to
sores and stresggnddifficul-
ties in controlling and evenly
distributing pressure. Never-
thelessthesling iswidely used
for treating sophisticated frac-
tures today (Jurga 2017).

Figure 12.Sling is one of the most
widespread conservative treatment
methodsn equine fracture repair.

Successful long bone fracture repairs have been reported (Braamdgdanes
1982; Auer and Watkins 1987; Denny 1990nfortunately, due to lack of stability

long bone fractures in adult horses are still generally characterised by a poor prog-
nosis, especially if they are comminute and compound; thus, euthanaslaas stil
plied in many cases. Solving this main problem would give rise new approaches
with fewer complications and greater overall success (Richardson 2008).

2.5. Equine long bone fracture repair

Exterior fixation of the massive equine limbs ¢temdlycompletely immobilise the

bone fragnents; moreover, such repair techniques can cause severe injuries on the
soft tissueshat could becaught under the fixatioiThus castsand/or slingemain

to be a common conservative fracture treatsprimarily for thedistal limb, as

well as support for surgical raps even today. (Nixon 1998uer and Stick 2013

A general description of different aspects of medical and surgical treatment of long
bone fratures in horseas seen itab. 2 shows what kind dfeatments are applied
in different fracture types.

Table 2 Example of treatment suggestiaading to fracture configuration (Nixon 1996)

Fracture configuration | Treatment
Incomplete long bone Stall confinement in standing position preferably at least 6 to 7 W
fracture
Incomplete articular frac4{ Internal fixation by compression screws
ture Intraarticular lavage

Complete nondisplaced | External restraint (cast) or internatdtion.
MCIII and MTIII fracture
Complete displaced frac{ Internal or external fixations (rare cases of healing after a long p
ture of rest in the stall by formation of a functional malunion). Euthang
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Fracture repair depends on facttingt can be split upnto two categoss: con-
trolled and uncontrolled. @trolled factorsare listed below:

- biomechanical forces

- anatomical fracture reductioncluding thoroughdebridement of the fcaure bed
- radiographic control

- surgical skill

- immobilisation,

- equipment

- soft tissue management

- sterile environment (preventing infection)

Sufficient peoperative preparations includppropriate choice of the implanEx-
amples of uncontrolled factors

- patientds si ze
handling, age and condition
- fracturebds site and classification
intact blood supply and prognosis. (Denny 1990; Ruggles 2015; American
College of Veterinary Surgeons 2020).

The horse mass mfactor to considetest both the fractured limb and even the
contralateral limb bear the entire load, increasing theafisftomplications in the
fractured bone and supporting lifgminitis. The greaterthe weight the higher the
risk of developing laminitigPerrin2010)

Surgical treatment of fractures usually requires general anaesthesia, wiashais
certain risk especially therecoveryphasewhen the horssometimesioes prem-
ature attempts to stand up before the ¢ffé@naesthesia has ceased. During such
attenpts, a heavy or stressed horsenre likelyto turn evera correctly executed
surgical operation into a disast®rplacinganexcessive load on the newly inserted
implants Thereforean important task of surgical implants is to render hanses
bulatory and fullyweightbearingin the immediate posiperative period after os-
teosynthetic surgery (Nixon 1998uer and Stick 2018 The recovery prognosis is
naturally amelioratedfor closed and nodisplaced fracturesespecially incalm
horses tha are adapted to human environment and handling. Conversely, open dis-
placedcomminue fractures in heavijorses (>250kg that aredifficult to handle
have a poor recovery prognosihallenges of surgical fracture repair in large ani-
mals include large plasthat complicate skin closure, implant failied postop-
erative lameness (Nixon 199&uer and Stick 2018

Orthopaedic wrgery requires knowledge dhe biomechanicaforces that are

exertedon the limb, such as tension, compression, shear, bending, avulsion and
torsion, sincette bone experiences these for¢eg. 13). MCIIl and MTIII are
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mostly exposed to compression, which occurs during weight bearing but when suf-
feringtransverse fractey they have been subjectedhaltiple forcessuch ashear,
bending and torsion forces at the same time. Excessive tension typically causes a
transverse fracture, excessive compression produces a short oblique fracture and
excessive torsion gives riseltmg, oblique, spiral fracturdSchneider 2015)

When having to repair a fracture, it is essential that the surgeon be aware of the
specific constraints of each bone surface. For example, the uppel(ladhs) of

a walking horse isubject to craniateral-caudomedial bending, the cranial surface
experiences tension, the caudal surface is subject to compression, the lateral surface
is under tension, the medial surface is under compression, and the distal radius ex-
periences torsion. A fixation castrcaounteract these natural strain forces. For
example, by placing the cast on the cranial surface enables it to experience com-
pression and the caudal surface experiences, respectively, tension. Casts are usually
not applied to radil fractures epairedby double plate fixation (Schneider 2015)

The same can be considered when investigating siratiisa of a walking horse.
Tension in the tibia occurs on its cranial surface, whereas caudal tibia is subject to
compression. These strain forces reach their maximal magnitude in the proximal
metaphysis and midiaphysis. Distal tibia is under torsion, whicheavexhibits

itself in lateral and medial tibidhe cast placed in the proximal and midshaft region

of the tibia did not alter the magnitude and the direction of the stidmsever,

the cast did manage to reverse the direction of torsion distally. Bhewmly af-

fected torsion, and, therefore, cannot be used to protect the bone from axial com-
pression (weght-bearing loads) and tensig¢&chneider 2015
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Figure 13 Forces applied to long bones

Successful postperative recovery is typically characterised by minimal pain, the
absence of infection in an open fracture astabilised limb that renders the horse
transportable. External coaptation with limb casts can ensure such a positive reco
very, whereas poor support can make even a treatable fracture irreparable (Bram-
lage 1983; Walmsley 1993).

Long bone fracture repair should enable load sharing between the implants and the
bone, thus rendering internal plate fixation technique useful atem@ating bio-
mechanical forces, such as tension, compression, bending and {&igiot4)

When combined with cortex screws applied in lag fashion, even shear can be stabi-
lised. Therefore, plate fixation technique is used to repair most long bone fsacture
in horsedoday; however, it is recommended to apply double plate fixation for most
equine long bone fractures, due to the biomechanical forces apalrtioailar qual-

ities of the equines:or example, locating the second plate at 90° (perpendicularly)

to the first plate optimizes resistance to compression, bending and torsion, where
one of the plates can compress and neutralise, whereas, the second plate is used
solely for neutralization (Markel 129Rahn 199; Ruggles 2015).

Fixation plates are better at resisting tension than compression; therefore, strong
plates need to be applied on strong tension surfaces to counteract bending forces.
The location of the fixation plate is dictated, primarily, by fracture configuration,
butalso by anatomy of tissue structures, biomechanical studies and surgical expe-
rience. Postoperative repetitive loading is counteracted by thepbaieeconstruct,
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when the plate is on the tension surface, because thebpla¢econstruct is maxi-
mally stiff when the plates are placed in tension and not in compression. Thus, the
plates should preferably be placed on the tension surface of the bone (Tab. 3) (Mar-
kel 1990; Rahn 199 Ruggles 2015).

Table 3.Positioning of the DCP plates according to the fraetibone (Launois 2012)

Fractured bone Plate location

Femur Cranially and laterally

Tibia Medially and cranidaterally
MCIIl and MTIII Dorsamedially and dorsdaterally

As of external fixation and immobilisation, intramedullary nailing should not be
placed in areas where significant torsional stresses are exerted, and coaptation can
alter the tension surface of the bone, such as a cast is able to convert the compressive
caudal surface of the bone into a tension surfacegnradius and tibia (Markel

1992 Rahn 199; Ruggles 2015).

The stabilization of long bone fractures in equines is often linbyettie resistance

of the implants to the cyclic load forces of tension and torsion. The evolution of
these implants allows more and more complex surgeries to take place (Denny
1990).

2.6. Long bones with their respective types of fractures
and suggested repair

MCIIl and MTIII  bone fractures are usually traumatic, often transverse and com-
minute. These bones are the most intensely loaded lmorkare therefore vulner-
able to single trauma as well asrepetitive cyclic fatigue injuriefAuer and Stick
2018) Condylar fractures occur almost exclusively in racehorses, where they are
further predominant in thoroughbreds. In 80% of the cases, the lateral condyle is
involved and in 20% of the cases, the medial condyle is involved. Ther&diciel

of a lateral condyle usually goes from the joint up proximally to the lateral cortex,
whereas the fracture line of a medial condyle usually rises in the diaphysis (Nixon
1996; Rossignahnd Perrirc001; Launois 2012).

There are several types of MCand MTIII fractures, including Salter Harris type
fracture (physeal), proximal articular fracture, dorsal cortex fracture, lateral condy-
lar fracture, medial condylar fracture, diaphyseal fracture, both simple and commi-
nute, etc. (Rossignaind Perrir001).
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Internal fixation surgeryvith two DCP plates can be applied for treating simple
traumatic diaphyseal fractures (Nixon 1996; Rossigmul Perrin2001; Launois
2012). This can be combined with external coaptation depending on the fracture
configuraton, if seen as necessary by the surgeon (Nixon 1896 and Stick
2018. A combination of LCP plates, compression screws, and a transfixing cast
with transfixing wires in the distal radius can be applied for repairing comminute
fractures. Compression sevs can be successfully used for lateral condylar frac-
tures, whereak CP plate and compression screws are recommended to be com-
bined for treating medial condylar fractures, since there is a risk that the fracture
progresses proximally, especially in thespoperative phase (Nixon 1996; Ros-
signoland Perrin2001; Launois 2012). However, other authors suggest repairing
comminute fractures merely by the transfixation pin casting technique (Nixon 1996;
Auer and Stick 2018

Radial fractures can be distinguistl as strain fractures, diaphyseal fractures, met-
aphyseal fractures and Salter Harris (physeal fractures) (RossigdoPerrin
2001).

Conservative treatment such as stall confineprsdimty and external coaptation is
indicated for nordisplaced fracture3ransfixation pinning can sometimes be used,
in foals or small ponies, keeping in mind that fracture configuration and extent of
soft tissue damage determine the therapeutic choice (Nixon 1996pg&oative
rehabilitation includes a Robert Jones baedéat is remounted every 3 weeks.

Humeral fractures can be divided into 6 types. Type | is typical to foals and is a
Salter Harris fracture of the glenoidal head of the humerus,|litygre tuberculum
majus fractures, typkl are deltoid tuberosity faures, typ&/ are middiaphyseal
fractures, typev are distal metaphyseal fractures, and tyjpeare condylar and
epicondylar fractures (Rossigrexhd Perrirc001).

Type | nondisplaced fractures can be treated conservatively, whereas patients with
displaced fractures of this type are usually euthanised. Type Il fractures are treated
differently according to the size of the minor fragment displacement, which if it is
less than 2 cm it is treated conservatively by immobilization in the box for 2 months
with RobertJones with one month sling; a palmar splint may be added to prevent
contracture. If the minor fragment has a displacement of greater than 2 cm, then
resection is applied. In cases of a large fragment, either conservative treatment or
osteosynthesigy compression screw and plate is used. Type Il fractures with mi-
nor fragments are repaired by resection, while if the fragments are large, osteosyn-
thesis is usually used. Adults with unstable type IV fractures are usually euthanised,;
otherwise, conserti@e treatmenthat encompasses immobilization with stall con-
finement for 3 months together with a month sling, as applied in stress fractures,
may be attempted. Type V fractures are attempted osteosyntheligatlguble

plate fixation with dorsal and lateral plates. Type VI fractures are also attempted
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surgically by compression screws on the medial epicondyle (Rossigddberrin
2001).

Femoral fracturesinclude physeal fractureshat can both be proximal origtal
Salter Harris type | or type Il, both displaced and-dmplaced. (Rossign@nd
Perrin2001; Simon 2009; Launois 2012).

Distal physeal fractures with minimal displacement are treated conservatively with
stall confinement. If the displacement is msubstantial, osteosynthesis by internal
fixator with cross pins can repair such fractures in foals or small ponies. Proximal
physeal fractures can be repaired osteosynthetically by reduction and internal fixa-
tion with 6.5mm screws. Diaphyseal fracturasdéa generally pessimistic progno-

sis, such that if the patient weighs more than 150 kg, euthanasia remains to be the
only choice. However, osteosynthesis by double plate fixation with one cranial and
one lateral plate together with 5.5mm screws can regp@in fractures in lighter
patients weighing less thd®0 kg(Rossignoland PerrirR001; Launois 2012).

Tibial fractureslncomplete stress fractures, complete simpledisplaced closed
diaphyseal fractures, as well as tibiaberosity fractures in adults can be treated
conservatively by sling. Displaced tibial tuberosity fractures can be repaired by in-
ternal fixation with tension plates and/or compression screws. Simple closed dis-
placed diaphyseal as well as open diaphyBeatures are only attempted if the
patient weighs less than 150 kg; otherwise, only euthanasia remains available. In
the case when the animal is under 150 kg, double plate internal fixation is carried
out, the plates placed crardeterally and cranionedally, respectively. Unfortu-
nately, all patients with comminute diaphyseal fractures still do not have any suc-
cessful treatment available and are therefore euthanised (Launois 2012).
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3. Materials and Methods

A questionnaire was sent out to 21 veterigasi with long time experience of eg-
uine surgery, to investigate their attitudes, knowledge and experience in equine long
bone fracture repair. The respondents reside in different equine clinics in Sweden.
Some of them are already retirgdr less than 40 year period)but others are still
professionally active and they could all answer anonymously. The survey contained
the questions beloviror full questionnaire, see Appendix.

1. How long have you worked asveterinarian in general and with equine
surgery in specific?

2. Are you currently active or already retired?

Do you perform equine orthopaedic surgery and if yes then how frequently?

4. Do you encounter fractures in your clinical practice and if yes then how
often?

5. Have you dealt with long bone fractures in you clinicateer and if yes

then which ones?

How frequently have you dealt with each long bone fracture, in specific?

How did you treat the cases that you encountered, in specific?

What is the success rate?&3e, distinguish between the different fractures.

What is the most reliable treatment method according to your clinical expe-

rience?

10.In which cases of equine long bone fractures is euthanasia the only alterna-
tive?

11.What is the general prognosis of equinegltmone fracture repair?

12.What type of fractures would you say are the most complicated to treat and
why?

w

©ooNO

The questionnaire contained multiple choice questions, yes/no questions, and
slightly longer text questions. If the respondent had no experienceiimesaytho-
paedic surgery, or never performed long bone fracture repair, the surgeon was
guided away from answering questions about the following more specific areas of
expertiseThe survey encompassed only adujtinesleaving the foals outside the
spedrum of our current study.

29



4. Results

Nine respondeats completed the entire survey, seven currently active and two re-

tired. All respondenthhad more than 20 yearso6 experien
and clinical experience of working with orthopaedic surgery. All of the respondents
hadalsodealt with long bone fractures during theareer. Five had performed or-

thopaedic surgerg few times a month and encountered fractures at least once a

month.

Regarding question 6, type of long bone fractures together with the frequency of
occurrence, the most frequently presented fractures were those of MCIII, MTIII,
radius and tita. Cannon bne fractures wergeen more frequently than fractures of
other long bones.

The differenttypesof long bone fractures were treated both surgically and conser-
vativel vy, depending on the fracture confi
tice.
- Scapularfractures were usually treated by sling; however, some specific
cases were treatedby certain surgeonssteosynthetically by glenoidal fixa-
tion with surgical resection of the fragments. The patients with severe frac-
tures were euthanised.
- Humeral fractures were also repaired either by sling or by osteosynthesis
and severe cases were euthanised as well.
- Radial fractures were treated surgically or conservatively, depending on
both fracture configuration and surgeor
- MCIll and MTIII fractures were treated osteosynthetically in the over-
whelming majority of cases. However, in case of a closed and stable fracture
conservative treatment, i.e. sling was always considered as an option for
treatment.

Most of the respondents considgfemoral and tibial fractures as among the most
complicated equine long bone fractures.
- Femoral fracturewereattempted conservatively, e.g. sling, or eutisam
Only intraarticular fracturegererepaired by surgical resection.
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- Tibial fractureswvereattempted surgically (osteosynthesis) or conserva-
tively (sling), where sling showed itself more successful. Apart from frac-
tured crista tibia cases, almost every surgical treatment attempt ended up
in euthanasia for dislocated tibial fractures; slingaeteast some suc-
cessfully repaired tibial fractures.

The respondents differed in opinion as to what treatment technique should be con-
sidered the best for equine long bone fracture repair. Most preference was given to
and divided between osteosynthesisl sling. Certain surgeons pneézl applying

a combination of methods. Immobilisation techniques, such as ptastsror ex-

ternal fixation pinswererarely used on their own, as opposedhsling, which

was often used on its own. Some surgeons even medithrat immobilisation
methods, as well as stall confinement, should only be used in combination with
other treatment techniques. Most surgeons tend to agree that conservative treatment
(sling)wasuseful br the cases where surgical treatment (osteosynthesis) either can-
not be applied owhen theravasa reasonable chance for fracture healing without
external fixation, i.e. nodisplaced reasonable stable fractures.

Most of the respondents were in agreetrento what factors inevitably lead to
euthanasia, naming open fractures, comminute fractures, infected fractures, exten-
sive soft tissue damage, great mass of the pateB0Q kg, old patient and low
condition of the patient.

The general prognosis for long bone fractunessseen as unfavourably the re-
spondentshowever, it diffeeddepending on the fractured bone and the configura-
tion of the fracture. Displaced humeral/scapular, fexhand tibial fractures wer
generallyconsdered to have annfavourable prognosis. Radial fracturesrebe-
lieved to havea guarded prognosisvhereadViCIII and MTIII fractureswere con-
sidered tchave a favarable prognosis, unless they weapen and displaced.

Most surgeons agrden thathumeral/scapulafemoral and tibial fractures were
the most difficult to treat and that they still give the highest euthanasia rate.

Humeral and femoral fracturegere consideredlifficult to treat because they are
located deeply in soft tissue and surrounded by thick musculature, thus the access
to them is limited. Moreover, humeral and femoral fractweszboth considered
complicated to treat due the abundant soft tissue dathagasually accompanies
these fractures, as well as the impossibility to fixate bone ends.

Tibial fractures were considerdlifficult to treat, since only a thin layer of soft
tissue and skin covers them, thereby the fractures easily become opeiected in
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In addition, tibial fractures are usually severely overriding, comminuteiastd-
ble.

Both humeral and tibial fractures arftenalso severe, due to the great mass of the
horse that they both have to bear and that hinders fracture healing.

When thinking of the type of fracture, open fractures and splitter fractwe®

consideredas the most complicated to tre8lood supplywas mentioned asn

important factor too andrhenit waslost, then fracture repaivasno longer possi-
ble. Comminute and contaminated fracturppemred to béhe most difficult to
treat as well.

Ulnar and radial fractureseregenerally treatable and MCIII and MTIII (cannon
bone) fracturesverethe most convenient to treat.

4.1 A case illustrating when sling was used to treat an
MTIII fracture

A case with a 1ear old AngleArabian thoroughbred mare weighing 482nith
afractured MTIII on the right hind limks brought up in this papefhe reason for
bringing up this case is to densirate a real clinical example that took place at our
university equine clinic, where a successful treatment of a long bone fracture was
witnessed by the author of this stuttyOctober this year, during a training session,

the horse exhibited lamenegs the left forelimb. This lameness disappeared after

4 days but it was followed by lameness on the right hind limb instead. The rider
experienced a notable difference on the diverse running laps, such that left laps were
performed well, while right laps we carried out with difficulty. At the equine
clinic, the horse was examined both radiographically and ultrasonographically,
where the patient was diagnosed with a-d@placed fissure/fracture of the MTIII

right hind limb. The horse was treated by sliogapproximately 2 months, where

the treatment went successfully and the haraeback home. Since the fracture

was not 100% complete, sling was applied and it became a successful treatment in
this case. (ig. 14
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Figure 14 A radiographic xray image of the fractured MTIII of our Arabian horse (to the left) and
an ultrasonic image of the same fractured MTIII. It can be visualised that the fracture is depicted
ultrasonically in a clearer manner than the radiaphicimage.
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5. Discussion

Swedish equine surgeons are in concord witlat is described in the literature

treating humeral fractures either by sling or osteosynthetic fragment resection, de-
pending on the configuration of the fracture (Rossigmal Perrin2001). Mezet

al. (2007) mentions a 90% successful outcome of surgically treated humeral frac-
tures of the greater tubercle and a 40% success rate after conservative treatment by
stall confinement. Téastudy only considered 15 fractures of the greater tlder

thus the trend that surgical treatment can arrange for a higher success rate, provided
it is done properly and the fracture can be accessed through all the muscular layers,
still cannot bebacked up with satisfactory scientific eviden©a the othehand,

Zamos and Park (1992) suggest the opposite, namely that in the 2Zoasebva-

tive treatment had a higher success outcome (at least 70%) compared to the surgi-
cally treated humeral fractures (30%). A similar conclusion is drawn from another
subseqgant study with 54 cases, carried out a year later (Cattat 1993). It
showed that conservative treatment had a 53% success rate, compared to the 23%
outcome success after the surgically treated humeral fractures, where, in this surgi-
cal group, the suessfully treated patients were all foals. It can thus be concluded
that although it is the configuration of the humeral fracture that decides whether the
fracture be treated surgically or conservatively, the default treatment for humeral
fractureds conservative.

Radial fractures are also treated similarly, i.e. both surgically and conservatively
both in Sweden and abrog@ixon 1996; Launois 2012). Stewasdt al (2015)
showed that in a 54 case studgnservative treatment had an 86% success (incom-
plete fractures) compared to the 56% success after internal fixation s(ogey-
synthesis) Young equines showed a significantly higher survival rate as compared
to adults. This recent study reciprocates with an older 47 case study (Sanders
Shamisget al 1986), which suggests that aagd the size of the horgdays a more
important role in success rate than even fracture configuration, and that radial frac-
tures in adults have a generally poor prognosis. Auer and Watkins (1987) in a 15
case study quanigfd the survival rate of radial fractures in adult equines after os-
teosynthesis to 23% and suggested improvement for further osteosynthetic surgical
practice. However, these studies summarised fracture repair from 1980s, which is
relatively old data. In # recent years, a certain metaalysis (Weiet al 2012)
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suggested that both internal and external fixation techniques can be used inter-
changeably and can substitute each other depending on e.g. fracture configuration,
age and mass of the patient; thdedénce being in the distinct functions that each
treatment technique recovers most.

MCIII and MTIII fractures in Sweden are mostly treated by internal fixation, such
as ithas been describad foreign literature(Nixon 1996; Rossignadnd Perrin
2001;Launois 2012). It is sekxplanatory that the cannon bone is frequently frac-
tured, since the distal parts of the limb are mostly subject to stress and because the
cannon bone is relatively thin, covered merely by a thin layer of skin, compared to
the othe long bonesRegardinghe case with the horse in the university clinic, the
fracture was not 100% complete and therefiones anon-displacedracture thus

it could besuccessfully treated by sling. A retrospective study investigating 10
horses and 1l foals showed that osteosynthesis performed on fractured MCIII and
MTIII had a survival rate of approximately 90% in foals and 30% in adults. Fur-
thermore, this survival rate decreased in open fractures to 86.7% in foals and 12.5%
in adults (Bischofbergest al. 2009). This study concluded that age, mass and in-
fection are the main factors that predetermine the prognosis. It can be seen that
internal fixation with open reduction provides a threefold higher survival rate in
foals as compared to adult equinésthough our study only considered adults,
Swedish equine surgeons admitted that the general prognosis of fractured cannon
bone repair is favourabl&@he questionnaire showed thathen including andylar
fracturesthe generally preferred treatment method for MCIIl and MTIII fractures

in Sweden was osteosynthessce the overall prognosis was considered favour-
able, it can thus be concluded that in the clinical practice of these equine surgeons,
internal fixationprobablyprovided a higher survival rate in adults than it was shown

in the retrospective study. What still gives uncertainty to this claim is that the sur-
vival rates, together with the fracture configurat®mave not beestudied through

our questionnae. Another technical imperfection of the survey was that the prog-
nostic outcomes (favourable, unfavourable and guarded) have not been quantita-
tively defined in the questionnaire. McCluet,al (1998) reported that the average
survival rate after MCIIl ad MTIII fracture repair for adults was 64%e. fromthe

25 included horses, 16 did not have any postsurgical complications at all. This result
is higher than whas reported by Bischofberget al. (2009). However, Mc Clure

et al (1998) recorded moreeatment techniques indh cases: both internal fixa-

tion, external coaptation and a combination thereof, thereby rendering the study
more representative, inasmuch as different treatment methods are usually applied
in real clinical conditions. This studgems to overlap with our survey results bet-
ter, showing a generally favourable outcome of repairing cannon bones fractures in
adult equines.
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Some authors suggest a more surgical approach for treating femoral fractures (Ros-
signol and Perrin2001; Launois 2012), whereas Swedish surgeons usually omit
osteosynthesis and either attempt conservative treatment (typically sling) or eu-
thanse the animalThis could be explained by the fact that all the patients that the
Swedish surgeons treated were he@xer 150 kg), since in such cases even for-
eign specialists euthanisiee patients. In addition, the fracture configuration has
not been specified in our study and the low number of surgeons is not representative
enough. Furthermore, as mentioned earties, standard treatment in Sweden re-
mains conservative, unless the fracturdisplaced and requires surgery. Moreover,

the distinction in treatment approach may be due to personal surgical preference
and skill, as well adue tothe specific settings ofaeh clinic. Hanceet al (1992)
presente®8 cases, where they showed a 50% successful humeral fracture surgical
repair by osteosynthesis in the diaphysis, which is considered to have the poorest
prognosis (most complicated repair). Unfortunately, thaték patients were all
foals, which cannot be representative when comparing to our studgryain-
cludedadulthorses

A similar picture can be seen when treating tibial fractures, such that in Sweden
conservative treatment by sling has given a mosatipe result than that provided

by osteosynthesis (same as in foreign literature, where almost all patients were eu-
thanised (Launois 2012)). However, this depends on the configuration of the frac-
ture. All patients with severe fractures have been eutb@nisven in fractures of

this bone, there is a distinction between the conservative Swedish approach and the
surgical approactescribed in the literatur&ame as for femoral fracturedsoin

the case with tibidractures, it is a question of fracture configuration, lack of data,
Swedish therapeutic approach and individual surgical prefetlacdetermine the
choice of treatmenfA recent retrospective study with 21 patients showed that 65%
of the equines witurgically treated tibial intercondylar eminence fractures by ar-
throscopic fragment removal underwent complete convalescence and returned to
their previous activities (RubiMartinezet al 2017). However, intercondylar em-
inence fractures cannot be comphte e.g. diaphyseal fractures in prognosis, due

to the anatomgbhysiological dstinctionsof these osseous structures. Otherwise,
the few studies thakviewtibial fractures, usually consider them among the most
untreatable fractures in the horse, usubking open, contaminated and commi-
nute, where the mass of the patient and fracture configuration play the most im-
portant role in deciding over therapy meth@isuseuthanasia.

This agreement between the practice of Swedish senior equine surgeavisaand

is described as being standard of practice in the literatongdes extra evidence

for the clear consistency and correlation of the respective treatment techniques do
cumented in veterinary textbooks and scientific articles.
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The preference given biie respondents to osteosynthesis and sling, together with
immobilisation used in a combined treatment and not alone find their support in
foreign scientific literature (Nixon 1996; Rossigaold Perrir001;Auer and Stick

2018 Launois 2012)etc. The same trend can be noticed in the case with sling that

it is often successfully used in cases, where osteosynthesis cannot give a positive
result.

It is interesting to note how the therapeutic approach varied among the equine sur-
geons whenreating different long bone fractures. As one respondent said, con-
servative treatment generally gives a good result, as long as no dislocation has oc-
curred and a fractured bone needs to undergo osteosynthesis usually only when
dealing with a dislocateddcture; therefore, it is the dislocation itself that gives a
poor prognosis and not the actual type of treatment.

This study has only considered adult patients, leaving the foals behind. Treating
fractures in foals has its own peculiarities, which frame diand simplify fracture
repair by e.g. light mass of the foal, but from the other hand complicate the repair
by constant bone growth that implies the impossibility of {eergh immobilisation

of the foal.

The guestionnaire had its drawbacks, among which it can be mentioned that not
enough questions were posed and the ones that were posed were not specific
enough. This led to certain lack of detail in the responses, thus depriving the scru-
tiny from the necesary information. For example, when asking about how the dif-
ferent fractured bones were dealt with, there could be a specifying question added
on the different fracture configurations on each respective bone. The same goes for
specifying the most appropteatreatment and prognos the different fracture

types on each bone and not merely mentioning the fractured bone. Moreover, the
cases have not been specified, i.e. apart from the configyrixiotures are also
subdivided into categories in the ddationdiscusseckarlier in this work. This

made it impossible to compare the clinical practice of equine surgeons in Sweden
to foreign literature completely. Neither did the study contain enough respondents
(10 out of 20 replied), in order to provids with the representative amount of data

to draw proper conclusions. If all these aspects would have been considered in the
questions, the responses would have provided us with more accurate detailed data.
However, considering the objective of this staahyg the type of data gathering (its
main focus lied on sampling quality data and not quantity, i.e. few expsrédly

suffice when asked about their area of expertise), as well as the fadstfiateign
literature was supported by a simitarmberof specialists, still makes the data re-
liable. The objective of this study was to provide a general overview of equine long
bone fracture treatment and r@pbvide detailed data omow specific long bone
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fractures are treated. This is more of a basic sthdydives an introduction into
the matter of equine long bone fracture repair.

6. Conclusion

This study gave a brief overview of the currently available surgical and conserva-
tive repair methods for equine long bone fractures in Sweden and other countries.
It can beconcludedhat many of such fractures can be successfully repaired; how-
ever, many remai@a challenge for equine orthopaedic surgeons worldwide. The
gathered data from our respondents neatly corresponds to the international scientific
datg with eventual discrepancies perhaps due to lack of details in the responses.
Nevertheless, this studyvgis a basic insight into the matter of equine long bone
fracture repairFurther indepth scrutinyf this matter can be achievbg looking

into the sources that this study used, as well as gathering clinical data from equine
surgeons in other countries.
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Popular science summary

Long bonefractures have always been a challenge for veterinary medicine, but the
grandiose goal of not putting down a young otherwise healthy horse after a fracture
has always led veterinarians to find new ways for treating such complicated frac-
tures. This paperkas up some common surgical and conservative methods of deal-
ing with long bone fractures in equines and areslyleir application both in Swe-

den and abroad. The structure and function of bones in general, and long bones in
specific are explained. Furthémng bone fractures are taken up, starting from their
aetiologies, going through their classification and ending in their healing process
that renders the fractured bone back to its original state. Furthermore, long bone
fracture repair is observed. Stag with the factors that need to be considered when
treating equine fractures, the reader is guided into the problems that the surgeon
encounters when repairing these fractures-operatively, operatively and pest
operatively in the recovery phase. $heroblems are both of a general type (en-
countered in other species during fracture repair) and specifically horse type, typical
for horses only (such as the fact that horses require their limbs to be fully weight
bearing directly upon postperative receery). This is followed by considering the
biomechanical forces that act upon the bone and disable its fracture repair, and
which should therefore be neutralised by the treatment techniques. This leads the
reader into the different treatment methods usddch can be classified into two

main types: surgical and conservative treatment methods. Surgical treatment in-
volves invading operati@while conservative treatment stays outside of the horse.
Another classification distinguishes between fracture repahniques as internal
fixation and external fixation, where internal fixation implies invasive surgery that
places the implants (plates, screws, etc.) inside the horse, over the bones, and ex-
ternal fixation keeps all the equipment outside of the harsedbilisation by sling,
plaster, casts, transfixing pins, nails, llizar apparatus, etc.). Even if some techniques,
such as transfixing nails and llizar apparatus invade the limb of the horse, they are
not completely submerged in the body, but at leagigligirstay on the surface.
Moreover, the different internal and external fixation techniques are taken up one
by one and briefly explained: transfixing pins, different plates (LCP, DCP, etc.),
screws, etc. In addition, some common complications are tgkemd explained
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one after the other. This is all followed by the different long bones with their re-
spective fractures and some treatment techniques that can be applied for successful
fracture repair.

The next part of the study is comprised of the pratpart, which includes a ques-

tionnaire that was sent to over 20 senior horse surgeons in Sweden, where a few of

them answered the survey, thereby providing us with valuable infornaatioow

long bone fractures are treated in Sweden. The questiorasiiee about the sur-

geonso6 clinical experience, the frequency
encountered long bone fractures. It asked about the methods that each surgeon pre-

ferred to use for each long bone fracture. The result of the questioginawed a

good correlation with the theoretical results, obtained from foreign experts in horse

surgery. This provided extra evidence of the treatment suggestions documented in
scientific articles and textbooks.
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Appendix i Questionnaire

Questionnaire for equine surgeons in Sweden

How long have you worked as a veterinarian?
0-5 years

5-10 years

10-15 years

15-20 years

20-25 years

25-30 years

A =/ =2 A4 -4 -4 -4 -

Over 30 years

2. How long is your veterinary surgical experience?
0-5 years

5-10 years

10-15 yeas

15-20 years

20-25 years

25-30 years

=4 =/ =2 4 -4 -4 -2

Over 30 years

3. Are you still active as a surgeon or are you already retired?
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4. Do you, or did you, perform orthopaedic surgery on equines in your clinical
practice?

T
T
T

Yes

No

If yes, then how often in general?
1 Seldom

1 Every year

1 Every month

1 Every week

1 On adaily basis

6. Are there, or have there been, any cases of fractures in equines in your surgical
practice?

T
T

Yes

No

7. If yes, then how often?

T

o =A = = =

Seldom

Every year
Every month
Every week

On a daily basis

Throughout your clinical career, have you ever dealt with or encountered
treatment of scapulahumerus, radius, MCIII-, femur, tibia- and MTIII-
fractures in equines?

Your answer:

If your answer on question no. 8 is yes please continue below.

For the following questions, please differ between adult horses, foals and year-

lings.
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1 Approximately how many fractures of the following bones have you en-
countered in your practice? Please differ between Sdhais fractures
(SH) and non Saltadarris (NSH) asvell as dislocated vs non dislocated
fractures (including fissures and greenstick fractures).

Scapul a: eéeéééé
Humerus: ééééééé.
Radi us: eeéeéééé.
MCI Il : ééééééé.
Femur : eeééééeé.
Ti bia: ééééééeé.
MTI Il : ééééécéé.

9. How did you treat the above cases (conséseh bone with respective
treatment in specific)?
1 Treatment by immobilisation (plaster/gypsum)
1 Sling
1 Surgical treatment (osteosynthesis)
1 Euthanasia
{1 Other or a combination of treatments
10. If other, then specify which method exactly is applied?

Your answer:

Scapul a: éeéeééeéé
Humer us: eeeeééé.
Radi us: eeéeéeééeé.
MCI Il : ééééééé.
Femur : eeéééée.
Tibia: ééééééé.
MTI Il : ééééééé.

11.What is the success rate, please differ between different fractures?
Your answer:

12.1n your opinion and according to your exigace, which is the most relia-
ble method?
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1 Surgical treatment (ex. osteosynthesis)
1 Immobilisation, Plaster/gypsum
1 Sling
1 Other
13.If other, please specify which method?

Your answer:

14.Regarding treatment of fractured long bones, in what cases is euthanasia
theonly remaiing alternativeand whyWhat factors would influence
your decision?

Your answer:

15.1n your opinion and according to your experience, what is the general
prognosis for long bone fractures in horses?

1 Favorable
1 Guarded
1 Unfavorable
16.What types ofractures would you say are the most complicated to treat
and why?

Your answer:
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