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Abstract

Equine tibial fractures are relatively infrequent in racing and non-racing sport horses,

but limitations in successful treatment of tibial fractures in adult horses result in rela-

tively high mortality compared with other musculoskeletal injuries. The aetiology of

tibial fracture can be classified into two general categories: traumatic impact or fatigue

failure. Tibial stress fractures, also known as fatigue fractures, are often rated as the sec-

ond most common stress fracture in racing Thoroughbreds; young age, early stage in

race training, and initiation of training after a period of rest are the reported risk factors.

Both impact and fatigue fracture propagation are dependent on the magnitude of force

applied and on the local composition/alignment of mineralised collagen in the tibial

lamella. Extensive research has characterised the pattern of strain distribution and stress

remodelling within the equine tibia, but in vivo measurement of load and angular

moments are currently not feasible. Further research is warranted to correlate biome-

chanical theory of tibia fatigue fracture propagation with current histopathological data.

Preventative measures for fatigue fractures aim to optimise diagnostic efficiency, reduce

the interval between injury and diagnosis and modify racing and training conditions to

reduce non-specific fracture risk. Treatment options for complete tibial fractures in adult

horses are limited, but with careful case selection, successful outcomes have been

reported after open reduction and internal fixation. On the other hand, tibial stress frac-

tures and minimally displaced incomplete fractures are typically treated conservatively

and have good prognosis for athletic recovery. This review aims to describe the current

literature regarding tibial fracture aetiology, prevalence, risk factors, fracture biomechan-

ics, treatment, prognosis and prevention.
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1 | INTRODUCTION

Musculoskeletal injuries are among the most prevalent problems

affecting horses and result in significant emotional distress and

economic losses in the racing, sport horse, and show horse industries.

These injuries are the most prevalent causes of euthanasia in race-

horses with roughly 80% of deaths in California Thoroughbred race-

horses attributed to musculoskeletal injury.1 Complete tibial fractures

are relatively infrequent in racing and non-racing horses. However,

limitations in successful treatment of tibial fractures in adult horses

result in relatively high mortality compared with other musculoskeletal
Abbreviations: ORIF, open reduction and internal fixation; IRU, increased

radiopharmaceutical uptake.
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injuries.2 A complete, multimodal understanding of the pathogenesis

of equine tibial fracture is crucial to optimising treatment and preven-

tion modalities. The aims of this review are to describe the prevalence,

risk factors, biomechanics and current practices regarding prevention

and treatment for equine tibial fracture.

Equine tibial fractures can be broadly categorised as complete or

incomplete. These categories are linked by two distinct aetiologies:

trauma, such as a kick injury or automobile accident, and fatigue, such

as exercise-induced stress remodelling.3 This review will focus on

complete fractures, incomplete fractures and stress microtrauma of

the tibial diaphysis, but a few exclusions must be acknowledged. This

review will focus on injuries of juvenile and adult horses; physeal frac-

tures have been excluded because of their unique characteristics,

resulting in dramatically different treatment modalities and progno-

sis.3,4 Avulsion fractures of the tibial tuberosity and intercondylar emi-

nence fractures have been excluded from this review because they

differ in their aetiology and treatment.3

2 | PREVALENCE

The reported prevalence of equine tibial fractures has changed con-

siderably over time, but common trends can be gleaned from these

reports (Figure 1). Starting in earnest during the 1970s and 1980s,

race-related tibial fractures have been characterised as unique entities

in equine orthopaedics.3 During the late 1990s, there was a marked

increase in published work regarding race-related fracture localisation

and biomechanical stresses affecting the equine tibia.5–7 Digitisation

of medical records facilitated the development of large-scale, multi-

centre epidemiological studies after 2000. These studies were used to

assess the current state of tibial fracture with regards to prevalence in

modern racing and non-racing populations.8,9

A survey conducted with 13 racehorse trainers in the

United Kingdom, between 1998 and 2000, found that 148 fractures

had been diagnosed out of 1178 horses (12.5%).10 Twenty-one out of

148 fractures were stress fractures of the tibia (14.2%), making tibial

fracture the third most common site of injury after the third metacar-

pal bone and pelvis.10 Pelvic and tibial fractures were reported to

account for almost a third of all fractures diagnosed, marking a notable

increase in prevalence than had been previously reported.11 In a retro-

spective epidemiological study focusing on all Thoroughbred race-

horses examined at Randwick Equine Centre in Australia, tibial stress

fractures were diagnosed in 9% of horses having nuclear scintigraphy

done for musculoskeletal problems between January 1992 and March

2000.7

The California Horse Racing Board's Postmortem Program

required postmortem examination of all horse deaths associated with

racing in the state.8 Between January 1990 and December 2018,

115 racehorses were euthanised for tibial fracture in California, yield-

ing an annual median rate of four (range 1-10) fatal tibial fractures per

year.8 This represents a fracture rate of 0.106% for complete tibial

fractures in Thoroughbred starters (101/95082). Of 101 horses hav-

ing tibial fracture, only 18 tibial fractures were sustained by Thor-

oughbreds during a race; the majority of fatal tibial fractures occurred

during training, often at sub-maximum speeds. Compared with Thor-

oughbreds, the tibial fracture rate in racing Quarter Horses was lower

at 0.033% (8/24182) but a similar skewedness towards non-race-

related tibial fracture was noted.8

Two recent epidemiologic studies focused on Thoroughbred race-

horses under the jurisdiction of the Hong Kong Jockey Club. In a ret-

rospective analysis of all Thoroughbreds in race training between

August 2003 and July 2014, tibial fractures were the second most

common bone fractured (35/119; 29.4%), second only to humerus

fractures (59/119; 49.6%).9 In an analysis of data utilising the same

F IGURE 1 Overview of reported prevalence of tibial fracture in racehorses worldwide
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population database of horses racing between January 2006 and June

2018, stress fractures were diagnosed, based on nuclear scintigraphy,

in the humerus (42.0%) and tibia (26.9%) most often.12

3 | INJURY CLASSIFICATION AND
CONFIGURATION

Equine tibial fractures can be separated into broad aetiological classifi-

cations of impact and fatigue (Figure 2).3,13 An impact fracture is the

result of a single load acting on the bone that exceeds its maximum

stress capacity.14 The most common impact fractures in horses occur

as a result of being kicked. Forces resulting from impact of a single

hoof, without horseshoes, have been reported in the range of 9807 N

peak force.15 This impact force is well beyond the resistance threshold

of the equine tibia, which has been reported to range between 1100

N and 2300N.15 On the other hand, a fatigue fracture forms from

repeated applications of load of low magnitude which occurs fre-

quently enough to prevent repair of bone microdamage attributed to

significant strain.16 Fatigue fractures are typically sustained during

physical activity that causes muscle fatigue, reducing the muscle's

ability to store energy and neutralise the stresses imposed on the

bone.13 In the literature, the terms ‘fatigue fracture’ and ‘stress frac-
ture’ are often used interchangeably and are often implied when

describing tibial fractures in racehorses.3

In 119 racehorses euthanised due to tibial fracture in California,

111 fractures (93%) were classified as complete and comminuted.8

Eighty-two percent of fractures were diaphyseal, of which the proxi-

mal diaphysis was most commonly affected. Of the complete frac-

tures, the fracture configurations were most often oblique, transverse

or oblique with a short transverse component.8 In an ex vivo model of

kick injury, simulated kicks to the tibia most commonly resulted in

incomplete fractures with a butterfly configuration or incomplete lon-

gitudinal fractures.14 When subjected to the simulated kick in a modi-

fied three-point-bending trial, the degree of comminution was greater

in tibial fractures as compared with radius fractures which the authors

attributed to a difference in surface geometry between the equine

tibia and radius.14

Regardless of aetiology, complete tibial fracture typically mani-

fests clinically as acute non-weightbearing lameness of the affected

limb.3 Diaphyseal fractures are associated with a high degree of soft

tissue injury, and severe swelling and sensitivity of the overlying tis-

sue is common. The limb often displays valgus angulation due to the

inherent asymmetry of muscular attachments; the craniolateral muscle

mass abducts the distal limb, forcing the distal fragment medially, and

due to the lack of medial soft tissue coverage, complete tibial frac-

tures often become open and contaminated.3 Extensive comminution,

especially when open and contaminated, greatly limits the prognosis

for success repair and rehabilitation.3

4 | BIOMECHANICS

Bone is an organised matrix of mineralised collagen fibres (organic

matrix dominated by Collagen Type I), and it is surrounded by and

interspersed with specialised cells for first sensing the bone's environ-

ment and subsequently responding with appropriate upkeep of the

mineralised (inorganic) matrix.17,18 It is comprised of cortical and tra-

becular bone, both composed of lamellae, the organised units of colla-

gen bundles and their cells.18 The mechanical characteristics of axial

F IGURE 2 Overview of injury mechanisms and clinical presentation of fatigue-aetiology and impact-aetiology tibial fractures in horses
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bones can be described as anisotropic and viscoelastic. Anisotropy

refers to the variable response of bone to mechanical stresses based

on the direction of loading and the geometrical shape of the

bone.19,20 Viscoelasticity refers to the variable response of bone to

mechanical stress based on the rate of loading.19 Collagen fibre orien-

tation within the bony lamellae was reported as a better predictor of

bone strength compared with degree of mineralisation; in general, lon-

gitudinally oriented fibres are strongest in tension and transversely

oriented fibres are strongest in compression.21 In a study of composi-

tional variables that affect mechanical properties of the cranial and

caudal cortices of the equine radius, Riggs et al. noted a dichotomy of

collagen organisation with longitudinal collagen fibres predominating

in the cranial cortex and oblique and transverse fibres predominating

in the caudal cortex.17 In mechanical testing to failure of transverse

sections of the radial diaphysis under both tensile and compressive

loads, collagen fibre orientation accounted for 71% of the variation in

tensile strength, 58% of the variation in elastic modulus and 43% of

the variation in strain to failure.17 Mineral density and porosity were

the second and third most influential variables in the radial sections.17

From the pattern of collagen fibre orientation, it was concluded that

the radius, a relatively cylindrical bone, underwent predominantly

bending forces during locomotion.17 When compared with the radius,

tibial geometry is less uniform, and geometric irregularities at soft tis-

sue attachments may act as inherent stress risers (Figure 3).13 The col-

lagen fibre orientation in the equine tibia is most consistent with a

combination of bending and torsional forces transmitted along the tib-

ial diaphysis, and the consistent location of stress remodelling

observed by Samol et al. corroborates this hypothesis.8,13

While equine hindlimb kinematics have been described, no stud-

ies that focus on the tibia alone have been published. In three dimen-

sional radiosteriometric analysis of equine stifle biomechanics, Halley

et al. noted significant external rotation of the tibia as the joint was

extended from 110 degrees to full extension.22 In a direct three-

dimensional kinematic analysis using intra-cortical pins in the tibia and

third metatarsus, Lanovaz et al. investigated angular stresses experi-

enced in the equine tarsus, hypothesising that the screw motion

accountable for the calculated angular stress would originate at the

tarsus.23 However, their hypothesis could not be confirmed, and the

authors suggested that the angular stresses must arise from another

joint.23 Taken together, these biomechanical analyses confirm that

with each stride, the tibia undergoes external rotation originating at

the stifle, but the tarsocrural joint does not share the same degree of

rotation; this means that the proximal tibia and distal tibia experience

unequal rotational moments at the walk, resulting in significant

F IGURE 3 Compositional and
biomechanical properties of the equine
tibia that affect fracture initiation and
propagation
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torsional stress with each stride, and its patterns of stress and strain

distribution reflect such.

In ex vivo biomechanical modelling of the walking gait, tensile strain

is localised to the craniolateral aspect of the tibial cortex in the middle

and proximal portions of the tibia diaphysis.7 Moving distally, strain is

more torsional and relatively inconsistent between tibia specimens. This

pattern of strain distribution at a walk was confirmed in vivo using

rosette strain gauges applied to the tibia in four sites: cranial, caudal,

medial, and lateral.24 Notably, the tensile axis of strain was identified in

the craniolateral diaphysis, as reported by O'Sullivan et al., but the

highest overall magnitude of strain was torsional, not tensile.7,24 Hartman

et al. repeated in vivo strain measurements using six rosette strain

gauges applied on the cranial, caudal, and medial surfaces of the tibia,

and noted a geometric pattern of strain distribution.25 As previously

documented in the radius, tensile strain predominated on the cranial sur-

face of the tibia and compression predominated on the caudal surface;

however, torsional strain was superimposed on the craniocaudal bending

pattern and the localisation of strain was unaffected by a loss of muscu-

lar stabilisation from the cranial tibial muscle.25 In a similar in vivo biome-

chanical study, Schamhardt et al. noted the same localisations of tensile,

compressive and torsional strains in Shetland ponies and documented no

significant change in strain distribution at the walk following tran-

section of the peroneus tertius.26

While the localisation and magnitude of equine tibial strain has

been well documented in the literature, limited data exist on the mag-

nitudes of loads that the tibia or surrounding joints experience during

locomotion. Martig et al. suggest that this limitation stems from the

technical difficulty of in vivo load measurement without alteration of

physiological loading conditions.27 Published data from metacarpal

and tibia strain gauges are helpful in load estimation but are limited by

accessible bony surface on which gauges can be mounted. Computa-

tional modelling has allowed for the calculation of hindlimb loads.

However, these calculations are a direct function of ground reaction

force and increasing speed will amplify the load at joint surfaces.27

In vitro modelling of tibial cyclic deformation allowed for the calcula-

tion of Young's Modulus of the tibial diaphysis at 19.4 GPa on the

caudolateral surface and 27.7 GPa on the craniolateral surface.28

Cyclic loading with stress amplitudes well below the elastic limit

resulted in fatigue damage (microcracks) of equine tibial sections. The

microcrack growth behaviour was highly dependent on the magnitude

and components of local stresses, and in general, fatigue fracture

propagated at an oblique angle with microcracks extending along the

osteons (described in human literature as ‘osteon pull out’).28 Further

research is warranted to explore this proposed biomechanical method

of fracture propagation in the equine tibia and to correlate this theory

with postmortem analysis of tibia fatigue fractures.

5 | FATIGUE ( ‘STRESS ’ ) FRACTURES

Fatigue is defined as degradation of material properties when a mate-

rial or structure is repetitively loaded with forces that are less than

the monotonic force required to cause catastrophic failure.27 The

fatigue life of a bone is the number of cycles of a specified loading regi-

men that can be sustained by a structure before catastrophic failure, and

fatigue life is affected by the material properties of the bone, the magni-

tude of load and the bone's geometry.27 Microdamage, the debonding

between the mineral and collagen phases of bone on a molecular level

resulting in the breakage of collagen fibres, is the basic building block of

fatigue fracture propagation, but it also is essential for healthy bone

remodelling.27 As stated in Wolff's Law, bone has to be loaded cyclically

within a narrow physiological range to retain its functionality, and bone

health relies on an equilibrium between the development of microcracks

and natural regeneration by basic multicellular units.28 If the rate of dam-

age exceeds the regenerative capability of a given bone, fatigue fractures

will form. This tentative equilibrium can be altered by a multitude of fac-

tors including age, body conformation, track and race related factors,

high-speed distances, and gender27

Tensile and compressive loads have unique effects on microcrack

patterns, and propagation characteristics differ by the type of force.13

In tensile surface failure, a rapid transverse propagation of fracture is

observed, often accompanied by a butterfly fragment if perpendicular

impact is the source of tension. In compressive surface failure, the

fracture develops more slowly as a result of microcrack coalescence

and branching, and it is hypothesised that a bone-specific threshold

exists between microcrack coalescence and the propagation of a sin-

gle, catastrophic fracture line.13

Evidence of the fatigue remodelling process has been documented in

case reports of equine tibial fracture,7,29 but recently, a retrospective post-

mortem analysis of racehorse tibial fracture described a significant correla-

tion between fatigue remodelling and catastrophic fracture.8 Performed

over a period of 28 years, periosteal callus was only described in detail

during the second half of the reporting window. This is likely associated

with increasing awareness of a link between complete tibial fracture and

stress remodelling. Thus, of 119 cases, only 53% of necropsy reports note

examinations for the presence of callus.8 Of these 119 cases, 64% of the

horses had periosteal callus, evidence of fatigue remodelling, and apparent

bridging of the fracture line. In many cases, vascular woven bone, indica-

tive of active remodelling, was noted on the surface of a chronic,

established callus, suggesting cyclical exacerbation of stress fractures. Cal-

luses were often associated with cortical osteopenia, which could have

served as a stress riser for fracture propagation.8 While discrete causation

cannot be proven from the current literature, the clinical significance of

bone fatigue and a loss of microcrack/remodelling equilibrium is a well-

accepted mechanism for fatigue fractures in racehorses.27,30

The availability of nuclear scintigraphy for diagnosis of lameness

in horses has allowed for the identification of previously under-

diagnosed stress-induced remodelling and stress fractures of the

tibia.5 Although evidence is limited to small case series or case reports,

three consistent predilection sites have been documented in the tibia:

proximolateral cortex, caudal cortex of the mid-diaphysis and caudal

cortex of the distal tibia. Notable similarities in stress fracture configu-

ration and stress-induced remodelling localisation were documented

in both Thoroughbred and Standardbred racehorses, even though the

two breeds employ a different racing gait.6,31 These similarities

between case series sparked interest in stress fracture diagnosis.
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Thoroughbred racehorses offer an opportunity to study a population

having relatively similar exercise and management risk factors

throughout the industry.

6 | IMPACT-ASSOCIATED TIBIAL
FRACTURE

Case data have been published for a general population of horses,

regardless of use, which were treated at the University of Zurich teach-

ing hospital between 1990 and 2014. In this population, 1845 horses

presented with fractures, of which 1144 had sufficient diagnostic, treat-

ment and follow-up documentation for inclusion in epidemiologic analy-

sis.16 Eighty-four of 1144 fractures (7.3%) occurred in the tibia, and

61 of these 84 fractures were secondary to a kick injury.16 Donati et al.

have published one of the few, if not only large-scale epidemiologic anal-

ysis of equine fracture injuries in a non-racing population of horses.16

Consistent with previous case reports and series, this study concluded

that tibial fractures of non-racing horses occur most commonly second-

ary to external trauma, incidence is highly variable and frequency is

dependent on management of trauma-associated risk factors.3,16,32

In a general population of horses, both racing and non-racing, Donati

et al. reported that tibial fractures most commonly resulted from kick

injury, and the risk of kick injury increased with group/herd housing,

especially in herds with unestablished social dominance structure

(Figure 4).16 Impact fracture was often sustained shortly after new horses

were introduced into pre-existing herds or during brief acclimation

periods when stalled horses were transitioned to group turnout. Gender

was a significant factor in this analysis with mares overrepresented in the

tibial fracture group; Donati et al. hypothesised that the factors of social

dominance and gender were linked, and that aggressive hierarchical

behaviour would be common in group-housed mares.16

7 | TREATMENT

Regardless of fatigue or impact aetiology, complete diaphyseal frac-

tures in adult horses are often catastrophic and fatal.3 Marked

comminution of the bone reduces the potential to reconstruct tibial

fractures. Also, the tibia's limited regional soft tissue and muscular

attachments contribute to complete fractures often being open and

contaminated.3 Rarely, a horse will present with a complete, closed

and minimally comminuted diaphyseal tibial fracture that is a candi-

date for reconstruction with plate fixation. In low body mass equids

such as ponies, miniature horses and donkeys, prognosis is considered

to be better for surgical stabilisation. Cast stabilisation, alone, is not

recommended for treatment of complete fracture of the tibia. In vivo

strain measurements, before and after full limb cast application,

showed a shift in the principal axis of tensile strain on the distal

metaphysis but did not reduce the magnitude of strains measured.24

The current standard for surgical fixation of complete tibial frac-

ture is open reduction and internal fixation (ORIF) using two plates of

either locking compression plates, dynamic compression plates, or a

combination of the two.3 Two bone plates, perpendicular to each

other, are placed on the tibia based on the individual fracture to maxi-

mise fixation stability. Minimally invasive options are available and

encouraged when applicable.3 In a retrospective analysis of fracture

fixation and surgical site infections between 2008 and 2016 at the

New Bolton Center, six tibial fractures were repaired surgically, four

of which were closed at presentation and two of which were open.

No surgical site infections or fatal complications were reported in the

short-term in this case series, but the authors noted that careful case

selection and surgical experience are critical factors in successful frac-

ture reconstruction.33

According to Watkins et al., incomplete tibial fractures pose a

‘management dilemma’ as a clinician must balance the risk of propa-

gation to catastrophic fracture against the risk of surgical complica-

tion.3 In general, the gold standard of care for an incomplete tibial

fracture is conservative management with cross-tying or sling place-

ment to prevent recumbency. Tibial stress fractures usually are man-

aged conservatively. Several studies report prognosis for recovery and

athletic performance following tibial stress fracture diagnosis in race-

horses (Table 1).7,9,10 Of 74 tibial stress fracture cases identified at

Randwick Equine Centre between 1992 and 2000, 61 horses had

documented follow up after conservative treatment consisting of

staged stall rest, hand-walks and exercise restriction for 3 to 4months

after diagnosis.7 Eighty percent (49/61) of horses returned to racing

and 39 logged at least three recorded starts after tibial stress fracture

treatment; there was no significant change in earnings per start asso-

ciated with treatment for tibial stress fracture.7 Out of 35 tibial stress

fracture cases in horses recorded in the Hong Kong Jockey Club data-

base, 77.1% returned to racing after a median of 136 days of conva-

lescence. No difference was noted in first placings or in months to

retirement between affected horses and matched controls.9

8 | RISK FACTORS

Based on evaluation of published research regarding risk factors for

fatigue-related tibial fracture, these injuries most commonly occur in

racing populations and often are associated with stress-induced
F IGURE 4 Overview of risk factors for tibial fracture; italics
signify proposed risk factors that have not been unequivocally proven
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remodelling of the bone. Three risk factors for tibial fracture have

been described based on epidemiologic analysis: age, race training and

pre-existing injury (Figure 4). In a review of California race data, span-

ning 28 years of euthanasia performed because of tibial fracture, two-

and three-year-old racehorses were significantly overrepresented and

accounted for 73% of all tibial fractures during that time period.8 Post

hoc logistic regression modelling revealed that a greater proportion of

two- and three-year-old racehorses were affected with tibial fracture

compared with other musculoskeletal injuries. On the other hand,

horses 4 years of age and older were significantly underrepresented in

the tibial fracture population when compared with current California

racehorse demographics.8 A similar age distribution was noted in a

retrospective analysis of tibial fracture cases diagnosed at Randwick

Equine Centre between 1992 and 2000, with 71% of tibial fracture

cases occurring in 2-year-old racehorses. This association remains true

in recent epidemiological analyses based on racehorse data from the

Hong Kong Jockey Club.7,9,12,34

Analysis of risk factors is important to development of prevention

strategies to minimise or eliminate these injuries from occurring. A

striking case report of bilateral tibial stress fracture in a racing Quarter

Horse poses the question of association between race training and

supra-physiological stresses on the equine tibia.29 Tibial stress frac-

tures are more commonly observed in racing populations and there

are relatively few reports of non-racehorse tibial stress fracture diag-

nosis.3,9,16,31 The occupational risk of tibia fatigue fracture is greatest

in flat racing horses, but an interesting association between pre-injury

time in training and distance worked should be considered. When

compared with all California racehorses euthanised for a musculoskel-

etal reason, horses sustained tibial fractures more frequently during

sub-maximal training than other musculoskeletal injuries which

occurred when racing at maximum speeds.8 When compared with

matched control horses, California racehorses with tibial fractures had

fewer official timed workouts, logged fewer active days, and accumu-

lated less overall distance in workouts and events.8 These findings

were supported by analysis of records maintained by the Hong Kong

Jockey Club, and a significant association between number of rest or

layup days and incidence of tibial stress fracture was identified.7,12

Another widely accepted risk factor for complete tibial fracture in a

racing population is previous injury in the form of tibia stress

remodelling. On gross necropsy of horses that sustained complete tib-

ial fracture, the catastrophic fracture line was most commonly associ-

ated with, if not stemming from, an area of stress remodelling; this

association was confirmed with computed tomographic and histo-

pathologic analysis.8

A variety of additional risk factors associated with tibial fracture

in racehorses have been debated in the literature including gender,

trainer effect and running surface (Figure 4). According to Samol et al.,

females were overrepresented in the catastrophic tibial fracture group

(51.4% of cases) compared with the proportion of females that were

euthanised for other musculoskeletal injury.8 However, the authors

admit that this finding may be confounded by a skewed representa-

tion of stallions in the tibial fracture group and question the signifi-

cance of gender as a risk factor. Of the large-scale retrospective

epidemiologic studies, only Donati et al. found a significant associa-

tion between female gender and trauma-related tibial fracture, and

this was outside of a racing population.7,9,12,16

Two risk factors of racing surface and trainer effect have been

proposed but are extensively affected by confounders such as geo-

graphic region, racing regulations, reporting discrepancies, socioeco-

nomic status and other factors. In an analysis of racing surface and

stress fracture incidence, MacKinnon et al. noted that hindlimb stress

fractures were more commonly diagnosed after a switch from dirt to

synthetic track surface.35 However, when the cases were grouped by

trainer, tibial stress fractures were more commonly seen in horses

trained on dirt tracks as opposed to turf grass and synthetic racetrack

surfaces. Trainer effect was skewed by the number of horses per

trainer; tibial fractures were most commonly associated with trainers

having the most horses enrolled in the study, and the authors could

not draw any conclusions due to significant confounding.35 Similar

findings were reported by Verheyen et al., who noted that two of

13 trainers were associated with significantly higher risk of stress frac-

ture compared with baseline on univariate analysis, but the overall

univariable effect of trainer (with track surface held as a confounder)

was not statistically significant.11 Therefore, the overall relationship

between hoof-ground interaction and development of tibial stress

fracture remains unknown, and trainer effect, while a logical risk fac-

tor, has not been unequivocally proven in the literature.

9 | DIAGNOSTICS AND PREVENTION

Currently, no specific and targeted preventative measures exist for

complete tibial fractures, so prevention focuses on an understanding

of fracture aetiology, identification of risk factors, and early and accu-

rate diagnosis. Prevention of tibia impact fractures hinges on herd

management and housing.16 Continuing education and extension

programmes help to educate horse owners on the basics of equine

psychology and herd hierarchy, equipping owners to make informed

decisions to reduce the risk of kick injuries when introducing new

horses into a herd.36 Nevertheless, impact fractures are an inherent

risk, and rapid diagnostics and treatment following impact are

important.

The topic of fatigue fracture prevention in racehorses has been

extensively debated in the scientific community, horse industries and

public at large. In review of the current literature, three overarching

goals of prevention can be elucidated: optimise diagnostic efficiency,

reduce the interval between injury and diagnosis and optimise racing

and training conditions to reduce non-specific fracture risk.

Historically, radiographic analysis of the equine tibia has been the

gold standard for tibial fracture diagnosis. A five-view study consisting

of standard lateromedial, caudocranial, caudolateral-craniomedial

oblique and caudomedial-craniolateral oblique views plus an addi-

tional plantaro-15�-distal-85�-lateral dorsoproximal oblique is rec-

ommended to screen for macroscopic stress remodelling and/or

incomplete fracture.37 However, the sensitivity of radiographic exami-

nation alone is low for minimally displaced fractures and early stress
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remodelling. Most recently, a radiographic processing algorithm for

human medicine application has been described, which enables auto-

mated callus detection and quantification using published corrections

for magnification, exposure and relative area in contact to the parent

bone.38 With species-specific correction and calibration, there is hope

that similar technology may be applied to equine tibial radiographic

screening and serial monitoring of stress reactions without invasive,

expensive or imprecise measures.

With the advent of nuclear medicine, diagnostic nuclear scintigraphy

has replaced radiography as the gold standard for tibia fatigue fracture

diagnosis and monitoring.8 At its core, nuclear scintigraphy requires only

four elements: a radiopharmaceutical agent (technetium-99m labelled

diphosphonates for musculoskeletal diagnostics), the patient, a radiation

detector (a gamma camera), and a method for processing and storing

data.39 Predetermined timing of images after radiopharmaceutical admin-

istration allows for physiologic analysis of multiple systems in phases.39

Due to the bioavailability and function of diphosphonates, radionucleotide

uptake will increase in areas of high bone turnover and remodelling, and a

stress fracture will manifest as a focal area of increased radiopharmaceuti-

cal uptake (IRU). Comparison of age-standardised normal images to clini-

cal diagnostic images allows for diagnosis and relative localisation of areas

of stress remodelling or fractures.7,31

While regions of abnormal bone turnover can be identified on a

single scintigraphic study, consistent correlation between the degree

of IRU and pathologic severity has not been proven. Ramzan et al.

explored the theory that a standardised grading scale, adapted from

human radiologic literature, would correlate with the severity of

lesions on necropsy.5 A significant association between lesion site and

scintigraphic localisation was reported, but, unlike in human nuclear

scintigraphy, scintigraphic and radiographic grades were unreliable

indicators of lesion severity.5 In a multicentre, retrospective analysis

of tibial stress fractures diagnosed with both nuclear scintigraphy and

radiology, a different scintigraphic grading scale using quantitative

IRU ratios was not a significantly accurate predictor of lesion sever-

ity.40 Both studies emphasise the confounding factor of soft tissue

coverage asymmetry between the proximal and distal tibia and the

limitation of inconsistent/unknown time between injury and diagnos-

tics; scintigraphy was unable to distinguish between acute trauma and

ongoing remodelling over time.5,40 Nevertheless, nuclear scintigraphy

remains the gold standard for early detection of stress fractures in

racehorses, and this early detection has reduced the incidence of cata-

strophic tibial fractures in the modern day.8,9,12

10 | CONCLUSION

Equine tibial fractures occur as a result of traumatic impact or fatigue

failure. The incidence of traumatic tibial fracture is not well described

in the literature but is logically influenced by risk factors such as man-

agement, herd dynamics and social hierarchy. Tibial stress fractures

are often rated as the second most common stress fracture in racing

Thoroughbreds. Young age, early stage in race training and initiation

of training after a period of rest are reported to be risk factors for tibial

stress fracture. Additional factors to consider include gender, training,

running surface, and race direction. Both impact and fatigue fracture

propagation are dependent on the local composition/alignment of min-

eralised collagen in the tibial lamellae and on the magnitude of force

applied. Extensive research has characterised the pattern of strain distri-

bution and stress remodelling within the equine tibia, but in vivo mea-

surement of load and angular moments are currently not feasible in the

equine model. Further research is warranted to correlate biomechanical

theory of tibia fatigue fracture propagation through areas of chronic

remodelling with current histopathological data.

Preventative measures for fatigue fractures align with three over-

arching goals: to optimise diagnostic efficiency, reduce the interval

between injury and diagnosis and modify racing and training condi-

tions to reduce non-specific fracture risk. The current gold standard

for early tibial stress fracture diagnosis is nuclear scintigraphy, and the

increased availability and utilisation of this imaging modality are

credited with an overall reduction in catastrophic tibial fractures over

time. Treatment options for complete tibial fractures in adult horses

are limited. In smaller horses (breed, weight, age) with minimally com-

minuted fractures, successful outcomes have been reported after

ORIF. Tibial stress fractures and minimally displaced incomplete frac-

tures are typically treated conservatively with extended stall rest,

exercise restriction for roughly 4–6 months and rehabilitation. Con-

servatively managed stress fractures have fair to good prognosis for

recovery and return to racing with no reported difference in career

length and earnings from matched controls.
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