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ABSTRACT OF THESIS 

THE RELATIONSHIP BETWEEN RADIOGRAPHIC CHANGES AND 

PERFORMANCE OUTCOME IN QUARTER HORSE CUTTING HORSES 

 

Reason for Performing the Study 

Radiographic repositories are become increasingly popular in multiple disciplines 

as a screening tool prior to sale.  However, the importance of the radiographic findings 

must be objectively assessed relative to potential significance. While studies have been 

done to correlate survey radiographic findings with performance outcomes in 

Thoroughbreds, no such published study exists in Quarter Horses.  This paper serves as 

part two of a study examining the relationship between radiographic changes in survey 

radiographs relative to objective performance outcomes in Quarter Horse cutting horses.   

 The goal of this study is to better clarify the potential significance of radiographic 

changes on repository radiographs relative to performance.  This in turn will allow 

veterinarians and their clients to make more objective, informed decisions prior to 

purchase about the potential implications of various radiographic changes. 

Methods 

Radiographic changes of 436 Quarter Horses, which were quantified in a previous 

paper (Contino et al 2009), were compared to objective performance outcome 

parameters.  The parameters were: 1) likelihood of competing, 2)likelihood of earning 

money as a three year old, four year old and as a three and four year old combined, 3) 
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average amount of money earned as a three year old, four year old and as a three and four 

year old combined.  Mailed questionnaires and phone calls to owners of horses that did 

not earn money were used to try to determine why the horse had no recorded earnings.   

Results 

 When the tarsometatarsal (TMT) and distal intertarsal (DIT) joints were 

examined together, the presence of mild (grade 2) osteophytes, which affected 19% of the 

horses, was associated with reduced chance of competing, earning money and mean 

money earned.  Very mild and mild osteophytes of the third and central tarsal bone 

assessed individually at the level of the TMT and DIT also had some significant effects in 

multiple performance outcome categories.   The presence of thickening of the dorsal 

cortex of the hind second phalanx as well as osteophytes as this location was associated 

with an increased likelihood of earning money.  Several other potentially significant 

findings are reported but affect a relatively small number of the horses included in the 

study.  Radiographic changes of the medial femoral condyle of the stifle were not 

significantly associated with performance outcome. 

Conclusions 

 Many radiographic changes were not found to be significantly associated with 

performance outcome.  However, some mild changes were associated with decreased 

performance.  In addition, some radiographic changes were correlated with improved 

performance outcome.  The findings of this study can be used to help veterinarians make 

more objective assessments of survey radiographic findings prior to sale.  This research 

helps lay the groundwork for further investigations of the significance of survey 

radiographic findings in individual breeds and disciplines.  
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CHAPTER 1 

 

Radiographic Sales Repositories and Existing Research 

Radiographic repositories have long been included as standard practice in the 

racing Thoroughbred yearling sales (Kane et al. 2003a, Hance and Morehead 2000).  

Additionally, while standardized radiographic repositories are less common outside the 

racing Thoroughbred industry, radiographs are commonly available for viewing prior to 

sales in other equine disciplines.  The goal of these pre-sale radiographs is to provide 

information about current orthopaedic status as well as attempt to be predictive of the 

development of future orthopaedic disease (Bladon and Main 2003).  Radiograph 

repositories differ from pre-purchase radiographs in that repositories generally contain a 

required set of views and are performed on young horses thought to be free of disease 

(Kane et al. 2003a, Martin et al 2003), whereas pre-purchase radiographs are included as 

part of a more complete clinical workup and targeted at specific areas of concern which 

may affect performance in the individual horse (Van Hoogmoed et al 2003, Mitchell 

2009). 

There has been research dedicated to determining the prevalence (Howard et al. 

1992, Oliver et al 2008) and, more importantly, clinical significance (Cohen et al 2006, 

Jackson et al 2009, Kane et al. 2003a, 2003b, Spike-Pierce and Bramlage, 2003) of pre-

sale radiographic findings in Thoroughbred yearlings.  Standardbred trotters have also 

been the focus of multiple studies attempting to correlate pre-racing radiographic findings 



 2

with racing performance (Alvarado 1989, Couroucé-Malblanc et al 2006, Grǿndahl and 

Engeland 1995, Jorgensen et al 1997, Robert et al 2006).  However, the clinical 

significance of findings in young racing Thoroughbreds and Standardbreds is not 

necessarily comparable as different breeds and disciplines tend to suffer from distinctive 

types of orthopaedic pathology (Pool 1996). For example, racing Thoroughbreds are 

prone to pathologic change in the carpi and fetlocks; therefore, these regions are the most 

frequently included in sales radiographs (Howard et al. 1992, Kane et al. 2003a). On the 

other hand, Western performance horses are more commonly afflicted in the feet, tarsi 

and stifles (Carter 2009, Dabareiner et al 2005a, 2005b, Jackman 2001).  In order for 

veterinarians to more accurately predict future performance and development of disease, 

the clinical significance of radiographic findings of young horses of other breeds and 

disciplines must be explored. 

Although, as stated above, the majority of previous research involving 

radiographic repositories or the use of pre-sale radiographs and clinical outcome has been 

focused on racehorses, there has been a growing demand for studies aimed at other 

disciplines.  In particular, the Western performance industry has grown significantly in 

recent years.  Subjective papers (Black 1999, Carter 2009) have been presented regarding 

pre-purchase examinations of Western performance horses; and Dabareiner et al (2005a, 

2005b) have published research examining radiographic abnormalities and lameness in 

barrel horses and roping horses.  Although most Western performance horses are 

typically Quarter Horses, their individual disciplines can affect the types of stresses they 

undergo and the clinical significance of various radiographic findings (Carter 2009, 
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Jackman 2001).  Therefore, the demand exists to study more specific disciplines within 

the category of Quarter Horses and Western performance horses. 

With this focus on specific disciplines in mind, the first large scale study of 

prevalence of radiographic lesions in Quarter Horse cutting horses was undertaken by 

Contino et al (2009).  The authors reported on the prevalence of changes found on 

repository radiographs of 458 yearling and two-year old cutting horses.  The findings of 

that study form the framework for the follow-up study that will be presented here, 

comparing the radiographic findings to performance outcomes. 

 

Specific Radiographic Findings 

Stifle 

Including complete and incomplete studies, the stifles (99.1%) were the most 

commonly included joints in the repository series examined by Contino (2009), reflecting 

one of the greatest areas of interest of pathologic change in horses of this discipline. In 

order to be included in the analysis, a stifle study was required to contain a caudal 10o 

proximal-cranial (CC) to be complete, and many also contained a caudo 30o lateral-

craniomedial oblique (CdL-CrMO).  This is in contrast to the study by Kane et al 

(2003a), in which merely 57% of the studies contained stifle radiographs and included 

only a LM view.  A CC, CdL-CrMO or flexed LM is necessary to thoroughly evaluate 

the MFC, as the condyles are superimposed on the standing LM; therefore, the lack of 

inclusion of the CC or oblique view as well as the low overall submission of stifle 

radiographs in the repositories examined by Kane et al (2003a) reflected the decreased 

focus of the racing Thoroughbred industry on pathologic change of the femorotibial joint 
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relative to other joints.  Although since the time of that study specific guidelines for the 

Keeneland Thoroughbred repository have been put in place that require both a LM and 

CdL-CrMO to be included, the femorotibial joint still generally receives less emphasis in 

the racing industry than it does in the Western performance horse industry. 

 

Femorotibial Joint 

Changes to the MFC were the most frequent finding in the analysis by Contino et 

al (2009), with 41.4% of horses having some degree of change in at least one limb. The 

grading system used by the researchers was as follows: A grade 0 represented a normal 

MFC, which is continuously convex in contour;  grade 1 described a flattened contour but  

no radiographic evidence of changes in the subchondral bone;  grade 2 indicated 

subchondral bone sclerosis and/or defects in the subchondral bone that did not extend all 

the way through the subchondral bone plate; grade 3 applied to defects that extended 

through the subchondral bone such as wide, shallow subchondral lucencies;  grade 4 

described a well defined round or oval radiolucent area in the middle of the MFC that 

extended to and communicated with the femorotibial joint.  Of the affected horses, 51.6% 

had bilateral lesions. Overall, 21.6% horses had flattening of the MFC, 8.1% had a grade 

2 lesion that did not extend through subchondral bone, 6.6% had a grade 3 defect 

extending through subchondral bone and 5.1% had a grade 4 well-defined SBC. 

The radiographic repository study of 2401 Australian racehorses by Jackson et al 

(2009) reported osseous cyst-like lesions in the MFC of 5.6% of horses.  However the 

classification system used in that study was different, with only two categories assigned 

to changes of the MFC: one for lesions >6mm in depth, and one for ≤6mm.  Only 21 out 
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of 2401 horses (0.9%) had lesions which were >6mm.  Horses with lesions of the MFC 

>6mm were less likely to start a race as 2 and 3 year-olds compared to horses with no 

lesion. 

Cohen et al (2006) reported SBCs of the MFC on 18 horses in their study of the 

repository findings of 348 Texas Thoroughbred yearlings.  That work showed no 

significant association between performance outcomes and presence of a cystic lesion of 

the MFC.  However, there was no reported quantification of the size of the SBC or a 

grading scheme mentioned for MFC defects. 

Previous work focused on SBCs of the MFC does report a potential for decreased 

performance associated with the presence of these lesions, especially when treated 

conservatively.  In a study of 51 horses with unilateral or bilateral SBCs of the MFC, 42 

(82%) of the horses partially or completely improved following surgical curettage of the 

cysts (White et al 1988). Of the horses that improved with surgery, many had previously 

been rested with little to no success, leading the authors to recommend surgery in cases 

where three months of rest did not yield improvement.  Work done by Howard et al 

(1995) found a 74% success rate in horses treated with arthroscopic curettage of SBC. A 

study of surgical curettage of 85 cases of SBCs found that age affected the chance of 

success of surgical debridement, with a success rate of 64% in horses ≤ 3 years old and 

only 34% in horses older than 3 years of age (Smith et al 2005).  The size of the articular 

cartilage defect associated with an SBC can also affect outcome, with lesions greater than 

15 mm having been shown to decrease the likelihood of starting a race in Thoroughbred 

racehorses (Sandler et al 2002). 
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Wallis et al (2008) described 52 cases of SBCs that had been treated with 

arthroscopic injection in the fibrous tissue lining.  The grading scheme used in that study 

was modified from the work of Howard et al (1995) and differs from that used by 

Contino et al (2009).  The grading was as follows: Type 1 were <10 mm in depth and 

dome shaped; Type 2A lesions were >10 mm in depth and described as lollipop or 

mushroom shaped with a narrow cloaca and cystic lucency; Type 2B lesions were >10 

mm in depth with a large domed lucency extending to wide articular surface defect; Type 

3 lesions were flattening or small defects in the subchondral bone; Type 4 lesions had a 

lucency in the MFC with or without an articular defect, but with no apparent cloaca in the 

subchondral bone.  The results reported by Wallis et al (2008) were that 67% of horses 

successfully worked at their intended use, and 77% were sound, but not necessarily 

performing in their intended athletic use.  Significant factors that improved the likelihood 

of success included surgeon, multiple injection sites, shorter time to follow-up and return 

to exercise, lack of pre-operative osteophytes and unilateral lesions.  Unlike the findings 

of Smith et al (2005), age did not affect outcome.  Although it was not statistically 

significant, cutting horses did have a less successful outcome (55%) than the average. 

 

Femoropatellar Joint 

Changes in the femoropatellar joint (FPJ) were relatively uncommon in the study 

of Contino (2009).  Out of the 433 horses in which the FPJ could be assessed, only 14 

horses had radiographic changes.  Lesions of the lateral trochlear ridge (LTR) were the 

most common finding, affecting 10 (2.3%) horses.  Of these 10, flattening of the LTR 

affected 3 horses (0.7%) and the other 7 (1.6%) had a fragment and associated defect in 
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this location.  Only 1 horse had a lesion of the medial trochlear ridge (MTR).  This is 

consistent with previous reports of the LTR being much more frequently afflicted with 

osteochondritis dessicans (OCD) than the MTR (Blevins and Widmer 1990, Foland et al. 

1992, Martinelli and Rantanen 2002). 

In a study of femoropatellar OCD in 161 horses that underwent arthroscopic 

surgery, Thoroughbreds were more commonly affected (51%) than were Quarter Horses 

(24%) (Foland et al. 1992).  The reported radiographic prevalence of femoropatellar 

OCD in Thoroughbreds has varied from 11% (13 of 120) to 4.3% (2 of 47) (McIntosh 

and McIlwraith 1993, Howard et al. 1992). Kane et al. (2003a) reported that of 660 

Thoroughbred yearlings, 38 (5.7%) had changes in the LTR including flattening, defects 

or fragments.  LTR changes were found in 3.8% (91 of 2401) of Thoroughbreds by 

Jackson et al (2009).  A similar prevalence of LTR lesions (4.3%, 15 of 348) in 

Thoroughbreds was reported by Cohen et al (2006). 

When comparing radiographic repository findings to performance outcomes, 

Jackson et al (2009) found that horses with a mild femoropatellar OCD lesion (20 mm or 

less in length) took longer to make their first start by an average of 66 days and were less 

likely to place two or more times (OR 0.48).  Conversely, Cohen et al (2006) found no 

significant association between number of starts, earnings or sales price and abnormal 

radiographic findings of the femoral trochlear ridges. 

Good surgical outcomes have been reported for horses that have clinical signs of 

femoropatellar OCD. Foland et al (1992) reported that of 134 horses with follow-up 

information available, 86 (64%) returned to their intended use and an additional 9 (7%) 

were in training. The chance of a successful outcome was influenced by the size of the 
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lesion.  Horses with lesions < 2 cm were significantly more likely to be successful than 

those with larger lesions. In a study of 24 horses, including 9 Thoroughbreds and 8 

Quarter Horses, the clinical signs of all horses improved immediately following 

arthroscopy, and of the 21 horses with follow-up, 13 (61.9%) were performing, or in 

training for, their intended use (McIlwraith and Martin 1985). 

 

Tarsus 

In the Quarter Horse radiographic repository examined by Contino (2009), tarsi 

were the most commonly included region after stifles, with radiographs available for 

95.6% of the horses.  Like the high rate of inclusion of stifles in the repository, the large 

percentage of horses with tarsal radiographs reflects that this is a particular area of 

concern in the Western performance horse (Carter 2009, Dabareiner et al 2005a, 2005b, 

Jackman 2001).  Further indication of the emphasis on tarsal pathologic change in the 

Quarter Horse is that a full set of four views of the tarsus was required in the repository 

examined by Contino (2009).  In contrast, the Keeneland Thoroughbred yearling 

repository only requires three views of the tarsus, and excludes the DLPMO from its 

criteria. 

 

Tarsocrural Joint 

The most common finding in the tarsocrural joint recorded by Contino (2009) was 

flattening of the MTR of the talus, which affected 54 (12.3%) horses. However, this is a 

normal variant and not pathologic change, and thus is not considered clinically significant 

(Becht and Park 2000, Butler et al. 2008). 
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Change to the distal intermediate ridge of the tibia (DIRT) was the pathologic 

change most commonly detected by Contino (2009) in the tarsocrural joint, affecting 38 

of 438 (8.7%) of horses.  This rate is lower than has been reported in Thoroughbreds.  

Kane et al. (2003a) found that out of 1101 Thoroughbred yearlings, 48 (4.4%) had a 

concavity or fragment of the DIRT.  An even lower prevalence of DIRT lesions was 

found by Howard et al. (1992), with 13 out of 710 (1.8%) yearling Thoroughbreds 

affected.  In contrast, Warmbloods tend to be more frequently affected than 

Thoroughbreds or Quarter Horses. In a study of Dutch Warmbloods, Dik et al. (1999) 

found the prevalence of DIRT OCD to be 18% of 43 horses.  Similarly, Hoppe (1984) 

found DIRT OCD in 15% of 27 clinically normal Swedish Warmbloods.  The prevalence 

of DIRT OCD in Standardbred trotters was reported by Carlsten et al (1993) to be 10.4%, 

which is similar to what Contino (2009) in Quarter Horses. 

The reported clinical effect of OCD of the DIRT is variable.  Neither Cohen et al 

(2006) nor Jackson et al (2009) found an association of DIRT lesions found on repository 

radiographs and performance outcomes in Thoroughbred racehorses. Likewise, Kane et 

al (2003b) also found no significant differences in chances of starting a race, placings, 

money earned or earnings per start between Thoroughbred yearlings with tarsocrural 

OCD and those without. It is not uncommon for horses with DIRT lesions to have 

tarsocrural joint effusion and yet not necessarily be lame.  In a study of 114 

Standardbreds with OCD in the DIRT, 82 (72%) were reported to have tarsocrural joint 

effusion but only 49 (43%) were lame in the affected limb (Laws et al 1993); lameness 

was more common in  horses of training or racing age. When reporting on tarsocrural 

OCD associated with clinical signs, McIlwraith et al (1991) found that articular cartilage 
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degeneration or erosion found at arthroscopy was associated with a decreased prognosis, 

whereas lesion size and resolution of effusion did not influence prognosis. Effusion 

associated with lesions affecting the DIRT resolved more frequently than lesions in the 

lateral trochlear ridge (LTR) or medial malleolus (MM).  Quarter Horse racehorses had a 

lower percentage of successful outcomes (60%) than Quarter Horses used for other 

disciplines (87.5%). 

 

Distal Tarsal Joints 

The presence of osteophytes was the most common finding in the distal tarsus in 

the study by Contino (2009), affecting 201 out of 438 (45.8%) horses and were bilateral 

in 67 (33%).  Osteophytes were graded on a scale of 1-4, from very small to large; 79 

(18%) horses had grade 1, 82 (18.7%) had grade 2, 31 (7.1%) had grade 3 and 9 (2.1%) 

had grade 4 osteophytes.  Proximodorsal MTIII was the most common location for tarsal 

osteophytes (100, 22.8%).    Similarly, Jackson et al (2009) reported osteophytes most 

frequently affecting the tarsometatarsal joint (TMT) in yearling Thoroughbreds at a rate 

of 35.4% (849 of 2401).  This is a higher prevalence than what has been previously 

reported in Thoroughbred yearlings.  Kane et al (2003a) reported osteophytes or 

enthesophytes in the distal tarsal joints of 193 of 1101 (17.5%) horses, and Howard et al 

(1992) found osteophytes in only 16 of 710 (2.3%) TMT joints in Thoroughbred 

yearlings. 

Contino (2009) reported lysis of the distal tarsal bones as the next most frequent 

finding in the tarsus, with 76 (17.3%) horses affected.  By severity, 28 (6.4%) horses had 

grade 1, 35 (8%) had grade 2, 13 (3%) had grade 3 lysis, and no horses had grade 4 lysis. 
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The proximal aspect of third tarsal bone was the most commonly affected site (46, 

10.5%).  Sclerosis was recorded in 29 (6.6%) horses; the majority of affected horses had 

grade 1 (25, 86.2%) sclerosis; grade 2 and 3 sclerosis affected 3 (10.3%) and 1 (3.4%) 

horses, respectively.  In Thoroughbred yearlings, Kane et al. (2003a) reported that 80 out 

of 1101 (7.3%) had subchondral lucency in the DIT or TMT joint.  The Thoroughbred 

repository study by Jackson et al (2009) reported solely on osteophytes as changes in the 

distal tarsal joints, and Cohen et al (2006) did not discuss distal tarsal changes.  A study 

of 214 multiple breed horses conducted by Van Hoogmoed et al. (2003) demonstrated 

very subtle bony remodeling, classified as grade 1, in the proximal intertarsal joint (PIT), 

distal intertarsal joint (DIT), and TMT joints in 10.4%, 45.8% and 50.4% respectively. 

Mild to moderate periarticular osteophyte production and mild subchondral lysis (grade 

2) was recorded in 3.8% and 15.6% of DIT and TMT joints respectively. Grade 3 

changes, such as marked periarticular osteophyte production, subchondral sclerosis, 

cystic lucencies and joint space narrowing or fusion was found in 3.8% of DIT and 4.5% 

of TMT joints. 

Lameness due to distal tarsal pain is commonly reported in Western performance 

horses (Jackman 2001, Dabareiner 2005a, 2005b).  However, there is some discrepancy 

reported between radiographic abnormalities of the distal tarsal joints and clinical 

findings.  In a retrospective study of prepurchase exams, Van Hoogmoed et al. (2003) 

found that there was not a significant correlation between the radiographic abnormalities 

of the tarsus and soundness, although horses with mild changes were more likely to be 

sound than those horses with severe changes. Byam-Cook and Singer (2009) reported on 

91 horses with a history of lameness.  The severity of radiographic change in the distal 
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tarsal joints was not correlated with duration or degree of lameness.  There was, however, 

a significant relationship between response to treatment and severity of radiographic 

changes in the TMT, but not the DIT, with less radiographically severe lesions 

responding better. Kane et al. (2003b) found that yearling Thoroughbreds with 

osteophytes or enthesophytes in the DIT or TMT joints started significantly (p=0.03) 

fewer races than yearlings without these radiographic changes. Seventy-six percent of 

193 horses with DIT or TMT osteophytes started a race compared to 83% of horses 

without this finding.  Conversely, Jackson et al (2009) found no effect of the presence of 

distal tarsal osteophytes on performance outcomes of yearling Thoroughbreds, including 

time from sale to first race, chance of starting, number of starts, placings, or earnings. 

 

Metatarso/metacarpophalangeal joint (Fetlock) 

Proximal Sagittal Ridge of the Third Metacarpal/tarsal Bone 

Contino (2009) found that the proximal sagittal ridge (SR) was the most 

commonly affected site in both the hind and fore fetlocks.  Out of 355 horses for which 

hind fetlock radiographs were available, 54 (15.2%) horses had flattening of the proximal 

SR or distal dorsal aspect of the third metatarsal bone (MRIII), 14 (3.9%) had a lucency 

or dissecting lesion and 1 (0.3%) had a loose fragment. For the fore fetlocks, 361 horses 

had radiographs available for interpretation.  Of these, 54 (15%) horses had changes of 

the distal dorsal aspect of the third metacarpal bone (MCIII) and proximal SR. Flattening 

of the sagittal ridge was recorded in 37 (10.3%), 14 (3.9%) horses had a lucency and 3 

(0.8%) had a fragment. 
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The rate of lucency and fragmentation of the proximal SR was slightly higher in 

the Quarter Horses than was seen by Kane et al. (2003a) in Thoroughbred yearlings.  

Kane et al (2003a) found that of 1102 horses with hind fetlock radiographs, 18 (1.7%) 

had a lucency and 16 (1.5%) had fragments or loose bodies associated with distal dorsal 

MTIII or proximal SR. Out of 1127 yearling Thoroughbreds with fore fetlock 

radiographs, 22 (2%) had a lucency and 9 (0.8%) had a fragment or loose body in this 

region. A study of 2401 Thoroughbreds reported a much higher rate of SR lesions, with 

890 (37.1%) of horses affected in the fore fetlock and 159 (7.5%) of horses affected in 

the hind fetlock (Jackson et al 2009).  However, SR lesions were not divided into 

proximal SR/dorsal distal MCIII/MTIII and distal SR as was done by Kane et al (2003a), 

making a direct comparison difficult.  Jackson et al (2009) did report fragments of MCIII 

in 6 (0.4%) horses.  Cohen et al (2006) found an irregular margin, flattening or lucency 

of the proximal sagittal ridge of the fore and hind fetlocks in 16% (17/106) of 

Thoroughbred yearlings and fragments in 3 (2.8%).  Howard et al (1992) reported that 76 

of 1018 (7.5%) fore fetlocks and 8 of 700 (1.6%) hind fetlocks had OCD lesions of dorsal 

distal MCIII/proximal sagittal ridge. 

A grading scheme for proximal SR OCD was developed by McIlwraith and 

Vorhees (1990): Type I: flattening or defect; Type II: flattening or defect with associated 

fragmentation; Type III: flattening or defect with or without fragmentation and one or 

more loose bodies.  The authors reported that the prognosis for type I lesions is good 

(80%) with conservative management.  For type II and III lesions, the prognosis is 

poorer, with only 52% of 42 horses experiencing a successful outcome.  In addition, type 

II and III lesions can affect a horse’s chance of being sold.  In a survey of 38 
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veterinarians, 19 (50%) would not recommend purchase of a horse with grade II lesions 

and 28 (74%) would not for horses with grade III lesions (McIlwraith and Vorhees 1990).  

When comparing Texas Thoroughbred yearlings with radiographic proximal SR 

abnormalities to outcome, Cohen et al (2006) found that while there was no significant 

association between presence of lesions and performance, there was a significant 

association between proximal SR abnormalities and sales price.  Horses with lesions of 

the proximal SR sold for significantly less (median price $5,500) than horses without that 

particular lesion (median price $9,100) and horses with no abnormal radiographic 

findings (median price $9,700).  Jackson et al (2009) found that defects greater than 

10mm in length in the SR of MTIII were associated with decreased likelihood of starting 

a race, fewer starts, decreased chance of earning money and less total prize money than 

unaffected horses. When abnormalities of the proximal SR on repository radiographs 

were compared to performance outcomes of 1162 Thoroughbred yearlings, no correlation 

between number of starts or earnings and the presence or absence of a lesion in this 

location was found (Kane et al 2003b). 

 

Fragmentation of Proximodorsal First Phalanx 

Fragments of the dorsal aspect of the first phalanx (P1) were relatively rare in the 

fore and hind fetlocks of Quarter Horse cutting horses, with 5 of 361 (1.4%) and 4 of 361 

(1.1%) affected respectively (Contino 2009).  This is similar to what has been reported in 

the fore fetlocks of Thoroughbred yearlings.  Howard et al (1992) reported dorsal P1 

fragments the fore fetlocks of 12 of 1018 (1.2%) Thoroughbred yearlings, and Kane et al 

(2003a) found 18 of 1127 (1.6%) Thoroughbred yearlings affected.  An even lower 
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prevalence was found by Jackson et al (2009), with fragmentation of fore dorsal P1 seen 

in 18 of 2401 (0.7%) Thoroughbred yearlings, and similarly, Cohen et al (2006) reported 

only 3 of 348 (0.9%) Texas yearling Thoroughbreds affected.  Higher rates have been 

reported in the fore fetlocks of Standardbred trotters, with 36 of 753 (4.8%) yearlings 

affected (Grondahl 1992). 

Prevalence of P1 fragments in hind fetlocks is generally higher in Thoroughbreds 

than what Contino (2009) reported in Quarter Horses.  Both Howard et al (1992) and 

Kane et al (2003a) reported similar prevalence in hind fetlocks of Thoroughbred 

yearlings, with 24 of 700 (3.4%) and 36 of 1102 (3.3%) affected respectively.  A slightly 

lower prevalence of 53 of 2401 (2.2%) was reported in Australian Thoroughbred 

yearlings (Jackson et al 2009).  Likewise, 2.0% (7 of 348) Texas Thoroughbred yearlings 

had radiographic evidence of dorsal P1 fragments in the hind fetlock (Cohen et al 2006).   

 In racehorses, surgical removal of dorsal P1 fragments is recommended and 

generally results in a good outcome (Bramlage 2009).  Yovich and McIlwraith (1986) 

found that following arthroscopic removal of dorsal P1 fragments, 80% (37 of 46 horses 

for which follow-up information was available) returned to racing at the same or higher 

level. Similarly, Kawcak and McIlwraith (1994) found that fetlock arthroscopy for 

treatment of dorsal P1 fragments was successful in 73% of 286 horses, and Colon et al 

(2000) reported a success rate of 82% in 461 Thoroughbreds.  Dorsal fragmentation of P1 

in the hind fetlock in Thoroughbred yearlings was associated with decreased likelihood of 

starting a race as a two or three year old (Kane et al 2003b). The fact that surgical 

removal of P1 fragments in the fore fetlocks of young racehorse is commonly performed 
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could have affected these findings, as many horses may have undergone arthroscopy in 

the time before follow-up data were collected. 

 

Fragmentation of Palmar/Plantar First Phalanx 

Palmar and plantar P1 fragments have been categorized in the literature as Type I 

and Type II (Foerner et al 1987). Type I, or axial, fragments are more commonly 

reported.  Type II fragments are much less frequently discussed in the literature.  For the 

purposes of this study, unless stated otherwise, the palmar/plantar P1 fragments that are 

discussed are Type I fragments. 

Contino (2009) found only one Quarter Horse of 361 (0.3%) had a palmar P1 

fragment in the fore fetlock.  Like the findings of Contino (2009) in Quarter Horses, 

palmar P1 fragments are also reported at a low rate in Thoroughbreds. Out of 2401 

Australian Thoroughbred yearlings, 9 (0.4%) had palmar P1 fragments (Jackson et al 

2009).  Other repository studies showed similar low prevalence of palmar P1 fragments 

in the fore fetlocks of Thoroughbred yearlings: Kane et al (2003a) reported 5 of 1127 

(0.5%) affected; Howard et al (1992) found 1 of 1018 (0.1%); and Cohen et al (2006) 

reported 1 of 348 (0.3%) affected. 

Plantar P1 fragments were found in the hind fetlocks of 8 of 355 (2.3%) cutting 

horses (Contino 2009). Plantar P1 fragments have also been reported as more common 

than palmar P1 fragments in Thoroughbreds.  Kane et al (2003a) found that 65 of 1102 

(5.9%) of yearling Thoroughbreds were affected.  A similar prevalence was found in 

Australian Thoroughbred yearlings, with 6.1% (150 of 2401) (Jackson et al 2009).  

Slightly lower rates in Thoroughbred yearling were found by Howard et al (1992) with 
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14 of 700 (2%) affected, and by Cohen et al (2006) with 10 of 348 (2.9%) affected. 

Plantar P1 fragments are more common in Standardbred trotters, with a reported 

prevalence of 89 of 753 (11.8%) in a radiographic survey of Standardbred yearlings 

(Grondahl 1992). 

Type I palmar/plantar P1 fragments frequently don’t cause explicit lameness, but 

may result in decreased performance or preference for the other lead.  Lameness can 

develop when the horse is in strenuous training or if the fragments become large enough 

to interfere with the mechanics of the joint (Foerner et al 1987, Barclay et al 1987, 

McIlwraith 1993, Bramlage 2009).  The severity of response to flexion and degree of 

joint distention and inflammation varies (Foerner et al 1987, McIlwraith 1993, Whitton 

and Kannegieter 1994, Bramlage 2009) 

If Type I fragments are found incidentally on radiographs, there is generally no 

indication for treatment (McIlwraith 1993). In horses whose performance is affected by 

the presence of a fragment, arthroscopic removal of Type I fragments is generally an 

effective treatment (Bramlage 2009).  In a study of arthroscopic removal of 

palmar/plantar P1 fragments, 63% (55 of 87) of racehorses returned to work at the same 

level.  Outcome was affected by the degree of concurrent pathologic change in the joint, 

with 10 of 32 (31%) of unsuccessful horses suffering articular cartilage damage and/or 

synovial proliferation.  The nine non-racehorses in the study had an excellent outcome, 

with 100% return to pre-surgical levels of work (Fortier et al 1995).  Good outcome for 

arthroscopic removal of palmar/plantar P1 fragements was reported by Whitton and 

Kannegieter (1994), with 16 of 21 (76%) of horses returning to racing, 12 of which 

performed at a higher level then pre-operatively. 
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Palmar Supracondylar Lysis 

Of 361 horses for which there were fore fetlock radiographs, Contino (2009) 

found that 47 (13.3%) had radiographic evidence of palmar supracondylar lysis (PSCL).  

Of those affected, 36 (76.6%) were classified as mild, 9 (19.1%) as moderate, and 2 

(4.3%) as severe.  Kane et al (2003a) found a lower prevalence in Thoroughbred 

yearlings, with 30 of 1127 (2.7%) reported to have mild PSCL, and 24 (2.1%) to have 

moderate to severe PSCL.  An even lower prevalence was reported in Australian 

Thoroughbred yearlings, with only 2 of 2401 (0.1%) affected.  In a retrospective study of 

340 fetlock radiographs of 262 horses, Haynes et al (1982) found that mild, moderate and 

severe PSCL in 142 (41.7%), 92 (27.1%) and 39 (11.5%) of horses respectively.  This is 

a much higher prevalence than is reported in the aforementioned radiographic repository 

studies, which is likely due to the fact that many of the horses were radiographed due to 

suspected fetlock joint disease. 

Haynes et al (1982) found that of their clinical population, Thoroughbreds were at 

greater risk of PSCL than Quarter Horses. This was attributed to the fact that racing 

Thoroughbreds have comparatively more rigorous training schedules, engage in longer 

distance competitions and undergo high velocity lead changes compared to the Quarter 

Horse population examined by the investigators.  Thoroughbred yearlings with moderate 

to severe PSCL have been shown to be significantly less likely than mildly or unaffected 

horses to start a race as 2- and 3- year-olds (Kane et al 2003a). 

 

Carpus 

Carpal radiographs were available for 342 Quarter Horses in the repository study 

by Contino (2009).  Twelve (3.5%) horses had osteophytes, 5 (41.7%) of which were 



 19

bilaterally affected. Of the 18 total carpal osteophytes, 11 (61.1%) were located on the 

dorsodistal aspect of the radial carpal bone, 5 (27.8%) were on the dorsoproximal aspect 

of the intermediate carpal bone, and 1 (5.6%) was located on each the dorsodistal 

intermediate carpal bone and dorsoproximal radial carpal bone.  Of 515 Thoroughbred 

yearlings, Howard et al (1992) reported osteophytes affected the intermediate carpal bone 

in 3 (0.3%), the radial carpal bone in 2 (0.2%) and the third carpal bone in 2 (0.2%) of 

horses.  Kane et al (2003a) found carpal osteophytes in 19 of 1130 (1.9%) of 

Thoroughbred yearlings.  Out of 2401 Australian yearling racehorses, 79 (3.3%) were 

reported to have carpal osteophytes (Jackson et al 2009).  Neither Kane et al (2003b) nor 

Jackson et al (2009) found an association between the presence of carpal osteophytes and 

reduced performance. 

 

Summary 

Radiographic repositories have become an accepted practice in the racing 

industry, and are now being utilized by other disciplines.  While the repositories are 

advantageous to the potential buyer, their usefulness is limited by the amount of 

substantiated research demonstrating the clinical significance of various radiographic 

findings.  To date, there are a limited number of studies comparing survey yearling 

radiographs to performance outcome in racehorses, and none exist for Quarter Horses.  

Due to the large amount of variability in types of radiographic lesions and 

musculoskeletal injuries sustained by horses of different breeds and different disciplines, 

the findings in racing Thoroughbreds cannot be directly applied to horses of other breeds 

and uses. Therefore, breed and discipline specific research is warranted to improve the 
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predictive accuracy of radiographic repositories.  The aim of this study is to correlate the 

radiographic changes in Quarter Horse cutting horses reported by Contino et al (2009) to 

objective performance outcome. 
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CHAPTER 2 

 

Materials and Methods 

Included Horses 

Contino et al (2009) described the radiographic findings in repository radiographs 

of 458 yearling and two-year old Quarter Horse cutting horses.  Radiographs were 

obtained from two sources:  the Western Bloodstock radiograph repository that was used 

at National Cutting Horse Association (NCHA) sales in 2005 and 2006, and from Iron 

Rose Ranch, a privately owned cutting horse farm in Carbondale, Colorado.  Included in 

the study were stifles (454 horses), tarsi (438 horses), hind fetlocks (355 horses), fore 

fetlocks (361 horses) and carpi (342 horses).    

Of the 458 horses in the study by Contino et al (2009), 436 are included in the 

follow-up data analysis.  Of the included horses, 75 were born in 2003, 141 were born in 

2004 and 220 were from the 2005 foal crop.  Twenty horses that were born in 2006 had 

radiographs described by Contino et al (2009) but were not used in this study as all 

included horses were required to have follow-up data through the end of their four-year 

old year.  Follow-up information was unavailable for the two other horses that were 

included in the work of Contino et al (2009) but not in this study.   
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Required Radiographic Projections 

 In order for radiographs to be entered into the Western Bloodstock repository, a 

minimum number of views per joint was mandated. For the fetlocks, a lateral and 

dorsopalmar (DP) view were required, with the horse standing on blocks, to allow 

visualization of the distal phalanges as well.  A single flexed lateral view of the carpus 

was required.  The tarsal views included a DP, lateral, dorsolateral-palmaromedial 

oblique (DLPMO), and dorsomedial-palmarolateral oblique (DMPLO), and the required 

stifle projections were a cranio-caudal (CC) and a caudal 30˚lateral-craniomedial oblique.  

In their radiographic analysis, Contino et al (2009) excluded fetlocks without a LM view, 

stifles without a CC view, and tarsi without a DMPLO and at least three views.  If an 

abnormality was questionable due to poor radiographic positioning or technique, it was 

assigned a lower grade, and, likewise, if an anatomic area could not be sufficiently 

evaluated, a grade was not assigned.  

 

Follow-up Parameters 

Follow-up data were obtained via performance records obtained from the NCHA 

as well as mailed questionnaires and phone calls to owners.  Outcome parameters were as 

follows: 1) did the horse earn money in a cutting competition, yes or no?  If so, how 

much? 2) Did the horse compete in a cutting competition, yes or no?  3) If the horse did 

not compete, why not?  Earnings were calculated from records provided by the NCHA, 

and the amount of money earned in the three year old and four year old years was 

recorded.   Earnings data for NCHA sanctioned events through the end of the four year-

old year were available for all horses included in the study.  For all horses that did not 
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earn money, attempts were made to contact the owner via phone and/or mailed 

questionnaires to find out why not. Some horses had competed but did not earn money.  

Reasons for not competing included lameness, non-lameness related medical reasons 

(such as colic surgery), lack of talent, trained for other use, or still in training.   

With a few exceptions, radiographic changes that affected less than 5% of horses 

in the study by Contino et al were not included in the current follow-up analysis due to 

the prospect of a lack of meaningful data.  In some cases, however, changes with a 

prevalence less than 5% were included, due to the particular clinical interest in the 

radiographic abnormality.  In such cases, only frequency analysis was performed as there 

was not a sufficient number of horses affected to allow for reasonable analysis of 

statistical significance. For the rest of the included radiographic lesions, complete 

statistical analysis performed.  When evaluating the association between radiographic 

lesions and outcome parameters, lesions were generally examined individually, with the 

exception of several combined lesions in the distal tarsus.  No statistical analysis was 

performed of combined lesions in multiple different joints; however, the effect of 

bilateral versus unilateral lesions was examined.  The following are included lesions as 

described by Contino et al.: 

Lesions of the Stifle 

 Within the stifle, the presence of changes of the medial femoral condyle (MFC) 

and lateral trochlear ridge (LTR) were included in the analysis.  The grading system used 

by Contino et al  to describe changes of the MFC was as follows: A grade 0 represented a 

normal MFC, which is continuously convex in contour;  grade 1 described a flattened 

contour but  no radiographic evidence of changes in the subchondral bone;  grade 2 
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indicated subchondral bone sclerosis and/or defects in the subchondral bone that did not 

extend all the way through the subchondral bone plate; grade 3 applied to defects that 

extended through the subchondral bone such as wide, shallow subchondral lucencies;  

grade 4 described a well defined round or oval radiolucent area in the middle of the MFC 

that extended to and communicated with the femorotibial joint (Figure 1). Because grade 

1 changes of the MFC are considered by some to be a normal variant, the changes of the 

MFC were also analyzed with grade 1 changes classified with grade 0 as normal. The 

LTR was grades on a scale of 1-3.  Grade 1 represented flattening, grade 2 a concavity 

without a fragment, and grade 3 a fragment with an associated bone defect.  

Lesions of the Tarsus 

Included lesions of tarsocrural joint were changes of the distal intermediate ridge 

of the tibia (DIRT). Lesions of the DIRT were graded on a scale of 1 to 3, with grade 1 

representing flattening, grade 2 a defect, and grade 3 a separate osseous fragment.   

Within the distal tarsus, the presence of osteophytes, lysis or sclerosis of the distal 

tarsal bones, both by location and highest grade was examined. Additionally, the 

combined effect of osteophytes and lysis and osteophytes and sclerosis of the distal tarsal 

bones was analyzed.  Osteophytes were ranked from 0-4, corresponding to none, very 

small, small, medium and large (Figure 2).  Lysis and sclerosis were also graded on a 

scale of 0-4, ranging from none to severe.  Malformation of the third and central tarsal 

bones, which was graded on a scale of 0-2, was also included. 
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 Lesions of the Fetlock 

In the hind fetlock, presence of dorsal and plantar first phalanx (P1) fragments 

and changes to the sagittal ridge of MTIII were examined.  In the fore fetlock, the 

presence of dorsal P1 fragments, changes in the sagittal ridge of MCIII, palmar 

supracondylar lysis of MCIII and osteophytes of the proximal sesamoid bones were 

included in the analysis.  Fragments were categorized as present or absent.  Changes to 

the sagittal ridge of MC/MTIII were assigned a grade 1 for smooth flattening, grade 2 for 

a radiolucent defect, and grade 3 for a defect and associated fragmentation.  Palmar 

supracondylar lysis was categorized as mild, moderate or severe.  

Osteophytes of both fore and hind second phalanges (P2) were examined, as was 

thickening of the dorsal cortex of the hind P2 (Figure 3).  The degree of thickening was 

graded as mild, moderate or severe.   If the dorsal border was irregular, a minimum of a 

grade 2 was applied.   

Lesions of the Carpus 

 The only lesion of the carpus included in the analysis was the presence of 

osteophytes, graded present or absent.  

  

Data Analysis 

Data was analyzed using Statistical Analysis Systems (SAS 9.2) software.  

Logistic regression analysis (PROC GENMOD) was performed when the outcome 

variable was binary to generate odds-ratios and 95% confidence intervals.   Included in 

this analysis was the probability of competing based on the grade of lesion, probability of 
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competing based on bilateral versus unilateral lesions, and probability of earning money 

as a three year old, four year old, and three and four year old years combined.   

A linear regression analysis was used to evaluate the continuous variable outcome 

of amount of money earned as a three year old, four year old and three and four year old 

years combined.  The data were normalized using a log10 transformation.  Type 3 p-

values were generated to examine the overall group effect.  Individual p-values and 95% 

confidence intervals were generated to examine the significance of an individual grade of 

lesion relative to no lesion.  For both logistic and linear regression analysis, a cut-off p-

value of 0.05 was used to determine statistical significance.   
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Figure 1. Caudocranial radiographic views of the femorotibial joint. Upper left: The 
contour of the medial femoral condyle (MFC) is flat (Grade 1). Upper right: There is a 
small defect in the articular surface, but it does not extend through the subchondral bone 
plate (Grade 2). Lower left: A shallow, crescent-shaped lucency extends through the 
subchondral bone in the MFC (Grade 3). Lower right: A well defined subchondral bone 
cyst that communicates with the articular surface is seen in the MFC (Grade 4). (Courtesy 
of Erin Contino). 
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Figure  2. Tarsal osteophytes. Upper left: A very small (grade 1) osteophyte can be seen 
extending from the lateral aspect of central tarsal bone (TC) into the distal intertarsal (DIT) joint. 
Upper right: The proximal dorsal aspect of the 3rd metatarsal bone (MTIII) has a small (grade 2) 
osteophyte associated with the tarsometatarsal (TMT) joint. Lower left: The distal medial aspect 
of TC has a medium sized (grade 3) osteophyte extending into the DIT joint. Lower right: There 
is a large, (grade 4) osteophyte on the proximal dorsal aspect of MTIII associated with the TMT 
joint. (Courtesy of Erin Contino). 
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Figure 3: The proximal aspect of the dorsal cortex of the middle phalanx (P2) is 
thickened but smooth representing grade 1 dorsal P2 thickening. (Courtesy of Erin 
Contino).  
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CHAPTER 3 

 

Results 

 Various radiographic changes of the tarsus were associated with changes in 

performance outcome parameters (Tables 1 – 6).  No radiographic changes in the stifle 

were significantly associated with any outcome parameter (Tables 7 & 8).  Radiographic 

changes of the hind (Tables 9 & 10) and fore (Tables 11 & 12) fetlocks had some 

association with performance outcome, but were limited by a relatively small number of 

horses affected.  There was an insufficient number of horses with radiographic changes of 

the carpus for meaningful statistical analysis (Tables 7 & 8).   

 

Radiographic Changes Significantly Associated with Likelihood of Competing in 

Cutting Competitions 

 While earnings data were available for all horses in the follow-up analysis, 

competition data could not be obtained for all horses, thus the total numbers in this 

category are lower than that of the earnings category.   

 Factors significantly associated with a decreased chance of competing were grade 

3 osteophytes of the central tarsal bone of the distal intertarsal (DIT) joint (6 of 347 

horses affected, 5 of 6 didn’t compete, OR 0.07, CI 0.01 – 0.57, p = 0.01) and grade 2 

osteophytes of the third tarsal bone of the DIT (8 of 347 horses affected, 5 of 8 didn’t 

compete, OR 0.19, CI 0.05 – 0.83, p = 0.03).  When the highest grade osteophyte for the 
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distal tarsus was a grade 2, which affected 71 out of 347 horses, 25 of which didn’t 

compete, there was also a decreased likelihood of competing (OR 0.50, CI 0.27 – 0.91, p 

= 0.02) (Table 1).  Likewise, when the combination of osteophytes and sclerosis of the 

distal tarsal bones was examined, grade 2 lesions were significantly associated with lower 

likelihood of competing (71 of 347 horses affected, 25 of 71 didn’t compete, OR 0.49, CI 

0.27 – 0.89, p = 0.02) (Table 3). Sclerosis alone was not associated with decreased 

chance of competing 

  

 

Radiographic Changes Significantly Associated with Likelihood of Earning Money in 

Cutting Competitions 

Likelihood of Earning Money as a Three Year Old 

 Grade 3 changes of DIRT were recorded in nine of 418 horses for which this 

information was available. Of these, five horses earned money as a three year old.  The 

likelihood of a horse with a grade 3 DIRT lesion earning money is greater than that of a 

horse with no lesion (OR 3.97, CI 1.04 – 115.11, p = 0.04) (Table 1).   Grade 2 bony 

proliferation on the dorsal cortex of the hind second phalanx, which was recorded in six 

of 344 horses, was also associated with an increased likelihood of earning money as a 

three year old (2 of 4 horses didn’t earn money, OR 7.36, CI 1.32 – 41.13, p = 0.02) 

(Table 9).  No radiographic lesions were associated with a decreased likelihood of 

earning money as a three year old.   
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Likelihood of Earning Money as a Four Year Old 

 In the tarsometatarsal joint (TMT), grade 2 osteophytes of the third tarsal bone, 

affecting 22 of 418 horses, 16 of which did not compete, were associated with a 

decreased chance of earning money as a four year old (OR 0.37, CI 0.14 – 0.96, p = 

0.04).  Additionally, when the overall highest grade osteophyte affecting the distal tarsus 

was a grade 2, affecting 81 of 418 horses, 50 of which did not compete, there was lower 

chance of earning money compared to horses with no recorded osteophytes (OR 0.50, CI 

0.30 – 0.84, p = 0.01) (Table 1).  When the combined highest grade of osteophytes and 

sclerosis of the distal tarsal bones were examined together, four year old horses with 

grade 1 (83 of 418 horses, 48 of 83 didn’t earn money) and grade 2 changes (81 of 418 

horses affected, 51 didn’t earn money), had a lower likelihood of earning money (OR 

0.59, CI 0.35-0.98, p=0.04 and OR 0.48, CI 0.28-0.80, p = 0.01, respectively) (Table 3).  

Highest grade of sclerosis alone, however, did not affect a four year old horse’s chance of 

earning money.   

Two different radiographic changes of hind P2 were associated with an increased 

likelihood of earning money as a four year old:  Grade 1 thickening of the dorsal cortex 

of hind P2 (38 of 344 horses affected, 12 of 38 didn’t earn money, OR 2.69, CI 1.31 – 

5.54, p = 0.01); and the presence of osteophytes on hind P2 (44 of 344 horses, 15 of 44 

didn’t earn money, OR 2.40, CI 1.23 – 4.65, p = 0.01) (Table 9).   
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Likelihood of Earning Money as both a Three and Four Year Old 

 Similar to what was seen in four year olds alone, radiographic changes that were 

associated with a decreased chance of earning money in the three and four year old years 

combined were grade 2 osteophytes affecting the third tarsal bone of the TMT (22 of 418 

horses, 15 of 22 didn’t earn money, OR 0.38, CI 0.15-0.95, p = 0.04), and an overall 

highest grade osteophyte of the distal tarsus of grade 2 (81 of 418 horses affected, 47 of 

81 didn’t earn money, OR 0.51, CI 0.31- 0.86, p = 0.01) (Table 1).  Likewise, when the 

combined highest grade of osteophytes and sclerosis of the distal tarsal bones were 

examined together, grade 2 changes were associated with a decreased likelihood of 

earning money (47 of 81 didn’t earn money, OR 0.49, CI 0.29-0.83, p < 0.01) (Table 3).  

 Increased likelihood of earning money as a three and four year old was associated 

with the same factors as that of chance of earning money as a four year old.  Grade 1 

thickening of the dorsal cortex of hind P2 (38 of 344 horses, 12 of 38 didn’t win money, 

OR 2.26, CI 1.10 – 4.64, p = 0.03) was significant, as well as the presence of hind P2 

osteophytes (44 of 344 horses, 15 of 44 didn’t earn money, OR 2.40, CI 1.23 – 4.65, p = 

0.01) (Table 9).   

 

Radiographic Changes Significantly Associated with Amount of Money Earned in 

Cutting Competitions 

 

Amount of Money Earned as a Three Year Old 

 When the highest grade of osteophyte affecting all the distal tarsal bones was a 

grade 2, horses were also less likely to earn as much money as three year olds (17 of 104 
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horses, CI -0.84 – -0.10, p = 0.01). Horses with grade 2 osteophytes of the third tarsal 

bone affecting the DIT were significantly less likely to earn as much money as horses 

without osteophytes (1 of 104 horses, CI -3.18 – -0.49, p = 0.01) (Table 4).  Grade 2 

sclerosis of the central tarsal bone was also found to be significant (1 of 104 horses, CI -

3.16 – -0.48, p = 0.01) (Table 6).  However, both these categories only contained one 

horse, resulting in little statistical value to this finding. Grade 3 lysis affecting the central 

tarsal bone and third tarsal bone at the DIT (3 of 104 horses, CI -1.68 – -0.11, p = 0.03 

for both), and an overall highest grade of grade 3 lysis affecting the distal tarsal bones (3 

of 104, CI -1.69 – -0.11, p = 0.03) were all significantly associated with decreased 

earnings (Table 5).  When osteophytes and sclerosis of the distal tarsus were examined 

together, grade 2 changes were significant (17 of 104 horses, CI -0.81 – -0.07, p = 0.02) 

(Table 6).    

 Greater mean earnings as a three year old were seen in horses with grade 2 

thickening of hind P2 relative to horses with no changes (4 of 77 horses, CI -1.65 – -0.44, 

p < 0.001) (Table 10). 

 

 

Amount of Money Earned as a Four Year Old 

  The presence of grade 1 osteophytes on the central tarsal bone of the DIT was 

associated with lower average earnings in four year old horses (13 of 203 horses, CI -0.84 

– -0.01, p = 0.04).  Grade 2 osteophytes on the proximodorsal MTIII at the level of the 

TMT were seen with decreased mean earnings (19 of 203 horses, CI -0.81 – -0.10, p = 

0.01) (Table 4).  Lysis of the central tarsal bone at the level of the DIT was more likely to 
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be associated with reduced earnings if the horse was affected unilaterally (14 horses) 

versus bilaterally (10 horses) (CI 0.04 – 2.18, p = 0.04).  Grade 1 lysis of the third tarsal 

bone at the DIT was also seen with lower amounts of money earned (5 of 203, CI -1.37 – 

-0.06, p = 0.03).  Similarly, when the highest grade of lysis in the distal tarsus was grade 

1, lower earnings were seen in four year olds (10 of 203 horses, CI -1.09 – -0.15, p < 

0.01) , and when osteophytes and lysis were examined in combination, both grade 1 (37 

of 203 horses) and grade 2 lesions (36 horses) were associated with lower earnings (CI -

0.62 – -0.08, p = 0.01 and CI -0.57 – -0.02, p = 0.04, respectively) (Table 5).  Another 

significant radiographic finding was grade 2 palmar supracondylar lysis (PSCL) (5 of 163 

horses, CI -1.35 – -0.04, p = 0.04) (Table 11). 

 

Amount of Money Earned as a Three and Four Year Old 

 As was seen in four year olds, grade 2 osteophytes on the proximodorsal MTIII, at 

the level of the TMT also associated with decreased mean earnings (20 of 224 horses, CI 

-0.81 – -0.10, p = 0.01) in the three and four year old years combined.  Similar to three 

year olds, when the highest grade of osteophyte in the distal tarsus was grade 2, mean 

earnings were lower (34 of 224 horses, CI -0.58 – -0.00, p = 0.05) (Table 4).  When 

osteophytes and sclerosis of the distal tarsus were examined together, grade 2 changes 

were significant (34 of 224, CI -0.59 – -0.01, p = 0.05) (Table 6).  Lysis of the distal 

tarsal bones unilaterally affected 22 horses, and bilaterally affected 15 horses. When lysis 

within the distal tarsus was bilateral, horses were more likely to earn money in their three 

and four year old years than horses with unilateral lysis (CI 0.01 – 1.77, p = 0.05) (Table 
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5).  Changes to the proximal sagittal ridge of MTIII, when categorized as grade 2, were 

significant (5 of 176 horses, CI -1.39 – -0.03, p = 0.04) (Table 10). 

 

Radiographic Changes Not Associated with a Performance Outcome 

 No radiographic changes of the MFC of the stifle were significantly associated 

with performance outcomes.  This was the case both when grade 1 changes were 

considered a lesion, and when grade 1 changes were classified as normal and added to the 

grade 0 category.  (There was very little difference between the any of the MFC results 

either way that grade 1 was categorized; therefore to avoid redundancy, the results 

reported are for when grade 1 was included as a lesion, unless otherwise noted.)   

When examining changes of the MFC relative to the likelihood of competing, 

grade 1 (OR 0.89, CI 0.49 – 1.62, p = 0.70), grade 2 (OR 1.07, CI 0.43 – 2.63, p = 0.88) 

and grade 3 (OR 0.59, CI 0.23 – 1.46, p = 0.25) were all insignificant.  There was a trend 

for horses with grade 4 lesions of the MFC to be less likely to compete, both in the 

analyses when grade 1 was included as lesion (21 of 358 horses, OR 0.42, CI 0.17 – 1.05, 

p = 0.06) and when grade 1 changes were considered normal (OR 0.43, CI 0.17 – 1.06, p 

= 0.07).  Relative to the likelihood of earning money as a three year old, four year old and 

three and four year old, grade 1 (OR 1.37, CI 0.81 – 2.33, p = 0.24; OR 1.03, CI 0.64 – 

1.66, p = 0.90; and OR 1.10, CI 0.63 – 1.63, p = 0.96, respectively), grade 2 (OR 0.59, CI 

0.23 – 1.47, p = 0.26; OR 0.60, 0.30 – 1.22, p = 0.16; and OR 0.66, CI 0.33 – 1.31, p = 

0.23, respectively), grade 3 (OR 0.52, CI 0.17 – 1.56, p = 0.25; OR 0.67, CI 0.30 – 1.48, 

p = 0.32; and OR 0.53, CI 0.24 – 1.17, p = 0.11 respectively) and grade 4 (OR 1.46, CI 

0.57 – 3.75, p = 0.43; OR 1.24, CI 0.52 – 2.97, p = 0.63; and OR 0.98, CI 0.41 – 2.34, p = 
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0.96 respectively), were all insignificant (Table 7).  Similarly, when the average amount 

of money earned as a three year old, four year old and three and four year old was 

examined, no significant relationship was seen with grade 1 (CI -0.36 – 0.26, p = 0.75; CI 

-0.38 – 0.12, p = 0.32; and CI -0.33 – -0.16, p = 0.51, respectively), grade 2 (CI -.80 – 

0.36, p = 0.46; CI -0.66 – 0.15, p = 0.22, and CI -0.72 – 0.05, p = 0.08, respectively), 

grade 3 (CI -0.57 – 0.83, p = 0.71; CI -0.55 – 0.37, p = 0.70 and CI -0.48 – 0.46, p = 0.96, 

respectively) or grade 4 lesions (CI -0.24 – 0.84, p = 0.28; CI -0.43 – 0.45, p = 0.95 and 

CI -0.17 – 0.73, p = 0.22 respectively) (Table 8). 

 In the distal tarsus, neither lysis nor sclerosis alone had a significant relationship 

between the likelihood of competing or the likelihood of earning money (Tables 2 and 3), 

although, as mentioned above, both did have some significant relationships to the average 

amount of money earned (Tables 5 and 6). Lysis of the third tarsal bone at the level of the 

TMT and tarsal bone malformation were not significant for any outcome parameter.  

However, both these categories had relatively low numbers, making the results somewhat 

less conclusive.  In the fore fetlock, changes to the sagittal ridge (SR) of MCIII were not 

shown to be associated with performance outcome (Tables 11 and 12).  

 The effect of bilateral versus unilateral lesions was assessed for all included 

radiographic changes.  There was a trend (p = 0.06) for horses with bilateral osteophytes 

(10 horses) of the third tarsal bone at the TMT to earn less money as three year olds and 

as three and four year olds, when compared to horses that had unilateral lesions (47 

horses). There was also a trend (p = 0.08) for horses with bilateral osteophytes of MTIII 

(17 horses) at the TMT to be more likely to compete than horses with unilateral lesions 

(65 horses).  Other than the previously mentioned unilateral lysis of the central tarsal 
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bone at the DIT associated with lower average earnings as a four year old, and presence 

of unilateral lysis in the distal tarsus associated with lower average earning of the three 

and four year old years combined (when compared to horses with bilateral lesions), no 

difference in performance outcome was seen with unilateral versus bilateral radiographic 

changes.   

 

Radiographic Changes with Insufficient Numbers with which to Draw Conclusions 

 Changes to the lateral trochlear ridge of the femur (8 horses, tables 7 and 8), 

presence of osteophytes in the proximal intertarsal (PIT) joint (one horse), and carpal 

osteophytes (12 horses, tables 7 and 8) all affected a very low number of horses. 

Likewise, plantar (9 horses) and dorsal (4 horses) hind P1 fragments (tables 9 and 10), 

dorsal fore P1 fragments (2 horses), osteophytes of the proximal sesamoid bones of the 

fore fetlock (7 horses), and osteophytes of fore P2 (9 horses) (tables 11 and 12), all had 

insufficient data to render a meaningful statistical analysis.  

 

Reasons for Not Competing 

 Of the 436 horses included in the study, 235 horses earned money.  For the 201 

horses that did not earn money, follow up data via questionnaire or phone call was 

obtained on 127 horses (63%).  Out of these 127 horses for which follow up information 

was available, 93 did not compete.  Of those 93, lameness was the reported cause for not 

competing in 22 of the horses (24%).  Lameness referable to the stifle was reported in six 

horses, both hocks and stifles in two horses, hocks alone in two horses, forelimb 

suspensory desmitis in one horse, hock pain and forelimb suspensory desmitis in one 
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horse, hind limb suspensory desmitis in two horses, one horse had lameness associated 

with the carpus, one horse fractured a sesamoid bone in the left fore fetlock, shoulder 

injuries were reported in two horses and one horse had reported back and hip pain.  Foot 

pain was responsible for lameness in one horse, one horse was in an accident and the 

cause of lameness was not determined in one horse.  Other reported reasons that horses 

did not compete included: lack of talent (12 horses), medical causes unrelated to 

lameness (11 horses), used for other disciplines (22 horses), still in training (9 horses), 

and miscellaneous other reasons such as financial limitations or disagreements with 

trainers.   
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Table 1: Changes of the tarsocrural joint and osteophytes of the distal tarsus relative to 
likelihood of competing and earning money.  Total number of horses in the “compete” 
category is 347, for the “earn money” category is out of 418 horses. 
 
 

 
 

Legend: DIRT: distal intermediate ridge of the tibia; TC: central tarsal bone; T3: third tarsal bone; OP: 
osteophytes; MT: third metatarsal bone; DT OP high: highest grade of osteophytes in the distal tarsal joints 
 
Note: While all osteophytes were graded on a scale of 0-4, if no horses had changes in a certain category, that 
category is not included in the table (eg grade 4 osteophytes of T3). 



 41

Table 2: Lysis in the distal tarsus relative to likelihood of competing and earning money.  
Total number of horses in the “compete” category is 347, for the “earn money” category is 
out of 418 horses. 

 
 
 Legend: TC: central tarsal bone; T3: third tarsal bone; OP: osteophytes;  MT: third metatarsal bone; DT lysis high: 

highest grade of lysis in the distal tarsal joints; DT OP lysis: highest combined grade of lysis and osteophytes in the distal 
tarsal joints 
Note: While all lysis was graded on a scale of 0-3, if no horses had changes in a certain category, that category is not 
included in the table. 
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Table 3: Sclerosis and cuboidal bone malformation in the distal tarsus relative to likelihood 
of competing and earning money.  Total number of horses in the “compete” category is 347, 
for the “earn money” category is out of 418 horses. 
 

 
 
 
 
 
 
 
 
 

Legend: TC: central tarsal bone; T3: third tarsal bone; OP: osteophytes; Sclerosis High: highest grade of sclerosis  in 
the distal tarsal joints; Sclerosis OP: highest combined grade of sclerosis and osteophytes in the distal tarsal joints, DT 
bone malformation: distal tarsal cuboidal bone malformation 
  
Note: While all sclerosis was graded on a scale of 0-3, if no horses had changes in a certain category, that category is 
not included in the table. 
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Table 4: Changes of the tarsocrural joint and osteophytes of the distal tarsus relative to 
average amount of money earned.  

 
 
 
 
 
 
 
 
 
 
 
 

Legend: DIRT: distal intermediate ridge of the tibia; TC: central tarsal bone; T3: third tarsal bone; OP: osteophytes; 
MT: third metatarsal bone; DT OP high: highest grade of osteophytes in the distal tarsal joints 
 
Note: While all osteophytes were graded on a scale of 0-4, if no horses had changes in a certain category, that category is 
not included in the table (eg grade 4 osteophytes of T3). 
 
* Statistical analysis of earnings performed and reported on a log10 scale in order to normalize data. 
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Table 5: Lysis in the distal tarsus relative to average amount of money earned 
 

 
 
 
 
 
 
 
 
 
 
 
 

Legend: TC: central tarsal bone; T3: third tarsal bone; OP: osteophytes;  MT: third metatarsal bone; DT lysis high: 
highest grade of lysis in the distal tarsal joints; DT OP lysis: highest combined grade of lysis and osteophytes in the 
distal tarsal joints 
 
Note: While all lysis was graded on a scale of 0-3, if no horses had changes in a certain category, that category is not 
included in the table. 
 
* Statistical analysis of earnings performed and reported on a log10 scale in order to normalize data. 
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Table 6: Sclerosis and cuboidal bone malformation in the distal tarsus relative to average 
amount of money earned 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Legend: TC: central tarsal bone; T3: third tarsal bone; OP: osteophytes; Sclerosis High: highest grade of sclerosis  in 
the distal tarsal joints; Sclerosis OP: highest combined grade of sclerosis and osteophytes in the distal tarsal joints, DT 
bone malformation: distal tarsal cuboidal bone malformation 
  
Note: While all sclerosis was graded on a scale of 0-3, if no horses had changes in a certain category, that category is not 
included in the table. 
 
* Statistical analysis of earnings performed and reported on a log10 scale in order to normalize data. 
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Table 7: Radiographic changes to the stifle and carpus relative to likelihood of competing 
and earning money. 
 

 
Table 8: Radiographic changes to the stifle and carpus relative to the average amount of 
money earned. 

 
 
 
 
Table 9: Radiographic changes to the hind fetlock relative to likelihood of competing and 
earning money.  Total number of horses in the “compete” category is 282, for the “earn 
money” category is out of 344 horses 

Legend: MFC: medial femoral condyle; LTR: lateral trochlear ridge 
  
* Statistical analysis of earnings performed and reported on a log10 scale in order to normalize data. 
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Table 9: Radiographic changes to the hind fetlock relative to likelihood of competing and 
earning money.  Total number of horses in the “compete” category is 282, for the “earn 
money” category is out of 344 horses. 

 
Table 10: Radiographic changes to the hind fetlock relative to average amount of money 
earned. 

* Statistical analysis of earnings performed and reported on a log10 scale in order to normalize data. 
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Table 11: Radiographic changes to the fore fetlock relative to likelihood of competing and 
earning money.  Total number of horses in the “compete” category is 282, for the “earn 
money” category is out of 344 horses. 
 

 
 
Table 12: Radiographic changes to the fore fetlock relative to average amount of money 
earned. 
 

 
 
 * Statistical analysis of earnings performed and reported on a log10 scale in order to normalize data. 
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CHAPTER 4 

Discussion 

 Changes to the distal tarsus, osteophytosis in particular, was the most frequent 

radiographic change associated performance outcome. When examining the DIT and 

TMT combined, grade 2 (small) osteophytes of the distal tarsus, were associated with a 

decreased likelihood of competing, decreased chance of earning money as a four year old 

and as a three and four year old combined, and a lower average earnings as a three year 

old and as a three and four year old combined.  When osteophytes and sclerosis were 

examined together, grade 2 changes were also significant, associated with the likelihood 

of competing, earning money as a four year old and the amount of money earned as a 

three and four year old.  Another interesting finding was that grade 2 osteophytes of the 

proximal MTIII were associated with decreased amount of money earned as four year old 

and as three and four year olds combined.   

In a study of yearling Thoroughbreds, Kane et al (2003b) found that 

osteophytes/enthesophytes of the DIT and TMT were significantly associated with a 

decreased likelihood of starting a race.  Of 193 horses with osteophytes/enthesophytes of 

the distal tarsus, 147 (76%), started a race, while 753 of 908 horses (83%) without these 

changes started a race (p = 0.03). Other radiographic survey studies have not found 

osteophytosis of the distal tarsal joints to be significantly associated with performance 

outcome (Robert et al 2006, Jackson et al 2009).  In a study of 91 horses with tarsal 



 50

lameness, Byam-Cook and Singer (2009) found no association between radiographic 

changes of distal tarsal joints and degree or duration of lameness.   

While small osteophytes of the distal tarsus are often regarded as having dubious 

clinical significance, including by the authors of this study, the findings of this research 

call that into question.  More research with greater numbers of horses is warranted for 

further evaluation of the association of osteophytosis of the distal tarsus and performance.  

Advanced imaging such as MRI could also be of value, allowing visualization of more 

subtle changes to the bone and cartilage that may co-exist with small osteophytes.  The 

fact that medium and large osteophytes were not found to be significantly associated with 

performance could be due in part to the low numbers of horses in these categories or may 

represent a different stage or manifestation of tarsal disease, again emphasizing the need 

for further research.   

An increased likelihood of earning money was seen with osteophytosis and bony 

proliferation of hind P2. Contino et al described thickening of the dorsal cortex of hind 

P2 that had not been reported in the past, and speculated that it could be the result of the 

stresses placed on the hind limbs when horses are pivoting on the hind feet, performing 

cutting type movements.  These movements can be observed even in very young cutting 

horses that are not yet in training.  It is possible that horses that are more likely to be 

performing this type of movement, even without training, are naturally more talented, 

resulting in a greater likelihood of earning money.  The relationship of the presence of 

hind P2 osteophytes and improved performance outcome could be explained along the 

same lines – horses that most frequently perform cutting type motions may be more likely 

to develop osteophytes secondary to stress placed on the pastern joint, and these same 
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horses may be working harder or be independently performing more cutting type motions 

than horses without these changes.  

Fragmentation of the distal intermediate ridge of the tibia was associated with a 

greater likelihood of earning money as a three year old.  A relatively small number of 

horses were affected, which limits the statistical strength of this observation.  Other 

studies looking at the effect of tarsocrural OCD in racehorses have had mixed outcomes. 

No effect on performance in Thoroughbreds or French Trotters was found by Kane et al 

2003b or Robert et al 2006, respectively.  Decreased earnings and fewer starts were 

found in Norwegian Trotters by Grondhal and Engeland (1995).  Conversely, Torre and 

Motta (2000) found that Italian Standardbred yearlings with radiographic changes, 

including tarsocrural OCD, had greater earnings and more wins than non-affected horses.   

Grade 2 (moderate) palmar supracondylar lysis was associated with a decreased 

mean earning potential as a four year old.  However, this finding affected only a small 

number of horses, limiting the conclusions that can be drawn from this finding.  Kane et 

al (2003b) found that moderate to extreme palmar supracondylar lysis in yearling 

Thoroughbreds was significantly associated with a decreased chance of starting a race as 

a two or three year old.  Palmar supracondylar lysis is described as bone loss of the distal 

metacarpal bone at the level of the palmar joint pouch due to chronic inflammation, 

usually secondary to chronic osteoarthritis (Pool 1996).  Thus, it is possible that chronic 

inflammation and osteoarthritic changes of the fetlock joint contribute to the affected 

horses’ decreased earnings.  However, as the number affected is relatively low, further 

investigation would be warranted to confirm this finding.   
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Decreased mean earnings in three and four year old years combined was seen in 

cases of grade 2 lesions of the proximal SR of MTIII.  Again, only a low number of 

horses were affected (5 of 176), limiting the statistical inferences.  Other radiographic 

surveys have had variable findings.  Jackson et al (2009) found that defects greater than 

10mm in length in the SR of MTIII were associated with decreased likelihood of starting 

a race, fewer starts, decreased chance of earning money and less total prize money than 

unaffected horses.  Cohen et al (2006) found a significant relationship between lesions of 

the proximal SR and sales price, but no relationship to performance outcome.  Kane et al 

(2003b) found no relationship between abnormalities of the proximal SR and 

performance in Thoroughbred yearlings.  However, grade 2 and 3 OCD of the fetlock has 

been considered by some to have a less favorable prognosis than other forms of OCD, 

with only a reported 57% success rate following surgery. Prognosis is influenced by 

confluent lesions such as articular cartilage damage and subchondral defects (McIlwraith 

and Vorhees 1990).  Like the other findings with a relatively low number of horses 

affected, further investigations are indicated for better evaluation of this outcome.  

Bilateral versus unilateral radiographic lesions generally were not associated with 

a significantly different outcome.  However, in the cases where there was a significant 

difference, or a trend towards a difference, horses with bilateral lesions tended to have 

better performance outcomes than horses with unilateral lesions.  A potential explanation 

for this finding could be that horses that have bilateral changes may be load-bearing and 

working more symmetrically than horses with unilateral lesions.   

Interestingly, although lameness referable to the stifle, particularly the MFC, is a 

major concern of the cutting horse industry, no radiographic changes of the MFC were 
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significantly associated with performance outcome.  However, a shortcoming of this 

study is that lameness was not an outcome variable that was thoroughly examined.  While 

an attempt was made to contact the owners of horses that did not earn money to find out 

why, few outcome parameters were captured on horses that earned money.  Thus it is 

possible that there are horses with stifle lesions that were able to compete and earn 

money, yet still suffered from lameness.  Obtaining records of individual horses’ medical 

history may be of limited value as it is not uncommon for cutting horses to have hock and 

stifle injections without full lameness work-ups.  

In summary, this study identified several radiographic changes associated with 

decreased performance outcome in cutting horses, with grade 2 osteophytes of the distal 

tarsus being the one change that was significantly associated with all outcome 

parameters.  It is well accepted that tarsal disease is a common problem in cutting horses, 

and these results suggest that even mild changes may affect performance.  Further 

research that included regular lameness evaluations and monitoring of joint medication 

would be useful to compare radiographic changes to lameness.  In addition, studies that 

follow horses beyond their four year old year may help shed light on which radiographic 

changes may not affect performance in the short term but could affect the longevity of 

these horses’ careers. For the welfare of the horse and the cutting industry, an objective 

understanding of the significance of particular radiographic findings is needed, and this 

study is an important first step in obtaining that goal.   
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