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How to avoid injury



Evidence-based

• Medicine
• Design
• Management
• Policy
• …..

• Training
– Not undertaken on a population level in human athletes
– We have a lot of evidence from equine athletes



Why do we need evidence?

• “We need the whips for safety's sake”

• “..In fact, nothing could be further from the truth, 
because far more accidents are CAUSED by whips 
than are ever averted by whips”.

• Is there any evidence in support of this statement?
• Do we have evidence against it?



Peer reviewed scientific evidence

• “..jockeys were less likely to use the 
whip on case horses..”

– Cohen et al. (1997) Racing-related factors and results of pre-race 
physical inspection and their association with musc uloskeletal 
injuries incurred in thoroughbreds during races. J Am Vet Med. Assoc. 
211, 454-463.

• “..use of the whip was not associated 
with fracture..”

– Parkin et al. (2006) Analysis of horse race videos to identify intra-rac e 
risk factors for fatal distal limb fracture. Prev Vet Med 74: 44-55.



Semantics & Causality

• “..far more accidents are CAUSED by whips than are ever 
averted by whips..” unsubstantiated statement

• “..use of the whip was not ASSOCIATED with fracture..” peer 
reviewed scientific result

• “..case horses were more likely to be encouraged in the final 10 
seconds before fracture..”

• Horses slowing down (potentially due to discomfort) during a 
race are more likely to be encouraged
– Discomfort may be a pre-cursor to musculoskeletal injury 



Confounding & multivariable analyses
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How not to train sports horses

• Racehorses
– When should training commence?
– How much should a horse train per week?
– On what surfaces should a horse train?
– How (when) to return from a “lay-up” period?

• Work in other sports horses
– Show-jumpers
– Dressage horses



When should training commence?

• Anecdote / “hypothesis”
– Racing as a two-year old is 

detrimental

• Two-year-old horses
– The RSPCA is opposed to the 

racing of immature horses and 
supports the requirement that 
veterinary certification 
verifying that the animal has 
matured satisfactorily be 
received to permit training to 
commence



When should training commence? - evidence

• Bailey et al (1999) Factors associated with time until first race and career 
duration for Thoroughbred racehorses. Am. J. Vet. Res. 60, 1196-1200.

• Wood et al. (2001) Modelling a retrospective study of death on 
racecourses. Proc. Soc. Vet. Epidemiology Prev. Med. pp115-26

• Wood et al. (2002) Towards Better Welfare of Racehorses (RSPCA funded 
project)

• Parkin et al. (2005) Risk factors for fatal lateral condylar fracture of the third 
metacarpus/metatarsus in UK racing. Equine Vet. J. 37, 192-9

• Firth et al. (2005) Series of papers in N. Z. Vet. J.

• Smith et al. (2002) The influence of ageing and exercise on tendon growth 
and degeneration – hypotheses for the initiation and prevention of strain-
induced tendinopathies. Comp. Biochem. Phys Part A. 133, 1039-50



When should training commence? – Bailey et al.

• Horses that started racing as 2-year-olds had more 
career starts and raced for a greater number of 
seasons than horses that first raced at an older age

• Could simply because they had greater opportunity

• Was there a reason for not starting as a 2-year-old?
– Injury
– Immaturity



When should training commence? – Wood et al. 

• Fatality (any reason)
• Every race start in the UK between 1990 and 1999

– Flat racing – Odds Ratio = 1.4; p<0.001
• For every 2 year difference in age at first start

– Two-fold increase in the likelihood that a start would result in fatality
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When should training commence? – Parkin et al.

• All catastrophic distal limb fractures in all race types

• Wide range of starting ages confounded by race type
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When should training commence? – Firth et al.

• Exposed horses to different training regimens at the 
age of two (7 horses per group)
– Group A - trained for 13 weeks 
– Group B – untrained

• Examined musculoskeletal tissues

• Degree of adaptive response
– Cancellous bone > articular cartilage and tendon

• No clinical conditions caused by enforced early 
exercise



When should training commence? – Smith et al.

• Levels of Cartilage Oligomeric Matrix Protein (COMP) 
in tendon tissue

– Hypothesised role in formation
of strong tendon matrix

– Significant differences in early
exercised foals/yearlings

Smith et al. (2002)



When should training commence? – Interpretation

• Exercise in young horses may confer long term reduction in 
susceptibility to fracture (tendon injury)

• Studies in man (Bass et al. 1998; Bradney et al. 1998…)
– Exercising the growing skeleton increases long-term bone strength

• However, also possible that injury/pathology as young horse 
prevents training and racing as a two-year old
– This previous injury or pathology is associated with subsequent 

fracture (Krook and Maylin 1988; Hill et al. 2001). 

• Long-term cohort studies following groups of horses from the 
start of training, accurately recording
– medical histories and training regimens
– will identify which of these factors is more important.



When should training commence? – Conclusions

• Early?.............Yes
• How early?.....? (Not after 2 years old for flat racehorses)

• Do not need a lot of exercise to produce the appropriate 
tissue responses

• Take home messages
– Racehorses should start to exercise as two-year olds
– Slowly introduce faster work during the first months of training



How much should a horse train per week? - evidence

• Estberg et al. (1996) High-speed exercise history and catastrophic racing fracture in 
Thoroughbreds. Am J Vet Res 57, 1549–55

• Estberg et al. (1998) Relationship between race start characteristics and risk of 
catastrophic injury in Thoroughbreds: 78 cases (1992). J Am Vet Med Assoc 212, 544–9

• Cohen et al. (2000) Association of high-speed exercise with racing injury in 
Thoroughbreds. J Am Vet Med Assoc 216, 1273–8

• Hill et al. (2004) Effects of injury to the suspensory apparatus, exercise, and horseshoe 
characteristics on the risk of lateral condylar fracture and suspensory apparatus failure in 
forelimbs of Thoroughbred racehorses. Am J Vet Res 65, 1508–17

• Parkin et al. (2004) Horse level risk factors for fatal distal limb fracture in racing 
Thoroughbreds in the UK. Equine Vet J 36, 513–9

• Parkin et al. (2005) Risk factors for fatal lateral condylar fracture of the third 
metacarpus/metatarsus in UK racing. Equine Vet J 37, 192–9.

• Perkins et al. (2005) Risk factors for musculoskeletal injuries of the lower limbs in 
Thoroughbred racehorses in New Zealand. N Z Vet J 53, 171–83

• Verheyen et al. (2006a) Exercise distance and speed affect the risk of fracture in 
racehorses. Bone 39, 1322–30

• Verheyen et al. (2006b) A case-control study of factors associated with pelvic and tibial 
stress fractures in Thoroughbred racehorses in training in the UK. Prev Vet Med 74, 21–35.

• Antenill et al. (2007) Risk factors for proximal sesamoid bone fractures associated with 
exercise history and horseshoe characteristics in Thoroughbred racehorses. Am J Vet Res 
68, 760–71

• Lam et al. (2007) Evaluation of detailed training data to identify risk factors for retirement 
because of tendon injuries in Thoroughbred racehorses. Am J Vet Res 68, 1188–97



How much should a horse train per week? – Estberg et al.

• Total distance accumulated during a two-month 
period was positively associated with the risk of 
fracture

• Risk of catastrophic musculoskeletal injury was 
greatest within 30days of a period of above average 
high-intensity exercise

• 6f (1200) per week

60day average daily high speed exercise distance
50f (~10km)



How much should a horse train per week? – Hill et al. & Antenill et al.

• Suspensory apparatus failure
• Condylar fracture of MCIII
• For every extra 200m exercised at fast pace

– The odds of injury increased by 4%

• Proximal sesamoid bone fractures
• Case horses

– More time in active training and racing
– Complete more exercise events
– Higher exercise intensities in 12 months before case date
– Exercised further during whole career



How much should a horse train per week? – Verheyen e t al.

• Fracture cases
– 30 day period
– > 44km at canter (� 14m/s) AND 6km at gallop (>14m/s)

• Fast work
– ~ 7f (1400m) 

per week
– Cf. Estberg
– 6f (1200m) 

per week 

Verheyen et al. (2006)



How much should a horse train per week? – Verheyen e t al.

• Pelvic or tibial stress fracture cases
– 30 day period

• Increased risk with 

increasing canter distance

– 60 day period
• Increased risk with

highest total distance

(>60km)
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How much should a horse train per week? – Parkin et al.

• Catastrophic distal limb fracture in flat racing
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• Catastrophic distal limb fracture in flat racing



How much should a horse train per week? – conclusion s 1.

• Increasing work load is associated with increased risk 
of injury

• Accumulation of (sub)-clinical damage
– Associated with catastrophic failure

• Not necessarily the same for all fracture (injury) types
• Not necessarily the same for all race types

• Next line of investigation
– Identify the “at risk” horse before it is too late
– Modify training regimens to reduce risk



How much should a horse train per week? – Cohen et a l.

• All musculoskeletal injuries
– Accumulated less high speed exercise 
– 30 day and 60 periods before injury

• 10 fewer furlongs (2000m)
• 2-fold increase in risk of racing injury

– More likely to have done zero fast work
– 30 day and 60 periods before injury

• Two-fold increase in risk (30 day)
• Three-fold increase in risk (60 day)

• “Healthy horse” effect?
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How much should a horse train per week? – Parkin et al.



• No. of fast pace events (gallop, barrier trial, race)

• Days leading up to case date

• Case horses were doing less fast work as 
much as 6 months prior to last fast work date

Case 
date

-30-60-90-150 -120-180-210-240
Days

-270

0.860.92O.R. 0.95

How much should a horse train per week? – Lam et al.



How much should a horse train per week? – conclusion s 2.

• Zero fast work
– Does not “prepare” musculoskeletal tissues (bones) for 

racing
– Very few loading cycles required to produce a response

• Rubin et al. (1984)

• However!
– Cause and effect

• Healthy horse effect

– Inability to train due to pre-existing (sub-clinical) injury
• Only “risked” for races

– Sub-clinical injury associated with catastrophic injury



How much should a horse train per week?

• Take home messages
– Too much fast work is potentially detrimental

• 1 furlong (200m) per day is approximate cut off

– Too much canter work is potentially detrimental
• 8-10 furlongs (~1800m) per day is approximate cut off

– 4–7 furlongs (800–1400m) of fast work per week is 
probably best

– Doing zero fast work during training (in a healthy and 
sound horse) will not prepare the musculoskeletal system 
for racing



On what surfaces should a horse train?

• Moyer et al (1991) Relative incidence of dorsal metacarpal disease in young 
Thoroughbred racehorses training on two different surfaces. Equine Vet J. 23, 166-8

• Verheyen et al. (2006) A case-control study of factors associated with pelvic and 
tibial stress fractures in Thoroughbred racehorses in training in the UK. Prev Vet Med 
74, 21–35

• Parkin et al. (2004) Risk of fatal distal limb fractures among Thoroughbreds involved 
in the five types of racing in the United Kingdom. Vet Rec 154, 493–7

• Pickersgill et al. (2000) Musculoskelatal injuries and associated epidemiological risk 
factors among Thoroughbred flat racehorses. Proceedings of the British Equine Vet. 
Assoc. Congress pp 208-9



On what surfaces should a horse train? – Moyer et al .

• Dorsal metacarpal disease (DMD) – bucked-shin
• Two groups of horses

– Dirt vs. woodchip trained

• Median number of fast miles before onset of 
DMD
– Woodchip = 86 miles
– Dirt = 32 miles 

• If accumulate 50 miles – probability of DMD
– Woodchip – 0.02
– Dirt – 0.33



On what surfaces should a horse train? – Pickersgill et al.

• Cohort study on two training yards
• Fracture injury
• Cases

– Spent less time on Equitrack
– Suggesting that Equitrack may be 

protective (less detrimental)



On what surfaces should a horse train? – Parkin et a l.
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On what surfaces should a horse train? – Parkin et a l.

• Cannon bone
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On what surfaces should a horse train? – Parkin et a l.

• Other bones
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On what surfaces should a horse train? – Verheyen et  al.

• Pelvic and tibial stress fractures

Thoroughbred racing
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On what surfaces should a horse train? – conclusions

Higher risk Lower risk

Dirt All Weather Turf
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On what surfaces should a horse train?

• Take home messages
– Large scale cohort studies

• Account for
– Exercise (speed and distance)

• Topography

• Surface

• Maintenance
– McKee (1995)

• Risk on “new” all weather surfaces was lower than turf

• Well maintained turf is probably best for training and racing



How (when) to return from a “lay-up” period?  - evide nce

• Carrier et al. (1998) Association between long periods without 
high-speed workouts and risk of complete humeral or pelvic 
fracture in Thoroughbred racehorses: 54 cases (1991–1994). J 
Am Vet Med Assoc 212, 1582–7

• Hernandez et al. (2001) Race-start characteristics and risk of 
catastrophic musculoskeletal injury in Thoroughbred 
racehorses. J Am Vet Med Assoc 218, 83–6

• Lam et al. (2007) Evaluation of detailed training data to identify 
risk factors for retirement because of tendon injuries in 
Thoroughbred racehorses. Am J Vet Res 68, 1188–97



How (when) to return from a “lay-up” period?  - Carri er et al.

• Humeral fracture
• Number of days since the last 60-day-plus lay up
• “Hazard period”

– 10 days immediately after lay-up of this length

• Osteoblasts vs. osteoclasts (Pentecost et al. 1964)
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• Distance raced – per 1000m
• Days after import

• Increased risk of retirement due to tendon injury
– greater distance raced in first 6 months

+240+210+180+120 +150+90+60+30
Days

Import 
date

+270

1.21 0.97O.R.

How (when) to return from a “lay-up” period?  - Lam e t al.



How (when) to return from a “lay-up” period? - Hernandez et al.

• Risk of catastrophic musculoskeletal injury
• Days since last race

– Not the same as monitoring training
– But…
– Horses with > 32 days since last race

• 2.5 times more likely to sustain injury than
horses with < 14 days since last race

• Healthy horse effect?
– Enforced absence from racing due to 

• minor/sub-clinical/pre-existing injury 



How (when) to return from a “lay-up” period?  - concl usions

• Best evidence – Carrier et al. 1998
– Supported by pathological examination

– Significant acute callus formation indicating 
stress fracture pathogenesis

• Most likely to be a relevant issue for stress 
fracture
– (+/- tendon injury)

• Take home messages
– Re-introduce work slowly
– If concerned about high rate of (re)injury

• Examine date of return to work after injury



Work in other sports horses – Show-jumpers

• Lars Roepstorff and colleagues at Uppsala
– FEI and World Horse Welfare funded project
– Sweden, The Netherlands, Switzerland, Denmark, UK
– ~ 600 horses
– ~ 80 yards/training centres
– First year of data collection coming to an end
– Another 6 months next year
– Due to report toward end of 2010



Work in other sports horses – Dressage horses

• Murray et al. (2009)
• Increased risk associated with more time spent on 

horse-walker
– Increased risk for warm-ups that had more walking exercise

• Lunging is beneficial (reduced risk of lameness)

• Cause and effect?
– Horses use a horse-walker as part

of rehabilitation
– Can only lunge if sound enough?  



Surface type - Lameness in the last 2 years

• Reduced risk of lameness on sand surface with more use

Dressage
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Surface properties - Lameness in the last 2 years

Dressage
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Dressage horse research - summary

• Take home messages
– Lunging may be beneficial
– Sand-based surfaces appear to be detrimental

• But further work is required
• Cohort study as per show jumping study

– Provide temporal relationship between risk factor and 
outcome
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