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The aim of this study was to describe the prevalence of illness and lameness at different anatomical sites
in registered United Kingdom dressage horses and to identify risk factors for lameness. A questionnaire
was sent to all 11,363 registered members of British Dressage in 2005, with one questionnaire assigned
per horse. Four multivariable logistic regression models were developed for each section of the question-
naire. A final mixed effects logistic regression model was developed which combined the results from all
prior models. Owners reported that 33% of horses had been lame at some time during their career, with
24% of these within the previous 2 years. A number of factors were associated with the occurrence of
lameness in the last 2 years, including age, height, indoor arenas, horse-walkers, lunging (as protective),
back problems, arenas that become deeper in wet conditions and sand-based arenas. These factors were
included as variables in a final model to provide information for selection of horses, development of safer
arenas and more effective training regimens to minimise the onset of lameness.

� 2009 Elsevier Ltd. All rights reserved.
Introduction

Although dressage has increased in popularity and horses are
becoming increasingly valuable, there has been little investigation
of the importance of injury in preventing horses training and com-
peting, or of the factors that may increase the risk of injury. A pre-
vious study has shown that there was a difference in the type and
location of injuries sustained by horses doing different sports, and
at elite and lower level of the same sport (Murray et al., 2006). It is
therefore likely that there are features of training or management
of horses doing a particular sport that predispose to these types of
injuries. There may therefore be aspects of training or management
of dressage horses that could be modified to decrease the risk of
injury.

Both clinical reports and a previous investigation in a referral
clinic have indicated a higher risk of suspensory ligament injury
in both elite and non-elite dressage horses than in horses under-
taking general-purpose exercise or doing other sports (Dyson,
2002; Kold and Dyson, 2003; Murray et al., 2006). However, there
has been no previous investigation into the health patterns of the
dressage horse population outside veterinary clinics. In order to
target and prevent serious health problems, it is important to
determine the relative impact of different diseases and injuries
within the dressage horse population and to identify risk factors
that contribute to their occurrence.
ll rights reserved.

: +44 1638 555393.
urray).
It was hypothesised that lameness would be the most prevalent
health problem in dressage horses, that suspensory ligament injury
would be a frequent cause of lameness, and that there would be
identifiable risk factors associated with lameness. The objectives
of the study were to describe the prevalence and patterns of lame-
ness and illness in registered UK dressage horses, and to identify
risk factors for lameness.
Materials and methods

The study was undertaken using a questionnaire-based design with a source
population of all registered dressage horses in the UK. Pre-tested questionnaires
were sent to all members of British Dressage (n = 11,363) with the December 2005
issue of the bimonthly British Dressage magazine. A prize draw and postage paid
envelopes were used as incentives for questionnaire completion and return. It
was not possible to send reminder cards or duplicate questionnaires.

Questionnaire design

Questionnaires were completed for individual horses so each member could
provide information on more than one horse. Individual members were invited to
request extra copies of the questionnaire from the research team. The questionnaire
was divided into four sections: (1) horse and rider information; (2) horse injury and
illness; (3) training and management; (4) training surface and arena information.
The variables collected are listed in Table 1 and a copy of the questionnaire is avail-
able from the corresponding author.

Data input

Data from questionnaires was transferred into an Access database using word
recognition software (TELEform v.8.2). Questionnaires were scanned in batches,
automatically and manually verified, and then automatically entered into a
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Table 1
Information requested in the questionnaire and tested as separate variables in the
univariate and multivariable analyses with lameness in the last 2 years as the
outcome.

General aspect under question Specific variable questioned

Section 1: Horse and rider
details

Horse gender
Horse breed
Horse height
Horse age
Horse training level
Horse competing level
Horse highest competitive level
Horse length of time competing
Horse frequency of competing
Horse previous occupation
Horse shoeing
Rider group

Section 2: Horse injury and
illness

Illness: system affected, type
Back problems: diagnosis, treatment
Lameness: episodes in the last 6 months,
6–12 months, 1–2 years, 2–5 years, ever
Most recent bout of lameness: duration
Most recent lameness: time unable to train
Most recent lameness: time unable to compete
Most recent lameness: limb affected
Most recent lameness: veterinary diagnosis
Previous lameness in last 2 years: limb affected
Previous lameness in last 2 years: veterinary
diagnosis

Section 3: Training and
management details

Hours per week turned out vs. stabled
Non-dressage exercise: type
Non-dressage exercise: hours per week
Dressage training: sessions per week
Dressage training: Warm up duration
Dressage training: Warm up proportion of time
in each pace or type
Dressage training: training session duration
Dressage training: training session proportion of
time in each pace
Dressage training: training session proportion of
time in collected, extended, working paces,
transitions, specific movements
Dressage training: Cool down duration

Section 4: Training surface and
arena information

Surface type: frequency of training
Most used arena (referred to in all subsequent
questions)
Surface components and manufacturer
Base-presence, type
Arena indoor vs. outdoor
Arena ownership
Arena size
Number of horses using arena per day
Age of surface and time of resurfacing
Arena maintenance frequency
Problems using arena
Arena surface properties under normal
conditions
Arena surface properties under wet conditions
Arena surface properties under dry conditions
Watering: frequency and method
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database. Repeatability was confirmed by re-entry of 10% of the questionnaires via
the word recognition software, and re-entry of the same 10% of questionnaires
manually. Error rate for double entry by TELEform was <1.8%, whilst manual entry
resulted in a 5% error rate.

Statistical analysis

Descriptive statistics were performed for all variables using Analyse-It for
Microsoft Excel, (version 3) and Epi info (version 3.3.2, 2005). To investigate the ef-
fect of lower or higher competitive level, horses were divided into non-elite and
elite categories. British Dressage competition levels of preliminary (P), novice (N),
elementary (E) and medium (M) were classed as non-elite and advanced medium
(AM), advanced (A), Prix St Georges (PSG), Intermediare I (Inter I), Intermediare II
(Inter II) and Grand Prix (GP) were classed as elite. Continuous data was assessed
for normality using the Kolmogorov–Smirnoff test for normality. Differences be-
tween elite and non-elite groups were investigated using Student’s t test or the
Mann–Whitney test, dependent on the results of the Kolmogorv–Smirnoff tests.
Chi-squared tests were used to identify differences in the proportion of horses being
lame in the last 2 years at different levels of competition.

Univariate logistic regression was performed to identify associations between
potential explanatory variables and the dependent variable ‘lameness in the last
2 years’. Initially four multivariable models were created, one for each section of
the questionnaire, using the forward stepwise procedure. Variables that had P val-
ues 60.25, from the univariate analysis, were considered for inclusion in the final
models. Variables were retained if they significantly reduced the residual deviance
of the model (Likelihood Ratio Statistic [LRS] P < 0.05). A final multivariable model,
combining all four sections of the questionnaire, was then developed (Reeves et al.,
1996). All variables from the previous multivariable models were considered for
inclusion in this model and all variables that had P values 60.25 from the original
univariate analysis were entered into the final model to check for confounding. At
this stage the effect of respondent level clustering was also accounted for by includ-
ing a respondent identifier as a random effect in the final model. Mixed effects lo-
gistic regression was performed using STATA SE 9.2 (StataCorp, College Station).

The fit of the final single-level multivariable model was assessed using the Hos-
mer–Lemeshow goodness-of-fit test (Hosmer and Lemeshow, 2000). Regression
diagnostics were performed and covariate patterns with the greatest leverage, delta
betas, delta v2 and delta deviance values were identified. Individual observations
within these covariate patterns were then removed from the model and changes
in the value of the coefficients were examined (Hosmer and Lemeshow, 2000).
The predictive ability of the model was determined by generating a receiver oper-
ating characteristic (ROC) curve.
Results

There was a 22.5% (2554/11363) questionnaire response rate
with 80% of horses (2032/2554) from non-elite, 11% of horses
(292/2554) from elite levels and 9% (230/2554) of owners not
reporting a competition level for their horse. These numbers re-
flected the registered population of horses for the same year of
88% (9956/11363) registered in non-elite levels and 12% (1407/
11363) registered in elite levels.

Descriptive analysis

Lameness was the most frequently reported health problem,
with 33% (851/2554) of horses having been lame at some time dur-
ing their career. A respiratory problem was reported in 4.6% (118/
2554) of horses (recurrent airway obstruction n = 58, upper airway
obstruction/noise n = 30, infection n = 49, other n = 25) and 3.3%
(84/2554) of horses had a previous digestive disturbance (colic
n = 78, gastric ulceration n = 22, diarrhoea n = 15, other n = 9).
Few horses had cardiac (0.4%; 11/2554), reproductive (0.4%; 11/
2554) or urinary (0.2%; 4/2554) problems. Approximately 10% of
horses had ‘other’ problems, the majority of which (247/2554),
on further examination, were lameness related.

Twentyfive percent (644/2554) of horses were reported to have
had a ‘back problem’, although the majority (80%; 515/644) of
these had not been diagnosed by a veterinary surgeon. Regions of
‘the back’ were classified by a veterinary surgeon into anatomical
locations, based on the description given by the respondents, as
38% (113/295) unknown, 28% (82/295) thoracolumbar, 21% (61/
295) pelvic, 10% (30/295) sacroiliac, 2% (5/295) cervical and 1%
(4/295) sacrum. Complementary therapy was the most commonly
used treatment (63%: 404/644), followed by saddle fitting (24%;
152/644), veterinary involvement (20%; 129/644), rest (20%: 128/
644), a change in training (13%; 85/644) and other treatment
(6%; 38/644). Only 2.5% (12/471) of those treated reported treat-
ment by veterinary care alone and 3% (14/471) combined veteri-
nary treatment with saddle fitting, rest, change in training and/or
other treatment but not complementary therapy. There were no
significant differences in any aspects of ‘back problems’ between
the non-elite and elite horses.

Horses that had been lame in the last 2 years were examined in
more detail. Twenty-four per cent (605/2554) of horses had been
lame at sometime in this period. Forelimb lameness was most
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common, with 23% (139/605) of horses reported to have had left
forelimb lameness, 20% (121/605) right forelimb lameness and
12% (71/605) bilateral forelimb lameness. Twelve per cent (73/
605) of horses were reported to have had left hindlimb lameness,
11% (68/605) right hindlimb lameness and 6% (38/605) bilateral
hindlimb lameness. Three limbs were affected in 3% (18/605) and
all four limbs in 1% (6/605) of lame horses.

For horses lame in the last 2 years, the median (range) time ta-
ken off training was 3 months (1–48 months) and time off compet-
ing was 5 months (1–57 months). The median and inter-quartile
range (IQR) time off training and competing for each competitive
level of horse is shown in Fig. 1. Elite horses spent significantly
more time off training (P = 0.028), but not competing (P = 0.061),
than non-elite horses with lameness.

There was no significant difference in proportion of horses with
lameness in the last 2 years in the elite (25%, 73/292) and non-elite
(23.9%, 485/2032) groups. However, the highest proportion of
lameness was in the Grand Prix (50%, 5/10) and Intermediare II
(33%, 2/6) horses (Fig. 2).

When looking at the most recent episode of lameness for
which a site of injury was reported (28.6%, 730/2554), the most
frequently reported, with or without veterinary diagnosis, was
the foot (31.2%, 228/730), followed by the suspensory ligament
(13.3%, 97/730) and the tarsus (11.4%, 83/730). The sites of in-
jury seen in elite and non-elite horses were similar (Fig. 3). Vet-
erinary diagnosis was stated for 82% (600/730) of the most
recent episodes of lameness but when taken into account did
not affect the most frequent injury seen. The pattern of injury
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Fig. 1. Median (and IQR) time in months off (A) training and (B) competition due to lame
confidence interval is presented by the notch either side and the IQR by the box extremitie
far outlier observations over 3.0 IQRs away from quartiles. P = preliminary, N = novice,
Georges, Inter = Intermediare, GP = Grand Prix. Seven horses were removed due to havin
site remained the same even when only the previous 2 years
were included in analysis.

Risk factors for lameness in the last 2 years

Univariate analysis
In addition, to the variables that were retained within the mul-

tivariable models a number of other variables were marginally sig-
nificant in the univariate analysis (see Table 2). In Section 1, on
horse details, both the level of training and competition, the length
of time in competition, number of competitions per month and
year and hind feet only shoeing were associated with the likeli-
hood of lameness. As was digestive illness in Section 2 detailing
horses health. The third Section covering training and management
regimens indicated that a high number of training sessions per
week and a low level of training at specific movements for each
competition level was associated with the likelihood of injury.
Time turned out, jumping, spending a large proportion of training
time in working paces and a greater than 10% of training in transi-
tions and extended paces were suggested as protective.

In Section 4 detailing training surfaces and arenas, surfaces that
became deep, patchy or uneven in normal conditions, and patchy
in hot/dry conditions were associated with lameness. Surfaces that
remained uniform in dry/hot conditions were indicated as protec-
tive against lameness. Horses trained on privately owned yards,
either respondents’ own or someone else’s were less likely to have
been lame in the previous 2 years than those trained on arenas at
livery yards or training yards. Arenas without a base increased the
ition level
A PSG Inter I Inter II GP

A PSG Inter I Inter II GP
ition level

ness in the last 2 years. The notched boxes show the median by the middle line, the
s, ‘+’ shows observations between 1.5 and 3.0 IQRs away from the quartiles, ‘o’ show
E = elementary, M = medium, AM = advanced medium, A = advanced, PSG = Prix St
g >100 months off training and/or off competition.
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Fig. 2. Proportion of horses in each competition level that experience lameness in the 2 years previous to responding to the questionnaire. Key; P = preliminary; N = novice;
E = elementary; M = medium; AM = advanced medium; A = advanced; PSG = Prix St Georges; Inter I = Intermediare I; Inter II = Intermediare II; GP = Grand Prix.
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Fig. 3. Proportion of anatomical structures injured in the most recent episode of lameness previous to the questionnaire in non-elite and elite dressage horses. Key: MC/MT
4 = fourth metacarpal/tarsal; DDFT = deep digital flexor tendon; SDFT = superficial flexor tendon; SL = suspensory ligament.

30 R.C. Murray et al. / The Veterinary Journal 184 (2010) 27–36
risk of lameness. Tripping and losing balance were associated with
lameness.

Preliminary multivariable models (Table 3)
Section 1. Horse and rider details. Older horses were more likely to
have had an episode of lameness in the previous 2 years. For every
extra year of age the likelihood of lameness increased by 1.06
times. This equated to a 33% increase in risk for horses at the
75th per centile (12 years old) compared to horses at the 25th
per centile (7 years old). Taller horses were also more likely to have
been lame in the previous 2 years. Horses at the 75th per centile
(170 cm) were 15% more likely to have been lame than horses at
the 25th per centile (163 cm). Horses that had a career as a flat
racehorse before starting dressage training were 1.9 times more
likely to have been lame than all other study horses.

Section 2. Horse health. History of a previous respiratory illness was
associated with lameness in the previous 2 years (OR = 4.33).
Horses with a previous ‘back problem’ that was resolved by com-
plementary therapy (OR = 3.12) or by rest (OR = 1.76) were more
likely to have been lame in the last 2 years.
Section 3. Management and exercise regimen. The amount of time
spent exercising on a horse walker and walking during warm-up,
before dressage training, were both significantly associated with
lameness. For every extra hour spent using a horse walker the like-
lihood of lameness increased by 1.11 times. Horses that did 7 h per
week compared to 1 h per week were 1.9 times more likely to have
been lame. A longer time spent walking during warm-up
(OR = 1.03) was associated with a small increase in likelihood of
lameness. Most horses did either 5 (n = 923; 36%) or 10 (n = 843;
33%) min walking before dressage training. Lameness was 1.16
times more likely in horses doing 10 min of walking, than for
horses doing 5 min of walking during warm-up. Lunging as part
of a normal exercise regimen was associated with a reduced likeli-
hood of lameness in the previous 2 years. Horses that were regu-
larly lunged (n = 1,228; 48%) were 0.8 times less likely to have
been lame in the previous 2 years, than horses that were not nor-
mally lunged.

Section 4. Training surfaces and arenas. The manner in which the
most used riding surface reacted during wet conditions was asso-
ciated with the likelihood of lameness. Horses that most often



Table 2
Separate univariate table for risk factors developed for each of the sections of the questionnaire.

OR SE 95% CI P value

Section 1. Horse details variable
Height (cm) 1.02 0.006 1.01–1.03 0.001
Age (years) 1.05 0.013 1.03–1.08 <0.001
Training level 2.23 0.75 1.15–4.32 0.018
Current competition level Grand Prix 3.74 2.44 1.04–12.4 0.043
Highest competition level
Novice 1.34 0.301 0.86–2.08 0.191
Elementary 1.34 0.303 0.86–2.09 0.185
Advanced 1.92 0.64 1.0–3.7 0.051
Grand Prix 2.59 1.28 0.98–6.82 0.054
Length of time in competition (years) 1.05 0.015 1.02–1.07 0.002
Number of competition per month 1.05 0.04 0.97–1.12 0.222
Number of competitions per year 0.99 0.01 0.98–1.00 0.111
Previous career
Show jumper 1.17 0.15 0.91–1.5 0.215
Flat racing 2.06 0.64 1.11–3.8 0.021
Pleasure/pony club/riding club 0.84 0.11 0.65–1.07 0.172
Shoeing
Hind feet only 9.34 7.64 1.89–46.4 0.006
Front feet only 0.76 0.15 0.52–1.11 0.161

Section 2. Horse health Variable
Has the horse had a previous respiratory illness?
No (reference) 1
Yes 5.18 1.00 3.75–7.57 <0.001
Has the horse ever had a digestive illness?
No (reference) 1
Yes 2.51 0.57 1.61–3.9 <0.001
Has the horse ever had a back problem that was resolved by:
Complementary therapies? 3.86 0.44 3.09–4.82 <0.001
Veterinary involvement? 3.92 0.72 2.74–5.16 <0.001
Saddle fitting? 3.75 0.64 2.69–5.22 <0.001
Rest? 3.99 0.73 2.78–5.71 <0.001
Change in training 3.65 0.81 2.36–5.64 <0.001
No back problem (reference) 1

Section 3. Exercise regimen variable
Time spent turned out (hours per week) 0.998 0.0001 0.996–1.0 0.165
Does the horse have additional non-dressage exercise of:
Jumping 0.83 0.08 0.68–1.02 0.073
Horse walker 1.30 0.17 0.99–1.67 0.060
Lunging 0.83 0.08 0.7–1.0 0.052
None (dressage training only) 1
Time spent jumping (hours per week) 0.92 0.54 0.82–1.04 0.188
Time spent using a horse walker (hours per week) 1.104 0.03 1.04–1.18 0.003
Time spent lunging (hours per week) 0.92 0.05 0.84–1.01 0.092
Number of dressage training sessions per week 1.02 0.12 1.00–1.05 0.034
Time spent walking during warm-up before dressage training (minutes) 1.51 0.39 0.91–2.5 0.108
Time spent using a horse walker as warm-up before dressage training (minutes) 1.03 0.13 1.00–1.05 0.047
Proportion of dressage training spent working on movements specific to the level of competition
10–19% 1.53 0.36 0.97–2.24 0.070
20–29% 1.89 0.43 1.21–2.96 0.005
70–79% 1.55 0.43 0.9–2.67 0.117
80–89% 1.90 0.54 1.09–3.31 0.023
90–100% 1.84 0.69 0.88–3.84 0.104
Proportion of dressage training spent in working paces 90–100% 0.53 0.25 0.21–1.33 0.177
Proportion of dressage training spent working on transitions <10% (reference) >10% 1 0.67 0.14 0.44–1.02 0.060
Proportion of dressage training spent in extended paces <10% (reference) >10% 1 0.84 0.08 0.69–1.02 0.080

Section 4. Training surfaces and arenas variable
Sand as the most frequently used surface 1.24 0.12 1.03–1.49 0.020
Fibres as the most frequently used surface 1.29 0.21 0.94–1.77 0.109
Rubber as the most frequently used surface 1.21 0.12 1.0–1.48 0.054
Woodchip as the most frequently used surface 1.40 0.30 0.91–2.13 0.124
If the arena has sand as a component is it:
Coarse (reference) 1
Fine 1.26 0.15 1.0–1.59 0.054
If the arena has rubber as a component is it:
Mixed in (reference) 1
A top layer 1.20 0.16 0.92–1.55 0.174
Number of times per week the horse trains on a surface of sand 0.94 0.3 0.88–1.01 0.087
Does the arena have a base?
Yes (reference) 1
No 1.11 0.06 0.99–1.25 0.062
Most commonly used arena type
Indoor (reference) 1

(continued on next page)
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Table 2 (continued)

OR SE 95% CI P value

Outdoor 0.65 0.09 0.50–0.85 0.002
Is the arena most frequently trained in owned by:
The respondent/private (reference) 1
A livery yard or training yard 1.71 0.17 1.04–2.07 <0.001
Other 0.37 0.22 0.11–1.21 0.099
Number of horses train on the surface per day 1.01 0.01 1.0–1.03 0.138
Age of school (years) 0.98 0.01 0.96–1.0 0.033
Does the horse trip when training?
No (reference) 1
Yes 1.28 0.15 0.02–1.60 0.030
Does the horse lose balance when training?
No (reference) 1
Yes 1.29 0.17 1.0–1.66 0.052
Does the horse most often use an arena that becomes ‘deep’ in normal conditions?
No (reference) 1
Yes 1.37 0.18 1.05–1.77 0.018
Does the horse most often use an arena that becomes ‘patchy’ in normal conditions?
No (reference) 1
Yes 1.45 0.17 1.15–1.83 0.002
Does the horse most often use an arena that becomes ‘uneven’ in normal conditions?
No (reference) 1
Yes 1.43 0.20 1.09–1.88 0.011
Does the horse most often use an arena that becomes ‘deeper’ in wet conditions?
No (reference) 1
Yes 1.41 0.21 1.06–1.89 0.019
Does the horse most often use an arena that becomes ‘boggy’ in wet conditions?
No (reference) 1
Yes 1.52 0.24 1.12–2.07 0.007
Does the horse most often use an arena that remains ‘uniform’ in hot/dry conditions?
No (reference) 1
Yes 0.74 0.7 0.62–0.89 0.002
Does the horse most often use an arena that becomes ‘deeper’ in dry/hot conditions?
No (reference) 1
Yes 1.18 0.12 0.96–0.15 0.114
Does the horse most often use an arena that becomes ‘patchy’ in hot/dry conditions?
No (reference) 1
Yes 1.72 0.33 1.18–2.51 0.005
Does the horse most often use an arena that becomes ‘firmer’ in hot/dry conditions?
No (reference) 1
Yes 1.31 0.20 0.97–1.76 0.076
Does the horse most often use an arena that alters in ‘other ways’ in hot/dry conditions?
No (reference) 1
Yes 1.25 0.21 0.91–1.73 0.173
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trained on surfaces that became boggy (OR = 1.52) or deeper
(OR = 1.41) during wet conditions, were more likely to have been
lame in the previous 2 years. Horses that trained most often on
outdoor arenas were less likely to have been lame in the previous
2 years compared with horses that most often trained in indoor
arenas (OR = 0.61). Horses that most often used an arena with a
sand surface were 1.36 times more likely to have been lame com-
pared with horses that used other surfaces. For horses that trained
on sand there was also a small but significant negative association
between the number of times per week that horses trained on sand
and the likelihood of lameness. For every extra sand-based training
session per week the likelihood of lameness reduced by 0.91 times.

Final multivariable model (Table 4)
In the combined mixed effects multivariable logistic regression

model the majority of variables were retained and the size of the
coefficients for age and height did not change significantly. The
associations between lameness and a previous career as a flat race-
horse, previous respiratory illness, time spent walking during
warm-up and arenas that become boggy in wet conditions were
no longer significant and were therefore excluded from the model.
The odds ratios and standard errors for the associations with time
spent using a horse walker, lunging as part of training, deep arenas
during wet conditions, indoor arenas and use of sand-based sur-
faces changed significantly when the rider level random effect
was included in the model. For all of these variables the size of
the odds ratio became greater (i.e. further from ‘1’) and the stan-
dard errors increased. The associations between lameness and back
problems resolved with complementary therapies or rest were re-
placed by a variable that included all occurrences of back prob-
lems, regardless of the treatment. The occurrence of a back
problem in the previous two years was strongly associated with
lameness over the same period (OR = 12.61; 95% CI = 5.77�27.5;
P < 0.001).

Model diagnostics and goodness-of-fit

The final multivariable model was not significantly affected by
influential covariate patterns. The Hosmer–Lemeshow goodness-
of-fit statistic was 6.8 (eight degrees of freedom, P value = 0.56),
indicating that there was no evidence that the model did not fit
the data well. The model was therefore considered to be reason-
ably calibrated. The predictive ability of the model as measured
by the area under the receiver operating characteristic (ROC) curve
(0.66) was just below acceptable (Hosmer and Lemeshow, 2000).

Discussion

This is the first study that has specifically aimed to investigate
prevalence of and risk factors for the most common types of injury
and disease in dressage horses, using a large scale questionnaire
study. The hypotheses were supported, with lameness being the



Table 3
Separate multivariable logistic regression models developed for each of the sections of the questionnaire.

Coefficients OR SE 95% CI P value

Section 1. Horse details variable
Age (years) 0.06 1.06 0.01 1.03–1.08 <0.001
Height (cm) 0.02 1.02 0.01 1.01–1.03 <0.001
Previous career as a flat racehorse
No (reference) 1
Yes 0.66 1.9 0.32 1.04–3.61 0.037

Section 2. Horse health variable
Has the horse had a previous respiratory illness?
No (reference) 1
Yes 1.47 4.33 0.2 2.91–6.43 <0.001
Has the horse ever had a back problem that was resolved by:
Complementary therapies? 1.14 3.12 0.13 2.43–4.01 <0.001
Rest? 0.57 1.76 0.21 1.17–2.66 0.007
No back problem (reference) 1

Section 3. Exercise regimen variable
Time spent using a horse walker (hours per week) 0.1 1.11 0.03 1.04–1.18 0.002
Time spent walking during warm-up before dressage training (minutes). 0.03 1.03 0.01 1.00–1.05 0.027
Is lunging part of the normal exercise regimen?
No (reference) 1
Yes �0.23 0.80 0.09 0.66–0.96 0.016

Section 4. Training surfaces and arenas variable
Does the horse most often use an arena that becomes ‘boggy’ in wet conditions?
No (reference) 1
Yes 0.42 1.52 0.17 1.09–2.11 0.013
Does the horse most often use an arena that becomes ‘deeper’ in wet conditions?
No (reference) 1
Yes 0.34 1.41 0.16 1.03–1.92 0.03
Most commonly used arena type
Indoor (reference) 1
Outdoor �0.5 0.61 0.14 0.46–0.79 <0.001
Is sand the most frequently used type of arena surface?
No (reference) 1
Yes 0.31 1.36 0.1 1.12–1.66 0.002
Number of times per week trained on a sand surface �0.09 0.91 0.04 0.85–0.98 0.016

Table 4
Final multivariable logistic regression model of horse, health, exercise and training surfaces risk factors for lameness in the previous 2 years.

Variable Coefficients OR SE 95% CI P value

Age (years) 0.18 1.20 0.04 1.10–1.30 <0.001
Height (cm) 0.06 1.06 0.02 1.03–1.1 0.001
Most commonly used arena type
Indoor (reference) 1
Outdoor �1.62 0.20 0.45 0.08–0.48 <0.001
Time spent using a horse walker (hours per week) 0.44 1.55 0.20 1.20–2.0 0.001
Is sand the most frequently used type of arena surface?
No (reference) 1
Yes 0.64 1.90 0.58 1.05–3.45 0.035
Is lunging part of the normal exercise regimen?
No (reference) 1
Yes �1.01 0.36 0.36 0.20–0.68 0.001
Number of times per week trained on a sand surface �0.21 0.81 0.09 0.66–0.99 0.044
Does the horse most often use an arena that becomes ‘deeper’ in wet conditions?
No (reference) 1
Yes 1.72 5.60 2.89 2.03–15.42 0.001
Occurrence of at least one a ‘back problem’ in the last 2 years?
No (reference) 1
Yes 2.53 12.61 5.03 5.77–27.5 <0.001
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most prevalent problem, with foot, suspensory ligament and tarsal
injury being the most common sites of lameness. Risk factors were
detected for lameness in the previous 2 years, which could poten-
tially be used in guidance for protection against lameness in dres-
sage horses.

Prevalence of lameness

Lameness was identified as the most common injury or disease
in the dressage horse. More than 30% of owners reported that their
horse had experienced at least one episode of lameness during
their career. Nearly a quarter of horses were reported to have been
lame at least once in the previous 2 years, which formed a signifi-
cant proportion of the dressage horse population, particularly in
view of the extended period of time reported off work and compet-
ing. Lameness is therefore likely to be having a significant effect on
the dressage industry and has potential welfare implications. Over
this period, there was no difference in the likelihood of lameness in
elite or non-elite horses. However, elite horses tended to be off
work for longer, possibly reflecting differences in the severity of
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lameness, in the level of athletic requirements in the elite and non-
elite horse, or in the ability of a skilled or less skilled rider to detect
or mask ongoing problems.

The types of lameness reported are likely to be a reflection of
types of lameness observed in the general horse population, and
also of injuries particularly found in dressage horses. Foot pain
was the most frequent type of lameness reported, which may re-
flect the prevalence of foot pain in the general horse population.
The high incidence of reported tarsal and suspensory ligament in-
jury in this study are similar to the results of a previous study into
lameness in dressage horses within a referral clinic (Murray et al.,
2006). In collected paces there is increased tarsal loading and joint
compression (Holmstrom and Drevemo, 1997), which may predis-
pose to tarsal injury in dressage horses. The pattern of subchondral
bone thickness in the distal tarsal bones, reflecting loading path-
ways, is different in elite performance horses compared with gen-
eral-purpose horses (Murray et al., 2007). This may be related to
circling and other specific movements, and potentially predisposes
to pathological change. Dressage horses have an increased risk of
suspensory ligament injury compared to horses doing other sports
(Dyson, 2002; Kold and Dyson, 2003; Murray et al., 2006), also sup-
ported by the results of the current study. Considerable load is
experienced by the suspensory ligament in movements, such as
collected trot, piaffe and passage, in which the metatarsophalan-
geal joint is extended and the tarsal joints are in flexion (Holm-
strom and Drevemo, 1997).

A high scoring trot is often characterised by advanced diagonal
placement (Clayton, 1997) in which only one hindlimb is load
bearing. This can result in a longer stance duration and greater
extension of the metatarsophalangeal joint (Holmstrom et al.,
1994, 1995), with subsequent increased load on the suspensory
apparatus. Selecting horses with advanced diagonal placement
may therefore increase the risk of injury of the suspensory appara-
tus. Horses that move extravagantly at non-elite levels may be
prone to injury to the proximal aspect of the suspensory ligament
in forelimbs because of insufficient muscle strength and coordina-
tion to prevent hyperextension of the carpus and metacarpopha-
langeal joint during extension.

In contrast to studies in Thoroughbred racehorses (Meagher,
1976; Rick et al., 1983; Ellis, 1994; Bassage and Richardson,
1998; Zekas et al., 1999), there was no increased predilection to
left or right sided lameness. This probably reflected the fact that
dressage horses train on both reins, whereas racehorses often train
and/or race in one direction only.

Risk factors

Some of the identified risk factors predisposed horses to lame-
ness, but others may be associated with lameness because owners
and riders use different methods of management following lame-
ness, particularly if the associations were the result of injury rather
than the cause.

Horse details
This study demonstrated an increased likelihood of lameness

associated with both older and bigger horses. Similar associations
with age or size have been demonstrated during investigations of
musculoskeletal injury in racehorses (Mohammed et al., 1991; Bai-
ley et al., 1997, 1998; Cohen et al., 1997; Perkins et al., 2005a), and
both tendon injuries (Takahashi et al., 2004; Perkins et al., 2005b;
Parkin et al., 2006) and fractures (Hill et al., 1986) in racehorses. It
is probable that accumulated micro-damage or degenerative
changes associated with age and increased duration of training
may predispose to injury and lameness. Large horses may place
greater torque in the distal aspect of the limbs, potentially increas-
ing biomechanical forces. Further investigations of the effect of
weight and height on the occurrence of lameness may help to iden-
tify modifications to management and training regimens that
would reduce the potentially detrimental impact of exercise on lar-
ger horses.

Horse health
We found that back pain was significantly associated with

lameness. Clinically, back pain is frequently seen in association
with lameness, either as a secondary muscular problem or with
concurrent pathology in both a limb and the back. The majority
of back problems were not based on a veterinary diagnosis. It is
therefore likely that for a number of horses with lameness, back
pain was a clinical symptom due to muscle pain secondary to an
altered gait. Many riders seek non-veterinary advice when a
horse’s performance is diminished. The results of this study, how-
ever, indicated the importance of early intervention by a veterinar-
ian skilled in recognition of low grade lameness.

Management and exercise regime
One of the main aims of this study was to identify associations

between lameness and management or training regimens. Lunging
was associated with a reduced likelihood of lameness which was
possibly due to adaptation of the musculoskeletal system to differ-
ent types of exercise and potentially improved proprioceptive con-
ditioning (Holm et al., 2004; Cressey et al., 2007). It is also possible
that horses being lunged were fitter or maybe warmed up and
cooled down more effectively than those that are not lunged. In
the univariate analysis, time spent turned out and undertaking
jumping exercises were also associated with a marginally signifi-
cant reduced likelihood of lameness. This finding could assist in
the development of more complete and ‘professional’ exercise reg-
imens to maintain fitness and readiness for competition. Con-
versely, owners of less robust horses, that may be inherently
more prone to lameness, may be less likely to lunge these horses
due to the common perception that lunging places extra strain
on joints.

Horse-walkers have increased in use in recent years as a means
of exercising more than one horse at a time, or as part of warm-up
and/or cool down or as part of a continued exercise programme fol-
lowing injury. The current study suggested that the more time a
horse spent on a horse walker the greater the likelihood that it
would have been reported lame in the last 2 years. We speculated
that horse-walkers tended to be used more often for rehabilitation
following injury, rather than being a cause of injury. This hypoth-
esis has been substantiated by a further study, which suggested
that horse-walkers were used for cool down, warming up and
rehabilitation in approximately equal proportions (Walker et al.,
2008). It is therefore possible, if not likely, that the association be-
tween horse-walkers and lameness is an example of an effect of in-
jury rather than a cause.

Training surfaces and arenas
The location and surface used in training arenas were associ-

ated with risk of lameness in the last 2 years. Horses that usually
worked in indoor arenas were more likely to have been lame than
those worked on outdoor arenas. This may reflect various factors
such as arena size, surface characteristics or arena maintenance.
In the univariate analysis, the ownership of the arena was also
associated with the risk of lameness. Horses trained on private
arenas were less likely to be lame than those trained on livery
or training yard arenas. This may be due to the greater number
of horses training on a surface at livery and training yards each
day, between maintenance sessions. Privately owned arenas with
less use may be less likely to be associated with lameness as they
are usually better maintained and avoid the surface becoming un-
even or deep.
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A surface with sand as the major component was the greatest
risk for lameness. However, there was also a small beneficial effect
(i.e. a reduction in risk) the more often a sand surface was used.
These findings probably illustrated the process of adaptation in
bones, tendons, joints and muscles, and possibly also in the cardio-
respiratory system. Initial exposure to a different surface could re-
sult in tissues experiencing different loads, or loads in excess of
those to which they were adapted, or through fatigue leading to
incoordination and abnormal loading directions and magnitudes.
The process of adaptation to exercise has been demonstrated in
bone, (Murray et al., 2001, 2007; Rubin and Lanyon, 1984), tendon
(Smith and Goodship, 2008) and, in young horses, in joints (Firth
and Rogers, 2005; Firth, 2006). Results from the current study sug-
gested that the musculoskeletal tissues became less prone to injury
as the horse continued to work on a surface, even if the surface pre-
sented a greater initial baseline risk. It could therefore be extrapo-
lated that for a horse adapted to a single surface, a sudden change
in surface conditions could increase the risk of injury. However, it
is possible that a gradual introduction to different surface charac-
teristics might be beneficial in training if this led to improved fit-
ness or muscle development.

Maintaining a uniform surface under dry conditions had some
protective effect against lameness. However, alteration of surface
characteristics to boggy or deep under wet conditions, and a pat-
chy or uneven surface under normal conditions increased the risk
of lameness. Horses have a higher heart rate working in deep sand
than on concrete (Sloet van Oldruitenborgh-Oosterbaan et al.,
1991), which indicated that the horses were working harder under
deeper conditions, and may therefore fatigue more rapidly if not
adapted to these conditions. Deeper surfaces have also been asso-
ciated with increased incidence of injury in racehorses (Hill et al.,
1986; Mohammed et al., 1991, 1992). Our study supported previ-
ous reports which concluded that effective surface management
is crucial to the maintenance of a safe training environment for
many sport horses (Parkin et al., 2004; Verheyen et al., 2005; Par-
kin, 2007). Greater efforts to develop surfaces and maintenance
protocols that maintain a consistent training surface could benefit
not only dressage horses, but other sports horses as well.

Methodological considerations and limitations
It was interesting to note the substantial effect that inclusion of

the rider identifier as a random effect had on the parameters re-
tained in the final model. The majority of point estimates for the
odds ratios moved significantly further from ‘1’ and, as expected,
standard errors increased. This was particularly apparent for the
variables most related to training regimens or surface usage i.e.,
the variables that are most likely to be very similar for all horses
ridden by the same rider at the same yard. This illustrated the
importance of accounting for the hierarchical nature of data such
as these, and showed that it was possible to severely underesti-
mate the strength of the association for different risk factors when
random effects were not included. It was also important to note
that the size of the standard errors of the odds ratios increased
alongside the increases in point estimates, resulting in wider con-
fidence intervals and introducing a greater degree of uncertainty in
the true size of the effect for most risk factors.

The 22.5% response rate was disappointing, but was a good
reflection of the pattern of membership. Access to the membership
database was restricted so it was not possible to identify non-
responders, send reminder cards or duplicate questionnaires to
individuals who did not respond to the first mailing. Anonymous
questionnaire mailings have been shown to reduce response rates
by 9% (Asch et al., 1997). Conversely, the ability to send reminders
with a copy of the questionnaire and to telephone a reminder both
increased response rates by 14% (Asch et al., 1997).
Conclusions

The small number of respondents should be considered when
attempting to extrapolate these findings to the wider dressage
horse population. Although the pattern of respondents was similar
to the registered membership in relation to horse level, it was pos-
sible that the respondents to the current questionnaire had horses,
arenas or training practises with particular characteristics that pre-
disposed them to a greater or lesser risk of injury. Nevertheless, as
this was the first epidemiological study specific to dressage horse
injury, the authors believe that the information provided is valu-
able and should form the basis for future hypothesis driven inter-
vention studies.
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