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Recovery heart rate in Standardbred trotters: a pilot study

M. Connysson®, M. Dyrsmeds and S. Ringmark

Swedish University of Agricultural Sciences, Department of Animal Biosciences, Box 7023, 75007, Sweden;
*malin.connysson@slu.se

Standardbred trotters are elite athletes, expected to perform at close to maximal heart rate (HR) for 2 km, resulting
in blood lactate levels of >20 mmol/l. In human athletes, an elevated energy expenditure has been suggested post-
intense exercise, which might be reflected in increased recovery HR. The objective of this study was to investigate
night post-race recovery HR (HR ) compared to night HR following a day of rest (HR,). Four adult Standardbred
trotters were equipped with a Polar (M460) HR recorder before the race and the following night (10 hours). The
first 3 hours post-race, there were post-race activities and transportation. Additionally, one night, after a rest day,
HR was recorded for 10 hours, and mean HR,., was calculated. For HR,,,, mean HR was calculated for every hour
post-race (HR,5q: from finish-line to 60 minutes post-race, HR,,5,: 61-120 minutes post-race, etc.). Peak race HR
was also registered. Statistical analysis was performed with a MIXED model (SAS 9.4). Values are presented as least-
squares means + standard error. Differences were considered statistically significant at P < 0.05. Peak race HR was
210-233 bpm. HR,,o5 was higher than HR,.,, (34 = 2 beats per minute (bpm)) for all ten hours post-race (HR,o54::
72 + 2 bpm; HR 521 47 + 2 bpm; HR 551 50 = 2 bpm; HR o544 41 = 2 bpm; HR o551 41 £ 2 bpm; HR o561 42 + 2 bpmy;
HR,o5¢7: 40 = 2 bpm; HR 551 40 = 2 bpm; HR 59t 39 + 2 bpm; HR o510 40 = 2 bpm, P < 0.05). The elevated 4 to
10 hour HR,,,,,, when horses were undisturbed in their stalls, compared to HR,. is likely associated with recovery
mechanisms post-racing.
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Fitness maintenance in sport horses following swimming integration in
training

E. Manguin’, E. De Azevedo’, G. Dubois? H. Chateau® and A. Couroucé®**

Ecole Nationale Vétérinaire d’Alfort, ACAP3, 1504, Rte de I'Eglise, 14430 Goustranville, France; 2Arioneo, 8
avenue de 'hippodrome, 33110 Le Bouscat, France; 30NIRIS Vetagrobio Nantes, Department of Clinical
Sciences, Equine Internal Medicine, Nantes-Atlantic, 101 Route de Gachet, 44300 Nantes, France;
4Université Caen Normandie, Normandie Univ, BIOTARGEN UR7450, Normandie Equine Vallée, GIS
CENTAURE, Esplanade de la paix, 14000 Caen, France; *anne.courouce@oniris-nantes.fr

In horses, swimming is increasingly used as a low-impact modality; however, its physiological contribution to
maintaining fitness and performance remains insufficiently characterised. Prospective study to determine whether
incorporating structured swimming sessions into a conventional land-based training program maintains fitness
parameters in sport horses. Thirteen clinically healthy, trained sport horses completed a similar 12-week standard-
ised protocol consisting of 4 weeks of land-based training (LT), followed by two consecutive 4-week aquatic-training
phases (AT1 and AT2) incorporating three weekly swimming sessions of progressively increasing duration in place
of selected land-based exercise sessions. Standardised incremental track exercise tests (3 gallop stages at increasing
speeds) were performed at the end of each phase. Heart rate (HR), speed and blood lactate concentration were
recorded. Performance indices (VL4, V170, V200, HR4) were calculated by regression analysis. Recovery variables
included post-exercise blood lactate concentrations (5, 15 min), post-exercise HR (1, 5, 15 min), and HR recovery (1,
5 min). Data were analysed using linear mixed-effects models (P < 0.05). No significant differences were observed
between LT, AT1, and AT2 for any performance or recovery parameter. VL4 remained stable across phases (32.9 + 1.2;
32.8 +1.3; 33.1 + 1.4 km/h), as did V170, V200, and HR4 and recovery indices. These findings suggest that swimming
can be integrated into conventional training to maintain fitness while supporting welfare in sport horses.
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Early training and racing in Thoroughbred racehorses: A 2-year longitudinal
study

K. Kirsch®* I. Briisewitz%2 C. Thone-Reineke! and U. Hartmann?

Institute of Animal Welfare, Animal Behavior, and Laboratory Animal Science, Konigsweg 67, 14163 Berlin,
Germany; 2Institute of Movement and Training Science in Sports II, Jahnallee 59, 04109 Leipzig, Germany;
*katharina.kirsch@fu-berlin.de

This longitudinal study characterises the progression of young Thoroughbred racehorses from pre-training (PT) to
specific race-training (RT) in relation to injury rates based on daily training and racing records over the first two
years of training in 32 horses entering PT in one stable and in a subsample of 13 horses that were transferred to
the same stable for RT. Horses entered pre-training at 19.6 + 1.9 months of age. The initial habituation phase lasted
24 + 9 days, followed by a mean PT duration of 178 + 48 days. Of the 32 horses entering pre-training, 25 progressed
to specific RT, while 7 did not transition due to non-training-related reasons (n = 3) or performance considerations
(n = 4). Transfer to race-training occurred at 25.2 + 3.7 months of age. Among horses entering RT, 8/25 started their
first race as two-year-olds at 29.4 + 1.9 months, 9/25 debuted as three-year-olds at 37.1 + 2.1 months, and 8/25 did
not compete within the first two years of training. The duration of RT prior to first race start differed markedly
between horses, averaging 168 + 52 (80-262) days in horses competing as two-year-olds and 351 = 118 (111-464) days
in those debuting at three years of age. Proportion of days lost to training during RT did not significantly differ
(P = 0.29, one-way ANOVA) between horses starting in their first race as two-year-olds (22.8 + 11.5%) and those
debuting as three-year-olds (33.3 + 27.2%). These findings indicate substantial variation in the timing and duration
of preparation before the first race start among Thoroughbred racehorses. An earlier race debut was not associated
with increased risk of injury.
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Heart rate during swimming exercise in Icelandic riding horses: a pilot study
G.J. Stefansdottir* and G.M. Valsteinsdottir

Holar University, Equine Science, Holar, Skagafjordur, 551, Iceland; *gudrunst@holar.is

The aim was to measure heart rate in Icelandic horses during typical exercise sessions of swimming. Data was
collected from nine riding horses (age: 10 + 2 years; withers height 140.7 + 2.8 cm; mean + SD). All horses had
previously completed at least three swimming sessions in the same pool and had demonstrated calm behaviour
and adequate swimming technique. The swimming pool was straight, 40 m long and 2.8 m deep, with ramps at
the entrance and exit. Water temperature was approximately 12 °C and ambient temperature approximately 15 °C.
Each horse performed two sessions on consecutive days. Each session consisted of four 40 m swimming bouts, with
horses led by a handler walking alongside the pool. Between bouts, horses walked back to the pool entrance on
a concrete floor. Heart rate (HR) was continuously recorded during each session (Polar Vantage M). Mean session
duration was 5:43 + 0:24 min:s, of which swimming accounted for 2:57 + 0:23 min:s. Mean HR during session was
146 + 6 bpm and mean peak HR was 184 + 6 bpm. Horses spent 42 + 9% and 30 + 13% of session time with HR
>160 bpm and >170 bpm, respectively (mean + SD). To our knowledge, this is the first study reporting HR during
swimming exercise in Icelandic horses. It cannot be determined whether the peak HR reached and the proportion
(%) of time spent at HR >170 bpm are attributable to physical and/or psychological traits, and this may vary between
individual horses.
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Training workloads in Thoroughbred racehorses: A retrospective
case-control study

EJ. Dickson®* N. Leel, A.V. Morrice-West!, L.M. Hemsworth? K.A. Anderson?3, J. Kadlec-Cavanagh?3,
R.C. Whitton! and PL. Hitchens!

IEquine Centre, Melbourne Veterinary School, University of Melbourne, Werribee, VIC 3030, Australia;
2Animal Welfare Science Centre, Melbourne Veterinary School, University of Melbourne, Parkville, VIC
3010, Australia; 3Ciaron Maher Racing, Miners Rest, VIC 3352, Australia;
*eleanor.dickson.l@unimelb.edu.au

The relationship between training workloads and musculoskeletal injury (MSI) risk is understudied in Thorough-
bred racehorses, despite having significant welfare implications. This retrospective case-control study aimed to
quantify the relationship between frequency and cumulative distance of different training event types across racing
careers and MSI. Training records (n = 187,443) from 449 horses (157 MSI cases; 292 controls) actively racing in
Victoria, Australia between 2020 and 2026 were analysed across multiple preparations. Medians and interquartile
ranges (IQR) are reported. Logistic regression was used to determine the association between frequency of train-
ing sessions and MSI risk, reported as odds ratios (OR) and 95% confidence intervals (CI). MSIs typically occurred
in the 3rd preparation (IQR 2, 4, P < 0.001) at 3.3 years-of-age (IQR 2.7, 4.0, P < 0.001), with risk decreasing in
subsequent preparations and at older ages. Within preparations, cases completed a greater number of slow-work
sessions (34, IQR 13, 60; vs 22, IQR 0, 55; P < 0.001) and accumulated greater distances in slow-work (41km vs 12km;
P < 0.001) but not fast-work distance (8.6km vs 8.9km; P = 0.569), despite controls having longer preparations (101
days; IQR 57, 156) compared to cases (82 days; IQR 42, 134; P < 0.001). Odds of MSI per preparation increased by
8% per additional 10 slow-work sessions (95% CI 1.06, 1.11; P < 0.001) but was not affected by number of fast-work
sessions (P = 0.146). Greater cumulative slow-work volume may indicate management of a previous MSI, response
to a developing MSI, or be a true influence on MSI risk. Regardless of the reasons, monitoring of training workloads
is recommended.
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The effect of two different treadmill training protocols in Shetland ponies
E.W. Siegers®* N.C.R. Te Moller? E. Roelfsema! and C.C.B.M. Munsters"3

IFaculty of Veterinary Medicine, Utrecht University, Department of Clinical Sciences, Yalelaan 112, 3584
CM, Utrecht, the Netherlands; 2Kinequi, Groen van Prinsterenweg 47, 3731 HA De Bilt, the Netherlands;
3Equine Integration, Groenstraat 2C, 5528 NS, Hoogeloon, the Netherlands; *e.w.siegers@uu.nl

Children’s Shetland pony races are common, yet training responses in this breed are not well studied. This study
evaluated how Shetland ponies respond to different exercise protocols. Eight untrained Shetland ponies (5.1 + 0.8
years-old) performed a five-week training protocol-A (5 consecutive days/week; 5 min walk, 4 min trot, 2 min canter,
6.1m/s, 83-92% HR,,,, ), followed by seven-week wash-out period (30 min walk daily) and then a five-week training
protocol-B (4 days/week, alternating low (10 min walk, 18 min trot, 51-64% HR,,,,, ) and high-intensity training (5 min
walk, 3 min trot, 3x2 min canter, 6.1 m/s)). Maximal eight-step incremental-exercise-tests (SETs) were performed
before: SET-Al (n = 7), SET-BI (n = 8), and after each protocol: SET-A2 (n = 7), SET-B2 (n = 7), measuring heart rate
(HR), lactate (LA) and number of steps completed. Speed at LA of 2 and 4 mmol/l1 (V 4, and V | 54) was calculated.
SET results were analysed using linear mixed-effect models. Maximum HR and LA were higher in SET-A1 compared
with subsequent SETs, with no differences among the remaining SETs. V4 (6.5 m/s; 95%CI 6.1-6.8) was higher
in SET-B2 compared to SET-Al and SET-BI (both +0.5 m/s; 95%CI 0.2-0.8). V [, did not differ between SET-Al,
SET-A2 or SET-BL. Ponies completed more steps in SET-B2 (+0.4; 95%CI 0.2-0.7) than in SET-B1 (5.9 steps; 95%CI
5.5-6.4). Fitness indices improved most after protocol-B, suggesting that alternating training intensity and recovery
may benefit Shetland pony training more than consecutive training for five days/week. Limitations include the small
sample size, and potential carryover effects due to the sequential design.
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Workload associated with rotary aqua-walker exercise in Thoroughbred
racehorses

C. Steelt* O. Jones, W. Bayly? and R. Leguillette3

'Hong Kong Jockey Club, 1/F Sha Tin Central Complex, Sha Tin Racecourse, The Hong Kong Jockey Club,
999077, Hong Kong, Hong Kong; 2College of Veterinary Medicine, Washington State University, 99164,
Pullman, USA; 3Faculty of Veterinary Medicine, University of Calgary, T2N4Z6, Calgary, Canada;
*catherine.m.steel@hkjc.org.hk

Despite increasing use of rotary aqua-walkers for conditioning and rehabilitation, information regarding their
workload at different speeds and water depths is lacking. We determined the relative workload (%HR peak) for
11 fit Thoroughbred racehorses that exercised at six incrementally increasing speeds [medians: 1.2 m/s (slow walk)
1.6 m/s, 1.8 m/s, 21 m/s, 2.4 m/s, 2.7 m/s (brisk trot)] at 3 water depths (60cm, 80cm, 100cm). Speeds increased every
2 minutes. Heart rate (HR) was successfully recorded in the aqua-walker using 2 validated ECG systems in 171/198
speed+water depth combinations. Reference HRpeak was measured during an intense track gallop of =800 m. Blood
lactate concentration was measured 5min post-exercise. Correlation between HR, water depth and speed (Spear-
man test) and differences in HR and %HRpeak between different speeds and water depths (mixed-effects analysis)
were analysed. HR (median [IQR]) was 86 [70,96], 91 [79,111] and 93 [71,112] at 60 cm, 80 cm and 100 cm depths,
respectively, and was positively correlated with speed (r = .83, (CI 0.78-0.87); P < 0.001). Overall %HRpeak was
40.3 [33.2, 45.7], 42.1 [36.8, 51.8], and 44.9 [34.2, 53.0] at 60 cm, 80 cm and 100 cm depths, respectively (HRpeak =
211 (SD = 5.4)). The highest %HRpeak was 59.7% [56.3,66.6] at 100 cm depth and ~2.7 m/s. Lactate concentration
was <2 mmol/l in all horses. Speed and water depth affected HR (P < 0.001) and %HRpeak (P < 0.001). Both
increased significantly with any increase in speed above 1.8m/s. Water depth only affected HR and %HRpeak at
speeds >2.1 m/s. The cardiovascular response to rotary aqua-walker exercise was submaximal,predominantly aero-
bic and varied between individuals. Variations in water depth impacted the workload less than variations in speed.
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Gait parameters as indicators of training level in dressage horses: a pilot
study

L.C. Berg™*, C.L. Hansen!, L.B. Kofoed! and F.M. Serra Braganca?

'University of Copenhagen, Veterinary Clinical Sciences, Agrovej 8, 2630 Taastrup, Denmark; 2Sleip AI AB,
Drottninggatan 92, 111 36 Stockholm, Sweden; *lcb@sund.ku.dk

The aim was to determine if gait parameters can be used to monitor training progression in dressage horses. Tra-
ditional exercise tests focus on aerobic capacity, which is of limited relevance in dressage. We hypothesise that
objective biomechanical measures are more applicable. Fifteen dressage horses were allocated to novice, medium,
or advanced training levels (n = 5 per group). Height, weight, age, body condition score, and muscle condition score
were recorded. Seven inertial measurement units (EquiMoves) were placed on the poll, withers, croup, and limbs to
obtain stride characteristics and upper-body motion. Two methods were used: Walk and trot in-hand on a straight
line, and walk on treadmill with incremental speed increases. Statistical analyses: one-way ANOVA for in-hand data
and linear regression for treadmill data, with significance set at P < 0.05. Multiple gait parameters differed sig-
nificantly with increased training levels despite the small sample size. In-hand, horses showed reduced front limb
protraction (P = 0.04) and abduction (P = 0.002) in trot, altered hind limb adduction (P = 0.01) in walk and abduc-
tion (P = 0.04) in trot, and changes in diagonal advanced placement (P = 0.03) in walk. On treadmill, responses to
increasing speed differed between groups for stride duration (P = 0.003), stance duration (P < 0.0001), stride fre-
quency (P = 0.007), and hind limb adduction (P = 0.03). In conclusion, gait variables, particularly limb abduction
and adduction, appear sensitive to training level and may aid in monitoring training progression/regression. Further
longitudinal research is warranted to evaluate measurement repeatability and the relevance of the parameters for
performance optimisation and injury prevention.
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Rural University of Rio de Janeiro (UFRR]), Road BR 465, km 7, Seropédica - RJ, 23890-000, Brazil;
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The digital flexor tendons play fundamental roles in the locomotor biomechanics of athletic horses. Tendon adap-
tations were investigated in young horses after treadmill physical training, using the echogenicity of the superficial
(SDFT) and deep digital flexor tendon (DDFT). Twelve Purebred Arabian horses, aged 20-30 months, underwent a
six-week training protocol guided by venous lactate velocity at 2 mmol/l (Vlac2) obtained in Incremental Exercise
Test (IET). Ultrasound evaluations (Esaote, MyLab Alpha) were performed in B-mode before and after training and
analysed by software Image ProPlus (Media Cybernetics Inc). All examinations were performed by a single operator
using standardised settings. For each image, eight regions of interest (ROIs) of 30x30 mm were selected to calculate
the mean numerical pixel value (NPVmean). Data normality (Shapiro-Wilk) and homoscedasticity (Bartlett) were
confirmed. Subsequently, data were subjected to a paired t-test. Results demonstrated a significant increase in Vlac2
which rose from 5,2 + 0,3 m/s to 6,7 + 0,4 m/s (P < 0,0001) and NPVmean of the SDFT increased from 38.6 + 12.9 to
57.2 £ 14.1 (P < 0,001), while NPVmean of the DDFT increased from 102 + 18.1 to 155 + 17.4 (P < 0,001), indicating
structural adaptations. These findings may reflect structural remodelling associated with adaptive collagen reor-
ganisation, although subclinical microdamage cannot be excluded. The lack of an untrained control group and the
small sample size are study limitations. It is suggested that controlled treadmill training in young horses promotes a
significant increase in tendon echogenicity.
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Proteomic characterisation of cardiac remodeling in paroxysmal atrial
fibrillation
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*k jeevaratnam@surrey.ac.uk

Paroxysmal atrial fibrillation (PAF) is a common arrhythmia in racehorses, characterised by irregular cardiac rhythm
and poor performance. This study aimed to investigate protein-level changes across all heart chambers using
high-resolution mass spectrometry. By characterising the proteomic landscape, we sought to identify molecular
signatures associated with PAF-related remodelling and contraction unit dysfunction. Heart tissue samples were
collected post-mortem from 11 Thoroughbred horses (4 samples per horse: left atrium, right atrium, left ventri-
cle, and right ventricle). Samples underwent liquid chromatography—mass spectrometry analysis and the label-free
quantification enabled comparison of protein intensities across 32 control and 12 PAF samples. Differential expres-
sion analysis was performed using Limma on filtered median normalised abundances. Initial analyses revealed no
significant differences between left and right-side atria and ventricles and only select differences between atria
and ventricles in control horses, allowing for pooling of chambers into whole heart groups. The proteomic analysis
contrasting controls with PAF horses revealed distinct differences in contraction unit proteins. MYL2, MYL3, and
TNNT2 were significantly upregulated in PAF, while ACTCI and ACTAl were downregulated. PKP2 and other desmo-
some proteins also showed reduced abundance, corroborating findings from RNA sequencing. Increased energy
metabolism was evident in PAF samples, while extracellular matrix (ECM) proteins showed minimal changes. This
study provides a comprehensive proteomic characterisation of cardiac remodelling in PAF horses, highlighting con-
traction unit dysfunction and altered energy metabolism’s potential involvement in equine atrial arrthymogenesis.
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Association of the MSTN genotype with body composition and performance
in young Thoroughbreds
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A single nucleotide polymorphism in the myostatin (MSTN) gene of Thoroughbreds influences optimal race dis-
tance and muscle fibre composition. However, its effects on body composition during training remain unclear.
This study investigated the association of the MSTN genotype with body composition and aerobic exercise perfor-
mance in young Thoroughbreds. Thoroughbreds (n = 103; 57 males [14 CC, 26 CT, 17 TT] and 46 females [10 CC,
24 CT, 12 TT]) maintained under the same management and subjected to standardised training were evaluated
from September (15 months of age) to April (before the sale). Genotypes were determined using a TagMan allelic
discrimination assay. Body fat percentage (%fat) and fat-free mass (FFM) were measured monthly using ultrasonog-
raphy, as described by Kearns et al. (2002). In March, V200 (running velocity at a heart rate of 200 beats/min) was
determined during ridden exercise (Ohmura et al., 2002), and whole-blood lactate concentrations were measured
within 1 min after a standardised high-speed treadmill test. Data were analysed using two-way and one-way ANOVA.
Throughout the training period, TT horses consistently had higher %fat than other genotypes, whereas CC horses
exhibited greater FFM (P < 0.001) in both sexes. In males, CC horses tended to show lower V200; however, no signif-
icant association between the MSTN genotype and V200 or whole-blood lactate concentration was observed. These
findings suggest that the MSTN genotype contributes to individual variation in body composition during training,
while its impact on the aerobic exercise performance variables evaluated in this study appears limited.

VOLUME 22, SUPPLEMENT 1 (2026) S1-5216


mailto:520�352,Japan;*natsuko_negishi@jra.go.jp

12TH INTERNATIONAL CONFERENCE ON EQUINE EXERCISE PHYSIOLOGY S61

APPLIED PHYSIOLOGY — OTHER TOPICS (GENETICS, METABOLOMICS,
PROTEOMICS)

Diet influences skeletal muscle proteomic responses to acute exercise in
Standardbred horses
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ISwedish University of Agricultural Sciences, Department of Animal Biosciences, Box 7011, 75007 Uppsala,
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Box 7024, 75007 Uppsala, Sweden; 3Uppsala University, Department of Chemistry for Life Sciences,
Analytical Chemistry and Neurochemistry, Box 576, 75123 Uppsala, Sweden; *emma.l.nilsson@slu.se

It is well known that diet influences the metabolic response to exercise, but its impact on skeletal muscle molec-
ular responses to exercise remains poorly characterised. The objective of this study was therefore to investigate
the influence of diet and acute exercise on the skeletal muscle proteomic profile of performance horses. Six Stan-
dardbred geldings were fed a forage-only diet consisting of early-cut haylage or a late-cut haylage with high-starch
concentrate (2.5 kg starch/day) diet in a cross-over experimental design of 29 days each. Diets were calculated to
be iso-nitrogenous, however, horses on diet FC had a higher CP intake due to leftovers. Horses performed a high-
intensity standardised treadmill incremental exercise test where biopsies from the M. Gluteus medius were obtained
immediately after. The cytosolic protein fraction was analysed using high-resolution LC MS/MS and label-free quan-
tification. Proteins detected in three or more horses in each diet were included in the statistical analysis (211 out
of 606 proteins). Exploratory analyses using paired Student s t-tests (P < 0.05) identified six proteins differently
expressed between diets, however, none remained significant after FDR correction. These candidate proteins sug-
gest a greater abundance of proteins associated with cellular stress responses and protein folding in horses fed the
high-starch diet, including heat shock proteins and chaperones. In contrast, the forage-only diet was associated
with proteins linked to mitochondrial oxidative phosphorylation and antioxidant defence. These findings suggest
that diet may influence skeletal muscle molecular responses to exercise, although further confirmatory studies are
needed.
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Exercise-induced circulating microRNAs associated with hydrocortisone
responses in horses
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Circulating microRNAs (miRNAs) are stable in bodily fluids and are potential biomarkers of reflecting physiological
responses to exercise. However, exercise-induced changes in circulating miRNAs in horses remain poorly charac-
terised. In this study, circulating miRNAs and plasma hydrocortisone levels after exercise were evaluated to identify
circulating miRNAs that respond to exhaustive exercise and to clarify their physiological significance by focusing
on miRNAs respond to hydrocortisone, a mediator of exercise-induced stress responses. Six healthy Thoroughbreds
performed completed incremental exercise on a treadmill until exhaustion. Blood samples were collected before
exercise and at 1, 5, 10, 20, 40, 60, and 120 min after all-out running. The hydrocortisone levels were measured
by LC-MS/MS to confirm activation of the exercise-induced endocrine stress response. Nine candidate miRNAs
(four novel miRNAs, miR-1, -7, -122, -133a and -451), previously identified as responsive to hydrocortisone admin-
istration, were quantified by RT-qPCR. Statistical comparisons before and after exercise were conducted using the
Wilcoxon signed-rank test. Hydrocortisone levels for 1-40 min after exercise were significantly increased compared
to before exercise. Significant changes were observed in eight miRNAs compared to before the exercise, with two
increasing and six decreasing of these miRNAs (0.19-14.19-fold). Notably, two novel miRNAs and miR-122 were sig-
nificantly changed until 120 min after exercise and exhibited similar responses to both exercise and hydrocortisone
elevation, suggesting a shared physiological axis associated with exercise-induced stress. These findings suggest
that circulating miRNAs may serve as biomarkers for longer-term exercise stress, providing additional insight into
exercise-induced stress and potential utility for indirect detection strategies.
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The influence of turn radius and incline on peak speed during elite level
cross-country competition

D. Marlin** R. McKechnie-Guire? and H. Cameron-Whytock3

1AnimalWeb Ltd, Cambridge, SG8 6LZ, United Kingdom; 2Hartpury University, Hartpury, GL19 3BE, United
Kingdom; 3University of Lancashire, Preston, PR1 2HE, United Kingdom; *dm@davidmarlin.co.uk

The influence of turn radius on peak speed in racehorses and incline on horses’ workload during cross-country
has been reported. We aimed to describe the effect of turn radius and incline on peak speed of horses competing in
FEI4*CCI Long/Short cross-country competitions. A Catapult Vector S7 sensor measuring speed/location (10Hz) was
fitted to 18 combinations. Python code determined turn radius and incline. Peak speed scatter plots for individual
horse/rider against turn radius and incline were constructed. Mean peak speed for each turn radius was calculated
from the 10 highest speeds at that radius or incline in bins of log 0.1 starting from -1.0 to 2.0. No difference in mean
peak speed for turn radii between 100 m and 1000 m (12.3 + 0.2 m/s) but was significantly reduced at a turn radius of
62.8 m (11.7 £ 0.73 m/s; P < 0.01). A hyperbolic model describes a radius <100 m (v m/s = 13.14 x r/10.50+1; r? = 0.999;
P < 0.001). For incline, peak speed for bins of 0.01 (-0.10 to +1.0) were used. Mean peak speed not different for
inclines ranging from -0.03 to +0.01 (12.5 + 0.1 m/s). A cubic model described the relationship (2 = 0.902; P < 0.01).
Peak speed decline rate was -41.4 m/s per unit incline for inclines from -0.03 to -0.10, -11.9 m/s/unit incline for
inclines from +0.01 to +0.06, with a sharp increase to 174.9 m/s/unit incline from +0.06 to 0.10 (all linear regression;
r2>0.90; P < 0.001). Effects of turn radius and incline may reflect biomechanical and/or energetic limitations on
peak speed and/or rider influence, helping to inform course design, reducing risk of fatigue/injury.
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Association between lifetime earnings and plasma proteomic profiles in
young Standardbred horses

S. Ringmark?, L. Johansson?, J. Bergquist®3 and A. Jansson®*

ISwedish University of Agricultural Sciences, Department of Animal Biosciences, P. O. Box 7023, 750 07
Uppsala, Sweden; 2Umea University, Department of Medical Biochemistry and Biophysics, Linnaeus vég 6,
901 87 Ume4, Sweden; 3Uppsala University, Department of Chemistry-BMC, Analytical Chemistry and
Neurochemistry, P. O. Box 599, 751 24 Uppsala, Sweden; *anna.jansson@slu.se

Early discovery of performance potential in horses is of interest both from a sport as well as animal welfare per-
spective. Proteomic biomarkers related to exercise adaptation have earlier been observed in Standardbred trotters.
However, the relationship between proteomic biomarkers in young horses in training and the relation to lifetime
performance is yet unexplored. We performed a pilot study with the aim to compare plasma proteomic profiles
in a group of Standardbred trotters in training (n = 15) managed during similar conditions (e.g. diet) during early
training and their later lifetime performance. Blood samples were collected at rest at 3.5-years of age. When the
horses finished their racing career, figures for sum of earnings per horse were retrieved from an official database and
horses were divided into good (290,000 SEK, n = 7) or poor (<90,000 SEK, n = 8) performers. Untargeted proteomics
was performed on 135 metabolites, and a hypothesis-generating approach was used in statistical analysis (T-tests,
SAS 9.4) for differences between groups. Good performers presented higher levels of C3/C5 convertase, plasmino-
gen, carboxypeptidase N subunit 1, hemopexin, histidine-rich glycoprotein and alpha-2-HS-glycoprotein than poor
performers (P < 0.05). These are for example related to immune functions and blood coagulation regulation. The
results indicate that proteomics analysis of blood plasma could be a tool to detect markers related to lifetime perfor-
mance in young Standardbred horses. The relationship between functions of the detected proteins and their roles
for athletic performance capacity remains to be explored further and in a larger number of horses.
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Whole-genome sequencing reveals polygenic differentiation underlying
exercise-induced DLC

R. Naboulsi®, J. Cieslak? B.D. Velie3, C.T. Fjordbakk**, E. Strand* and G. Lindgren!

ISwedish University of Agricultural Sciences, SE-750 07, Uppsala, Sweden; 2Poznan University of Life
Sciences, 60-637, Poznan, Poland; 3University of Sydney, Darlington, NSW 2006, Australia; *“Norwegian
University of Life Sciences, 1432, As, Norway; *cathrine.fjordbakk@nmbu.no

Dynamic laryngeal collapse (DLC) associated with poll flexion is a prevalent exercise-induced upper airway disorder
in the Norwegian-Swedish Coldblooded Trotter, linked to a rostrally positioned larynx, a narrow intermandibular
space, and a high head/neck carriage, suggesting a complex interplay between neuromotor control and craniofacial
conformation. While a previous pilot genome-wide association study identified a suggestive region on chromo-
some 7, the genetic basis of DLC is poorly understood. To characterise genomic differentiation underlying DLC
susceptibility, we performed whole-genome resequencing of 43 horses (25 cases, 18 controls) from the initial GWAS
cohort. Using fixation index (F ST) scans with 50 kb sliding windows (25 kb steps), we identified 58 genome-wide
significant regions (F gr >0.3), distributed across 53 autosomes and five regions on the X chromosome. The previ-
ously reported chromosome 7 locus was replicated, supporting a consistent signal of allele frequency divergence
between affected and unaffected horses. Several differentiated regions contain genes with functions consistent with
DLC-related phenotypes, including ITPRI and ROBOI (neuromotor regulation), TPMIand TLN2 (muscle contraction
and force transmission), and NR2F2 (craniofacial and airway development). These loci point to interacting neuro-
motor, muscular, and structural pathways, while the broader signal distribution indicates a polygenic architecture.
Our results provide evidence that DLC susceptibility reflects coordinated differentiation across multiple loci rather
than a single major-effect variant, highlighting the value of high-resolution resequencing and population genetic
approaches for dissecting complex performance traits.
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Uncovering cardiac molecular remodelling in racing Thoroughbreds with
paroxysmal atrial fibrillation

C.E. Edling’, M. Arevalo-Turrubiarte’, C. Moller-Levet? B. Forbes3, V. Kemp?3, J. Weir?, C. Marr?, R. Lewis"* and
K. Jeevaratnam?!

ISchool of Veterinary Medicine, University of Surrey, Guildford, United Kingdom; 2School of Biosciences,
University of Surrey, Guildford, United Kingdom; 3Hong Kong Jockey Club, Sha Tin racecourse, New
Territories, Hong Kong; “Rossdales Equine Hospital and Diagnostic Centre, Newmarket, CB87NN, United
Kingdom; *rebecca.lewis@surrey.ac.uk

Atrial Fibrillation (AF) is a major cause of poor athletic performance and sudden cardiac death in horses, yet its
underlying molecular mechanisms remain poorly understood. We performed RNA sequencing on left atrial (LA)
tissue from nine Thoroughbred racing geldings, five with paroxysmal AF (PAF) and four controls (horses with no
history of clinical cardiac abnormalities), to investigate transcriptomic remodelling associated with spontaneous
AF. Horses were selected through retrospective convenience sampling and had been clinically evaluated through
cardiac auscultation and electrocardiogram assessment. Differential expression analysis identified over 1,400 signif-
icantly regulated genes in equine PAF, of which 209 were considered robustly significantly expressed (adjusted P-
value<0.05, absolute log fold change >1, solid expression level logCPM>2). Notably, expression of ATP1A2, ATP2A2,
CASQ2 and HCN4 were downregulated in PAF, while KCNN3 and KCNMAL1 were upregulated, suggesting disturbed
calcium signalling and ionic homeostasis. In addition, several genes directly involved in cardiac muscle contrac-
tion and mitochondrial energy metabolism were differentially expressed. Alternative splicing analysis revealed over
20 significantly altered events, including skipped exons in genes with potential relevance to cardiac function and
remodelling. The events in ATP7A, PDE8A, and STK4 were predicted to affect protein domains critical for copper
transport, CAMP regulation, and kinase activity. Overall these findings highlight intrinsic structural and molecular
changes in the LA of PAF-affected horses. This study provides the first transcriptomic and splicing analysis of atrial
tissue in racing horses with spontaneous AF, revealing molecular remodelling potentially consistent with mecha-
nisms of arrhythmia maintenance and suggesting possible targets for further functional investigation.

VOLUME 22, SUPPLEMENT 1 (2026) S1-5216


https://value<0.05
mailto:Kingdom;*rebecca.lewis@surrey.ac.uk

12TH INTERNATIONAL CONFERENCE ON EQUINE EXERCISE PHYSIOLOGY S67

APPLIED PHYSIOLOGY — OTHER TOPICS (GENETICS, METABOLOMICS,
PROTEOMICS)

Non-targeted metabolomics reveals prolonged post-race carnosine-pathway
alterations in Thoroughbreds

K. Ohnuma®* T. Uchida?, K. Suzuki’, T. Furukawa?, N. Yokotsuka®, D. Arima? Y. Ishikawa?3, M. Kodaira-Hirano’,
M. Yamada! and S. Nagata?

ILaboratory of Racing Chemistry, Utsunomiya, Japan; 2Japan Racing Association, The Horse Racing School,
Shiroi City, Japan; 3Japan Racing Association, Equine Research Institute, Shimotsuke, Japan;
*k-ohnumag@lrc.or.jp

Plasma lactate is a customary marker of high-intensity exertion. However, rapid post-exercise clearance of lac-
tate limits monitoring beyond early recovery. Considering that post-race management and health assessment
require evaluation of sustained physiological responses, long-lasting plasma biomarkers that complement lactate
are needed. Accordingly, we conducted an exploratory non-targeted plasma metabolomics study in Thoroughbreds
(n = 5; sex: 2 females, 2 geldings and 1 male) after a 1,000-m race. Peripheral blood was collected pre-race and at 30,
120, and 180 min post-race. Plasma metabolome data were obtained using a unified hydrophilic-interaction/anion-
exchange liquid chromatography high-resolution mass spectrometry system (HILIC/AEX/HRMS), enabling broad
non-targeted detection of polar metabolites, including lactate. Pathway enrichment was assessed using Fisher’s
exact test with a false discovery rate of g < 0.05 for p-value correction. At 30 min post-race, carnosine metabolism
(P < 0.01), fructose—-mannose metabolism, and glycolysis- and lactate-related pathways (P < 0.05) were signifi-
cantly altered. Plasma lactate increased at 30 min post-race (15-fold vs. pre-race) and returned toward baseline by
120 min post-race. In contrast, carnosine-pathway metabolites remained altered up to 180 min post-race, suggest-
ing prolonged changes in metabolic turnover and/or clearance during recovery. Specifically, at 30 min post-race,
plasma carnosine levels increased by 40% and remained elevated at 180 min, whereas beta-alanine and histidine
decreased by 76% and 29%, respectively, at 30 min, with incomplete recovery by 180 min. These data indicate that
non-targeted metabolomics captures both acute and long-lasting post-race responses. Moreover, carnosine-pathway
metabolites may complement lactate by providing longer-lasting indicators for assessing post-race recovery status
in equine athletes.

VOLUME 22, SUPPLEMENT 1 (2026) S1-5216


https://minpost-race.In
https://correction.At
mailto:k-ohnuma@lrc.or.jp

S68 12TH INTERNATIONAL CONFERENCE ON EQUINE EXERCISE PHYSIOLOGY

NUTRITION

Grain processing and starch load alters faecal pH and performance in
Thoroughbred racehorses

N. McGilchrist®* K.C. Anderson? and J.W. Kadlec-Cavanagh?

'Equilize Horse Nutrition Pty Ltd, PO Box 208, Tamworth NSW 2340, Australia; 2Ciaron Maher Racing, 336
Kennedys Road, Miners Rest VIC 3352, Australia; “nerida@equilize.com.au

Hindgut acidification is a recognised risk in grain-fed performance horses and is reflected by low faecal pH (<6.2),
consistent with increased hindgut starch fermentation. This field study quantified the effect of increasing small-
intestinal starch digestibility and reducing concentrate intake on the prevalence of low faecal pH in Thoroughbreds
in training. Faecal pH was measured in-field using calibrated portable pH meters inserted into freshly voided
manure. Measurements were collected within a large commercial racing stable (>400 Thoroughbreds; Ciaron Maher
Racing) before and after a managed diet change in late May 2024. Diet A comprised roughly 50:50 a rice-based pellet
plus a micronized grain-based concentrate with estimated small-intestinal starch digestibility of 35% (validated via
invitro assay). Diet B comprised a rice-based pellet plus an extruded grain-based concentrate in the same ratio, with
estimated digestibility of 65%, alongside a 0.9-1.8 kg/horse/day reduction in concentrate intake. The proportion of
samples <6.2 was compared between diets using a chi-square test (« = 0.05). On Diet A, 47.0% of measurements
(n = 304) were <6.2; following transition to Diet B, this decreased to 25.7% (n = 1138; P < 0.001). Despite the dietary
change, approximately one quarter of measurements remained <6.2, consistent with inter-individual variability in
small-intestinal starch digestive capacity. Within this stable, horses with faecal pH <6 raced less times throughout a
preparation and were 14% less likely to finish in the top 3 placings of a race (OR = 0.86). Increasing starch digestibil-
ity via grain processing, combined with reduced concentrate intake, was associated with a marked shift toward a
less acidic hindgut environment and may support improved racing performance.
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Aberrations in fatty acid profiles in racehorses corrected with fish oil
supplementation

A.L. Fowler*, PJ. Huntington and J.D. Pagan

Kentucky Equine Research, 3910 Delaney Ferry Road, Versailles, KY 40383, USA; *afowler@ker.com

Omega-3 and omega-6 polyunsaturated fatty acids (PUFAs) are essential nutrients for horses. Long-chain PUFAs
(LC-PUFAs; 220 carbons) are incorporated into cell membranes, where they affect membrane fluidity and also
serve as precursors for numerous eicosanoids. Eicosanoids produced from AA (20:4n6) tend to be proinflammatory,
whereas EPA (20:5n3) and DHA (22:6n3) give rise to eicosanoids that are anti-inflammatory and inflammation-
resolving. Horses grazing pasture consume more ALA (18:3n3) than LA (18:2n6) compared to horses consuming
hay-concentrate diets, which contain more LA. Differences in short-chain PUFA (<18 carbons) dietary intake can
influence LC-PUFA production by the horse. This study compared the LC-PUFA composition of whole blood across
different groups of horses. The groups included horses consuming mostly pasture diets (PASTURE; n = 49), race-
horses consuming a hay and concentrate diet (RACE; n = 155), and racehorses supplemented with fish oil (RACE-FO;
n = 15). Whole blood was collected before the morning feed or at least six hours after a grain meal and analysed
for fatty acids. Differences between groups were determined using a one-way ANOVA. RACE had the lowest EPA
levels, with PASTURE and RACE-FO exhibiting EPA levels 3.8 times and 6.1 times higher than RACE, respectively
(P < 0.0001). RACE had an AA:EPA ratio 6.0 times higher than both PASTURE and RACE-FO, indicating a more
inflammatory fatty acid balance (P < 0.0001). Horses are inefficient at converting ALA to EPA and DHA when fed
diets high in LA. Supplementing racehorses with fish oil restores EPA levels to match or exceed those found in
pasture-fed horses.
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Effects of a phytogenic supplement on cardiovascular fitness and recovery in
racehorses

A. Tischmacher®*, C. Loos? and E. Van-Erck Westergren!

'Equine Sports Medicine Practice, Avenue Beauséjour 83, 1410, Belgium; 2Cavalor North America, 3529
Corporate Drive, GA 30721, Dalton, USA; *atischmacher@esmp.be

Racehorses perform repeated strenuous exercise requiring aerobic efficiency and rapid recovery. Nutritional strate-
gies are frequently used to support these demands, but objective evidence remains limited. The objective of
this study was to evaluate the effects of a phytogenic supplement on cardiovascular fitness indices and post-
exercise recovery in actively training racehorses. Twenty-four steeple-chasers completed a randomised, double-
blind, placebo-controlled crossover study with two 4-week treatment periods separated by a 4-week washout,
receiving supplement and placebo in randomised order. Training sessions (canter and turf gallop) were monitored
using GPS and heart-rate recording at the beginning and end of each treatment period. Cardiovascular indices
included speed at heart-rate thresholds of 150, 170 and 200 beats/min (V150, V170, V200) and heart rate at a fixed
speed of 11 m/s. Blood lactate was measured 10, 20 and 30 min post-exercise. Creatine kinase (CK) concentra-
tions were obtained 4-6 h after training. Linear models adjusted for changes in exercise intensity were used for
cardiovascular outcomes, mixed-effects models for [CK], and bootstrap resampling for small-sample lactate com-
parisons. During canter sessions, supplementation was associated with improved speed-heart rate relationship
compared with placebo. Mean AV150 increased in supplemented horses (+0.90 km/h) and decreased in placebo
horses (-1.05 km/h), with similar directional changes at V170 (+0.82 vs -1.61 km/h) and V200 (+0.69 vs -2.45 km/h).
Heart rate at 11 m/s decreased in supplemented horses (-8.7 bpm) but increased in placebo horses (+6.8 bpm). Dur-
ing turf gallop, supplemented horses showed a greater reduction in 30-min post-exercise lactates (-2.34 mmol/l),
and [CK] were approximately 27% lower during supplementation. These findings suggest the supplement may
improve submaximal cardiovascular efficiency and selected recovery biomarkers in racehorses under field condi-
tions.
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The effect of age and sex on body condition score in Icelandic horses
attending breeding shows
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1,107 Reykjavik, Iceland; *rbj@anivet.au.dk

The Icelandic horse is generally regarded as an easy-keeper breed, with previous studies indicating relatively high
body condition scores (BCS) in the population. This study aimed to describe the BCS of Icelandic horses presented
at official breeding shows and to evaluate the effects of age and sex, as well as the relationship between BCS and
performance scores. During standardised breeding evaluations, certified officials recorded BCS on a 1-5 scale in 0.5-
point increments along with body measurements. Data from 12,356 horses (4,326 stallions; 8,030 mares) evaluated
between 2020 and 2025 were obtained from the WorldFengur database. The BCS ranged from 2.5 to 4.0. Horses
were categorised into four age groups (3, 4-6, 7-9, 10-25 years). General linear models (SAS) were used to assess the
effects of sex, age group, and their interaction on BCS, and to evaluate associations between BCS and total scores
for conformation and riding abilities. Significance was set at P < 0.05. Overall, mares (3.2 = 0.30) and stallions (3.1 +
0.25) showed BCS values similar to the recommended riding-horse condition (BSC 3). An interaction between sex
and age was detected (P < 0.001). Mares displayed higher BCS than stallions in all age groups except the oldest
stallions (10-25 years), who exhibited the highest BCS within the stallion cohort. Stallion BCS increased with age.
Higher BCS (>3) was associated with increased total scores for both conformation and riding abilities (P < 0.001). In
conclusion, Icelandic horses presented at breeding shows typically exhibit BCS values consistent with riding-horse
condition. However, higher BCS was associated with higher scores. Whether higher BCS is rewarded by judgers is
unknown.
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High grain diets are commonly used in racehorses to meet energy demands; however, excessive starch intake is
associated with equine squamous gastric ulceration and increased hindgut fermentation, potentially impairing gas-
trointestinal health. Limited data exist evaluating the relationship between grain intake and objective performance
outcomes. This study investigated the association between daily grain intake relative to bodyweight and race per-
formance in Thoroughbred horses. Race performance and feed records from 560 horses (n = 2,688 race starts) at a
single racing stable were analysed retrospectively (2025-2026). Daily grain intake was quantified as standardised
dippers per horse per day (1 dipper » 1 kg grain), excluding feeds containing <2% starch, and normalised per 100 kg
bodyweight. Grain intake for each horse at the time of racing was obtained from feeding records that were updated
whenever dietary changes occurred; however, feed refusals were not included in the analysis. Horses were weighed
weekly using an equine weighing scale. Performance metrics included win (binary), placing, and actual-to-expected
finish ratio (A2E; actual + expected finish), with expected finish derived from starting price. Feed-to-bodyweight
ratios were calculated as dippers + (bodyweight/100) and categorised into quantiles. Logistic regression demon-
strated that horses with higher feed-to-bodyweight ratios had significantly lower odds of winning compared with
horses at lower ratios (OR 3.3, P = 0.011 for 1.01-1.16; OR 3.1, P = 0.016 for 1.16-1.61). When fed 6 dippers, lighter
horses (<500 kg) had a lower win rate than heavier horses (2500 kg; 1.9% vs 11.8%; t = -2.28, P = 0.025). These
findings suggest that higher grain intake relative to bodyweight may reduce win probability, particularly in lighter
horses. Moderating starch intake relative to bodyweight may therefore support gastrointestinal health without neg-
atively affecting performance outcomes.
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Ontario horse hay over 3 years: Does quality align with activity level?
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The nutritional quality of hay is critical for equine health and performance. Feeding hay that doesn’t match a horse’s
activity level can lead to management challenges and health issues. Performance horses fed low-quality hay require
more concentrates, potentially impacting gastrointestinal health, while horses in light work fed rich hay risk obesity.
Aligning hay quality to nutritional needs could reduce these problems. This study evaluated variation of hay quality
in Ontario, Canada, over 3-years, correlation between activity and digestible energy (DE), and whether variations
were biologically significant. Hay samples (n = 297) were taken using a Best Harvest Probe (24-inch) with at least
10 cores per sample sent for near infrared analysis. Horse activity was scored 0-4 by M.B. based on owner reported
weekly exercise. Statistical analysis was conducted using a correlation (P < 0.05). Results showed no significant cor-
relation between year and DE (P = 0.190) and no correlation between DE and activity level (P = 0.205). Correlation
between DE and year was examined to assess the impact of differing harvesting conditions on forage quality. DE
values ranged from 1.55 — 2.71 Mcal/kg. For a 500 kg horse consuming 10 kg of hay, this represents a difference of
11.6 Mcal/day, a biologically meaningful variation. No correlation between activity level and hay quality within the
sampled population highlights a potential area to improve equine nutritional management. Future studies should
explore aligning hay quality with workload to potentially lessen the negative impact of feeding hay too poor or too
rich for a horse’s nutritional needs.
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Vitamin E supplementation modifies thermal and metabolic recovery in hot
phenotype horses

J.D. Pagan®, R.W. Springer, L.M. Schwarzhoff, E.M. McGaffigan, K. Dawkins and R.J. Marnane

Kentucky Equine Research, 3910 Delaney Ferry Rd, Versailles, Kentucky 40383, USA; *pagan@ker.com

Seven Thoroughbred horses previously classified by thermal phenotype as HOT (n = 3) or COOL (n = 4) were used
in a 70-day longitudinal study to determine whether high-dose vitamin E supplementation alters exercise heat
production and recovery. Horses consumed a basal diet providing ~2 IU/kg bwt/day of vitamin E and completed
a 52-minute standardised exercise test (SET) on day 0. Gluteal (GLUT) temperature was measured during and
after exercise using PTSM. Data were analysed using MANOVA. At day 0, HOT horses had lower serum vitamin E
concentrations than COOL (P < 0.05). Beginning on day 1, HOT horses received an additional 5,000 IU/day of nano-
dispersed RRR-a-tocopherol (total intake ~10 IU/kg bwt/day) for 70 days, while COOL consumed the basal diet. The
SET was repeated on day 70. Serum vitamin E did not change from day 0 to 70 in COOL (P > 0.10) but increased in
HOT (P < 0.001). Exercise GLUT temperature did not differ between days within phenotype (P > 0.10), although
HOT maintained higher GLUT temperatures than COOL during both SETs (P < 0.001). HOT horses demonstrated
a greater reduction in recovery GLUT temperature from day 0 to 70 versus COOL (P < 0.05). HR did not differ
between groups during either SET (P > 0.10). On day 0, HR was higher post-exercise in HOT horses (P < 0.05);
no differences were observed on day 70 (P > 0.10). Lactate recovery was unchanged in COOL (P > 0.10), whereas
HOT exhibited faster post-exercise lactate declines on day 70 versus day O (P < 0.01). High-dose nano-dispersed
RRR-a-tocopherol increased serum vitamin E and improved thermal and metabolic recovery in HOT phenotype
horses, suggesting enhanced antioxidant-mediated perfusion efficiency.
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Is the postprandial metabolic response associated with performance?
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Historically, many feeding trials with postprandial plasma analyses of metabolites have been performed, and the
results have been suggested to be relevant for horses’ exercise performance. However, this link is not well studied.
This study aimed to investigate the association between metabolic responses to feeding and exercise performance.
Nine Icelandic horses were subjected to high feeding allowance (HA; 17.0 + 0.0 MJ metabolisable energy/100 kg body
weight/day), and restricted feeding allowance (RA), with half of the energy intake, for 36 days each in a cross-over
design to reach two levels (%) of body fat (P < 0.05). During the last week of each treatment, a standardised incre-
mental treadmill exercise test (SET) was performed to estimate the velocity at the anaerobic threshold (V,4). One
to 9.5 h post SET, blood samples were collected at 20, 60, and 90 min after feeding 1 kg dry matter of haylage for anal-
ysis of plasma glucose, insulin, and non-esterified fatty acids (NEFA). The association between metabolic responses
and Vi, were analysed using a linear mixed model. Higher NEFA and lower glucose concentrations 20 min after
feeding were associated with higher Vi 4(P = 0.05), irrespective of treatment. The association between insulin
concentrations 20 min after feeding and V; ,appeared positive following RA treatment but negative following HA
(P = 0.05). The results indicate that responses 20 min after feeding, but not after 60 or 90 min, may be associated
with aerobic capacity. However, body fat % or daily energy intake may influence, and the association needs further
investigation.
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Energy expenditure and digestible energy intake in Interscholastic
Equestrian Association horses

VL. Erwin* and S.E. Pratt-Phillips

North Carolina State University, Animal Science, 120 West Broughton Drive, Raleigh, 27695, USA;
*vlerwin@ncsu.edu

The Interscholastic Equestrian Association (IEA) provides children opportunities to show without needing their
own horse. The purpose of this study was to quantify the work effort and calorie intake of horses used at IEA com-
petitions to ensure they are being fed appropriately. The objective was to evaluate the estimated energy expenditure
(EE) by IEA horses at competition and to compare this EE to their NRC digestible energy (DE) requirements for
moderate work (ERmw) and their DE intake (DEi). A total of 55 horses (410 + 70 kg) were observed over 4 hunt-seat
competitions to quantify the time at each gait or jumping course in their classes. Heart rate (HR) monitors were later
used to determine the horses’ average HR at each of the skills used in competition. The digestible EE at competition
was calculated based on Ebert and Moore-Colyer (2020). Feed information was obtained and DEi was calculated.
ANOVA was used to determine differences between EE, ERmw and DEi. Mean ( = SD) digestible EE was 20.4 + 5.4
Mcal/day, ERmw was 19.1 + 3.3 Mcal/day and DEi was 18.6 + 4.4 Mcal/day, with a trend (P = 0.09) for EE being higher
than ERmw. When expressed as a percentage of maintenance DE requirements, EE was 148.5 + 23.5% and DEi was
135.3 + 29.6%, where moderate work is 140% (NRC). These findings indicate that horses used in IEA competitions
have energy requirements similar to, or slightly above, the NRC’s designation of moderate work though there was
wide variability between horses.
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Electrolyte supplementation: a survey of endurance horse owners in
Australia and New Zealand

F. Paige-Cameron’, R.L. Hookerl, B. Chapman?, C.E. Dibbens’, T,J. McWhorter’, C.G. Delesalle? G.S. Howarth!
and E.-LJM.M. Verdegaal®*

1Adelaide University, School of Animal and Veterinary Sciences, Roseworthy Campus, 5371 Roseworthy,
Australia; 2Ghent University, Faculty of Veterinary Medicine, Salisburylaan 133, 9820 Merelbeke, Belgium;
*lidwien.verdegaal@adelaide.edu.au

Electrolyte supplementation is widely used, yet practices and rationale among horse owners remain poorly char-
acterised. The aim was to investigate key features of electrolyte supplementation in Australian and New Zealand
endurance horses. A 45-question survey was distributed via endurance association websites and social media for 11
weeks. Results: 139 of 186 responses were complete, with 94% of all riders using electrolyte supplementation. During
training, 55% of owners supplemented with a mean ( + SD) of 46 + 20 g daily, increasing it to 57 + 30 g (pre-loading)
from 3.5 + 2.4 days before competition. Supplementation during competition was used to replace electrolyte losses
(96%) and encourage water consumption (63%). Supplementation before (9%) and during transport (2.3%) was
uncommon, whereas supplementation after transport (56%) was more common. Many riders practised acclimatisa-
tion training (41%), which approached significance for reducing the reported risk of metabolic disorders (P = 0.07).
Supplementation was more common in association with competition: pre-competition dosage of 57 + 30 g by 88%
of the owners, associated with transport 41 + 26 g by 67%, during competition 82 + 92 g by 92%, especially longer
distances (P = 0.02) and post-competition 49 + 2Ig by 90% of the owners. The overall rate of owner-reported
metabolic disorders was 13.5%. Over 65% of the supplements were sodium-dominant. There was no relationship
between the timing of supplementation, water intake and metabolic disorders. Less than 10% of owners obtained
information on supplementation from veterinarians. Conclusions: This survey highlighted variation in practices;
while pre-loading before competition was common among owners, fewer than 10% administered electrolytes prior
to transport.
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Resting QT restitution predicts exercise-induced R-on-T in horses with atrial
fibrillation

G. Van Steenkiste*, A. Decloedt and G. Van Loon

Ghent University, Salisburylaan 133 Entrance 7, 9820 Merelbeke, Belgium; *glenn.vansteenkiste@ugent.be

Ventricular arrhythmias during exertion, including R-on-T, occur in a subset of horses with atrial fibrillation (AF).
We tested whether resting ECG indices of repolarisation dynamics predict exercise-induced R-on-T. Resting con-
tinuous ECGs from 319 horses with naturally occurring AF were retrospectively analysed (55 with exercise-induced
R-on-T; 264 without). Fibrillatory-wave interference was reduced using 10 Hz low-pass filtering before tangent-
based QT measurement. RR history was summarised with an exponentially weighted moving average to model QT
dependence on irregular AF cycle lengths. Features included QT/TQ restitution slope, QT at short RR (QT_fast),
QT variability at short RR (QT_IQR_fast), curve coefficient of variation (Curve_CV), and RR irregularity (RMSSD).
Groups were compared using Wilcoxon rank-sum tests with Bonferroni correction. Multivariable logistic regression
was evaluated by AUC (bootstrap 95% CI) and leave-one-out cross-validation (LOO-CV). PPV/NPV were calcu-
lated at the optimal threshold. QT/TQ slope was higher in R-on-T horses than controls (41.7 + 28.1 vs 24.2 + 39.8;
P = 0.0002; AUC = 0.657) and was the only feature significant after Bonferroni correction. QT_fast was shorter
(338.3 + 58.3 vs 364.4 + 64.1 ms; P = 0.0046) and QT_IQR_fast higher (96.6 + 42.8 vs 82.6 + 41.6 ms; P = 0.0436),
while RMSSD did not differ (P = 0.758). A multivariable model (Curve_CV, QT/TQ slope, QT_fast, QT_IQR_fast)
achieved AUC 0.676 (95% CI 0.599-0.749) and LOO-CV AUC 0.632; sensitivity 69.1%, specificity 61.7%, PPV 27.3%,
NPV 90.6%. Exercise-induced R-on-T in AF horses is associated with altered resting repolarisation dynamics, partic-
ularly steeper QT restitution, rather than greater resting RR irregularity. Resting QT dynamics may aid pre-exercise
risk stratification.
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Diaphragm thickness in equine athletes: an ultrasonographic study on 240
horses

L Grossi®* A. Quartesan? and F. Beccati®

IEquine Cure, v. Fontebuono 93, 00142 Rome, Italy; 2University of Perugia, Sports Horse Research Centre,
Department of Veterinary Medicine, via San Costanzo 4, 06126 Perugia, Italy; *ilaria8829@hotmail.com

The diaphragm plays a key role in equine athletic performance. However, discipline-specific features of diaphragm
morphology in sports horses remain poorly defined. This study aimed to investigate ultrasonographically, the
differences in diaphragm thickness among equestrian disciplines and athletic levels. Diaphragm ultrasound was
performed in 240 competing horses from show jumping, eventing, dressage, and endurance (n = 60 per discipline).
Horses were divided into high-, medium-, and low-level categories (n = 20 each). Diaphragm thickness was mea-
sured bilaterally at the X—XII intercostal spaces (ICS) during peak inspiration and expiration. Data were analysed
using a linear mixed model including respiratory phase, side, and intercostal space as within-subject factors, and
discipline and athletic level as between-subject factors (P < 0.05). Diaphragm thickness recorded higher values
during inspiration compared with expiration (P < 0.05) and on the left side compared to the right (P < 0.05). The
XI ICS consistently showed the highest values (P = 0.001). Significant discipline-related differences were detected
(P < 0.001): show jumping and eventing horses demonstrated the greatest peak inspiratory thickness at XI ICS on
the left side (1.253 + 0.265 and 1.230 + 0.248, respectively), whereas dressage and endurance horses showed lower
values (1.073 + 0.196 both). Except for dressage, athletic level also influenced diaphragm thickness (P < 0.001), with
medium- and high-level horses recording higher values compared with low-level horses. Significant discipline per
athletic level interactions were observed (P = 0.01), indicating sports-specific patterns. These findings demonstrate
relevant diaphragm features associated with both discipline demands and athletic conditioning, supporting ultra-
sonographic diaphragm assessment as a valuable tool for respiratory performance monitoring in equine athletes.
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Lung surface haemosiderin staining in racehorses related to career &
endoscopic EIPH classification

DJ. Marlin®* and C. Riggs?

!AnimalWeb Ltd, Cambridge, SG8 6LZ, United Kingdom; 2The Hong Kong Jockey Club, Sha Tin Racecourse,
New Territories, Hong Kong SAR, China, P.R.; *dm@davidmarlin.co.uk

Variability in post-exercise endoscopic assessment of blood in the trachea and in bronchoalveolar lavage have
been reported. Lungs of racehorses at post-mortem show variability in haemosiderin staining. To the best of our
knowledge this has not been systematically studied. The lungs of 66 Thoroughbred racehorses/ex-racehorses were
studied at post-mortem (Mean age 6.2 + 3.4 (SD) years). The horses were divided into two groups, EIPH+ve (n =
26) and EIPH-ve (n = 40), based on presence of blood in the trachea following exercise. Standardised dorsal and
ventral images of the lungs were obtained. The length, width and area were calculated (Scion Image). Haemosiderin
stained areas of the lung were identified using Extensis Mask Pro3. The left lung was wider (P = 0.0065) and had a
greater total surface area (P = 0.0176) in EIPH+ve horses. Median (25th-75th percentile) haemosiderin staining was
not different between EIPH-ve and EIPH+ve horses for either dorsal (26.0%; 8.5-33.4% versus 22.3%; 16.1-29.2%,
respectively) or ventral lung (11.0%; 5.0-16.2% versus 9.8%; 5.4%-16.3%) (P > 0.05) nor between left and right dorsal
or ventral lung (P > 0.05). Dorsal haemosiderin stained area irrespective of EIPH classification (23.1%; 15.8-32.3%)
was significantly greater than ventral stained area (4.9%; 2.4-7.4%; P < 0.0001). There was no relationship between
total races run or total stakes won and haemosiderin staining. A limitation is that surface haemosiderin staining
may not directly reflect the degree of staining within the lung. Classification of horses as EIPH+ve or EIPH-ve based
on post-exercise endoscopy in this sample did not relate to degree of haemosiderin staining of lungs at post-mortem
nor to career performance or number of races run.
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Pulmonary artery pressures are synchronised with stride frequency but not
heart beats during gallop

Y. Takahashi®*, R. Leguillette? Y. Ebisuda’, K. Mukai®, H. Ohmural, F. Sugiyama’, S. Massie? and W. Bayly?

Japan Racing Association, Shimotsuke, 329-0412, Tochigi, Japan; 2University of Calgary, 3330 Hopital Dr
NW, Calgary, T2N4N1, Canada; 3Washington State University, Pullman, WA, 99164-6610, USA;
*yuji_takahashi@equinst.go.jp

Large changes in intrapleural pressures (Ppl) in people on ventilators are known to affect pulmonary artery pressure
(PAP). In galloping horses, stride frequency (fs) is the major determinant of breathing frequency (fb) and increases
in tb, and peak expiratory and inspiratory Ppl are extreme. As the influence of these increases on PAP has not been
reported, we assessed the extent of locomotor-PAP coupling during galloping. Eight Thoroughbred horses galloped
at 121 + 12% VO,max (mean = SD; 12.4-13.8 m/s) on a 6% inclined treadmill. PAP and electrocardiograms (ECG)
were recorded continuously. Strain gauges attached to all hooves detected hoof-on and -off events. Heart rate (HR)
and heart beat frequency (fca) were calculated from R-R ECG intervals. Fast-Fourier Transform analysis was applied
to calculate frequency of PAP (fPAP). The time of occurrence of peak systolic and diastolic PAP within one stride
cycle (0-100%) was determined. Mean pre-exercise HR was 50 + 17 bpm and the fca:fPAP = 0.98 + 0.04. When
galloping, mean HR, fca and fs were 198 + 11 bpm, 3.31 + 0.18 Hz and 2.14 = 0.06 Hz, respectively. The fca:fPAP =
0.65 + 0.03, while fs:fPAP = 1.00 + 0.01. Peak systolic PAP occurred at 55.9 + 5.2% of a stride cycle. This coincided
with the lead forelimb early stance phase which began at 48.7 + 1.9% of the cycle. Because inspiratory Ppl can be
biphasic, peak diastolic PAP occurred either at 19.3 + 2.5% of the stride cycle which was related to lead hindlimb
early stance phase beginning at 16.4 + 1.3%, or at 91.0 + 8.2% in the suspension phase. fPAP and peak systolic and
diastolic PAP were synchronised with gait cycle but not heart rate during galloping exercise.
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Experimentally-induced laryngeal hemiplegia exacerbates exercise-induced
pulmonary haemorrhage

Y. Takahashi®* R. Leguillette? Y. Ebisuda’, K. Mukai’, H. Ohmura’, F. Sugiyama’, S. Massie? and W. Bayly?3

Japan Racing Association, Shimotsuke, 329-0412, Tochigi, Japan; 2University of Calgary, 3330 Hospital Dr
NW, Calgary, T2N4N1, Canada; 3Washington State University, Pullman, WA, 99164-6610, USA;
*yuji_takahashi@equinst.go.jp

Exercised-induced pulmonary haemorrhage (EIPH) occurs when pulmonary transmural pressure (Ptm; pulmonary
capillary pressure — intrapleural pressure (Ppl)) exceeds the threshold for capillary stress failure. Laryngeal hemi-
plegia (LH) can cause increased inspiratory pressure during exercise. We aimed to assess the contribution of
LH to EIPH. Using a randomised crossover design, eight trained Thoroughbred horses performed Control and
experimentally-induced LH runs at 121 + 12% VO,max (mean = SD; 12.4-13.8 m/s) on a treadmill (6% incline)
for up to 90s. LH was induced using 5 ml bupivacaine injection into the cricoarytenoideus dorsalis muscle.
Oesophageal (Ppl), pulmonary artery (PAP), and wedge (PWP) pressures were recorded continuously and Ptm (
(PAP+PAW)/2)—-Ppl) was calculated. Bronchoalveolar lavage erythrocyte number (BALRBC) was determined 60 min
post-exercise. Continuous variables were analysed with mixed models, and BALRBC (median [interquartile range])
with the Wilcoxon signed-rank test. P < 0.05 was significant. Peak inspiratory Ppl was significantly greater with LH
(-69.2 + 16.2 mmHg) compared with control (-41.2 + 8.0 mmHg; P = 0.004), and inspiratory-expiratory peak-to-
peak Ppl was also higher (LH: 94.9 + 14.9 vs control: 76.9 + 11.0 mmHg; P = 0.02). Peak expiratory Ppl did not differ
between conditions (LH: 25.7 + 11.9; control: 35.7 + 7.0 mmHg; P = 0.09). Mean PAP and PWP were not different
between LH and control; however, mean Ptm was significantly higher during LH (88.0 + 12.6 vs 68.0 = 12.4 mmHg;
P = 0.02). BALRBC was markedly increased after LH runs (9,413/ul [5,250-17,688]) compared with control (1,375/ul
[744-2,075]; P = 0.008). Experimentally-induced LH was associated with greater peak inspiratory Ppl, higher Ptm,
and exacerbated EIPH severity, supporting a mechanistic link between upper airway obstruction and pulmonary
capillary stress failure.
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Myocardial damage during official chuckwagon races: Risk factors for
increases in cardiac troponin T

R. Leguillette™ and L. Caplan

Faculty of Veterinary Medicine, University of Calgary, Faculty of Veterinary Medicine, University of Calgary
VLC-309G, 11877 85 St NW, T2N4N], Canada; *rleguill@ucalgary.ca

Cardiac monitoring during official races is hardly ever feasible, impeding our understanding of sudden cardiac
death during races. The Calgary Stampede Chuckwagon races are sprint races involving >1600 horse-starts over 10
days from ~500 Thoroughbreds. Myocardial damage and high-intensity exercise trigger cTnT release. We therefore
aimed to analyse the risk factors for Thoroughbred racehorses to develop myocardial injury as measured by high-
sensitivity cTnT (hscTnT). We recorded physiological data during 550 official races in172 racehorses instrumented
with a wearable device measuring primarily heart rate (HR), speed and stride characteristics, and deriving a total
of 64 fitness and other factors analysed over rest, race and recovery periods. We measured plasma hscTnT 12h post-
race. A Pearson analysis tested correlations between hscTnT and the collected factors. hscTnT increased with the
cumulative number of racing days (P < 0.001; r = 0.41 CI: 0.23-0.56) and with two HR recovery factors [time to
recover HR140bpm (P = 0.05; r = 0.21 CI: 0.0-0.41) and HR 600sec post-racing (P = 0.04; r = -0.25 CI: -0.46;-0.0).
hscTnT was associated with three race intensity factors [Race HRMax (P = 0.03; r = -0.22 CI:-0.41;-0.02); race
average HR (P = 0.018; r = -0.25 CI: -0.45;-0.0) and speed in effort zone 5 (P < 0,001; r = -0.4 CI:-0.57;-0.2)].
Ambient temperature and humidity had opposite associations with hscTnT (P < 0.001; » = 0.34 CI: 0.14-0.51 and
P = 0.016; r = -0.25 CI:-0.43;-0.05, respectively). hscTnT was not correlated with stride factors. Cumulative race
exposure, heat and lower fitness may increase cardiac strain. Conversely, horses racing in the rain (slower races),
with better conditioning, experience less myocardial stress during official races.
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Arrhythmia burden at intense exercise is associated with severity of EIPH in
Thoroughbred Racehorses

E. Van Erck-Westergren®*, S. O'connor? B. Stewart? G. Dubois?, J. Morton?, K. Hinchcliff® and F. Ter Woort!

IEquine Sports Medicine Practice, 83 Beau Sejour, Waterloo, Belgium; 2Hong Kong Jockey Club,
Department of Veterinary Clinical Services, Equine Hospital, Sha Tin, Hong Kong; 3Arioneo, LIM Group,
Bordeaux, France; “Jemora Pty Ltd, East Geelong, Victoria, Australia; SMelbourne Veterinary School,
Melbourne University, Victoria, Australia; *evanerck@esmp.be

Exercise-induced pulmonary haemorrhage (EIPH) is common in racehorses and attributed to high pulmonary vas-
cular pressures during strenuous exercise. Hemodynamic disturbances caused by arrhythmias may exacerbate this
process, but their relationship under racing conditions remains unclear. This prospective observational study inves-
tigated whether arrhythmia burden during barrier trials is associated with EIPH severity. We hypothesised a priori
that a greater burden of ectopies during maximal exercise would be associated with more severe EIPH (EIPH >2).
Thoroughbred racehorses wore a sensor recording cardiac rhythm and locomotor variables. ECGs from 643 trials in
295 horses were analysed. Arrhythmias were classified by morphology, complexity, burden, and exercise phase. EIPH
was graded from post-exercise laryngotracheal endoscopies by blinded observers. The association between number
of ectopic beats and EIPH severity was assessed by ordered logistic regression. Compared with no ectopy, odds of a
higher EIPH grade increased progressively: odds ratio 5.8 (95% CI 2.6-12.7) for 11-19 ectopic beats and 8.1 (95% CI
3.9-17.1) for >20 beats, including paroxysmal atrial fibrillation. This association was largely independent of maxi-
mal exercise duration. Notably, 31% and 21% of trials exhibited 11-19 and >20 ectopic beats, respectively, indicating
that clinically relevant arrhythmia burdens are common. These findings demonstrate a strong, graded association
between exercise arrhythmia burden and EIPH severity, supporting a contributory role for cardiac arrhythmia in
EIPH pathophysiology and highlighting exercise ECG monitoring as a tool for objective risk stratification in racing
Thoroughbreds.
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Association between respiratory pathogens and athletic performance in
racehorses

G. Le Digarcher®®, E.A. Richard?3, E. Vuillier!, L. Lemonnier’, M.P. Toquet>3, P. Barbazanges! and
A. Couroucé®23

1Oniris VetAgroBio, Equine Internal Medicine, Nantes, 44300, France; 2Université de Caen Normandie,
BIOTARGEN UR7450, Caen, 14118, France; 3Labéo, Caen, 14118, France; *acourouce@orange.fr

The association between airway pathogens and mild/moderate equine asthma has been described, unlike their
influence on performance. The objective was to investigate association between detection of airway pathogens and
racing performance. Cross-sectional study involving 122 Trotters in active training, excluding horses with signs of
systemic illness. Tracheal wash (TW) and bronchoalveolar lavage (BAL) were performed for cytology and fungal
culture; bacterial culture and qPCR (Mycoplasma, viruses) were also performed on TW. Clinical status was defined
based on clinical and BAL cytological findings and included as a covariate in logistic regression. Performance was
assessed (univariate/multivariate logistic regressions) on mean earnings per race (MER), number of wins and podi-
ums for the races right before/after sampling, and during 3-months periods before/after sampling. Equine Rhinitis B
virus (ERBV), EHV-2 and EHV-5 were detected in TW of 50/122 (40.9%), 36/122 (29.5%) and 46/122 horses (37.7%),
respectively. Mycoplasma spp. was detected in 54/122 (44.3%), and bacterial culture was positive in 9/122 (7.4%)
horses. Horses with ERBV were significantly less likely to perform in the next race (OR_podium: 0.18 [0.05-0.61];
P = 0.006), but no association was found for other time periods. No association with performance was found for
EHV-2, EHV-5, other viruses, Myco Rapid point-of-care molecular detection of major pathogens plasma spp., or fun-
gal culture. Bacterial culture was surprisingly positively associated with performance during the preceding 3-month
period (OR_top25% _victories: 32.8 [3.94-273.6]; P = 0.001), no association was found for other periods. ERBV is
the only virus with significant influence on short-term performance. None of the respiratory pathogens exhibited
longer (3-months scale) consequences.
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Cardiac phenotyping and 3D mapping of horses with and without mitral
valve prolapse

E. Williams Louie®*, W. Hsue’, R. Pariaut!, S. Mintz', A. Saljic? . Butcher’, R. Taylor! and K. Mitchell!

ICornell University, 930 Campus Road, New York, 14850, USA; 2University of Copenhagen, Norregade 10,
1165 Kebenhavn, Denmark; “egw43@cornell.edu

Mitral valve prolapse (MVP) is a risk factor for sudden death in humans. Anecdotally reported in horses, MVP remain
under-investigated. We hypothesise that horses with MVP have abnormal electrograms on three-dimensional
electro-anatomical mapping (3DM) consistent with arrhythmogenic substrate. Thirteen Thoroughbred or Stan-
dardbred horses underwent cardiac phenotyping including echocardiography and electrocardiography. Horses
underwent 3DM of both ventricles using the Carto3". Postmortem histological assessment of cardiac tissues were
performed. Echocardiographic data and late potentials on 3DM were compared between normal and MVP horses
using unpaired T-tests. Seven normal horses and 6 with MVP were included. There was no difference in age, weight
or sex between groups. Echocardiographic variables including left atrial area, left ventricular (LV) stroke volume,
and LV ejection fraction were not different between groups (P = 0.81, 0.14, 0.52 respectively). On 3DM, 11507 + 3597
total LV potentials were recorded and late potentials in the LV were more frequent in horses with MVP (mean differ-
ence: 365 + 95, P = 0.003). There were no differences in the number of late potentials in the right ventricle (95 + 81,
P = 0.27). The percentage of late potentials normalised to total points was increased in the LV of horses with MVP
(3.0% + 0.7%, P = 0.001). Horses with subjectively defined MVP have increased LV late potentials in the absence of
cardiac chamber enlargement. MVP has previously been reported as inconsequential, however electrophysiologic
changes are noted here. Investigation of MVP as a cause of arrhythmogenic substrate and risk factor for sudden
death is needed.
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Laryngeal hemiplegia increases the presence of big respiratory cycles during
high intensity exercise

S. Massie*, L. Hanley’, R. Sides? W. Bayly? and R. Leguillette’
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Canada; 2College of Veterinary Medicine, Washington State University, Vet Clin Sciences, Grimes Way,
Pullman, WA, 99164-6610, USA; *massie.shannon@gmail.com

Big respiratory cycles (BRCs) have been reported in racehorses. Why they occur and their relationship to aerobic
capacity (VO,) and upper respiratory tract pathology is unknown. The effects of laryngeal hemiplegia (LH) on
V0,peak, %BRC:all breaths, and BRC spirometry characteristics were investigated. Eight Thoroughbreds completed
standardised maximal exercise tests (control and LH) in randomised crossover order, 24-hours apart, while wearing
an ergospirometry facemask with overground endoscopy. LH was temporarily induced by injecting bupivacaine
into the cricoarytenoid dorsalis muscle. VO,peak was compared between control and LH (paired t-test). %BRCs
and BRC spirometry characteristics were compared to normal breaths during control and LH runs (linear mixed
effect). P < 0.05 was significant. LH (Grade-B: n = 1, Grade-C: n = 7) decreased VO,peak (control: 161.3 + 22.8; LH:
140.0 = 15.1 ml/kg.min; P = 0.02), tidal volume, and airflow, but not respiratory rate. 7/8 horses had BRCs. %BRCs
was higher with LH (control: 1.5 [0.2, 2.1]%; LH: 3.6 [1.8, 9.7]%; P = 0.03). Compared to normal breaths, BRCs had
greater inspiratory volume (normal: 15.4 [14.5,16.4]; BRC: 24.9 [23.6, 26.0]L; P < 0.001), duration (normal: 0.27 [0.23,
0.28]; BRC: 0.67 [0.59, 0.73]sec; P < 0.001), and ratio (normal: 0.52 [0.51, 0.52]; BRC: 0.60 [0.57, 0.68]; P = 0.02),
and greater expiratory volume (P = 0.01), duration (P = 0.01) and ratio (P = 0.02). BRC spirometry characteristics
were not different between control and LH. BRCs were characterised by greater inspiratory and expiratory volumes,
durations and ratios. LH decreased VO,peak and increased BRCs total but did not affect spirometry characteristics.
Airway pathology might contribute to the occurrence of BRCs due to greater work of breathing, though clinical
implications remain unclear.
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Automated detection of atrial fibrillation in equine exercise ECGs using
machine learning

G.J.R. Dubois®*¥, C. Navas De Solis?, M. Durando?, F. Ter Woort* and E. Van Erck-Westergren*

!Arioneo, LIM France, 8 avenue de 'hippodrome, 33110 Le Bouscat, France; 2University of Pennsylvania
School of Veterinary Medicine, New Bolton Center, 3800 Spruce Street, PA 19104, USA; 3Equine Sports
Medicine Consultants, 40 East Main Street, Suite 232, DE 19711, USA; *Equine Sports Medicine Practice,
Avenue Beau Séjour, 83, 1410 Waterloo, Belgium; *guillaume@arioneo.com

Cardiac arrhythmias, particularly atrial fibrillation (AF), contribute to a large proportion of exercise-associated
sudden deaths in racehorses but are possibly underdiagnosed due to the impracticality of ECG monitoring at scale.
This study aimed to develop an automated screening algorithm for AF detection. Single-lead ECGs (500 Hz) were
retrospectively selected from 152 exercise recordings in 118 horses (1-3 ECGs per horse), totalling 135 hours, using the
Arioneo Training System. ECGs were reviewed by a veterinarian for arrhythmia classification. AF was identified in 57
ECGs (47 horses). R-peaks were detected using an optimised Pan-Tompkins algorithm and manually corrected. ECG
sections were labelled into four categories: normal, artifact, AF, or other arrhythmias, totalling 61%, 18%, 17%, and
2% of R-peaks, respectively. To address class imbalance, synthetic data (sinus arrhythmia, premature complexes,
tachycardia) were generated for the ‘other arrhythmias’ class, and the normal class was subsampled. A machine
learning algorithm was trained on 820,207 samples of 128 R-peak segments, ensuring no overlap of horses between
the training (70%), validation (15%), and test (15%) sets. Evaluation was performed on the test set using a confusion
matrix, and diagnostic performance metrics were computed. The model achieved a window-level accuracy of 95.4%,
with strong performance across classes (F1-score = 0.955). For AF, precision was 96.5%, recall (sensitivity) 94.8%,
and specificity 99.4%, indicating robust detection with limited misclassification. The model can reliably detect AF
in equine exercise ECGs, enabling scalable screening and early identification of at-risk horses, though synthetic
augmentation may bias performance.
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Validation of a novel nasopharyngeal and laryngopharyngeal collapse
endoscopic score in horses

R. Leguillette and S. Massie™

Faculty of Veterinary Medicine, University of Calgary, Faculty of Veterinary Medicine, University of Calgary
VLC-309G, 11877 85 St NW,, t312g5, Canada; *rleguill@ucalgary.ca

Pharyngeal collapse commonly occurs during exercise due to active muscular contraction, and/or reduced muscu-
lar patency associated with heightened inspiratory pressure. Existing classifications refer to the entire pharyngeal
region; however, anatomical differences are evident between rostral and caudal collapse. Novel classifications and
grading systems are proposed to differentiate two pathologies: nasopharyngeal collapse (NPC) (collapse of >1 pha-
ryngeal wall rostral to the tip of the epiglottis; 5-point scale), and laryngopharyngeal collapse (LPC) (collapse of >1
pharyngeal wall caudal to the tip of the epiglottis; 4-point scale). Intra/inter-rater agreement was assessed. Clini-
cal records from 101-barrel racers in Southern Alberta previously diagnosed with pharyngeal collapse (2015-2025)
via overground endoscopy were retrospectively analysed. Two raters independently assessed still-frame images
obtained during high-speed exercise in a blind and randomised fashion. Descriptive statistics and intra/inter-rater
agreement for classification (McNemar's test) and scoring (weighted Kappa) were reported. Horses had a similar
prevalence of NPC (61.4%) and LPC (62.4%). Thirty-two percent had NPC and LPC. Intra-rater agreement was con-
sistent for rater 1 and 2 for NPC (x2 = 7.0 and 1.0, respectively) and LPC (x2 = 2.0 and 1.0, respectively). Scoring
agreement was good to very good (rater 1) and good to moderate (rater 2) for NPC and LPC, indicating reliable
intra-rater performance. Inter-rater agreement was consistent (NPC x2 = 4.6 and y2 = 0.7; LPC 2 = 0.2 and ¥2 = 2.0).
Strong intra- and inter-rater agreement supports the feasibility and practicality of distinguishing between NPC and
LPC.
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Comparison of EIPH prevalence and severity in 2- and 3-year-old Quarter
Horses and Thoroughbreds

WM. Bayly™*, J.C. Meyer? R.S. Hartman? and M.G. Sanz!

"Washington State University, PO Box 646610, Pullman, 99164-6610, USA; 2Equine Sports Science, Groton,
NY, USA; 3University of Arizona, Tucson, 85721, USA; *wmb@wsu.edu

Information regarding prevalence and severity of EIPH in Thoroughbreds (TB) abounds but is scant for racing
Quarter Horses (QH). Prevalence and severity of EIPH in 2- and 3-year-old QH and TB were compared in 120 QHs
(88 2-yr-olds; 32 3-yr-olds) and 188 TB (96 2-yr-olds; 92 3-yr-olds) racing under similar conditions (QH: 300-400 yd;
TB: 900-1000 m). Post-race tracheoendoscopic video recordings were assigned EIPH grades (0-4) by 3 observers.
Severity was compared between breeds and age-groups using Wilcoxon rank-sum tests. A proportional odds logistic
regression model included breed and age as main effects. P < 0.05 was significant. 2-year-old QH had more prevalent
EIPH = 0 (60.2% vs 44.8%, P = 0.036) and lower EIPH severity (0.67 + 0.97 vs 0.96 + 1.1; P = 0.049). 3-year-old
EIPH grades appeared worse although not significantly (QH = 0.84 + 1.1 vs TB = 1.1 + 1.2, P = 0.21), with Grades>2
in 35.9%TB vs 25.0%QH (P = 0.26). QH had lower odds of severe EIPH than TB (2-yr-olds: OR = 0.57 (95%CI
0.33-0.99, P = 0.049; 3-yr-olds: OR-0.61, (95%CI 0.28-1.29, P = 0.204; lack of significance likely due to small QH
cohort). Age-adjusted pooled OR for EIPH grades=2 for QH = 0.59 (95%CI 0.37-0.92, P = 0.02) compared to TB,
representing 41% (95%CI 8—-63%) lower odds in QH. Pooled 3-year-old vs 2-year-old OR = 1.31 (95%CI 0.85-2.03,
P = 0.22), suggesting a trend toward higher grades in older QH and TB. 88.6% 2-year-old QH and 100% 3-year-olds
received pre-race furosemide vs 2.1% 2-year-old and 98.9%TB 3-year-olds. This precluded independent estimation
of breed and furosemide treatment effects within either age-level. EIPH in QH had lower prevalence and severity.
Whether this was due to shorter races, different 2-year-old furosemide practices, or both, requires investigation.
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Heart rate variability during field exercise and race performance in
Thoroughbreds

F. Ter Woort!¥, Z. Heyler?, S. O'connor3, B. Stewart3, G. Dubois?, J. Morton5, K. Hinchcliff® and
E. Van Erck-Westergren!

IEquine Sports Medicine Practice, Av Beau Séjour 83, 1410 Waterloo, Belgium; 2Université de Lyon, 1 Av.
Bourgelat, 69280 Marcy—I’EtoiIe, France; 3Hong Kong Jockey Club, 6001 Tai Po Road, Sha Tin, NT, Hong
Kong; *Arioneo, 8 Avenue de I'Hippodrome, 33110 Le Bouscat, France; 5Jemora Pty, PO Box 2277, Geelong,
Victoria 3220, Australia; $University of Melbourne, 230 Grattan St, Victoria 3010, Australia;
*fterwoort@esmp.be

Heart rate variability (HRV) is widely used in human athletes to assess autonomic responses to training, but its
relevance in equine exercise remains unclear. This study investigated whether HRV variables measured during rou-
tine high-speed field exercise are associated with subsequent race performance in Thoroughbred racehorses. ECGs
(n = 385) from 71 horses over two racing seasons were analysed. Race starts were classified as good (first three fin-
ishers) or poor (last three finishers). HRV was calculated during four phases: pre-work and post-work (heart rate
<100 bpm), and early and late maximal exercise. Time-domain variables (SDNN and RMSSD) and their changes
between phases were analysed. Associations with race outcome were assessed using mixed-effects logistic regres-
sion, with effects expressed per interquartile range increase of exposure variables. Mean pre- and post-work SDNN
and RMSSD were comparable to published resting values. HRV decreased during maximal exercise. Considerable
between-horse variability was observed in pre- and post-work measures. A higher post-work SDNN was associ-
ated with increased odds of poor subsequent performance; however, confidence intervals were wide and estimates
imprecise. No strong associations were identified for pre-work or maximal exercise HRV measures. HRV measure-
ments obtained during high-speed field exercise show substantial variability and limited predictive value for race
outcome under non-standardised conditions. These findings highlight methodological challenges in applying HRV
to equine performance monitoring and support further investigation under controlled experimental settings.
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Research on the development of a non-contact respiratory monitoring
system for stabled horses

R. Hasebe, Y. Soh, M. Endoh, J. Li, M. Kuwahara and S. Sekizawa ™

The University of Tokyo, Graduate School of Agricultural and Life Sciences, 1-1-1 Yayoi, Bunkyo-ku, 1138657,
Tokyo, Japan; *ssekizaw@g.ecc.u-tokyo.ac.jp

There is no doubt that an equine’s athletic performance is heavily dependent on its respiratory and circulatory
functions. Monitoring a horse’s respiratory condition, particularly during night-time rest, could have significant
impacts on its performance the following day. However, there are virtually no systems capable of non-invasively
and non-contact monitoring vital signs, such as respiration and heart rate, of horses at night in the dark without
causing stress. This study investigated whether it is possible to monitor respiration of the horse while it is simply
kept in its stall. A solid floor was thoroughly installed in the stall and several load sensors were connected to its
underneath to determine the horse’s centre-of-gravity. The dynamics of this positional data were then analysed. A
retired racehorse was housed in the stall equipped with load sensors and it was found to be able to spend the night
there safely without any particular issues. The centre-of-gravity data enabled the horse’s behaviour within the stall
to be monitored. When the horse was standing nearly motionless, we observed a tendency for the centre-of-gravity
to move along the body axis, suggesting that diaphragmatic movement during respiration might shift the horse’s
centre-of-gravity. Analysis of frequency fluctuations in the movement using a Fourier transform revealed a localised
peak at 0.125 Hz, which suggests that the horse’s respiratory frequency is approximately 7.5 breaths/min. These
results demonstrate the feasibility of developing a system that can monitor respiration without causing significant
stress to the horse, particularly during the night-time dark period.
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Pulmonary artery stiffness in racehorses with exercise-induced pulmonary
haemorrhage

C. Bozzola®*, S. Busechian? S. Orvieto® G. Sala’, M. Sgorbini* F. Rueca® and E. Zucca’

University of Milan, via dell'Universita 6, 26900 Lodji, Italy; 2University of Rome Tor Vergata, via
Montpellier 1, 00133 Roma, Italy; 3Veterinary practitioner, -, 06126 Perugia, Italy; *University of Pisa, via
Livornese sp-22, 56122 Pisa, Italy; *University of Perugia, via San Costanzo 4, 06126 Perugia, Italy;
*chiara.bozzola@gmail.com

Exercise-induced pulmonary haemorrhage (EIPH) is a frequent condition in racehorses, and from a physiological
perspective, it is associated with pulmonary vascular stress, structural remodelling, and reduced vascular compli-
ance. Pulmonary Artery Stiffness (PAS) is a non-invasive echocardiographic index reflecting pulmonary arterial
elasticity and vascular wall properties of the pulmonary vascular bed. Since EIPH episodes lead to hemosiderin
accumulation and inflammation, pulmonary venous hypertension, and pulmonary vascular bed remodelling, we
hypothesised that PAS may differ between horses with and without EIPH. PAS was measured using pulsed-wave
Doppler echocardiography from the left parasternal angled view of the right ventricular inflow/outflow tract, before
bronchoalveolar lavage fluid (BALf) collection. Horses had raced 5 to 7 days before BALf collection. Severe asth-
matic horses were excluded, while the presence of mild asthma was recorded and included in the statistical analysis.
Eighty-nine racehorses (44 Thoroughbreds, 45 Standardbreds) were enrolled; 35 were diagnosed with EIPH based
on BALf cytology, and 54 were no-EIPH affected. Horse groups were not matched for age and breed. Horses with
EIPH showed significantly higher PAS values than those without EIPH (P = 0.006), with mean values of 22.3 =
5.0 kHz/s and 19.2 + 6.1 kHz/s, respectively. No significant effects were observed for mild asthma (P = 0.746) or
for the interaction between EIPH and mild asthma (P = 0.089) on PAS. These findings support the hypothesis that
EIPH may be associated with decreased pulmonary vascular compliance, suggesting that PAS may detect pulmonary
vascular bed changes in racehorses with EIPH.
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Effect of exercise on leukocyte coping capacity in horses with and without
heart diseases

D.S. Trachsel¥*, J. Maute’, R. Palme®, N. Huber? and A. Tichy!

'University of Veterinary Medicine Vienna, Veterinaerplatz 1, 1210 Vienna, Austria; 20Oxford MediStress Ltd,
267 Banbury Rd, Summertown, OX2 7HT, United Kingdom; *dagmar.trachsel@vetmeduni.ac.at

Abnormal ECG or echocardiographic (ECHO) findings are common in sport horses and exercise tests (EX-T) help
assess clinical relevance. Exercise elicits a stress response accompanied by changes in cortisol concentration (Cort)
and neutrophil-to-lymphocyte ratio (NLR). An increased stress load reduces the oxidative burst capacity of neu-
trophils (NEU), impairing leukocyte coping capacity (LCC). We tested whether a lunging EX-T affects LCC in healthy
and heart disease (HD)-affected horses. Thirteen privately owned mainly leisure horses (HD group = 10, healthy
group = 3) performed a lunging EX-T (medium intensity with 10min trot, 5min canter) during cardiac work-up. Cort,
measured by an enzyme immunoassay, NLR and LCC, measured by a chemiluminometer and assessed as area under
the curve (AUC¢cnpu), were measured before (T-30 min) and after EX-T (TO min, T30 min, T60 min, T120 min).
Time points and disease groups were compared using general linear mixed models. Pearson correlations were cal-
culated between AUC| ¢c.ngy and Cort, NLR, ECHO dimensions, maximum heart rate during EX-T, and lactate after
EX-T. AUC, ¢cngu decreased after EX-T and was significantly lower at TO min than at T30 min in the HD group.
A moderate between-group effect size in AUC, ¢c.npy Was observed at each time point, however without reaching
statistical significance. No similar effects were seen with Cort, and no significant correlations were found. The stress
response induced by a lunging Ex-T affects the LCC and the NEU function, as visible the HD group. Difference in
stress response seems to be present between the groups during the EX-T, even if the small sample size reduced the
discriminatory power.
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Exercise duration correlates with EIPH severity in supramaximal treadmill
exercise: A pilot study

K. Ishihara®* Y. Takahashi®, R. Leguillette? Y. Ebisuda’, K. Mukai’, H. Ohmural, F. Sugiyama®, S. Massie? and
WM. Bayly?3

IEquine Research Institute, Japan Racing Association, Shimotsuke, Tochigi, 329-0412, Japan; 2University of
Calgary, Calgary, Alberta, T2N 4N1, Canada; 3Washington State University, Pullman, Washington,
99164-6610, USA; *keiichi_ishihara@jra.go.jp

Pulmonary artery pressure (PAP) is considered an important causal factor for exercise-induced pulmonary haem-
orrhage (EIPH). Although EIPH is usually associated with brief high-intensity exercise, exercise duration could also
affect EIPH severity. This preliminary study aimed to evaluate the relationship between PAP, exercise duration of
constant speed supramaximal treadmill exercise and EIPH severity to better inform design of EIPH-based studies
under these conditions. Three similarly trained Thoroughbred horses ran twice 5-7 d apart for different durations
on a treadmill (3% slope) at speeds requiring 105%V O,max (12.4-13.8m/s). PAP was continuously recorded. Bron-
choalveolar lavage was collected 60 min post-exercise, and erythrocyte number (BALRBC) calculated. Mean PAP
comparison between early (30 seconds) and late (last 10 seconds) phase of each run was done using a Wilcoxon
test; Pearson’s correlations between BALRBC, PAP, and run time were calculated. P < 0.05 was significant. Neither
individual run times nor loglOBALRBC showed significant differences between the first and second runs (94.3 + 33.5
svs232.3£110s, P = 0.25;and 2.9 £ 0.9 vs 3.8 £ 0.9, P = 0.25, respectively). Mean PAP significantly increased at the
end of the exercise tests (78.5 + 8.8 mmHg vs 71.4 + 7.7 mmHg, P = 0.01). The correlation between BALRBC and run
time was significant (r = 0.88, P = 0.008), while mean PAP was not correlated with BALRBC (r = 0.35, P = 0.43).
These findings suggest the duration of fixed intensity supramaximal treadmill exercise plays an important role in
the development of EIPH. Careful control and consideration of exercise intensity, including treadmill run time, may
be critical when designing experimental protocols to investigate mechanisms underlying EIPH.
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Muscle fibre composition of the equine diaphragm in sport and pleasure
horses

F. Beccati®>* A. Quartesan? I. Grossi>3, M. Pepe’? and M. Sforna?

ISports Horse Research Centre, via san costanzo 4, 06126, Italy; 2University of Perugia, Department of
Veterinary Medicine, via san costanzo 4, 06126 Perugia, Italy; 3Equine Cure, via Fontebuono 93, 00142
Roma, Italy; *francesca.beccati@unipg.it

The diaphragm is the primary inspiratory muscle and a key determinant of ventilatory performance during exercise.
The aim of this preliminary study was to evaluate diaphragm muscle fibre composition in sport and pleasure horses.
Nine diaphragm samples were collected post-mortem from horses euthanised for reason unrelated to the study (i.e.
colic). Horses were classified as Sport or Pleasure according to athletic activity at the time of death. Approximately
0.5 cm3 transverse-oriented sections were snap-frozen in isopentane cooled in liquid nitrogen (-196 °C) and stored
at -80 °C. Samples were processed using myofibrillar ATPase histoenzymatic staining with modified pre-incubation
at pH 4.28 and 9.4. Images were acquired at 10x magnification (Nikon DS-Fil), and fibre typing (Type I vs Type II)
was performed using Image]. Percentages were calculated per image and averaged per horse. Data are presented
as mean + standard deviation and groups were compared descriptively. The Pleasure group included 4 horses (1
Standardbred, 1 Haflinger, 1 Andalusian, 1 unknown; 3 mares, 1 gelding; 16-23 years); the Sport group included 5
competing horses (4 Warmbloods, 1 Thoroughbred; 3 mares, 2 geldings; 3-16 years). Type I fibres accounted for
70.2 + 11% of fibres in Sport horses and 64.1 + 3% in Pleasure horses, with a correspondingly lower proportion of
Type 1I fibres in Sport horses. These findings suggest differences in diaphragm muscle fibre composition between
Sport and Pleasure horses, with a more oxidative fibre profile and fatigue-resistant diaphragm phenotype in Sport
horses. Further studies are needed to investigate diaphragm adaptation to athletic activity.
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Novel nonlinear heart rate variability metrics in trained horses during
exercise

G.V. Ramos?*, A.C. Titotto?, M.S. Addo’, G.C. Ferraz? and J.C. Lacerda-Neto!

ISchool of Agrarian and Veterinary Sciences (FCAV)/UNESP, LMEE/DCCV, Acces Road Professor Paulo
Donato Castellane, 14884900, Jaboticabal, Brazil; 2School of Agrarian and Veterinary Sciences
(FCAV)/UNESP, LAFEQ/DMFA, Acces Road Professor Paulo Donato Castellane, 14884900, Jaboticabal,
Brazil; *gabriel.ramos@unesp.br

Twelve teaching horses were assigned to either an untrained group (UTr, n = 6) or a six-week pyramidal training
(PT) group (Tr, n = 6) based on the maximal lactate steady-state (MLSS) speed. Two exercise tests were performed:
one at MLSSspeed and one above it (AbMLSSspeed). Heart rate (HR) and time series were obtained via H10 (Polar®).
The presence of artifacts, ectopic beats, and arrhythmias was corrected using linear interpolation. Linear (standard
deviation of NN intervals, SDNN) and non-linear (NL) variables were calculated. Data were analysed using robust
mixed-effects ANOVA with 5% trimmed means and post hoc Cohen’s d [d, 95% CI]. Despite the limitations of the
HIO, relatively few artifacts were observed: on average, 6.2% of the time series was corrected during MLSSspeed and
7.5% during AbMLSSspeed. PT improved aerobic fitness in the Tr group (P = 0.01). At MLSSspeed, HR for the Tr
group was lower than for AbMLSSspeed [0.76, 0.24-1.42], with no differences in the UTr group. Given the higher
sympathetic modulation in the UTr group and increased parasympathetic modulation in Tr group, SDNN and NL
variables (Phase Entropy [PhaseEn] and the one-variation pattern [1V] of symbolic dynamics) were higher in UTr
group at AbMLSS,..q (P < 0.05). The 2V pattern and heart rate acceleration (Acc) showed a trend toward difference
(p = 0.05), both higher in the Tr group at MLSS,eq [117, 2.05-0.42; 1.23, 2.09-0.65, respectively]. These findings
suggest that SDNN, PhaseEn, and 1V can serve as indicators of sympathetic modulation, while 2V and Acc can serve
as parasympathetic indices in exercising horses.
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Comparative heart rate responses during treadmill and gallop exercise in
Thoroughbred racehorses

L. Fitzharris*
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*laura.fitzharrisl@gmail.com

Balancing training load with injury risk remains challenging; heart rate (HR) monitoring provides an objective
measure of cardiac workload during exercise. Human athletes commonly use HR zones to quantify exercise inten-
sity, whereas HR recovery is more commonly used in equine athletes. This study compared cardiac responses during
treadmill and overground gallop exercise. Retrospective data from a standardised step-wise inclined treadmill proto-
col (4° incline, peak speed 45km/hr) performed by previously acclimatised horses wearing a validated HR monitor
(Arioneo Equimetre®) were compared with overground gallop (>55 km/h) data from the same horses at a single
training facility. Peak HR, time in HR zone 5 (>90% HRmax), work duration (time in HR zones 3-5; >70% HRmax),
and HR recovery (time to 55% HRmax) were extracted. Recordings with incomplete data were excluded. Mixed-
effects linear modelling accounting for repeated measures and horse effects was performed (P < 0.05). Forty-seven
horses (median age 5 years, range 3-9) contributed 96 treadmill and 887 gallop sessions. Median peak HR was higher
during treadmill than gallop exercise (214 vs 209 bpm; P < 0.001). Treadmill sessions had a longer work duration
(466 vs 184 s; P < 0.001) and greater cumulative time spent >90% HRmax (156 vs 116 s; P < 0.001). Recovery to
55% HRmax was faster following treadmill exercise (71 vs 93 s; P < 0.001). Treadmill exercise had longer cumulative
high-intensity HR exposure but quicker HR recovery than gallop exercise, highlighting the importance of cardiac
monitoring during exercise to quantify training load and avoid unintended increases in cardiac workload.
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Doxapram successfully converts horses with acute but not chronic atrial
fibrillation

K. Mitchell*, E. Williams Louie, W, Hsue, S. Mintz and R. Pariaut

Cornell University College of Veterinary Medicine, Clinical Sciences, 930 Campus Road, 14850, Ithaca, New
York, USA; *km424@cornell.edu

Horses with atrial fibrillation (AF) have limited treatment options. Doxapram hydrochloride, a TASK-1 potassium
channel inhibitor, converts AF in preclinical models. We hypothesize that doxapram will convert horses with acute
(AF,) and chronic AF (AF.). AF,: Horses that developed AF during electrophysiology (EP) studies. AF: Horses with
>3 month duration. Doxapram (0.25 mg/kg IV), was repeated every 3-5 min until normal sinus rhythm (NSR), or a
total dose of 2 mg/kg was reached. AF,: 6 episodes (5 horses) were self-terminating within 3min. Average AF cycle
length (,,AFCL) increased significantly from onset to termination (+57 ms, P < 0.0001). 15 episodes (12 horses)
received doxapram. All horses achieved NSR with the mean time from last dose until NSR 1 min 39 s (range, 21 s to
3 min 47 s). A median of 2 doses (1 to 4) was required. Different to self-terminating AF cases, the ,,AFCL shortened
significantly prior doxapram treatment (-52 ms (-91 to -14 ms), P = 0.0058). The ,,AFCL was significantly longer
following doxapram administration (mean difference +259ms (95% CI: 186 to 331 ms), P < 0.001). AF: 6 horses
were treated, none achieved NSR. The ,,AFCL was significantly longer following doxapram (+53 ms (36 to 69 ms),
P < 0.001) but remained shorter compared to AF, cases. Ventricular effective refractory period was not altered by
doxapram (-2.4 ms (-62 to 67 ms), P = 0.99). Doxapram is a safe and effective treatment for AF, (>3 min duration).
Chronic AF horses did not convert. The effectiveness of doxapram in horses with medium duration AF (>3 min but
<3 months) requires further investigation. An untreated control group was not feasible due to the EP study design.
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Atrial fibrillation (AF) limits equine performance and is a potentially important precipitating factor in exercise asso-
ciated sudden death. It is typically paroxysmal which makes diagnosis challenging. Horses are increasingly wearing
devices capable of electrocardiographic (ECG) recording. However, manual analysis of ECGs is time consuming. The
purpose of this study was to report on the utility of the Etrakka single lead wearable ECG device for detection of AF
in horses during training. Atrial fibrillation was detected using a company developed algorithm applied to the ECGs
following data upload at the end of the workout. The algorithm used the R-R interval file to identify R-R aberrations
and flag the workout as possible AF. There were 44319 workouts in 4246 Thoroughbred horses under the care of 238
trainers. Forty-seven horses were identified by Etrakka with a single episode of AF and two horses were identified
with multiple episodes. The overall incidence of AF in the seven-month period was 1.15% of horses. Trainers gave
permission for ECG recordings to be manually reviewed in 13 cases. In all reviewed cases the session started and
ended in AF. This algorithm appears capable of prompt AF detection in horses following training workouts. For all
reviewed sessions, the horse was already in AF before commencing the session and the arrhythmia was sustained
throughout exercise. Manual review of a greater sample is required to further validate the device for AF detection.
Adoption of wearable devices could improve screening for arrhythmias and limit instances of poor performance
and collapse in racing.
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Fast Fourier transform analysis of ventricular pulmonary and intrathoracic
pressures during exercise

R. Leguillette®* W.M. Bayly? and]. Scharf3

Faculty of Veterinary Medicine, University of Calgary, Faculty of Veterinary Medicine, University of
Calgary VLC-309G, 11877 85 St NW, T2N4N1, Canada; 2Washington State University College of Veterinary
Medicine, Department of Veterinary Clinical Sciences, 205 Ott Rd, Pullman, WA 99163, USA; 3W2ND,
Sacramento, Sacramento, CA 95825, USA; *rleguill@ucalgary.ca

Changes in intrathoracic pressure (APL) are extreme during high-intensity exercise in horses, which may impact
left ventricular pressure (LVP) and pulmonary artery pressure (PAP). LVP reaches the greatest peaks compared to
PAP and APL, but diastolic LVP remains low at a level equivalent to left atrial pressure. Therefore, depending on
the cardiac vs respiratory cycle timing, PAP and LVP may be affected dramatically by APL. To test this hypothesis,
we instrumented 5 Thoroughbred horses with LVP (solid-state sensor), PAP (fluid-filled), and oesophageal (air-
filled) catheters monitoring pressures at a high resolution during a standardised supramaximal intensity treadmill
exercise test. Fast-Fourier Transform and its harmonics analysis was applied to reveal the frequency components of
LVP (fLV), PAP (fPA) and APL (fPL). The alignment of frequencies was assessed. During maximal intensity galloping
respective dominant frequencies for fLV and fPL were 3.52 + 0.14Hz (heart rate 211 + 8.2 bpm) and 2.0 + 0.11Hz
(respiratory rate 120 brpm + 6.7). All LVP traces showed a smaller secondary frequency peak (f2°LV) at 2.0 + 0.11Hz,
so that fPL:f2°LPV = 1.00. PAP consistently showed two dominant frequency peaks for fPAP at 1.95 + 0 Hz and 3.60 +
0.23 Hz. Alignment of frequencies revealed that fPL:fIPAP = 1.025 + 0.06 and fLVP:f2°PAP = 0.97 + 0.06. These
results show that the changes in thoracic pressure have a greater impact on PAP than the ventricular contractions.
Similarly, changes in thoracic pressure can affect LV systolic pressures. Further analysis is currently assessing their
effect on diastolic pressures.
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Rapid point-of-care molecular detection of major pathogens affecting
airways in equine athletes

T. Frippiat¥>*, E. Van Erck-Westergrens and D.-M. Votion!

Faculty of Veterinary Medicine, ULiége, Av. de Cureghem 7A, 4000 Liége, Belgium; 2Sportpaardenarts, P.O.
box 170, 1250AD Laren, the Netherlands; 3ESMP, Av. Beau Séjour 83, 1410 Waterloo, Belgium;
*thibault.frippiat@hotmail.com

Respiratory infectious diseases are a major cause of impaired performance and disruption of training and competi-
tion in equine athletes. Rapid pathogen identification is essential for outbreak control, biosecurity implementation,
and differentiation from non-infectious respiratory disorders. This study clinically validated the InnoScreen™ G8, a
novel point-of-care (POC) qPCR platform, for rapid detection of equid alphaherpesvirus-1 (EHV-1), equine influenza
virus, and Streptococcus equi subsp. equi under field conditions. Nasopharyngeal swabs were collected from 148
horses during naturally occurring outbreaks. Horses presented respiratory clinical signs, had recent contact with
confirmed infectious cases, or originated from premises affected by EHV-1-associated neurologic disease or abortion
outbreaks. Samples were analysed on-site using the POC system, including an internal control, and compared with
blinded reference laboratory qPCR testing. After exclusion of three samples because of insufficient residual volume
for confirmatory analysis, 145 horses were included in the final analysis. At least one target pathogen was detected in
77/145 horses (53.1%). Sensitivity ranged from 97.1% to 100%, while specificity ranged from 92.8% to 96.6% across
pathogens. Negative predictive values were >99.0%, whereas positive predictive values ranged from 80.5% to 86.7%.
Agreement with reference laboratory testing was almost perfect (x = 0.84-0.91), with strong correlation of Ct values
between methods (r = 0.71-0.77; P < 0.0001). Analytical precision testing demonstrated excellent repeatability
and reproducibility. Results were available within approximately 35 minutes. The findings indicate that rapid POC
molecular diagnostics may facilitate earlier pathogen detection, rapid implementation of biosecurity measures, and
improved outbreak management in equine athlete populations.
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Caval vein myocardial sleeve morphology in Norwegian-Swedish
Coldblooded Trotters

A. Kallmyr-Mack®*, LR. Hellings’, C.M. Press?, L. Ibrahim? G. Van Loon? and C. Fint{!

IFaculty of Veterinary Medicine, Norwegian University of Life Sciences, P.O. Box 5003, 1432 As, Norway;
2Faculty of Veterinary Medicine, Ghent University, Salisburylaan 133, 9820 Merelbeke, Belgium;
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Myocardial sleeves (MSs) have been implicated in the initiation of atrial fibrillation (AF). Investigation of MS mor-
phology in Norwegian-Swedish Coldblooded Trotters (NSCTs), a racehorse breed with a low prevalence of AF, may
shed light on AF pathogenesis. The objective was to morphologically describe caval MSs in NSCTs ex-vivo, investi-
gating potential pro-arrhythmogenic properties. Hearts were collected from 33 NSCTs euthanised for non-cardiac
reasons. Macroscopic and histological measurements of MSs were performed in both caudal (CaVC) and cranial
vena cava (CrVC). Fibrosis percentages were quantified in Image]. Myocardial thickness and fibrosis differences
were investigated with one-way ANOVA with Bonferroni corrections. MSs were present in both caval veins in all
horses and were predominantly caudocranially oval-shaped in CaVC (91%). Myocardium-free islands, although
some only partial, were only present in CaVC (42%). Uneven edges, varying thickness and myofibre orientation in
the MS were evident, particularly in CaVC. Interstitial fibrosis was significantly higher in CaVC MS with 18.8 + 8.4%
dorsally, 19.5 + 5.4% medially and 21.0 + 9.4% caudally in CaVC, versus 11.0 + 4.9% dorsally and 11.5 + 4.7% ventrally
in CrVC (P < 0.001). CaVC MSs were significantly thinner (P < 0.001) medially (1.0 + 0.4 mm) and caudally (1.0 +
0.4 mm) than CrVC: 1.5 mm (IQR: 1.4-1.8) dorsally and 1.9 + 0.7 mm ventrally. Heterogenicity in MS structure and
fibrosis may influence conduction properties relevant to AF mechanisms. The smaller width of CaVC MSs might be
a protective feature in NSCTs, reducing critical pathway length for macroreentrant atrial tachycardia, a potential AF
precursor. Other protective structural or electrical properties could also be present in NSCTs and warrant further
exploration, especially in horses with atrial tachyarrhythmias.
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Interobserver agreement and influence of endoscopic positioning on palatal
instability in horses

T. Frippiat, V. Dejardin® and I. Tosi®>*

ISporthorse Medical Diagnostic Centre, Hooge Wijststraat 7, 5384RC Heesch, the Netherlands; 2University
of Liege, Equine Clinical Sciences, Avenue de Cureghem 5D, 4000 Liege, Belgium; 3University of Liege,
Sports Medicine Center, Avenue de Cureghem 5D, 4000 Liege, Belgium; *irene.tosi@uliege.be

Palatal instability (PI) is an upper airway disorder in horses. Its endoscopic evaluation is considered subjective and
variable between clinicians. This study assessed intra- and interobserver agreement in PI evaluation and whether
endoscope positioning influences interpretation. Exercise endoscopic recordings from six horses were reviewed by
two groups of eight observers, with or without experience in equine upper airway assessment. Images were evalu-
ated twice, 2 weeks apart. Observers classified PI presence/absence and severity (mild, moderate to severe) using
two standardised endoscopic positions: one closer (P1) and one farther (P2) from the larynx. To assess intra-observer
agreement, percentage agreement was calculated as proportion of identical responses between first and second
readings, excluding missing data, for each endoscopic position, and summarised using mean + SD, median and
interquartile range [Q1-Q3]. Interobserver agreement was similarly calculated for each observer pair and reading,
as proportion of identical responses without missing data, and reported using mean + SD and median [Q1-Q3] for
overall analysis. Among experienced observers, intra-observer agreement was similar between P1 and P2 (63.33%
vs 66.67%), whereas inter-observer agreement was higher for P2, especially at the second examination. Among
non-experienced observers, intra-observer agreement was lower for P2 than P1 (70.83 vs 55%), while inter-observer
agreement was similar (50% vs 55%). Despite evaluation by experienced observers, PI assessment remained subjec-
tive depending on experience. These findings indicate technical factors, such as endoscope positioning, influence
interpretation but do not overcome inherent subjectivity.
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Premature depolarisations at rest and in exercising recovery are associated
in racing horses

E.P. Stein*, H. Tavanaeimanesh and S. Durward-Akhurst

University of Minnesota, Veterinary Clinical Sciences, 1365 Gortner Ave S, St Paul MN 55108, USA;
*stei0325@umn.edu

Exercising cardiac arrhythmias have been associated with poor performance, collapse and death in athletic horses.
Cardiac screening tools may improve racehorse safety by identifying horses at risk for exercising arrhythmias. Rest-
ing electrocardiography (ECG) can be easily performed and thus should be explored as a screening tool. Paired
resting and exercising ECGs were performed on racing fit Standardbreds (n = 41) and Thoroughbreds (n = 36) during
training sessions using a Televet II. ECGs were evaluated using Kubios HRV 4.2.0. Premature depolarisations (PD;
isolated ventricular and supraventricular PD) were evaluated during rest (heart rate <60 bpm), sub-maximal (HR
>60-180 bpm) and peak exercise (HR >180), rapid deceleration (first 2 minutes of deceleration following peak), and
recovery (remainder). PD/second for each exercise phase was used to normalise for varying phase lengths. Associa-
tions between resting PD burden and burden during exercise/recovery phases were assessed using Spearman rank
correlation. At rest, 61 horses had no arrhythmias, 11 had PD, and 5 had a complex arrhythmia (ventricular couplets
and triplets, supraventricular couplets, and idioventricular rhythm). During exercise, 40 horses had no arrhythmias,
30 had PD, and 7 had complex arrhythmias (ventricular and supraventricular couplets, supraventricular tachycar-
dia, idioventricular rhythm). Ten horses had arrhythmias at rest and exercise. Resting PD burden was associated
with PD burden at rapid deceleration (r = 0.29, P = 0.01), and recovery phases (r = 0.25, P = 0.03). These weak
correlations support the growing body of work showing the predictive possibilities of resting ECGs.
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Cardiovascular findings in poorly performing horses undergoing
standardised multi-modal evaluation

C. versen™, S. Hansen, L. Berg, R. Buhl, J. Fjeldborg and H. Carstensen

University of Copenhagen, Department of Veterinary Clinical Sciences, Agrovej 8, 2630 Taastrup, Denmark;
*Charlotte.Hopster-Iversen@sund.ku.dk

Cardiovascular abnormalities can contribute to poor performance, yet their prevalence and clinical relevance in
non-lame horses undergoing multimodal diagnostic work-up remain insufficiently documented. The objective
of this study was to describe cardiovascular findings in poorly performing horses using standardised clinical,
electrocardiographic, and echocardiographic evaluation. This prospective study included 65 client-owned horses
(Warmbloods n = 23, racehorses n = 21, Icelandic horses n = 21) presented for investigation of rider- or owner-
perceived reduced performance in the absence of detectable lameness. All horses underwent clinical examination,
echocardiography, and field-based exercise testing with continuous 3-lead ECG monitoring. Warmbloods and Ice-
landic horses performed a 30-min ridden exercise test (15 min warm-up, 15 min intense exercise at self-selected
gait and pace). Racehorses were evaluated on a racetrack during normal training, including high-intensity intervals
approaching near-maximal effort. Maximum heart rate (HR), premature complexes (PCs), and valvular regurgita-
tion were recorded. Six horses had systolic murmurs on auscultation representing a relatively low prevalence in
this cohort. Maximum HR was higher in racehorses (223 + 14 bpm) compared with Warmbloods (144 + 25 bpm)
and Icelandic horses (161 + 42 bpm) (P < 0.001). Premature complexes occurred in 17/65 horses with significant
breed differences (P < 0.001): 13 racehorses, 3 Warmbloods, and 1 Icelandic horse. Four racehorses showed >5 PCs
during exercise, and three during recovery. HR and PC frequency were weakly correlated (» = 0.305, P = 0.019).
Valvular regurgitation was identified in 9 horses (3 Warmbloods, 6 racehorses); none in Icelandic horses. In conclu-
sion, cardiac abnormalities were common in poorly performing horses, particularly exercise-induced arrhythmias
in racehorses. Exercise ECG increased diagnostic sensitivity but remains limited by the short monitoring duration
and intermittent occurrence of arrhythmias.
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Exercise-induced pulmonary hemorrhage in Thoroughbred racehorses
following stakes races in the USA

WM. Bayly*, S.J. Shoemaker, Y. Wang, J.R. Bagshaw, B. Wronska and M.G. Sanz

Washington State University, Pullman, 99164, USA; *wmb@wsu.edu

Stakes class Thoroughbred racehorses are the best horses in terms of performance and race earnings. Anecdotally,
they are believed to be less prone to EIPH, but this has not been investigated. Prevalence and severity of EIPH was
evaluated in 218 stakes horses aged 2-8yrs (3.1 + 1.3yrs) using a prospective blinded observational protocol. 239 video
recordings of post-race (30-60min) tracheoendoscopic examinations were independently assigned EIPH grades (0-
4) by 3 blinded observers. Multivariable logistic regression accounted for track surface and condition, distance, age,
lifetime career starts (LCS), mean speed and furosemide administration as possible confounding factors. P < 0.05
was significant. EIPH prevalence = 75% and was higher for horses racing 1,600-1,800 m compared to 1000-1,400 m
(P = 0.04). Prevalence was greater on firm than fast surfaces (P = 0.015) and lower on turf than dirt (P < 0.001)
although EIPH severity was not associated with track surface or condition. EIPH grade >3 = 16%. Mean speed was
higher for grade>3 horses (17.3 + 0.6m/s) than those with EIPH<2 (16.7 + 0.5m/s) over 1000-1400m (P = 0.012).
Mean speed was not associated with EIPH grade in longer races. LCS (P < .001), but not age, was associated with
EIPH grade. Median LCS for EIPH grades <2 = 5, and = 12 for EIPH >3. No horse with >24 LCS had EIPH = 0. EIPH
severity was not related to horses’ finishing places. Pre-race furosemide was not associated with EIPH prevalence
or severity. Prevalence of EIPH in stakes horses was equal to or greater than in the general population. There was a
positive correlation between LCS and EIPH severity but severe EIPH did not impair performance in stakes horses.
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Post-mortem pulmonary scores in racehorses with sudden death versus
catastrophic injury

H.K. Arnold?, L.C. Nath!, A.E. Kapusniak, A.W. Stent? and S.H. Franklin®*
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Faculty of Science, Vic 3052, Australia; *sam.franklin@adelaide.edu.au

Pulmonary lesions are commonly identified at post-mortem examination of racehorses with Exercise Associated
Sudden Death (EASD). However, their clinical significance remains uncertain. A retrospective study of fatalities
in Victoria, Australia, compared pulmonary findings between 49 horses that died from EASD and 141 euthanised
due to catastrophic musculoskeletal injury (MSK). Gross lung pathology was graded on a scale of 0-4 for acute
pulmonary oedema, acute pulmonary congestion, acute pulmonary haemorrhage and chronic pulmonary haemor-
rhage. Median (IQR) scores were significantly higher in horses with EASD vs MSK for acute pulmonary oedema (3
(2,4) vs 2 (1,3); P < 0.001), acute pulmonary congestion (3 (2,3) vs 2 (1,3); P < 0.001) and acute pulmonary haemor-
rhage (2 (1,3) vs 1(0,1); P < 0.001) but there was no significant difference in chronic pulmonary haemorrhage scores
between groups (0 (0,0.5) vs 0 (0,0), P = 0.267). Horses with EASD had 9.12 (CI = 4.38,18.99; P < 0.001) increased
odds of acute pulmonary haemorrhage, 2.60 (1.16, 5.78; P = 0.02) increased odds of acute pulmonary oedema and
2.29 (1.03, 5.12; P = 0.04) increased odds of acute pulmonary congestion than horses with MSK. Other factors
(age, sex, racing status and whether death occurred during training or racing) were not significantly associated with
pulmonary lesions. However, raced horses had 4.36 (1.27; 14.98; P = 0.02) increased odds of chronic pulmonary
haemorrhage compared with unraced horses. The findings demonstrate acute lung injury in horses with EASD vs
MSK. There was no association with chronic pulmonary haemorrhage. Further research is necessary to determine
if a causal relationship exists between acute pulmonary lesions and EASD or if findings might occur secondary to
cardiac arrhythmia.
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This study evaluated the influence of breed/discipline-related factors and exercise intensity on heart rate variability
(HRV) and arrhythmia prevalence. We hypothesised that exercise demands and age drive variations in these param-
eters more strongly than breed. Electrocardiograms were obtained using a smart-textile system from 58 horses (8
Warmbloods [WB], 25 Standardbreds [SB], 25 Thoroughbreds [TB]) during exercise (WB: dressage; SB/TB: racing).
Multivariable and Poisson regression models assessed HRV and arrhythmias (premature depolarisations [PD]; R-R
deviation>5%), adjusting for age, sex, and maximum heart rate (HR,,, ). HR,,., reflected discipline-specific work-
load (racing vs dressage: 222 vs 150 bpm; P < 0.001). Higher HR,,,,, and older age were the primary drivers of PDs;
each 1bpm increase in HR,,,,, was associated with a 3.8% increase in PDs (P < 0.001), and each one-year increase
in age increased PDs by 7.9% (P = 0.005). Older age was associated with decreased low-frequency (LF) power,
declining by 0.76% per year (P = 0.002) and LF/HF ratio (P = 0.030), whereas pNN50 was higher in WBs (mean
difference: 2.05%; P < 0.001) and mares (mean difference: 0.79%; P = 0.046). Variations in arrhythmia burden and
specific HRV parameters are closely tied to maximum exertion and age. Because breed is inherently confounded by
discipline and age in this cohort (with a smaller, older WB sample), the higher arrhythmia burden in racing breeds
likely reflects the functional demands of reaching higher peak heart rates rather than an isolated breed predispo-
sition. While altered LF parameters in older horses and higher pNN50 in WBs and mares indicate demographic
influences on autonomic tone, the precise physiological mechanisms require further investigation.
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Dynamic changes in BAL cytology during a racing season and association
with performance
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Mild-moderate asthma (mA) and exercise-induced pulmonary haemorrhage (EIPH) are common respiratory con-
ditions in racehorses, yet their temporal evolution during a racing season remains poorly characterised. This longitu-
dinal study investigated changes in bronchoalveolar lavage fluid (BALF) cytology over a three-month racing period
and their relationship with racing performance. Fourteen clinically healthy Standardbred racehorses in active race
training during a summer racing season (4.0 + 0.9 years) were sampled at d0, d30, and d60. BALF cytology from both
lungs was analysed separately then combined to establish individual cytological profiles (control, mA, EIPH, mixed).
A diagnostic score (DS; 0-4) reflecting respiratory diagnosis and a diagnostic change score (DCS; 0-3) assessing cyto-
logical stability across the three BALs were calculated. A racing performance score (PS; 0-4) between d-14 and d74
was assessed using podium ratio and mean earnings per race. Repeated-measures ANOVA (P < 0.05) evaluated tem-
poral cytological changes and Spearman correlations assessed associations between scores. No significant difference
was detected between sampling days for both BALF leukocyte populations or haemosiderophage/macrophage ratio.
A significant negative correlation was observed between DS and DCS (r = -0.696; P = 0.0074) indicating that
horses with higher DS exhibited greater cytological stability over time. No association was detected between PS and
either DS or DSC (r = 0.02). Overall, BAL cytology demonstrated temporal variability (mA remaining stable and
increasing EIPH prevalence) throughout the racing season. No significant association was identified between res-
piratory cytological profiles, their temporal variability, and racing performance. However, performance evaluation
should be interpreted cautiously given the limited sample size and corresponding statistical power.
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Chuckwagon lead horses gallop with higher stride frequency and lower
stride length than wheel horses

T. Pfau®*, M. Van Den Broek? B.L. Davis’, C. De Bruyne’, C. Eamon’, M. Fallscheer’, S. Frostad’,
K. Garcia-Alamo?, S. Skotarek Loch?, Y. Takahashi3 R. Weller! and Z. Chan!

University of Calgary, 2500 University Drive Northwest, T2N 1N4, Canada; 2Delft University of Technology,
Van der Maasweg 9, 2629 HZ Delft, the Netherlands; 3Equine Research Institute of Japan Racing
Association, 1400-4 Shiba, Shimotsuke-shi, Tochigi 329-0412, Japan; *thilo.pfau@ucalgary.ca

In Chuckwagon racing, teams of four Thoroughbreds, two lead horses in front and two wheel horses directly behind,
pull a heavy wagon around a racetrack. Our study focuses on quantifying stride parameters that have previously
retrospectively predicted impending injuries. We hypothesise that in aid of the initiation of the tight figure-of-eight
turn at the start of the race, the more agile lead horses, are galloping with higher stride frequency and reduced
stride length and that differences are exacerbated in the initial accelerative race segments. Speed, stride frequency
(SF) and stride length (SL) were quantified with global navigation satellite system (GNSS) loggers over consecutive
100 m-segments over 5 furlongs (100 m to 1000 m) in sixty horses competing in Chuckwagon racing. Mixed model
analysis for SF and SL (P < 0.05, Bonferroni correction) investigated the effect of speed (fixed covariate), race
segment and position (lead vs wheel horse) and their two-way interactions. SF and SL were significantly affected by
all two-way interactions (all P < 0.025). At the average speed of 55.5 km/h, SF was 2.333 and 2.293 Hz, SL was 6.624
and 6.735 m for lead and wheel horses respectively. Larger differences between lead and wheel horses were found
at the start (100 m) and the end (1000 m) of the race for SF and SL. In particular, at start and end of a Chuckwagon
race, there are distinct differences in stride parameters between lead and wheel horses. These differences exceed
previously identified reductions in SL prior to injury. Specific speed-SF-SL models might be beneficial for predictive
injury modelling in Chuckwagon racing.
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Morphology does not determine locomotor function in trained Quarter
Horses

R.F Siqueira™, L.A. Brito, L.S. Dos Anjos and I.M. Figueiredo
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To test whether Quarter Horse morphology determines discipline-specific locomotion using inertial sensor data
and integrated morphometric modelling. Ninety adult Quarter Horses aged 5,12 + 2.34 from barrel racing, reining,
and ranch sorting groups (n = 30/group) underwent 22 linear and 12 angular morphometric measurements. Linear
traits were z-standardised, and lever descriptors were normalised to withers height. Locomotion was recorded with
IMUs at 200 Hz during walk and trot, yielding 7,208 valid strides after quality-control filtering. Outcomes included
stride duration, stance duration, swing duration, duty factor, limb excursion, vertical acceleration, and axial range
of motion. PCA, UMAP, k-means, Gaussian Mixture Models, Elastic Net, PLSR, and linear regression were used to
test morphology—function coupling. Disciplines differed morphometrically but showed broad biomechanical over-
lap. No clustering method identified discipline-specific locomotor signatures. Morphometry explained <22% of
gait-outcome variance. Proximal hindlimb lever length weakly predicted duty factor and stance duration, whereas
forelimb distalisation reduced protraction. Elastic Net retained <8% of predictors, and PLSR showed weak morpho-
functional integration. Quarter Horses from different Western disciplines showed convergent locomotor patterns
despite measurable morphometric differences. Static morphology alone did not define locomotor function. These
findings challenge lineage-based assumptions and support objective biomechanical evaluation for selection, train-
ing, and clinical gait interpretation.
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Objective gait asymmetry during horse inspections reflects
fitness-to-compete decisions in eventing

E. Hernlund®* S. Kreuger? Y. Mellbin’, A. Bystrom!, E. Zetterberg, Z. Zgank’, M. Rhodin! and
E. Persson-Sjidin!

ISLU, Box 7023, 75007 Uppsala, Sweden; 2Leipzig University, 04103, Leipzig, Germany;
*elin.hernlund@slu.se

The purpose of this observational study was to examine how objective gait analysis during horse inspections relates
to FEI officials’ assessments of fitness to compete and competition outcomes in long-format eventing. The pur-
pose of this observational study was to examine how objective gait analysis during horse inspections relates to
FEI officials’ assessments of fitness to compete and competition outcomes in long-format eventing. Vertical motion
asymmetry was quantified in horses trotted in hand during the two official horse inspections at seven international
FEI eventing competitions using a tripod mounted smartphone video gait analysis system. Impact and push-off
asymmetry of the head and pelvis were combined into vector-sum variables (VS_head, VS_hind), and total asymme-
try was calculated as their sum. Associations between asymmetry measures, inspection outcomes and competition
results were analysed using linear mixed-effects models and logistic regression. In total 323 starts were included,
representing 299 horses, with 543 analysed inspections, of which 25 (4.6%) resulted in referral to holding; three
horses (0.9%) were excluded after reinspection. Horses referred to holding showed greater asymmetry than horses
passing directly (VS_head 0.95 versus 0.44, VS_hind 0.45 versus 0.26, total asymmetry 1.39 versus 0.70; all P < 0.001).
Logistic regression demonstrated significant effects of VS_head and VS_hind (P < 0.001) on the probability of refer-
ral. Mean ( + SD) numbers of analysed strides were 19.1 + 7.3 for head movement and 12.0 + 4.2 for hindlimb
movement. Motion asymmetry showed a small association with cross-country refusals (VS_head 0.99, P = 0.034;
total asymmetry 0.95, P = 0.022) but was not associated with dressage score, show-jumping penalties or with-
drawal. Objective vertical motion asymmetry reflects veterinary inspection outcomes in FEI eventing. However,
limited stride numbers during trot-ups restrict data robustness.
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Condylar fracture location and exercise history in Thoroughbred racehorses
in Japan

A. Segawa®*, M. Nomura? M. Iimori,, K. Fujita’, H. Mita? and K. Kodaira!
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Condylar fractures are a major cause of morbidity in Thoroughbred racehorses. A previous study suggested that
exercise history may influence condylar fracture location, potentially reflecting differences in aetiopathogenesis.
To improve understanding under different racing systems, this study investigated the association between fracture
location and race history in Japanese Thoroughbreds. Horses undergoing surgical repair of condylar fractures in
Japan (2017-2025) were retrospectively reviewed. Fractures were classified as within the parasagittal groove (PSG)
or abaxial to the PSG (non-PSG) using computed tomography. Age, affected condyle, and race history before fracture
were compared between groups using t-test, Fisher’s exact test, and Mann-Whitney U test, respectively. P < 0.05
was considered significant. Of 193 horses (158 PSG, 35 non-PSG), affected condyle distribution differed significantly
between groups (P = 0.01), with lateral condylar fractures accounting for 75% of PSG and 94% of non-PSG. Age
(PSG: 3.3 1.3 years vs non-PSG: 3.4 + 1.3; P = 0.5), number of races (median 3 [IQR 1-10.75] vs 6 [2-11]; P = 0.07)
and total race distance (5,025 m [1,400-15,625] vs 9,630 [3,600-18,700]; P = 0.07) were not different between
groups. For horses with only turf race histories (n = 48), total distance was significantly longer (P = 0.046) in
non-PSG (15,200 m [9,600-22,200]) than PSG (7,400 m [4,700-16,850]). In this Japanese population, PSG and non-
PSG fractures may differ in configuration and aetiopathogenesis, with exercise history potentially more relevant to
non-PSG fractures, consistent with previous findings.
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A comparison of racing Thoroughbred and Quarter Horse stride
characteristics in Alberta, Canada

C.M. Eamon* K. Garcia-Alamo, B.L. Davis, Z.Y.S. Chan and T. Pfau
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*camille.eamon@ucalgary.ca

Musculoskeletal injuries are the most common cause of racehorse death. Previous research indicates that race-
horses may reduce their speed and stride length up to six races before an impending injury occurs. However, current
models are not accurate enough to be practically implemented. Further, specific breeds such as Thoroughbreds
(TBs) and Quarter Horses (QHs) may have unique stride characteristics as they perform distinct racing styles. In
Alberta, QHs sprint short distances, while TBs race longer distances. Developing stride models specific to these
breeds may provide a baseline allowing for more accurate injury predictions in the future. We followed 5 TBs and 5
QHs that each raced once across 2 days on a dirt track in October 2025. Global Navigation Satellite Systems (GNSS)
sensors were placed into saddle pad pouches prior to each race, and recorded position and speed throughout the
race. Published algorithms calculated stride frequency (SF, Hz) and stride length (SL, m) for when horses galloped
along the first (TB) or only (QH) straight section of each race. Average speed, SL, and SF were compared between
breeds using Mann-Whitney U Tests. TBs were significantly slower (66.15 km/h) than QHs (72.86 km/h; P < 0.01).
SL was significantly longer in TBs (7.50 m) than QHs (7.01; P = 0.02). SF was significantly lower in TBs (2.45 Hz)
than QHs (2.89 Hz; P < 0.01). Stride characteristics appear to be different in TBs and QHs, suggesting that future
work aiming to predict injuries using changes in movement patterns should develop predictions specific to breed
and racing style.
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Relationship of distance and track condition with race sectional speeds.

KA. Legg™, M J. Gibson and C.W. Rogers

Massey University, School of Veterinary Science, Private Bag 11-222, 4442, New Zealand;
*klegg@massey.ac.nz

The temporal and spatial distribution of speed varies with race distance and track condition, influencing where
mechanical demand peaks within a race. This study aimed to describe variation in race-day speed with race distance
and track condition. Race-day data from 18 flat racing seasons on turf and synthetic surfaces (2007/8-2024/25, n =
200, 601 starts in 3,389 races) were used to examine initial speed (from barriers until the final 600 m), final-600 m
speed, race distance (m), turf track condition score (TCS, 1-10), horse rating and carried-weight (kg) using a general
linear model. The pattern of racing was consistent for races 21000 m. Final-600 m speed at all distances was 0.41
(95%CI 0.41-0.42)m/s faster than initial speed (P < 0.001). Both speeds decreased with increasing race distance,
but this decrease was smaller for final-600 m speed (8 = -0.15 [95%CI -0.16 — -0.15]m/s per 200 m) than for initial
speed (B =-0.17 [95%CI -0.18 — -0.17]m/s per 200 m, P < 0.001). Speeds had a negative quadratic relation-ship with
TCS (differing in magnitude and intercept, P < 0.001), with a rapid decline at TCS 9. Higher horse rating increased
speed, while greater carried-weight reduced speed (both P < 0.001). The higher race final-600 m speeds were less
affected by distance, indicating that mechanical demand is higher late in the race and load accumulation is not
uniform.
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Association of race speed and musculoskeletal injury in Thoroughbred
racehorses
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Race velocity, and indirect measures of velocity such as race class or grade have been described as risk factors for
race-day musculoskeletal injury (MSI) and fracture. Within horse changes in race velocity have also been described
as indicators of the onset of pathology and fracture, and this metric may have potential as part of a screening tool
or process. Total race velocity and sectional times (velocity) are routinely reported for each race and may provide
an easy metric to assist with enhanced screening of horses for MSI. Race-day sectional velocity and injury data were
available for six flat racing seasons (2019/20 — 2024/25, n = 145,869 starts) in New Zealand. MSI incidence rate ratios
(IRR) were calculated per 1,000 race starts using Poisson regression in a general linear model. The overall IR of MSI
was 3.2 (95%CI 2.9 - 3.5) per 1,000 starts. Average race velocity was not associated with race-day MSI. However,
greater final sectional velocity (last 600 m) had lower MSI risk (IRR 0.8 [95%CI 0.7-0.9] per m/s, P < 0.001). MSI
IRR increased if the horse recorded a faster sectional velocity in the previous race (IRR 1.2, [95%CI 1.1-1.3] per
m/s), had a greater relative decrease in sectional velocity compared to their previous start (IRR 1.4, [95%CI 1.3-1.5]
per m/s), and higher career average sectional velocity (IRR 1.4, [95%CI 1.3-1.6] per m/s, all P < 0.001). Changes
in final 600 m velocity between races offer a practical, easily measurable indicator that could be incorporated into
screening tools or pre-race risk assessments.
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Factors affecting bone morphology in the proximal phalanx of
Thoroughbred racehorses.

F. Van Hoorn!, MJ. Gibson>* K.A. Legg? and C.W. Rogers?

THAS Green Academy, Applied Biology, Onderwijsboulevard 221, 5223 DE 's-Hertogenbosch, the
Netherlands; 2Massey University, School of Veterinary Science, Tennent Drive, 4474, New Zealand;
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The proximal phalanx (P1) is a common site of race-day fracture in Thoroughbred racehorses. The proximal region
experiences compression, while the mid-diaphysis undergoes compression and bending strain. Horse age and career
history have been linked to increased metacarpal bone size and strength. This study aimed to examine how age,
sex, and high-speed starts (HSS) influence P1 morphology. P1 (n = 104) were collected from the forelimbs of 55
Thoroughbreds (26 female, 29 male) affected and unaffected by catastrophic fetlock fractures during high-speed
exercise. Fractured Pls were not included in the research. Horses were a median of 4 years-old (range 3-5) and
had a median of 7 HSS (1.5-15). pQCT scans (Stratec XCT2000) were taken at four epiphyseal levels (3,5,7 & 9 mm
from the proximal surface) and at the mid-diaphysis (50% length). A general linear model assessed effects of sex,
age, left vs right forelimb, and HSS. Age and HSS were colinear (R?2 = 0.7, P < 0.01). In the epiphysis, cortical
bone distribution reflected loading patterns, with greatest density and cortical area medially and centrally. Both
cortical density and percentage of cortical area increased with HSS (P < 0.05). In the mid-diaphysis, total area
and periosteal circumference increased with age and HSS (P < 0.01). Cortical area, cortical density, and stress-
strain index (bending resistance) increased with age and were higher in males (P < 0.05). Overall, loading-related
adaptation in the epiphysis was expressed primarily through increased density, whereas the mid-diaphysis showed
increases in both bone size and density. This demonstrates the anisotropic nature of bone response to high-speed
exercise.
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Locomotor injuries in horses are a leading cause of underperformance and reduced well-being. Lameness evalua-
tion relies on visual assessment alongside objective gait analysis methods during trotting under varying conditions.
While inertial measurement units (IMUs) provide objective symmetry indices, interpreting these across conditions
remains challenging due to condition-dependent lameness thresholds. In this study, a machine learning algorithm
predicted equine lameness severity of each limb at the trot using IMU data. For 5 testing conditions (straight line
and circles in both directions on hard and soft ground), symmetry indices (minimum, maximum, upward displace-
ment, and duration between consecutive maxima) from the head, withers and pelvis were computed retrospectively
from 625 horses examined in routine clinical practice. Lameness (primary and compensatory) was graded using a
UK-equivalent system and aggregated into four ordinal levels (absent, mild, moderate, or severe). A total of 1,922
conditions were retained after excluding 183 where annotators disagreed. Data was split at horse level to prevent
data leakage. Symmetry indices were processed using feature-wise linear modulation, enabling a single neural net-
work to handle all testing conditions. The proposed pipeline achieved an exact accuracy of 46% (Fl-micro: 0.46)
and an adjacent accuracy of 92% for forelimbs, and 47% / 92% for hindlimbs (Fl-micro: 0.47), with inverse pre-
dictions below 3%. A key limitation is that retaining only inter-annotator agreement cases may bias the dataset
toward clearer clinical presentations; this work should therefore be considered a proof of concept toward integrat-
ing context-aware, machine learning-based decision support tools into routine veterinary lameness assessment.
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Racing stride length in 2-year-olds is associated with stride length in mature
racehorses

J- Meyer™*, M. Holmstroem? K. Donohue? D. Lambert? and W. Bayly3

IEquine Sports Science, Groton, NY, USA; 2StrideSAFE, Midway, KY, USA; 3College of Veterinary Medicine,
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Stride length (SL) is linked to musculoskeletal loading, injury risk, and performance. Whether SL at racing velocity is
a stable individual trait measurable early in a horse’s career has not been established. We evaluated whether 2-yr-old
SL predicts mature SL at matched velocities using intraclass correlation coefficients (ICC) to assess the proportion of
total SL variability attributable to individual horse identity versus within-horse race-to-race variability, and whether
the relationship was surface dependent. SLs were computed from GPS-derived velocity x the cyclic variation in a
stride’s radial acceleration. Data from 58,301 races (18,830 Thoroughbreds) across dirt, turf, and all-weather surfaces
were analysed. Linear regression models of SL on velocity were fitted per horse per age-group, and predicted SLs at
17 m/s were compared between 2-yr-old and mature (23 yrs) careers. In 1,997 paired horses, 2-yr-old SL at 17 m/s
predicted mature SL with » = 0.87 (r2 = 0.76, ICC = 0.87), with a small maturation increase (+4.3cm [95%CI:
3.7-4.9], P < 0.001). Correlations (r) differed modestly across surfaces (all-weather = 0.91, dirt = 0.87, turf = 0.85;
P = 0.002). Mid-race within-horse SL variability was greater in 2-yr-olds (ICC = 0.60—0.72) than mature horses
(ICC = 0.72-0.73), reflecting noisier individual measurements rather than reduced between-horse variance. Two-
yr-olds without subsequent >3-yr-old starts (n = 2,726) had nearly identical 2-yr-old SL (mean difference -3.0 cm
[95%CI: -1.5 — -4.5], P < 0.001) but were disproportionately dirt sprinters (<1,200 m; 38.5% vs 31.0% of all 2-yr-
olds, P < 0.001), suggesting that career discontinuation was unrelated to SL. Racing SL is a fixed structural trait of
2-yr-olds, suitable as an early-career biomarker for biomechanical surveillance and injury-risk stratification.

VOLUME 22, SUPPLEMENT 1 (2026) S1-5216


https://0.72�0.73
https://0.60�0.72
mailto:meyer.james@usa.net

S130 12TH INTERNATIONAL CONFERENCE ON EQUINE EXERCISE PHYSIOLOGY

BIOMECHANICS AND LOCOMOTION

Orthopedic disorders in Swedish Standardbred racehorses: diagnostic and
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Orthopaedic disorders are considered a major cause of lameness in Swedish Standardbred racehorses. In Sweden,
the absence of insurance databases covering racehorse-related injuries limits epidemiological insight. Survey data
may provide insight into perceived occurrence and clinical management. This study aimed to describe trainer-
and veterinarian-reported clinical management, occurrence, diagnostic approaches, and treatment practices for
orthopaedic disorders in Swedish Standardbred racehorses. Two nationwide surveys were distributed via national
industry and professional platforms in 2022 with trainers (n = 197) and veterinarians (n = 43) completing the
surveys. Orthopaedic disorders were the primary reason for veterinary consultation according to 82% of trainers
and all veterinarians (100%). Joint-related disorders were identified as the most common cause of lameness by 94%
of veterinarians and 82% of trainers. The carpal joint was the most frequently treated joint, reported as often treated
by 73% of veterinarians and often or always treated by 34% of trainers. In-hand movement assessment was part of
the diagnostic work-up, with 88% of veterinarians reporting they performed it. However, among veterinarians,
58% reported seldom or never assessing horses during driven exercise, and 63% reported seldom or never using
objective movement analysis. Diagnostic analgesia was reported as always or often used by 84% of veterinarians,
while 56% of trainers reported it was always or often performed. These findings suggest orthopaedic disorders
dominate Swedish Standardbred practice. However, variation in diagnostic approaches and limited use of driven
and objective movement assessment may affect lameness localisation precision and complicate characterisation of
disorder distribution in this population.
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Upper-body asymmetry changes in walking horses with induced transient
hindlimb lameness
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Evidence on movement alterations related to hindlimb lameness at walk is scarce. Therefore, we aimed to describe
changes in upper-body movement at walk in horses with different types of transient hindlimb lameness. This
secondary research analysis used kinematic data (optical motion capture) from 34 mild-to-moderate hindlimb
lameness inductions (11 shoe model, 11 tarsal-LPS model, 12 patella model) across five studies. Adequate lameness
induction was confirmed using pelvis asymmetry values at trot (PDmin = 22.3 + 3.1 mm/PDmax = 28.4 + 2.8 mm).
Datasets were mirrored to all reflect right-sided lameness. Mixed models were used to assess asymmetry changes
(fixed effects: condition (sound/lame), induction type, random effect: horse, a = 0.05). Results are presented as
contrast estimates + standard error. Only slight changes in pelvis asymmetry due to lameness were found at walk
(PDmin: 0.7 £ 1.2 mm, P = 0.64; PDmax: 5.0 + 0.9mm, P < 0.01). In contrast, head asymmetries increased both
for differences in minimum (HDmin: 22.3 + 44 mm, P < 0.01) and maximum positions (HDmax: 17.8 + 4.4 mm,
P < 0.01), the latter with a lower maximum position during lame hindlimb midstance. Induction type significantly
affected PDmin and HDmax. PDmin changed in opposite directions after LPS (7.6 + 2.5 mm right-sided, P < 0.01
) compared to patella induction (8.2 + 2.4 mm left-sided, P < 0.01). In contrast, HDmax did not change signifi-
cantly after patella induction (9.4 + 7.3 mm, P = 0.20). At walk, head asymmetry parameters increased most, but
changes differ between induction types. Similarly, pelvis asymmetry direction depended on lameness type, which
may be caused by lameness origin dependent adaptations in either reduced protraction or retraction of the lame
limb. These findings suggest potential to distinguish between pain locations, though results need to be confirmed in
clinical populations.
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Upper-body asymmetry changes in walking horses with induced transient
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Objective gait analysis is commonly used during lameness examinations to quantify upper-body movement asym-
metry during trot. However, some horses cannot safely be trotted and there is limited evidence on movement
alterations at walk associated with forelimb lameness. Because gait mechanics differ between walk and trot, com-
pensatory strategies may also differ. Therefore, this study aimed to describe changes in vertical movement asymme-
try of head and pelvis at walk in horses with induced transient forelimb lameness. This is secondary research using
optical motion capture data from 19 forelimb lameness inductions (15 shoe model and 4 carpal-LPS model) from two
different studies with varying lameness severity. Results are presented as contrast estimate + SE. Adequate lameness
induction was confirmed using head asymmetry values at trot: HDmin (69.6 + 8.7 mm); HDmax (48.1 + 9.8 mm),
and datasets were mirrored to reflect right-sided forelimb lameness. The effect of lameness induction on each asym-
metry parameter was evaluated using linear mixed models, with asymmetry as the outcome, condition (sound vs
lame) as fixed effect, and horse as random effect (« = 0.05). Lameness induction significantly (P < 0.0001) increased
the difference in minimum position of the head at walk (HDmin 37.9 + 5.9 mm); reflecting a lower minimum head
position during early sound forelimb stance. Only a slight change in pelvis asymmetry was found (PDmax: 2.3 +
1.0 mm, P = 0.03) while PDmin and HDmax showed non-significant changes. In conclusion, HDmin showed a clear
increase at walk after induced forelimb lameness with a lower head position during early sound forelimb stance.
This is similar to changes seen in trot.
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Can head-withers asymmetry relationship assist in identifying bilateral
lameness?
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The pattern of head and withers asymmetry can help distinguish true forelimb lameness from compensatory head
nodding caused by hindlimb lameness. Head and withers asymmetry indicate the same forelimb in 80% of clin-
ically forelimb lame horses and different forelimbs, with the withers diagonal to the lame hindlimb, in 70% of
hindlimb lame. We hypothesised that deviations from these typical withers asymmetry patterns represent bilateral
lameness. Horses presented for lameness investigation at four equine clinics were included. Movement asymme-
try was measured in trot using optical motion capture. Mean differences between vertical displacement minima
(HDmin/WDmin/PDmin) and maxima (HDmax/WDmax/PDmax) were calculated for each trial. Two lameness
groups were defined using straight-line asymmetry thresholds (>15 mm HDmin/HDmax for forelimb and >7 mm
PDmin/PDmax for hindlimb) combined with >70% reduction after diagnostic analgesia. Horses were then classi-
fied as bilaterally lame (asymmetry exceeding the threshold in the contralateral limb; 19/16 forelimb/hindlimb) or
unilaterally lame (185/172 forelimb/hindlimb). The proportion of horses with a withers asymmetry pattern deviat-
ing from the typical pattern did not differ between unilateral and bilateral cases (Fisher’s exact test, P = 0.18/0.62).
Among horses with unilateral lameness, those deviating from the typical withers pattern showed significantly lower
mean asymmetry in the lame limb (Welch t-test, P < 0.05). These findings suggest that atypical withers asymmetry
patterns do not indicate bilateral lameness but are more likely associated with lower lameness severity, potentially
reducing withers asymmetry. Confirmation in larger datasets is warranted due to the limited number of bilaterally
lame horses.
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Upper body movement asymmetries in horses caused by rising trot

Y. Mellbin* L. Fitz Bastos, E. Persson-Sjodin, E. Law, M. Rhodin and E. Hernlund
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Sweden; *ylva.mellbin@slu.se

When diagnosing subtle lameness and performance issues in sport horses, evaluation under saddle is often an inte-
gral part of the examination. However, as lameness is both subjectively and objectively mainly evaluated through
upper body movement asymmetry, the influence of the rider on movement symmetry must be understood. The
vertical motion of the head and pelvis in 89 horses in training was recorded, using a smartphone-based computer
vision app (SleipAlI), while trotting in hand and with a rider in left and right rising trot in a straight line for 215 strides
(15-77, mean = 37). Asymmetries were evaluated by calculating the difference in minimum (HDmin/PDmin) and
maximum (HDmax/PDmax) vertical position of the head/pelvis in each stride. Measurements in right rising trot
were mirrored, and the mean asymmetry per trial were then evaluated in a linear mixed model for each asymmetry
parameter with the asymmetry as outcome, condition (unridden, rising trot) as fixed effect and horse as random.
The rider sitting during stance of the left front-right hind diagonal results in an increase in the Sleip asymmetry
score of both HDmin (0.23 + 0.07), HDmax (0.27 + 0.07), PDmin (0.16 + 0.07) and PDmax (0.56 + 0.7), all with
P < 0.0001. This corresponds to reduced head and pelvic displacement downwards during stance, and upwards at
push-off of the right forelimb and right hindlimb respectively. The main difference from previous studies is that
the largest downward displacement of the pelvis occurred when the rider was standing rather than sitting; how-
ever, previous studies used different measurement methods and were conducted on smaller, less heterogeneous
populations.
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Movement asymmetries in Standardbred trotters: A comparison between
trotting by hand and driving
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Swedish University of Agricultural Sciences, Animal Biosciences, Box 7023, 75007, Sweden;
*marie.rhodin@slu.se

Orthopaedic disorders are common in Standardbred trotters, and movement evaluation is essential for identifying
the affected limb (s). During lameness examinations, horses are typically assessed in hand, and objective gait anal-
ysis is rarely applied in this population. However, if clinical expression differs between in-hand and driven trot,
horses may be misclassified as sound or evaluation may focus on a limb that does not contribute to the lameness
during driven trot. The aim of this study was to investigate whether vertical movement asymmetry of the head
(HDmin, HDmax) and pelvis (PDmin, PDmax) differs between in-hand and driven trot. Objective motion analysis
was performed using a computer vision smartphone application (SLEIP-AI) in 55 Standardbred trotters evaluated
both in hand and while driven. Each recording was classified for presence of lameness (defined as any horse-size
relative asymmetry value >0.5) and if lame assigned to the most affected limb (highest asymmetry value). For horses
classified as lame during in-hand trot, the most prominent asymmetry (group level mean + SD) was compared with
the corresponding variable during driven trot using a paired t-test (P < 0.05). Classification differed between in-
hand and driven assessments in 36 horses (65%), including 17 horses (31%) classified as sound in hand but lame
when driven. In horses lame during in-hand evaluation (n = 31), asymmetry decreased significantly during driven
trot (0.80 + 0.33 vs 0.44 + 0.53; P < 0.05). These findings indicate that assessment conditions influence lameness
patterns and suggest that incorporating driven assessments may improve orthopaedic diagnostics. Further studies
investigating the effects of speed and different equipment are needed.
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Influence of lower limb and tarsal bandaging on upper-body kinematics at
the trot

J- Lundblad®*, S. Forsman®2 Y. Mellbin’, F. Comino? D. Gorvy? and E. Persson-Sjodin!

ISwedish University of Agricultural Sciences, Department of Animal Biosciences, Box 7023, 75007 Uppsala,
Sweden; 2Swedish University of Agricultural Sciences, Department of Clinical Sciences, Box 7045, 75007
Uppsala, Sweden; *johan.lundblad@slu.se

Vertical displacement asymmetries of the head and pelvis (HDmin, HDmax, PDmin, PDmax) are important lame-
ness indicators. Since some instances require horses to undergo gait analysis while bandaged (e.g. post intra-
articular injections), this study aimed to evaluate the effect of single limb bandaging on these parameters. Gait
analysis using Optical Motion Capture (Qualisys) was performed on two groups of horses: yearlings novel to ban-
dages (n = 9) and adult horses with documented experience (n = 5). Horses were trotted in hand at preferred speed
unbandaged and with a single layer cotton bandage with elastic wrapping over the distal limb or over the tarsus. The
experienced group included a post-bandage measurement to assess the effect of time. Statistical analysis was done
using Bland-Altman agreement and subsequent comparison of Limits of Agreement (LoA) to the mean intra-trial
standard deviation (SD). Linear mixed models explored the effect of time and previous experience (a = 0.05). Mean
difference between baseline and pooled bandaged trials ranged from -1.04-1.06 mm (95% CI: -2.95-2.78), indicat-
ing negligible difference. Magnitudes of LoA (95%) were < |12.14| mm for head asymmetry and < |8.45| for pelvis
asymmetry. Furthermore, half width LoA to mean intra-trial SD ratio was <1.0 (0.64-0.97) for all variables, demon-
strating that between-trial variation did not exceed inherent stride-by-stride variation. Neither previous bandage
experience (P > 0.09) nor time (P > 0.16) significantly influenced any asymmetry parameters. In conclusion, single-
limb bandaging did not significantly alter upper-body kinematics at population level, though individual variation
warrants caution as single differences occasionally approached clinical lameness thresholds.
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The Equine Track Tester, a new device to qualify equestrian surfaces in terms
of security for horses

N. Crevier-Denoix*, F. Munoz-Nates, L. Fayaubot and P. Pourcelot

Equipe BEL-INRAE, Ecole Nationale Vétérinaire d’Alfort 7 avenue du Général de Gaulle, 94700, France;
*nathalie.crevier-denoix@vet-alfort.fr

Characterisation of equestrian surfaces has made significant progress over the last years. The Equine Track Tester
(ET2; patented) has been designed to simulate ground vertical compression by an equine forelimb under sport-
conditions, as previously characterised using a dynamometric-shoe. The purpose of this study was to apply the ET2
on diverse equestrian surfaces, measuring the dynamic reaction (force and deformation) of the ground, then com-
paring it to previous biomechanical measurements performed on horses exercising on different surfaces, including
an established ‘at-risk’ one (Crevier-Denoix et al., Am ] Vet Res, 2017). ET2 measurements were made on 25 different
surfaces (turf with various humidity levels, sand of different types) used for training or competition. A test consists
in the dropping of a 110 kg-mass, sliding along a vertical axis connected with a hoof-shaped impactor on the ground.
Ground loading rate is tuned by an elastic device mimicking the equine musculotendinous system. Maximal vertical
force varied from 7,076 N (turf, 43% humidity) to 11,007 N (sand arena requiring decompaction). Maximal sinking
ranged from 68.1 (deep turf track) to 3.4 mm (hard path of a cross-country course). Maximal loading rates larger
than 400 kN/s, for forces above 5,000 N, were deemed inappropriate (too hard) for intense exercise, as were residual
deformations of 60 mm or more (too deep). As the ET2 closely replicates the vertical loading rates and maximal
forces applied by a horse on the ground, its measurements can be directly compared to actual biomechanical data,
which is an asset for equestrian surfaces qualification.
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Comparing centre of gravity trajectories in experienced and novice riders on
a racehorse simulator

Y. Ohgi** T Ishizuka? F. Sugiyama3 Y. Takahashi? S. Ohyabu® and T. Ohmura®

Keio University, 5322 Endo, 252-0882 Fujisawa, Kanagawa, Japan; 2Keio Research Institute at SFC, 5322
Endo, 252-0882 Fujisawa, Kanagawa, Japan; 3Equine Research Institute, Sports Science Division, 1400-4
Shiba, 329-0412 Shimotsuke-shi, Tochigi, Japan; *Equine Research Institute, Sports Science Division, 1400-4
Shiba, 329-0412 Shimotsuke-shi, Tochigi, Japan; 5The Horse Racing School, 835-1 Ne, 270-1422 Shiroi-shi,
Chiba, Japan; 6Keio University, 5322 Endo, 252-0882 Fujisawa, Kanagawa, Japan; *ohgi@sfc.keio.ac.jp

This study aims to compare the relationship between the trajectories of a racehorse simulator’s sacrum and the
rider’s centre of gravity (CoG) between experienced and novice riders. The movements of 15 riders (3 experienced
jockeys and 12 JRA Horse Racing School students) in a racing posture were recorded for 10 seconds using an optical
motion capture system (sampling rate: 240 Hz) on a racehorse simulator. The rider’s CoG was estimated based
on reflective markers attached to 22 anatomical landmarks on the body. The simulator’'s CoG was represented at
the position corresponding to the horse’s sacrum. A single cycle was defined as the time from the lowest point
of the simulator sacrum’s vertical displacement (0%) to the next lowest point (100%). The results showed that
during the normalised interval of 40-60%, when the simulator moved upward, the CoG of experienced riders
moved upward in synchrony with the simulator. Conversely, the CoG of students moved downward in advance of
the simulator’s upward motion. This suggests that movement patterns are diametrically opposed between the two
groups, indicating that the force interaction between horse and rider differs significantly between experienced and
novice jockeys.
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Routine shoeing alters pelvic asymmetry in symmetrical but not
asymmetrical horses

Z.Y.S. Chan** S. Frostad®, T. Zaman?, P. Reilly? and T. Pfau!

"University of Calgary, 2500 University Drive NW Calgary Alberta, T2N IN4, Canada; 2Rowan University, 201
Mullica Hill Road Glassboro New Jersey, 08028, USA; *zoe.chanl@ucalgary.ca

Studies evaluating gait asymmetry before and after farrier work have reported minimal overall differences. This may
be because horses were analysed as a single group, masking changes, even though asymmetry is common in clini-
cally sound horses. We hypothesised that horses with pre-existing asymmetry respond differently to routine farriery
than horses that are already symmetrical. The objective of this study was to investigate immediate effects of re-
shoeing on gait asymmetry and whether the effects differed between horses that were symmetrical or asymmetrical
at baseline. Pre- and post-farriery gait analysis was conducted on 30 shod horses managed by 7 farriers. Routine
farriery was defined as trimming and replacing shoes within a single session, without long-term corrective interven-
tion. Vertical head and pelvic asymmetry (minimum and maximum differences) were quantified using the video
gait analysis app Sleip. Absolute values of normalised head (HDmin, HDmax) and pelvic (PDmin, PDmax) asymme-
try were analysed. Horses were classified as symmetrical or asymmetrical at baseline using + 0.3 threshold (head:
12mm, pelvis: 6.7mm in a 160cm horse). Linear mixed-effects models assessed pre—post changes, including fixed
effects of time, baseline symmetry and their interaction. A significant interaction between baseline symmetry and
pre—post condition was observed for PDmin and PDmax (P = 0.01), but not for head parameters (P > 0.05). Sep-
arate models showed no significant pre—post changes in asymmetrical horses, whereas symmetrical horses showed
small increases in pelvic asymmetry (PDmin +0.05, PDmax +0.10; P < 0.05). Routine re-shoeing did not consistently
alter pelvic asymmetry in horses with baseline asymmetry, but small increases were observed in symmetrical horses.
This highlights the importance of considering individual gait characteristics when evaluating farriery outcomes.
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Effects of mediolateral hoof imbalance on lower limb kinematics

A. Kuragasaki** Y. Takahashi’, S. Tsuchiya?® T. Fukuto? Y. Ebisudal, F. Sugiyama! and K. Mukai®

IEquine Research Institute, Japan Racing Association, Shimotsuke, Tochigi, 329-0412, Japan; 2Miho
Training Center, Japan Racing Association, Miho, Ibaraki, 300-0493, Japan; *akira_kuragasaki@jra.go.jp

Generally, balancing the mediolateral height of the hoof’s weight-bearing surface during shoeing is considered
crucial for preventing musculoskeletal disorders. This study aimed to clarify the relationship between mediolateral
hoof height differences and lower limb kinematics using three-dimensional motion analysis. Eight Thoroughbreds
(ages 4-7 years; weighing 463-576 kg) were used. Reflective markers were attached to anatomical landmarks on the
left forelimb. Three shoeing conditions were established by applying 4 mm of hoof adhesive (Equilox) to the left
forelimb shoes: Control, Med-high (medial side elevated), and Lat-high (lateral side elevated). Horses were exercised
on a treadmill at 0% incline at the walk (1.7 m/s) and trot (3.0 m/s) in a randomised order. The measured parameters
were the maximum extension and maximum abduction angles of the fetlock joint. Means were calculated over
seven strides. Data presented as mean + SD. One-way repeated-measures ANOVA was performed separately for each
gait, with Tukey’s HSD post-hoc test when appropriate (P < 0.05). The maximum extension angle of the fetlock joint
showed no significant differences at the walk (Control: 43.5 + 4.8°, Med-high: 42.8 + 4.9°, Lat-high: 43.0 + 5.2°) or
the trot (Control: 52.5 + 5.4°, Med-high: 52.0 + 5.0°, Lat-high: 51.8 + 4.9°). In contrast, maximum fetlock abduction at
the walk was significantly larger in Lat-high (3.9 + 2.9°) than Med-high (2.5 + 2.6°). At the trot, Lat-high (4.8 + 3.4°)
was significantly higher than both Control (4.0 + 3.3°) and Med-high (3.6 = 3.1°). These findings suggest that while
mediolateral hoof imbalance does not alter sagittal plane loading, it may alter the frontal plane burden, potentially
increasing strain on medial skeletal structures due to increased fetlock abduction.
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A visualisation of relative centre of gravity trajectories from the rider-horse
complex system

T. Ishizuka®* T. Ohmura’, F. Sugiyama? Y. Takahashi® and Y. Ohgi!

IKeio University, 5322 Endo, Fujisawa-shi, Kanagawa, 252-0882, Japan; 2Equine Research Institute, Japan
Race Horse Association, 1400-4, Shiba, Shimotsuke-shi, Tochigi, 329-0412, Japan; *tatsu47@keio.jp

This study aimed to visualise centre of gravity (CoG) trajectories of both the horse and rider from the perspective of
the horse-rider complex system. Using an optical motion capture system (22 OptiTrack Prime41 camera, calibrated
volume length: 12 m) in an indoor track, three-dimensional joint marker coordinate data on both the horse and
rider for one cycle were acquired during straight-line cantering. Two riders used each of the two test horses. The
acquired marker coordinate data was filtered using a zero-phase-shift fourth-order Butterworth low-pass filter with
a cutoff frequency of 15 Hz. Subsequently, the CoG positions for both the horse and rider, as well as the combined
CoG position for the horse-rider complex system, were estimated from existing inertial parameters and the marker
coordinate data. We visualised the relative CoG positions of both the horse and rider with respect to the combined
CoG of the horse-rider complex system as Lissajous figures at the running speed of 10 m/s. A relative CoG position
in the vertical direction relative to the traveling direction showed a phase difference of 135 to 180 degrees for both
the horse and rider in all combinations of test horses and test riders. However, the degree of this phase difference
varied depending on the combination of test horse and rider. Visualising the relative CoG position for both the horse
and rider with respect to the combined CoG of the horse-rider complex system as Lissajous figures is very helpful
for evaluating and comparing different horse-rider combinations.
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Variation in gait analysis parameters in objective lameness assessments of
clinically sound horses

S. Kurras®* M.H.W. Koene’, EM. Serra Braganga? A. Hardeman? K. Biittner3, M. Rocken3 and A.M. Cruz?

ITierklinik Liische GmbH, Essener Strafie 39a, 49456 Bakum, Germany; 2Equine Gate Analysis Society,
Ypeloschoolweg 21, 7642 ND Wierden, the Netherlands; 3Veterindrmedizinische Universitit Giefden, Equine
Clinic and Dataprocessing, Ludwigstrafie 23, 35390 Gief3en, Germany; *“skurras@tierklinik-luesche.de

Objective gait analysis is increasingly used in equine practice, but interpretation of repeated measurements requires
knowledge of normal variation under different exercise conditions. This study investigated variation in gait sym-
metry parameters between repeated measurements and days in clinically sound sport horses using two validated
systems. Sixteen sport horses in regular work were included. Soundness status was based on rider assessment, sub-
jective evaluation during straight-line trot on a hard surface, veterinary examination on the day of measurement,
and assessment using a video-based objective gait analysis system. Horses were classified as sound or nearly sound
(AAEP grade 1 or less). Horses were assessed at trot in a straight line, on the lunge, on hard and soft surfaces over two
consecutive days, with four repeated measurements per horse on each day. Kinematic data were collected using a 3D
optical motion capture system and a markerless video-based system. Data were analysed using repeated-measures
analysis of variance with day, trial number, surface, and direction as fixed effects. Head-related parameters showed
greater variation than pelvic parameters. Surface and direction had the strongest effects on asymmetry measures,
whereas day and repetition effects were not significant. Between-measurement variation was lower on hard surfaces
than on soft surfaces and lower in straight-line exercise than during lunging. Between-horse variation exceeded
within-horse variation. These findings indicate that exercise condition has a substantial influence on objective gait
symmetry measurements in clinically sound horses. This variation should be considered when interpreting repeated
assessments and establishing reference values for clinical gait analysis.
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Proposal of an indirect force measurement system in horses through
two-Dimensional kinematics

E.A. Cipolli, T.C. Almeida™ and L. Magalhdes

PROJETO CAPA - Cavalo Atleta De Performance Avancada, Estrada do Jacu, S/n - dos Carvalhos, Itu - SP,
13310-220, Brazil; *thealm@uol.com.br

In recent years, equestrian sports have shown increasing evolution in technical, physiological aspects, and in the
physical conditioning of horses. The present study aimed to propose a two-dimensional (2D) kinematic system for
indirect estimation of jumping force in horses, as well as to evaluate its precision and spatial accuracy. The system
consisted of a digital camera operating at 30 Hz, without internal image adjustments, positioned perpendicular
to the plane of motion. A calibration object measuring 3.0 m x 0.15 m was used to establish the spatial refer-
ence. After capture, the images were analysed using Kinovea® software. The reliability of the system was evaluated
through analyses of precision and accuracy in spatial measurement. Precision was determined using the root mean
square (RMS), which reached 0.021 cm (<1%), while accuracy showed an average error of 1.5 cm (~1%). After these
procedures, the resultant force was estimated from ten jumping attempts, obtaining an average value of 10,493
N ( + 730 N), with a coefficient of variation (CV) of 6.95%, indicating acceptable consistency between attempts.
It is concluded that the 2D kinematic system showed adequate spatial accuracy and precision for application in
field biomechanical analyses, allowing the indirect and non-invasive estimation of the resultant force in equine.
However, the lack of comparison with a force platform and the limited validation of Kinovea software for kinetic-
kinematic analyses in horses constitute significant limitations, and future studies are necessary for direct validation
of the method.
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The effect of lateral movements on vertical motion symmetry of head and
pelvis

Y, Mellbin*, E. Akesson, S. Amcoff, E. Persson-Sjodin, M. Sdderlind, A. Leclercq, M. Rhodin and E. Hernlund

Swedish University of Agricultural Sciences, Department of Animal Biosciences, Box 7023, 750 07 Uppsala,
Sweden; *ylva.mellbin@slu.se

Objective gait analysis is increasingly used as a complement to visual assessment during equine lameness examina-
tions, including ridden assessments. During ridden evaluation, horses are often asked to perform different exercises
to highlight subtle lameness, yet the influence of specific exercises and rider interaction on motion symmetry
remains poorly understood. The aim of this study was therefore to investigate whether lateral movements per-
formed under rider influence vertical motion asymmetry of the head and pelvis during trot. 37 horses of varying
breeds, ages and training levels were analysed using a smartphone-based computer vision gait analysis system.
Horses were measured ridden in trot on a straight line, in left/right shoulder-in and in left/right travers. Vertical
motion asymmetry of the head (HDmin, HDmax) and pelvis (PDmin, PDmax) was calculated. Left lateral move-
ments were mirrored in the analysis. Mixed linear models with post-hoc contrasts were used to compare movement
conditions. In shoulder-in compared to straightline, the head showed an impact asymmetry of the inside forelimb
(HDmin 0.22, P = 0.04) and a push-off asymmetry from the outside himdlimb (PDmax 0.16 P = 0.04). Comparing
travers to straightline, more pronounced asymmetries were observed. The outside forelimb showed both impact
(HDmin 0.37, P = 0.0004) and push-off asymmetry (HDmax 0.33, P = 0.002), and inside hindlimb a push-off
asymmetry (PDmax 0.39, P < 0.0001). These findings indicate that ridden lateral movements can systematically
influence movement symmetry. The exercise itself cannot be separated from rider influence in this study design,
but exercise should be considered when interpreting objective gait analysis during ridden lameness examinations.
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Effect of horseshoe length and exercise on hoof conformation and growth in
vivo

VE. Dahl%* T.C. Garcia? E. Singer3, D. Hawkins? and S.M. Stover?

'University of Montana Western, 710 S. Atlantic St, Dillon, MT 59725, USA; 2University of California Davis,
One Shields Dr, Davis, CA 95616, USA; 3Sussex Equine Hospital, Billingshurst Road, Ashington, West Sussex,
RH20 3BB, United Kingdom; *vanessa.dahl@umwestern.edu

Abnormal hoof conformations have been associated with fetlock injuries in racehorses. Racehorses are often shod
with shorter shoe branches, which may predispose to abnormal hoof conformation. We hypothesised that horses
shod with a short shoe and exercised would have lower hoof angles and lower growth compared to when shod with
a full shoe. Horses (23 paddock confinement, 6 race training) were shod in a crossover study for two 15-week periods
with alternately Full or Short branch length forelimb horseshoes. Lateral hoof wall angles, tubule angles, coronet
length and area, and hoof wall growth along toe, quarter and heel tubules (fiducial marker, 2 mm diameter holes
in the non-sensitive hoof wall) were measured from standardised, calibrated photographs using Image]. Repeated
measures analysis of variance was used to assess the effects of horseshoe branch length and exercise on outcome
variables. Coronet area increased with short shoes and decreased with full shoes (1.94 cm?, -0.16 cm?, P < 0.018).
Training was associated with smaller proximal toe (1.98cm, P < 0.007) and heel tubule lengths (1.97 cm, P < 0.009)
and larger distal palmar tubule angles (3.93°, P < 0.034) compared to horses not in training (2.93 cm, 2.76 cm,
and -0.79°). Results provide evidence that shorter shoes increase coronet area which has been seen in horses with
abnormal hoof conditions; however, other variables that would suggest the development of an underrun heel were
not apparent. Smaller proximal toe and heel hoof growth may be a result of the hoof’s adaptation with repetitive
high-speed loading during exercise.
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Within- and between-horse stride length variance in Thoroughbreds racing
on different track surfaces
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Stride length (SL) is an important determinant of racehorse speed but reports on within- and between-horse SL
variability are limited. We evaluated components of within-horse (¢2) and between-horse (t2) SL variance across
100m race segments, racetrack surfaces, and distances in 15,615 >3-years-old Thoroughbreds. Individual SLs were
determined by dividing GPS-measured velocity (5Hz) by the time between consecutive peaks in stride radial veloc-
ity (800 Hz). Stride kinematics from 644,677 100 m segment observations from 48,047 race-starts over 900-2,400 m
on dirt, all-weather, and turf racetrack surfaces were analysed after removing statistical outliers. SL variability was
partitioned for each distancexsurfacex100 m segment using the method-of-moments, with o2 estimated from horses
with >3starts and 12 from horses with >2 starts. Intraclass correlation coefficients (ICC) quantified the proportion of
population SL variability attributable to T2 and were cross-validated against restricted maximum likelihood (REML)
estimates from random intercept models. Twenty-two distancexsurface combinations yielded valid ICC estimates.
Mean ICC was 0.64 on dirt (10 distances), 0.65 on all-weather (5 distances), and 0.52 on turf (7 distances) tracks,
indicating lower within-horse variability on all-weather (¢2 = 0.028) and dirt (¢2 = 0.039) compared with turf (o2 =
0.045) Turf’s 02/t2 ratio >1.0, indicated within-horse SL variability exceeded that between-horses. Segment level ICC
profiles showed a characteristic pattern: lowest at the start (0.19-0.33), rising to a plateau (0.70-0.73) mid-race, then
declining on turf and dirt (0.58-0.68) but not all-weather (0.72) in the final 200 m. Method-of-moments and REML
estimates agreed closely (r = 0.99; mean absolute difference = 1.4%). SL is a highly repeatable biomechanical trait
in skeletally mature Thoroughbreds.
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Association between inflammatory biomarkers and asymmetric metrics in
an equine synovitis model

H.B.S. Dias’, G.V. Ramos’, H. Scarafici’, A.R. Teixeira Neto®* and G.C. Ferraz!
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We assessed the integration of inflammatory biomarkers (IBs; synovial fluid prostaglandin E, [PGE,], mean
[TEMP and maximum [TEMP,,. ] surface temperatures) with asymmetry variables (HD ,;;,, HD 11000 Tinins Trnaxe
PD,.in» and PD,,,,) in eight horses at peak of inflammation following LPS-induced synovitis of the middle carpal
joint. Using a randomised crossover design, the horses were assigned to control (C) and meloxicam-treated (M)
groups. Measurements were taken at baseline and eight hours post-induction. Lameness detection was performed
using a markerless Al system (Sleip®) during treadmill trot. Temperature was recorded using an infrared thermo-
graphic camera (model i50, Flir"). PGE, concentrations were quantified using a Prostaglandin E, EIA Kit via ELISA.
Inflammation was confirmed by increases in PGE,, TEMP,,.....,, and TEMP,... (paired t-test, P < 0.05). Lameness
scores, as measured by the AAEP scale, were significantly higher in the C group (scores 2-3) compared to the M
group (scores 0-1) (Fisher'’s exact test, P < 0.05). Al system detected lameness following LPS induction. Princi-
pal component analysis was performed, yielding three components that explained 71.4% of the total variance. PC1
accounted for 30.8% of the variance and was strongly influenced by HD ,;,, (11.31%) and HD,,,, (20.33%), and IBs
(PGE,:15.99%; TEMP,,,,.,: 16.11%; TEMP .. .: 19.12%). IBs showed the adjacent vectors (<90°), indicating correlation
among them, as did the asymmetry variables. Inflammatory and biomechanical variable classes showed no corre-
lation (~90° loading plot angle). PD,,,, exhibited a negative correlation (~180°) with PD ;,, HD,,.,, and HD ;..
Biomechanical variables did not have interrelation with IBs.
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min max
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Evaluation of self-contained instrumented equine shoes for kinetic gait
analysis.

A. Devolin®, O. Kenny’, K. Muraril, J.E.A. Bertram®? and WM. Scottt3*

'University of Calgary, Department of Biomedical Engineering, 2500 University Dr NW, Calgary, Alberta.
T2N 1IN4, Canada; 2University of Calgary, Cummings School of Medicine, 3330 Hospital Dr NW, Calgary,
Alberta. T2N 2T8, Canada; 3University of Calgary, Faculty of Veterinary Medicine, 3280 Hospital Dr NW,
Calgary, Alberta. T2N 4Z6, Canada; *wmichael.scott@ucalgary.ca

Significant advances in objective gait analysis have been made using kinematic methods. Complementary advances
in use of kinetics would be beneficial. Our objective was to develop a shoe system to measure vertical ground
reaction forces (GRF,) for quadrupedal kinetic gait analysis. We manufactured 7 mm thick 509 gram instrumented
plate shoes for each foot of a horse. Applied force on each shoe was concentrated on four piezoresistive sensors
sampling at 40 Hz. After calibration with a non-linear model, root mean square error of 8.1% was measured against
a force plate (Kistler, Switzerland). Subjective and objective gait data were obtained from a horse trotting on a
gravel surface. Subjective lameness assessment indicated grade 2 (0-5 scale) left forelimb (LF) lameness Movement
symmetry of head and sacrum were determined using inertial measurement units (IMU) (EquiGait, Cheshunt, UK)
indicating vertival asymmetry of poll (-27 mm and wither (-12 mm) during LF stance. Total vertical impulse per
limb and Impulse Ratio (IR) were quantified using the instrumented shoe data. IR values determined from 12 strides
were evaluated using a linear mixed model with limbs as fixed effect. Pairwise comparison of the estimated marginal
means determined significant differences between the left and right forelimbs (P < 0.001) and comparison of the
hindlimbs was not significant (P = 0.7107). Subjective, kinematic, and kinetic gait analysis methods identified
movement asymmetry and reduced impulse during LF stance. IR is a sensitive and elegant measure of limb use.
Combining kinematics and kinetics holds promise for the advancement of objective gait analysis.
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Application of a wearable sensor to characterise locomotor discomfort in
racehorses at training

N. Crevier-Denoix* L. Fayaubot, J.-M. Denoix and P. Pourcelot

Equipe INRAE BEL, Ecole vétérinaire d’Alfort, 94700, France; *nathalie.crevier-denoix@vet-alfort.fr

Wearable sensors are increasingly used for monitoring racehorses. The purpose of this study was to use the
MovePro* (Alogo, combining IMU and GPS) to characterise locomotor discomfort in horses at training. Five
steeplechasers, 3 to 7 years old, were equipped during at least two training sessions. The sensor was attached to
the saddle-girth in the ventral midline. Vertical and horizontal accelerations, velocities and positions were obtained
from triaxial accelerometric and angular data (100 Hz). One horse deemed sound (S) and 4 horses presenting subtle
locomotor discomfort (D) were measured; a clinical diagnosis was made a few days later in D-horses. Stride vari-
ables of the 5 horses in straight line, both at trot and slow canter, were compared using Generalised-Linear-Models,
adjusted on speed. S-horse was taken as a reference. At trot (4 m/s, rider in suspension), combining accelerations
and roll angles allowed discriminating left and right diagonals’ vertical amplitudes and therefore assessing asymme-
try. The latter revealed larger (P < 0.0001) in all D-horses compared to the S-one, and consistent in sign with the
affected diagonal. At slow canter (6.2 m/s), first the roll angle allowed differentiating left and right leads, revealing
possible lead preference (e.g. one D-horse always cantering right lead). Maximal vertical acceleration during stride
was significantly smaller (P < 0.0001) in D-horses compared to S, a difference more pronounced when a forelimb
was affected. Combining accelerations and angles measurements proved to be relevant for analysing locomotor
discomfort at the track. The MovePro* sensor appears as a promising tool for detection of locomotor conditions.
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Pilot feasibility study using a novel technique to assess quality of topline
motion in horses

T. Ursini®*, H. Clayton? D. Levine® and]. Richards*

IUniversity of Tennessee, Large Animal Clinical Sciences, 2407 River Dr, Knoxville, TN 37912, USA;
2Michigan State University, College of Veterinary Medicine, 784 Wilson Rd, East Lansing, MI 48824, USA;
3University of Tennessee Chattanooga, Physical Therapy, 615 McCallie Ave, Chattanooga, TN 37403, USA;
4University of Lancashire, Allied Health Unit, Preston, Lancashire, UK PR1 2HE, United Kingdom;
*tursini@utk.edu

A recent survey of equine clinicians found a need for more objective assessment techniques for quality of move-
ment, especially related to horses with clinical topline dysfunction. This study measured intersegmental movement
in the sagittal, dorsal and transverse planes of the cranial thoracic to caudal thoracic (CRT-CDT), caudal thoracic
to lumbar (CDT-LUM), and lumbar to sacral (LUM-SAC) segments using range of motion and angular velocity as
measures of quality of movement. With motion capture tracking of rigid 3D marker clusters, six degrees of freedom
spinal motion was measured at the trot in 3 sound Thoroughbred and Thoroughbred cross horses, and the data
were pooled giving a total of 33 gait cycles. These were compared against 13 at from one Thoroughbred horse that
was confirmed as having right hindlimb lameness. As a pilot investigation, means and standard deviation for the
angles, angular velocities as well as absolute and percentage differences were reported. Both joint angles and angular
velocities detected differences between the sound horses and the lame horse with angular velocity showing notably
greater differences in absolute values and percentages compared with joint angles. The between-group differences
indicated decreased quality of movement/control in the lame horse, and this was most apparent when trotting.
In conclusion, intersegmental angular velocity is measured non-invasively and may be used to objectively assess
quality of intersegmental movement in horses as it does in humans. Further investigation is required to determine
ideal values of intersegmental angular velocity and how it changes in the face of dysfunction and treatment.
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Subjective lameness assessment of Icelandic horses on the lunge: inter-rater
agreement and validity

E. Persson-Sjodin®*, E. Zetterberg’, H. Gunnarsdottir? J. Lundblad’, A. Bystrém! and I. Granswed-Billow3

ISwedish University of Agricultural Sciences, Department of Animal Biosciences, Almas Alle 8, 750 07
Uppsala, Sweden; 2Agricultural University of Iceland, Department of Agricultural Sciences, Hvanneyri, 311
Borgarbyggd, Iceland; 3Mélaren Héstklinik, Halgesta 215, 193 91 Sigtuna, Sweden;
*emma.persson.sjodin@slu.se

Visual lameness assessment remains a cornerstone of equine orthopaedics, yet inter-observer agreement is often
low. Evidence on agreement among veterinarians evaluating Icelandic horses is limited. In this breed, lungeing
may stabilise an inconsistent trot and enhance visual detection of lameness but may also generate compensatory
movement patterns that are less studied and potentially misleading. This study assessed inter-observer agreement
among equine veterinarians in Icelandic horses on the lunge. Forty-five equine veterinarians (on average 80% of
clinical time in orthopaedics) independently scored lameness (RF/IF/RH/IH/sound) from video recordings of 18
Icelandic horses trotting on the lunge in both directions. The material included lame (n = 14) and sound (n =
4) horses. Lameness status was verified by objective motion analysis (SleipAl), and lame horses had a primary
lame limb verified by diagnostic analgesia (>50% improvement). Inter-observer agreement was calculated using
Fleiss’ kappa and agreement with ground truth was assessed using Cohen’s kappa and the percentage of correct
classifications. Inter-observer agreement was fair (Fleiss’ x = 0.26, 95% CI 0.16-0.36; P < 0.001). Agreement with
ground truth was also fair (mean Cohen’s x 0.36 (SD 0.17), mean proportion of correct classifications 49%). A
limitation was that evaluations were video-based and horses were assessed only on the lunge. Video-based lameness
assessment in Icelandic horses during trot on the lunge showed low inter-observer agreement and limited diagnostic
accuracy. These findings highlight variability inherent in subjective lameness evaluation and emphasise the value of
objective gait assessment tools for improving diagnostic accuracy.
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Vertical motion of head, trunk and pelvis associated with gait quality in
young Warmbloods

E. Hernlund*, A. Kallings, S. Mikko, A. Viklund, S. Eriksson, A. Egenvall and M. Rhodin

Swedish University of Agricultural Sciences, Box 7023, 75007 Uppsala, Sweden; “elin.hernlund@slu.se

Objective measurements may complement gait quality assessments performed by breed judges at Young Horse
Tests (YHT) and increase our understanding of locomotor quality characteristics. This prospective cross-sectional
pilot study aimed to explore whether vertical movement characteristics of axial body segments were associated
with subjective gait quality assessments. Recordings of 103 three-year-old Swedish Warmblood horses were made
trotting in hand at preferred speed during five YHT events using a smartphone-based computer-vision gait anal-
ysis system. Vertical movement asymmetry variables were calculated using vector sums of impact and push-off
asymmetry parameters for the forelimbs (Htot), hindlimbs (Ptot), and their sum forming total asymmetry (Atot).
Symmetrical vertical excursion amplitudes of the trunk (VET) and pelvis (VEP) were extracted from the second har-
monic of the vertical motion signal. Associations between objective gait variables and judge-assessed gait quality
traits were analysed using ordinary least squares regression with gait scores as outcomes and kinematic variables
as predictors (P < 0.05). Speed was not recorded. Asymmetry variables showed few associations with gait quality
traits. In contrast, the symmetric amplitude variables VET and VEP showed consistent associations with gait quality
assessments. VET and VEP were positively associated with walk score ( = 0.79 and 8 = 0.97, respectively; P < 0.001)
and trot score (f = 0.81 and f = 1.69; p < 0.004). VEP was also associated with canter score (§ = 0.62; P = 0.008),
whereas VET showed no association with canter. Overall, vertical excursion amplitude measured in trot was asso-
ciated with gait quality assessments of walk, trot and canter, whereas asymmetry variables showed no consistent
relationships with gait quality scores.
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Compensatory head asymmetries in hindlimb lame Icelandic horses on the
lunge

E. Zetterberg®* I. Granswed-Billow? H. Gunnarsdottir’, Y. Mellbin®, E. Hernlund?®, M. Rhodin! and
E. Persson-Sjodin!

ISwedish University of Agricultural Sciences, Department of Animal Biosciences, Almas Alle 8, 750 07
Uppsala, Sweden; 2Mélaren Héstklinik, Hélgesta 215, 193 91 Sigtuna, Sweden; *ebba.zetterberg@slu.se

Icelandic horses are considered challenging to evaluate for lameness, possibly due to their high stride rate, small
vertical range of movement and ability to perform additional gaits. Lungeing is commonly used in this breed to facil-
itate trot and accentuate lameness. Yet little is known about lameness presentation on the circle in this breed. This
study aimed to investigate compensatory head movement in clinically hindlimb lame Icelandic horses on the lunge
using the objective gait analysis system Sleip. Forty-one Icelandic horses presenting with an initial straight-line
impact (PDmin) and/or push-off (PDmax) hindlimb asymmetry >0.3 (asymmetry relative to horse size) underwent
diagnostic analgesia. They were measured before and after each block on the straight line and during lungeing
in both directions. Nineteen horses (12 impact, 4 push-off, 3 combined, (mean + SD) PDmin 0.7+0.4, PDmax
0.6+0.2) met the criteria for a successful hindlimb block, i.e. straight line asymmetry decrease >0.4 and >50%.
Linear regression analysis showed no association between reduction in hindlimb asymmetry and vertical head
movement asymmetry (R? = 0.003-0.419, P = 0.055-0.844), neither on straight nor lunged, regardless lame limb
position (inside/outside). These findings suggest that the possible compensatory head movement in lame Icelandic
horses on the lunge is not linearly correlated with hindlimb asymmetry. However, Icelandic horses may demonstrate
compensations that differ from those observed in non-gaited breeds - for example, altered gait and limb timing. Such
alternative strategies were not assessed in this study. Further research is needed to clarify compensatory movement
patterns during lungeing in this breed.
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Bone biomarkers unaffected, but biomechanics impacted by susceptibility
to fatigue in Thoroughbreds

E.N. Jolley™*, JW. Riley? A.A. Logan’, R. Hoffman’, B. Williams3, A.N. Di Silvestro3, L.T. Wesolowski3,
M.R. Barshick? S.H. White-Springer3 and S.E. Johnson?

Middle Tennessee State University, 314 W Thompson Lane, Murfreesboro, Tennessee 37129, USA; 2Virginia
Polytechnic Institute and State University, School of Animal Sciences, Blacksburg, Virginia 24061, USA;
3Texas A & M University and AgriLife Research, 2471 TAMU, College Station, Texas 77843, USA;
*ent2v@mtmail. mtsu.edu

Fatigue may contribute to injury in Thoroughbreds; biomarkers of bone health and changes in stride characteristics
may be predictive of fatigue. Ten mature Thoroughbred geldings (mean + SD 7.5 + 0.5yr) performed 3 standardised
exercise tests (SET) to exhaustion on a treadmill (6% incline) every 48h before (wk0) and after (wk9) an 8-wk
exercise training program. Serum osteocalcin (OC), C-telopeptides crosslaps of type I collagen (CTX-1), and type II
collagen (CPII) concentrations were quantified before each SET and 24h post SET3 during wkO and 9. High-speed
camera footage (150fps) of the final 5 strides of each SET was evaluated for stride length, stride duration, stance
phase time, and swing phase time. Horses were classified as fatigue-susceptible (FS) or fatigue-resistant (FR) if time
to exhaustion decreased from SETI to SET3 or did not, respectively, and wkO and 9 data were pooled due to lack
of effect of training on investigated parameters (P > 0.05), resulting in 10 observations per fatigue group. Data
were analysed by two-way ANOVA, with fixed effects of SET day, fatigue status, and their interaction. Serum CPII
decreased throughout the week (P = 0.02) but there were no additional impacts of SETs or fatigue status on bone
biomarkers. Stance phase was greatest during SET1 (P = 0.03) but unaffected by fatigue status, while stride duration
(P = 0.03) and swing phase (P = 0.01) were shorter in FS horses but neither changed across SETs. Bone biomarkers
appear unrelated to fatigue susceptibility, which should be confirmed in a greater number of horses, but stride
characteristics remain an important indicator of fatigue.
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Race-related risk factors and cumulative distance in third phalanx fracture

H. Mita®* S. Mitsuda? M. Nomural, T. Kuroda! and Y. Ishikawa!

!Equine Research Institute, Japan Racing Association, Clinical Veterinary Medicine Division, 1400-4 Shiba,
3290412 Tochigi, Japan; 2Ritto Training Center, Japan Racing Association, 1028 Misono, Ritto, 520-3085
Shiga, Japan; *hiroshi_mita@jra.go.jp

This study aimed to (1) identify race-related risk factors for third phalanx (P3) fracture and (2) determine whether
pre-event cumulative race distance was associated with fracture occurrence. All radiographically diagnosed P3 frac-
tures after starts in Japan Racing Association flat races during 2013-2023 were cases; all Thoroughbred starters in
these races formed the source population Risk factor analysis included 86 cases and 688 controls randomly selected
from non-fracture starters, stratified by race year. Same-race controls were not used because race matching would
preclude evaluation of racing surface. Racing surface, age, sex, race distance, and track condition were entered into
a multivariable main-effects logistic model. Interactions between racing surface and age, race distance, or track con-
dition were explored but not retained. Dirt racing was associated with higher odds of P3 fracture than turf racing
(OR 5.57, 95% CI 2.94-10.56, P < 0.001). Horses aged 3 years and >4 years had higher odds than 2-year-olds (OR
3.54, 95% CI 1.22-10.29; OR 3.38, 95% CI 1.15-9.93; both P < 0.05), whereas other variables were not significantly
associated with fracture occurrence. For Objective 2,1-2 age- and sex-matched controls were selected from the same
race as each case. Cumulative race distance within 180 days and days since previous race were evaluated by con-
ditional logistic regression. No significant associations were detected, although power was limited. These findings
suggest an influence of surface-related mechanical factors during racing. However, unmeasured training intensity,
prior injury, racing frequency, and shoeing may have confounded this association.
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Changes in stride kinematics and fatigue across a cross-country eventing
course in horses

G.L.B.L. Pizzi!, O. Cattle? L. Roepstorff, D. Marlin? J. Williams? and R. Blake>*

IUFPel, Campus Universitario, 96160-000, Brazil; 2ZHartpury University, Hartpury House, GL19 3BE, United
Kingdom; 3Swedish University of Agricultural Sciences, Almas allé 8, 750 07, Sweden; *Animalweb Ltd, The
Granary, ME16 9NT, United Kingdom; Anglia Ruskin University, Lordship Road, CM1 3RR, United
Kingdom; *roberta.blake@aru.ac.uk

This study investigated the effect of fatigue on stride kinematics during cross-country exercise in event horses.
Ninety-five horses were assessed at three standardised course locations (beginning, middle, end). At each point,
stride kinematics (stride length, stride duration, and forelimb and hindlimb stance durations) were recorded for
lead and trailing limbs, and fatigue was scored using an ordinal scale. Speed was also recorded. Data were anal-
ysed using linear mixed-effects models (jamovi, GAMLj), with phase and limb as fixed effects, fatigue as the main
predictor, and horse as a random intercept. Models were run both with and without speed as a covariate to dis-
tinguish fatigue effects independent of speed from overall performance-related changes (P < 0.05). Stride length
decreased at the end compared with the beginning (f ~ -0.13 m, P < 0.001), while stride duration increased (§ =
0.017 s, P < 0.001). Forelimb and hindlimb stance durations increased toward the end (P < 0.03). Fatigue signif-
icantly influenced kinematics. In models without speed, higher fatigue scores were associated with shorter stride
length (up to -0.35 m), increased stride duration (~ +0.05 s), and prolonged stance durations (P < 0.001). These
effects remained significant when controlling for speed (P < 0.001), indicating fatigue-related adaptations beyond
reductions in velocity. No fatigue x phase or fatigue x limb interactions were detected. Fatigue during cross-country
exercise is associated with shorter, slower, and more stance-dominant locomotion, reflecting reduced locomotor
efficiency and potential implications for performance and injury risk.
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Dyskinesia of the forelimb related to brachial plexus nerve roots
abnormalities in equine athletes

J-M. Denoix’>* A. Beaumont"? and N. Crevier-Denoix!
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Vétérinaire d’Alfort, 14430 Goustranville, France; *jean-marie.denoix@vet-alfort.fr

Many horses present alteration of forelimb motion which cannot be blocked by nerves or joints anaesthesia. The
purpose of this study was to establish the locomotor features of sport and race horses presenting osteoarticular
lesions of the cervicothoracic junction interfering with the roots of the brachial plexus. All horses included were
subjected to a complete physical and videorecorded dynamic examination at the gaits and at work. Video record-
ings were reviewed at normal speed and slow motion. Semi-quantitative evaluation of the grade of lameness and
of any manifestations of dyskinesia (alteration of movement) of the forelimb involving protraction and/or propul-
sion, joint angular movement during the swing phase or the stance phase was performed. Sixty-seven horses were
included in the study based on the presence of forelimb dyskinesia and evidence of imaging findings involving the
caudal part of the cervical spine and first ribs. The majority of horses (76%) presented unilateral dyskinesia. At the
walk, the most common manifestation was reduction of protraction (89%), sometimes associated with extension
of its caudal phase (37%). At the trot, the weight bearing lameness increased when the affected limb was on the
outside of the circle (78%). The canter stride length was shorter on the corresponding circle (74%), with larger neck
oscillations. Hyperflexion of the carpus and elbow during the swing phase was noted in 32% of the horses and very
intermittent stumbling could be seen in 26% of the horses. This study highlights alterations of locomotion rarely
considered in the routine evaluation of equine athletes.
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Can markerless technology detect the effectiveness of NSAIDs drugs in
horses?

H. Scarafici, H.B.S. Dias, G.V. Ramos* and G.C. Ferraz

Séo Paulo State University (FCAV/UNESP), LAFEQ/Animal Morphology and Physiology, Via de Acesso Prof.
Paulo Donato Castellane s/n, 14884-900, Jaboticabal, SP, Brazil, Brazil; “gabriel.ramos@unesp.br

This blinded, crossover study in eight horses met Brazilian regulatory requirements. It tested whether markerless
gait analysis could detect effects of IV meloxicam 3% (0.6 mg/kg) on LPS-induced (E. coli 055:B5, 10 EU/ml) acute
middle carpal synovitis. Using an iPhone® 15 and the Sleip AI’ markerless Al system, values were recorded according
to the device’s scale. Vertical displacement data were collected during treadmill trotting (3 m/s) at 6, 8, 10, and 12
hours post-induction. All measures were subsequently pooled for analysis. Specifically, differences between mini-
mum and maximum heights of the head (HDmin, HDmax), trunk (Tmin, Tmax), and pelvis (PDmin, PDmax) were
measured during left versus right stride half-cycles. Subjective lameness grading using the AAEP scale (trot, 3 m/s
on treadmill) revealed a significant difference (Fisher’s test, P = 0.043) between the control group (C), classified as
lame (L; scores 2-3), and the meloxicam-treated group (M), classified as non-lame (NL; scores 0-1). To further anal-
yse these effects, a linear mixed model was applied. The model used C vs M, L vs NL, and their interaction as fixed
effects, with horses as a random effect. Data were presented as differences in estimated marginal means. Meloxicam
reduced HDmax and Tmax within the L factor (HDmax: AC-M = 0.116, P = 0.02; Tmax: AC-M = 0.29, P = 0.03).
This indicated that lameness effects on head asymmetry were modulated by NSAID administration. Complement-
ing subjective gait analysis, the Al system also detected that meloxicam reduced inflammation-induced movement
changes, particularly during the push-off phase.
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Postural alignment and kinematic responses to discrete forward
perturbations in dressage riders

T.L. Bye»%%, G.M. Blenkinsop’, M,J. Hiley’, L.A.M. Furlong?3 and D.J. Marlin*

'Loughborough University, School of Sport, Exercise and Health Sciences, Epinal Way, Loughborough, LEI1
3TU, United Kingdom; 2Royal Agricultural University, Stroud Road, Cirencester, GL7 6]S, United Kingdom;
3University College Dublin, School of Public Health, Physiotherapy and Sports Science, Belfield, Dublin,
D04 C1P], Ireland; “AnimalWeb Ltd., Tennyson House, Cambridge, CB4 OWZ, United Kingdom;
*tracy.bye@rau.ac.uk

Dressage riding requires functional balance in response to perturbations generated by movement of the horse.
Coaching texts state correct rider posture should allow a straight line to be drawn through the ear-shoulder-hip-
ankle. This study aimed to measure the impact of this postural alignment on kinematic responses to a discrete
forward perturbation. Dressage riders (n = 37) sat on a horse form attached to a Stewart platform, which moved
forwards 10 cm at 2 m/s. Motion capture data were recorded from 12 Vicon cameras at 200 Hz for 10 seconds per
perturbation during 168 successful perturbations. The baseline alignment index (Aldx) was calculated as the root
mean square of the angle of the lines connecting the rider’s ear-shoulder, shoulder-hip, and hip-ankle with respect
to the vertical before the start of the perturbation. A linear mixed model showed a significant negative association
between Aldx (mean = 6.7 + 2.3 degrees ( + SD)) and displacement of the centre of mass (COM) (mean = 344 +
6.7 mm, 8 = -0.82 mm, SE = 0.30, P = 0.007) and Aldx and posterior angular displacement of the pelvis (mean =
8.1+ 2.7 degrees, 3 = -0.28 degrees, SE = 0.11, P = 0.017) during the perturbation. When separated by body segment,
only hip-ankle alignment (mean = 4.2 + 3.1 degrees) maintained a significant association with COM displacement
(B =-0.60 mm, SE = 0.23, P = 0.01) and pelvis displacement ({8 = -0.34 degrees, SE = 0.08, P < 0.001). This indicates
that it is the stability provided by the orientation of the ankle joint underneath the hip joint that allows the rider to
freely move the pelvis and adjust the COM in response to perturbations from the horse.
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Effect of an eight-week physiotherapy program on thoracolumbar vertical
displacement in horses

L. Breithaupt™, E.M.S. Visser and L.H. Smit

Faculty of Veterinary Medicine, Utrecht University, Department of Clinical Sciences, Yalelaan 112, 3584 CM,
the Netherlands; *l.breithaupt@uu.nl

Physiotherapeutic exercises are increasingly part of equine rehabilitation to improve range of motion (ROM) and
stability. This randomised controlled trial investigated the effect of an eight-week physiotherapy program on tho-
racolumbar vertical displacement in sound horses during walk and trot. Sixteen clinically healthy unridden mares
were randomly assigned to a control or exercise group. Both groups were housed together (individual boxes and
daily turn-out), the exercise group underwent physiotherapy exercises five-times weekly with progressively increas-
ing repetitions: chin-to-hind-fetlock (left/right), chin-between-front-fetlocks, withers lift, and pelvic tilt. Kinematic
data were collected at baseline and after the program. Fifteen inertial measurement units were placed on anatom-
ical landmarks including T13, T16, L3, and L5. Mixed-effects models compared groups (fixed effects: group, gait;
confounder: baseline ROM value; random effect: horse; a = 0.05). Data are presented as differences in estimated
marginal means (standard error). After the program, the exercise group showed lower spinal ROM at T13 (walk:
-13.9 mm (3.9), P < 0.05; trot: -6.1 mm (3.1), P = 0.08). At T16, differences were not significant for either gait. At
L3, a trend toward smaller ROM for the exercise group was observed at walk (-7.9 mm (4.2), P = 0.09), but not
at trot (-1.8 mm (5.4), P = 0.74). At L5, the exercise group exhibited lower vertical ROM at walk (-9.6 mm (3.5),
P < 0.05), but not at trot (-0.9 mm (4.7), P = 0.85). Overall, physiotherapy primarily affected vertical ROM at walk
at T13 and L5, with only trends at trot or other spinal segments. These findings suggest physiotherapy could alter
thoracolumbar mobility and may enhance spinal stability over an eight-week period.
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Context matters: Facial activity in healthy horses during stable rest and
in-hand movement

J. Lundblad, K. Ask, E. Hernlund, M. Soderlind, M. Rhodin and P.H. Andersen*

Swedish University of Agricultural Sciences, Department of Animal Biosciences, Box 7023, 750 07 Uppsala,
Sweden; *pia.haubro.andersen@slu.se

Facial expressions are increasingly used in equine welfare and pain assessment, yet little is known about how nor-
mal behavioural context influences facial activity. We investigated facial activity in eight well-known horses that
had undergone a full clinical examination. The horses were studied during quiet standing in the stable and in-hand
movement in an indoor trot-up area, led by a familiar handler. Horses were videorecorded during both conditions,
and facial movements were EquiFACS annotated blinded for experiments by two certified annotators. To ensure
balanced comparisons, one randomly selected 2 s sample was used for each horse and condition. Wilcoxon signed
rank test determined differences of total facial Action Unit (AU) frequency and probability of observing occurring
AUs was calculated using a previously described bootstrapping resampling procedure (NetFACS). The overall fre-
quency of facial action units was higher during in-hand movement than during stable rest (median 6, range 2-7
vs. median 2.5, range 0-5; P = 0.022). The composition of facial activity differed between conditions. AU101 (inner
brow raiser), AUHI3 (nostril lift), and AD38 (nostril dilator) were more likely to occur during movement, whereas
AU47 (half blink) was less likely (all P < 0.001). Although based on a small sample, this study highlights the impor-
tance of interpreting equine facial expressions within their behavioural context. Notably, some action units that
increased in frequency during movement, including AU101 and AD38, are also included in commonly used clini-
cal pain assessment tools. These findings suggest that facial-expression-based pain assessment during movement
requires caution.
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Acute effects of osteopathic manual therapy on nociception and hormones
in stallions

G. Vokietyté-Viléniskeé®™, G. Babarskaité? and I. Poskiené!

ILithuanian University of Health Sciences, Veterinary Academy, Large Animal Clinic, Kaunas, Tilzés g. 18,
47181, Lithuania; 2Lithuanian University of Health Sciences, Veterinary Academy, Department of Anatomy
and Physiology, Kaunas, Tilzés g. 18, 47181, Lithuania; *giedre.vokietyte-vileniske@lsmu.lt

Osteopathic manual therapy (OMT) is increasingly applied in sport horses; however, its acute effects on mechanical
sensitivity and endocrine responses remain unclear. This study evaluated same-day changes in mechanical nocicep-
tive threshold and circulating cortisol and testosterone concentrations following a single OMT session in clinically
healthy stallions, compared with a control condition. Sixteen stallions were studied using a within-subject cross-
over design. Mechanical nociceptive threshold and blood samples were collected before and after each session.
A standardised OMT protocol targeting thoracolumbar and sacral segments, including high-velocity low-amplitude
techniques, was applied. During control, horses were handled identically and remained standing for a time-matched
period without OMT. Hormone concentrations (nmol/l) and the testosterone/cortisol (T/C) ratio were determined.
Differences were analysed using paired t-tests. Measurements were performed by a separate evaluator; full blinding
was not feasible. Sessions were separated by a two-week wash-out period. Following OMT, nociceptive threshold
increased significantly (19.6 + 6.5 to 23.3 + 5.0 kg/cm? P < 0.05), with no change in control (113 + 0.7 vs 111 +
0.9; P > 0.05). Cortisol increased and testosterone decreased after OMT, reducing T/C (0.023 to 0.017), while con-
trol showed the opposite trend. Baseline differences likely reflect normal variability. Measures were established but
operator-dependent. OMT induces a rapid antinociceptive response accompanied by a distinct acute endocrine
reaction, independent of handling, suggesting concurrent but separate neurosensory and hormonal effects.
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Effect of speed and water depth on back movement in walk and trot in
Thoroughbreds in an aqua-walker

T. Pfau®*, L. Nouaillac’, C. Steel? O. Jones? W. Bayly? and R. Leguillette!

IUniversity of Calgary, 2500 University Drive Northwest, T2N 1N4, Calgary, Canada; 2The Hong Kong Jockey
Club, 1/F Equine Hospital Central Complex, Sha Tin Racecourse, Sha Tin, New Territory, Hong Kong;
SWashington State University, Ott Rd, Pullman, WA 99163, USA; *thilo.pfau@ucalgary.ca

Rehabilitation often includes ‘in-water’ exercise. We quantified trunk and back (thoraco-lumbo-sacral) movement
(withers, T13, T18, L1, sacrum, caudal sacrum) with a validated inertial sensor system in a rotary aqua-walker. Four
Thoroughbreds exercised at six speeds [1.2 m/s (slow walk), 1.6 m/s, 1.8 m/s, 2.1 m/s, 2.4 m/s, 2.7 m/s (brisk trot)] at
three water depths (60 cm, 80 cm, 100 cm). Speed increased every two minutes in a chilled (4-5 °C) 18m-diameter
aqua-walker. Cranio-caudal (CC), medio-lateral (ML), dorsoventral (DV), roll (R), pitch (P) and heading (H) displace-
ments were quantified per sensor (ROM) and for between-sensor excursions (REL). Mixed models (fixed factors:
depth, speed, depthxspeed; random factor: horse) were implemented (Bonferroni-corrected P < 0.05) for ROM,
REL and stride time. Stride time varied from 1283-1556ms (walk) and from 914-941ms (trot). Speed affected walking
CC and DV (all P < 0.009) and all planes (all P < 0.042) except H in trot. When walking, CC (REL highest at 80 cm,
ROM lowest at 80 cm), DV (ROM highest at 80 cm) and P (ROM highest at 60 cm) were significantly affected by
water depth (all P < 0.019). When trotting, depth-associated changes were observed across all movement planes
for REL, ROM or both (all P < 0.009) but not for ML (P > 0.197). 80 cm depth, compared to 60 cm and 100 cm,
frequently resulted in the highest REL values. Trunk and back movement changes are measurable across movement
planes. The highest back movement amplitudes (differential values: REL) were typically found at 80 cm depth with
no further increase at 100 cm. Future studies should investigate the potential influence of movement direction (left
versus right rein) in the 18m-diameter aqua-walker.
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Equine personality and potential behavioural responses to whole-body
vibration post-exercise

N.A.A. Sales!, E. Dalla Costa? and G.C. Ferraz®*

1S40 Paulo State University (FCAV/UNESP), LAFEQ/Animal Morphology and Physiology, Via de Acesso
Prof. Paulo Donato Castellane s/n, 14884-900, Jaboticabal, SP, Brazil; 2University of Milan, Department of
Veterinary Medicine and Animal Sciences, Via dell'Universita, 6, 26900 Lodi, Italy;
*guilherme.c.ferraz@unesp.br

Equine responses to noxious situations are influenced by individual personality traits. Although intense exercise (IE)
is not inherently painful, it activates sympathetic nervous modulation and induces physiological responses. Whole-
body vibration (WBV) is considered a non-invasive and non-pharmacological rehabilitation and recovery strategy
in equine sports. The present study evaluates the validated personality traits of horses exposed to WBV following
IE. Personality assessment focused on five core traits: extroversion, agreeableness, neuroticism, gregariousness, and
openness, as expressed toward both horses and humans. Eight horses participated in a crossover design with a
6-day washout period. Observers were not blinded because familiarity with each horse was necessary for accurate
personality assessment. Horses were assigned to either a sham group (SG) or a whole-body vibration group (WBVG).
Both groups underwent a 10 minute recovery period after IE at 100% and 130% of lactate threshold speed on
a treadmill. Principal component analysis (PCA) was employed to identify associations among personality and
body behavioural variables, accounting for 85% of the observed variability. The analysis identified four personality
traits: extroversion and neuroticism (n = 6), agreeableness (n = 2), and gregariousness (n = 3). PCA results were
integrated with body behavioural analyses, revealing that the SG exhibited the highest stress scores. These findings
indicate that WBV may moderately reduce tension in neurotic and extroverted horses (3.75 vs 2.75), but not in more
balanced individuals. Furthermore, the SG demonstrated lower agreeableness compared to the WBVG (6.67 vs 3.83).
Collectively, these results suggest that WBV may facilitate relaxation in neurotic and extroverted horses.
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Monitoring SDFT cross-sectional area during rehabilitation of tendon
injuries in Steeplechasers

A. Beaumont?? L. Fayaubot? P. Pourcelot? A. Tischmacher3, H. Pasquet? C. Scicluna? J. M. Denoix*>* and
N. Crevier-Denoix?2

ICIRALE-NEYV, 14430, Goustranville, France; 2Equipe BEL-INRAE, 94700, Maisons-Alfort, France; 3ESM,
1410, Waterloo, Belgium; 4Vethippo'Ddme, 63720, Ennezat, France; >Clinique du Plessis, 60300, Charmant,
France; *jean-marie.denoix@vet-alfort.fr

Superficial digital flexor tendon (SDFT) tendinopathy is a common performance-limiting injury in racehorses, and
safe return to racing remains challenging. Although ultrasonography is routinely used to monitor tendon healing,
objective indicators of tendon tolerance to increasing workload after 4 months remain limited. We hypothesised
that monitoring tendon cross-sectional area (CSA) could help detect early tendon overload during progressive
return to exercise. Thirteen Steeplechasers affected by SDFT tendinopathy were followed during rehabilitation,
only based on increasing intensity exercise. Clinical and ultrasonographic examinations were performed every four
weeks by the same operator using standardised ultrasound settings. CSA of the maximal injury zone was measured
retrospectively on transverse ultrasonographic images using Image]. Ten adverse events (clinical and/or ultrasono-
graphic deterioration) were identified in nine horses during rehabilitation after week 16. Retrospective analysis
showed that CSA increased before each deterioration, with a mean increase exceeding 10% over the preceding two
months and/or more than 5% compared with the previous month. In seven of these ten events, tendon deteriora-
tion could potentially have been anticipated one to three months earlier based on CSA measurement. Conversely,
when exercise intensity was temporarily reduced during rehabilitation, CSA decreased at the following examination.
Among the five horses with the best outcomes (>3 races without recurrence), CSA values at the end of rehabilita-
tion were similar to those measured before the resumption of canter exercise. Monitoring SDFT CSA may help in
anticipating tendon overload during rehabilitation and adapting training progression to reduce the risk of reinjury.
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Smaller superficial digital flexor tendon cross sectional area associated with
increased injury risk

E.V. Sykes™* S.M. Rosanowski? H. Randle3 C.M. Steel*, C.M. Riggs* A.V. Morrice-West?, B,J. Ahern’,
W. Goodwin! and R.S.V. Parkes*

IUniversity of Queensland, Gatton, QLD 4343, Australia; 2AgResearch Limited, Palmerston North, 4410,
New Zealand; 3Charles Sturt University, Wagga Wagga, NSW 2650, Australia; *Hong Kong Jockey Club, 1
Sports road, Happy Valley, Hong Kong; 5University of Melbourne, Werribee, VIC 3030, Australia;
*erin.sykes@student.uq.edu.au

Asymmetry of cross-sectional area (CSA) between forelimb superficial digital flexor tendons (SDFT) is reported in
some horses during pre-import pre-purchase examination (PPE), yet its clinical significance is unclear. This study
evaluated associations between forelimb SDFT CSA, inter-limb asymmetry, and subsequent SDFT injury. We hypoth-
esised that greater CSA asymmetry would increase injury risk, with smaller tendons at higher risk. A retrospective
cohort study of Thoroughbred racehorses imported into Hong Kong (July 2018-July 2020). During PPE, SDFT CSA
was measured at zones 1A, 2A and 3A and recorded in clinical databases. Horses diagnosed with SDFT injury dur-
ing training or racing to July 2021 were identified. Multiple correspondence analysis (MCA) assessed associations
between CSA, asymmetry and injury, and reference intervals were established. Of 1,057 horses, 11.3% (121) sustained
SDFT injury, predominantly in the forelimbs (119/121). Median asymmetry was 5.7% (1A), 5.6% (2A) and 5.5% (3A).
Asymmetry was not associated with injury (1A P = 0.56; 2A P = 0.49; 3A P = 0.36). MCA showed clustering of
small CSA values with injury. PPE CSA ranges for injured horses were 0.74-1.26 (1A), 0.73-1.30 (2A) and 0.74-1.30
(3A), compared with population reference intervals of 0.76-1.38, 0.76-1.39 and 0.76-1.32. CSA asymmetry was not
associated with injury; however, smaller CSA relative to population norms was linked to increased risk. Tendon
size may therefore be more relevant than asymmetry for injury prediction and PPE screening. Ultrasonographic
measurements by multiple clinicians using different equipment may have introduced variability.
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Added value of Doppler in the longitudinal follow-up of superficial digital
flexor tendinopathies

A. Tischmacher®*, A. Beaumont®3, J.-M. Denoix®3 and N. Crevier-Denoix?

IEquine Sports Medicine Practice, Avenue Beauséjour 83, 1410, Belgium; 2EnvA, CIRALE, 1504 rte de
'Eglise, F-14430 Goustranville, France; 3INRAE, Equipe BEL, 7 av du Gal de Gaulle, F-94700 Maisons-Alfort,
France; *atischmacher@esmp.be

Doppler ultrasound is increasingly used to assess intratendinous blood perfusion (BP) in diagnosis and rehabilita-
tion of superficial digital flexor tendon (SDFT) injuries in racehorses. However, its clinical relevance in longitudinal
follow-up remains uncertain, and acquisition and interpretation are not consistently standardised. The objec-
tives were to evaluate (1) inter-observer agreement of Doppler scoring under a strictly standardised protocol and
(2) longitudinal BP evolution according to clinical outcome. Ten racehorses with SDFT tendinopathy underwent
monthly standardised ultrasound examinations throughout rehabilitation. Doppler recordings were acquired by a
single operator using consistent limb positioning and machine settings. Two blinded observers graded BP in four
metacarpal zones (0—4 scale), generating maximal BP (maxBP) and cumulative BPScore. Agreement was assessed
using Bland-Altman analysis and intraclass correlation coefficients (ICC). Longitudinal evolution was analysed
using linear mixed-effects models. Success was defined as >3 races without reinjury. Inter-observer agreement was
excellent for BPScore (ICC = 0.93, 95% CI 0.90-0.95) and maxBP (ICC = 0.91, 95% CI 0.89-0.94), with minimal
bias. In longitudinal analysis, outcome was established for eight horses. BPScore decreased over time significantly
faster in successful horses (P = 0.023). No significant association was detected for maxBP in sensitivity analyses.
Under rigorous standardisation, Doppler scoring demonstrated excellent reproducibility and distinct longitudinal
patterns according to racing outcome. These findings support the value of standardised Doppler assessment as part
of a comprehensive follow-up during rehabilitation of SDFT injuries. Further investigation of relationships between
Doppler signal and imaging or functional monitoring modalities is warranted.
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Assessing the postural challenge and muscle activity in horses standing on
balance pads
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Foam balance pads have become a popular modality in equine rehabilitation to induce an unstable surface to
challenge postural control. Limited studies have been done to determine the effect of balance pads on postural
control during their use alone, with no studies assessing muscle activity with surface electromyography (sEMG)
or postural stability with inertial measurement units (IMU). Using angular velocity measured via IMU and sEMG
we assessed the effect on muscle activity and postural control when horses were standing on balance pads in
comparison to the solid floor. We hypothesised that as the surface became more unstable, postural control and
muscle activity would increase. Ten horses stood square under three conditions: on a flat stable control surface
with no pad, on four firm pads, and on four soft pads. Average and peak muscle activity from sEMG was collected
from the triceps, longissimus dorsi, rectus abdominus and biceps femoris bilaterally in three 30 second intervals
once the horse had all four feet on the pads. IMUs placed on the withers and tuber sacrale measured angular
velocity, in all three planes, as an indicator of postural control. Repeated measures ANOVA tests were then used
to assess differences in muscle activity and postural sway between the different surfaces. There was no significant
difference in postural stability or muscle activity between standing on the control and the two densities of foam
pads. Therefore, the balance pads did not induce increased postural sway or changes in activity in the muscles
assessed.
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Daily training workload of lower-level jumpers

J-H. Foreman*®, C.R. Foreman-Hesterberg, S.E. Forema and KJ. Slaby

University of Illinois at Urbana-Champaign, Department of Veterinary Clinical Medicine, 1008 West
Hazelwood Drive, Urbana, Illinois 61802, USA; *jhf@illinois.edu

Real-time monitoring of physiological variables in racing and eventing horses has been reported previously, but
jumper training remains poorly quantified. The purpose of this study was to measure the daily workload of lower-
level jumpers in regular work (0.46-0.76 m jump heights). The specific aim was to calculate mean time, distance,
peak heart rate (HR ,¢,1), velocity (Vak), and stride length (SL,,,i) when jumpers worked on the flat versus jumping.
The hypothesis was that HR,., would be higher when jumping than when cantering on the flat. Daily exercise
in one jumper training stable was convenience sampled using a validated HR/GPS system (Arioneo Equimetre)
measuring distance, duration, HR, V, and SL during individual training or small group lessons. Twenty-two horses
(mean age 15.0 + 5.8 years old; WB 11, TB 7, QH 2, WelshX 1, MorganX 1; 16 geldings, 6 mares) were monitored on
the flat or jumping on 151 occasions. Mean = SD results were calculated for each horse, followed by mean + SEM
for the group, and compared using the Student’s t test with significance at P < 0.05. Individual jumping HR .«
(161 = 2 beats/min) was higher than flat cantering (142 + 4, P < 0.05), but V¢, (313.7 + 6.6 m/min), SL;,., (3.0 +
0.1 m/stride), distance (3.8 + 0.3 km), and duration (35.2 + 2.0 min) were not different. Jumping lesson HR ¢, (163 +
3 beats/min) was higher than flat cantering (P < 0.001) but not different than individual jumping. It was concluded
that jumping HR,,.,c was higher in both individual and group sessions than flat cantering. These jumpers averaged
HR,,cax at 72% of maximum using an estimated age-adjusted HRy,,, of 225 beats/min.

max
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Comparing gait analysis and power Doppler in Thoroughbreds’ superficial
digital flexor tendon injury

K. Osako®* Y. Takahashi? K. Toju’, D. Nihi® and N. Tamura?®

Japan Racing Association (JRA), Equine Rehabilitation Center, 71 Uenohara, Iwaki, Fukushima, 972-8325,
Japan; 2JRA, Equine Research Institute, 1400-4 Shiba, Shimotsuke, Tochigi, 329-0412, Japan; 3JRA, Ritto
Training Center, 1028 Misono, Ritto, Shiga, 520-3005, Japan; *keiji_osako@jra.go.jp

Monitoring tendon condition and gait is essential for optimal superficial digital flexor tendon (SDFT) injury reha-
bilitation. Although horses in this phase are generally considered clinically sound, we hypothesised that subtle gait
asymmetry exists and correlates with tendon pathophysiology. Power Doppler ultrasonography (PDU) is useful for
evaluating tendon pathophysiology. This study assessed the relationship between objective gait asymmetry and
PDU hypervascularity scores during rehabilitation. Nine Thoroughbred racehorses with unilateral forelimb SDFT
injury (121.3 + 33.9 days post-injury), restricted to walking exercise, were evaluated. The examiner was not blinded.
Gait was assessed using body-mounted inertial sensors during in-hand trotting on hard ground at each horse’s pre-
ferred speed. Hypervascularity was graded via PDU on a semi-quantitative scale (0—4). Mean differences between
vertical minima (DiffMin) and maxima (DiffMax) of head movement were calculated. Spearman’s rank correlation
assessed associations between gait parameters and PDU scores. The affected limb was correctly identified in 88.9%
(8/9) by DiffMin and 55.6% (5/9) by DiffMax. Median DiffMin (5.9 mm; range 1.4-10.3) and DiffMax (3.3 mm; range
0.8-7.4) were below the 6 mm lameness threshold. Median PDU score was 2 (0—4). No significant correlations were
found between PDU scores and DiftMin (r = 0.306, P = 0.460) or DiffMax (r = 0.103, P = 0.870). Horses in early
SDFT rehabilitation did not exhibit clinically relevant gait asymmetry, and PDU hypervascularity did not reflect con-
ditions associated with detectable gait asymmetry. Limitations include the lack of examiner blinding, small sample
size, and absence of a control group, which should be addressed in future research.
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Physiological and behavioural responses of horses to low-altitude helicopter
flights
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!Equine Integration, Groenstraat 2c, 5528 NS, Hoogeloon, the Netherlands; 2Faculty of Veterinary Medicine,
Utrecht University, Department of Clinical Sciences, Yalelaan 112, 3584 CM Utrecht, the Netherlands;
3Eikenlust Equine Consultancy, Kees Boekelaan 8, 3723 BA, Bilthoven, the Netherlands; *m.sloet@uu.nl

Low-altitude helicopter flights raise concerns among horse owners, but equine stress responses are not yet inves-
tigated. Twelve horses (13.8 + 9.4 years) from two locations (own pasture, tested on separate days) were included:
‘experienced’ (n = 6) with frequent exposure to low-altitude helicopter flights and ‘naive’ (n = 6). Horses underwent
five helicopter fly-overs (~8 min apart) at 150 m, 50 m and 3x15 m height, while standing in groups at pasture.
Heart rate (HR), velocity and behavioural scores (0-10) were recorded from 10-min before first fly-over until 10 min
after the last. For each fly-over HR and velocity were evaluated during each minute of a 4 min period (pre-2-min,
pre-1-min, fly-over [8-seconds], post-1-min, post-2-min). Behaviour was scored for each fly-over. Data were analysed
using linear-mixed-effects-models. Groups did not differ in HR and behaviour score before the first fly-over, and
were low in all horses (mean-HR ~40-60 bpm). Mean-HR of the 4 min-period was higher in experienced than naive
horses (51 + 13 vs 42 + 7 bpm, P < 0.001). HR-fly-over compared to HR-pre-1-min decreased in experienced horses
(-3.6 +15.6), while naive horses increased (4.4 + 8.3 P = 0.033). Group differences disappeared after 2 min. During
fly-overs, naive horses showed greater variety in behavioural scores than experienced horses (8.8 + 0.6 vs 6.0 + 1.8,
P = 0.015). Maximum scores, including canter (no more than 20-30 m), occurred more frequently in naive horses
(10/10; 26.7% vs 9.7%). Even during strong behavioural responses, horses returned to standing within 30-40 s. Expe-
rienced horses showed higher HR before fly-overs, suggesting anticipatory alertness. Naive horses showed stronger
responses during fly-overs, indicating greater risk of injury, especially when space is limited.
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Excessive flexibility and its possible impact on equine health is frequently discussed within equine society. In
humans, hypermobility is considered pathological, described as excessive generalised joint movement, assessed
using the Beighton criteria. There is no consensus on defining hypermobility in horses, nor if it actually exists.
To define excessive flexibility and suggest preventive or management interventions, it is important to gain more
information regarding ways to assess mobility in horses. This experimental study aimed to investigate the intra-
and inter-examiner reliability of a selection of elasticity and mobility tests suggested for an assessment protocol.
The intra- and inter-examiner reliability of six tests, aimed at demonstrating elasticity in skin, mobility in joints
and general flexibility, was investigated in 15 horses by three examiners. Intra-class correlation coefficients (ICC)
were calculated in R. The tests included measurements of passive joint range of motion with goniometer, skin fold
with ruler, and general flexibility of the spine with tape measure. The results show the following ICCs for the inter-
examiner/ intra-examiner reliability respectively: extension of fetlock = 0.68/ 0.77-0.92, extension of carpus = 0.81/
0.48-0.76, abduction of forelimb = 0.46/ 0.69-0.90; extension of hock = 0.32/ 0.82-0.96, lateral flexion of neck and
trunk = 0.56/ 0.53-0.85 and skin elasticity = 0.65/ 0.80-0.91. The main limitation of the study is the small sample
size. In conclusion, some of the tests could be used as part of an assessment protocol to assess equine joint mobility
and general flexibility. Further research is needed to investigate the relevance of such a protocol in defining differ-
ent grades of mobility in horses, the impact on equine health and recommendation of preventive and management
actions.
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Radiofrequency therapy improves multifidus cross-section area and back
dynamic stability

M. Beaussartl R. Perrin? E. Marunoval, E. Moraine? D. Fourteau? and R. Blake®*

'Anglia Ruskin University - Writtle Campus, Animals in Motion Laboratory, Lordship Road, CM1 3RR
Chelmsford, United Kingdom; 2Clinique Equine Desbrosse, 18 rue des champs, La Brosse, 78470 Lambert
des Bois, France; *roberta.blake@aru.ac.uk

Evidence-based interventions targeting deep spinal stabilisers remain scarce. We investigated whether a structured
8-week 448 kHz radiofrequency (RF) protocol induces sustained changes in multifidus CSA and thoracolumbar
ROM. Eight Thoroughbred horseball horses received four RF treatments (T9-L6; 20-min sessions at 15-day inter-
vals). Multifidus CSA (T10-L5) was quantified using diagnostic ultrasound, and differential spinal ROM was assessed
using IMUs, at baseline, immediately post-first session, 24 h post-first session, and at 8 weeks (15 days after the final
RF session), reducing the likelihood of acute thermal or fluid-related effects. A single experienced, non-blinded
assessor performed all measurements. Linear mixed models with Tukey post hoc comparisons were used. CSA
increased significantly at 8-weeks — 15 days after the last RF session- across all sites (T10-L5; all P < 0.001), with
largest increases at T18 (+2.52 cm?), L5 (+1.90 cm?) and T16 (+1.77 cm?). Transient increases in axial rotation and
flexion—extension were observed early, while caudal thoracolumbar ROM (T18-L3) decreased at 8-weeks (-4.2°,
P = 0.004). The delayed final assessment supports that observed CSA changes are unlikely to be driven solely
by transient hyperaemia or oedema. Although no control group was included, each horse served as its own lon-
gitudinal control under consistent training conditions, strengthening internal validity in this exploratory design.
RF therapy was associated with multifidus hypertrophy alongside spinal transient mobility increases followed by
reduced caudal thoracolumbar motion, consistent with improved neuromuscular dynamic stabilisation via multi-
fidus hypertrophy; however, functional implications require confirmation through studies incorporating EMG and
performance assessment.
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Thermal phenotype influences oxidative stress and antioxidant status in
exercising horses

J.D. Pagan®, R.W. Springer, A.L. Fowler, S. Dezelak, S. Esposito and M. Todd

Kentucky Equine Research, 3910 Delaney Ferry Rd, Versailles, Kentucky 40383, USA; *pagan@ker.com

A 56-day cross-over study evaluated the effects of a dietary polyphenol on exercise-induced muscle temperature
and oxidative stress. Eight Thoroughbreds completed two 21-day supplementation periods separated by a 14-day
washout. All horses received identical diets containing 1200 IU vitamin E/day and adequate selenium; polyphenol
inclusion was the only dietary variable. At the end of each period, horses performed a 52 minute standardised exer-
cise test (SET) on a high-speed treadmill. Gluteal (GLUT) muscle temperature and heart rate (HR) were measured
during exercise and for 60 minutes post-exercise. Blood samples were analysed for serum vitamin E, biological
antioxidant potential (BAP), derivatives of reactive oxygen metabolites (dROMs), whole blood selenium and glu-
tathione peroxidase (GPx), and plasma lactate and glucose. Data were analysed using MANOVA with polyphenol
treatment included as a covariate; supplementation influenced GPx but not thermal responses. Post-hoc analysis
revealed a bimodal thermal response independent of treatment. Horses were classified as HOT (n = 3) or COOL
(n = 4); one horse was excluded due to inconsistent physiology. Peak GLUT temperatures were greater in HOT ver-
sus COOL (P < 0.001). HR did not differ during exercise (P > 0.10) but was higher post-exercise in HOT horses
(P < 0.05). HOT horses also exhibited greater post-exercise lactate and glucose (P < 0.01). COOL horses had higher
vitamin E, BAP, and selenium (P < 0.001) and lower dROMs and dROMs/BAP ratio (P < 0.05). Given similar work-
loads and exercise HR, the HOT phenotype likely reflects reduced heat dissipation and/or altered perfusion. Elevated
muscle temperature was associated with increased oxidative stress and reduced antioxidant capacity, defining a dis-
tinct thermal-oxidative phenotype.
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Temperature recovery of the middle gluteal and pectoral muscles using
different cooling protocols

R.W. Springer™*, J.D. Pagan! and M.S. Davis®

IKentucky Equine Research, 3910 Delaney Ferry Rd, Versailles, KY 40383, USA; 2Waypoint Veterinary
Education and Consulting LLC, 1215 Emigrant Hill Rd, Glendo, Wyoming 82213, USA; *rspringer@ker.com

Advancements in microchip technology have allowed for implantation of percutaneous thermal-sensing microchips
(PTSM) into the middle gluteal (GLUT) and pectoral muscles (PECT) of horses to measure muscle temperature
before, during, and after exercise. However, limited research has compared the relative cooling rates of PECT and
GLUT in response to different cooling modalities. Therefore, an integrative analysis evaluated the effects of two
different cooling methods on GLUT and PECT cooling rates in Thoroughbreds previously implanted with PTSM in
the left GLUT and PECT muscles. Eleven horses completed exercise bouts (n = 102) on a high-speed treadmill across
five studies from August 2023 to June 2024 in Ocala, Florida. Post-exercise cooling treatments were hosing for 5
minutes then walking for 10 minutes (HOSE; n = 60) or only walking for 15 minutes (WALK; n = 42). Changes in
PECT and GLUT temperature from pre-exercise were fitted to an exponential one-phase decay model to determine
cooling half-life (t;/,) then analysed using MANCOVA. Cooling t,/, was shorter in HOSE versus WALK for GLUT and
PECT (P < 0.05; P < 0.05). PECT cooled faster than GLUT for both HOSE and WALK (P < 0.001; P < 0.001) and
when pooled across treatments (P < 0.001). Overall, hosing post-exercise enhances cooling of both GLUT and PECT
muscles, promoting a faster return to homeostasis for tissue repair. While previous work has focused more on using
the PECT and GLUT muscles as proxies of central venous temperature, the two muscles serve two different purposes
within the body and likely demonstrate two different metrics of cooling within the exercised horse.
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The influence of acute exercise and training on neuroprotective exerkines in
Thoroughbred racehorses

LM. Katz*, G. Duggan’, A. Byrnel, A. Baird! and E.W, Hill?

IUniversity College Dublin, UCD School of Veterinary Medicine, Belfield, Dublin D04 W6F6, Ireland;
2University College Dublin, UCD School of Agriculture and Food Science, Belfield, Dublin D04 VIWS,
Ireland; *lisa.katz@ucd.ie

Exercise-induced peripheral humoral factors (exerkines) likely mediate some of the positive exercise effects on
brain health due to ‘muscle-brain crosstalk’ Cathepsin B (CTSB), a muscle-derived exerkine, is believed to regulate
brain-derived neurotrophic factor (BDNF), a neuropeptide vital for neuronal development and health. Increased
CTSB and BDNF levels are associated with aerobic fitness in humans, improving cognitive and neuroprotective
function. Although peripheral CTSB and BDNF transiently increase after acute exercise, training responses vary.
We hypothesised that peripheral CTSB and BDNF would increase following high-intensity exercise and training in
horses. Two-year-old Thoroughbreds (n = 10) instrumented with an ECG-GPS had blood collected before (T0), 5
(T1) and 30 minutes (T2) after high intensity exercise, before and after 6-8 weeks of training. Plasma CTSB and
serum BDNF were measured using validated quantitative sandwich ELISAs. Data was analysed using a two-way
ANOVA/Tukey’s test (P < 0.05 significant). Peak heart rate, velocity, distance and lactate did not differ between
untrained/trained exercise tests (Student’s paired ¢ -test). Untrained T1 CTSB (P = 0.04) and BDNF concentrations
(P = 0.01) were higher than TO concentrations, with both exerkines primarily peaking at T1. Following training, TO,
T1 and T2 CTSB and BDNF concentrations were marginally lower than untrained measurements, no longer differing
between timepoints. However untrained and trained peak post-exercise CTSB (P = 0.0004/P = 0.01) and BDNF
(P = 0.002/P = 0.02) concentrations were higher than untrained/trained TO concentrations. Plasma CTSB and
BDNF concentrations transiently increase following acute exercise in horses but do not change following training.
Additional research is required to understand how CTSB and BDNF interact with other neurotrophic factors.
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Modelling thermal recovery of the middle gluteal muscle after exercise in
Thoroughbred horses

R.W. Springer™*, J.D. Pagan! and M.S. Davis®
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Recent advances in microchip technology allows rapid, accurate, and repeated measurement of muscle temperature
surrounding exercise via percutaneous thermal-sensing microchips (PTSM). Heat dissipation is a passive process,
governed by heat gradient between subject and environment and approximated by nonlinear first-order kinetics.
PTSM can permit accurate quantification of this non-linear process and provide a single measurement — cooling
half-life (t,/,) — that can be used to compare cooling rates under different experimental conditions. Therefore, the
study objective was to compare methods of modelling muscle temperature loss in horses. Six studies used horses
(n = 21) implanted with PTSM in the middle gluteal muscle (GLUT), exercised under a variety of different condi-
tions (n = 100 sessions). Serial GLUT temperatures were recorded for 1 h during a variety of cooling interventions
performed as randomised complete crossover designs. Simple linear regressions and exponential one-phase decay
models plotted the change in GLUT temperature from pre-exercise as a function of time. A plateau constraint value
of 0 was used to optimise the fitted curve to simulate return to resting temperature. GLUT t,/, was determined by
t1/,=-0.693/Slope from the exponential model. Comparison of model fit was determined by using R? values from the
linear and exponential regressions via Student’s paired t-test. The exponential model yielded greater R? values than
the linear models (Exponential R%: 0.95 + 0.07, Linear R?: 0.85 + 0.13, P < 0.001). Any water application resulted in
faster cooling rates (P < 0.05) compared to other interventions (walking, standing, etc.). These results support the
use of an exponential one-phase decay model to characterise post-exercise thermal recovery in the equine middle
gluteal muscle. Using GLUT t,/, may allow comparison of different cooling practices across studies and conditions.
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Association of high GGT with clinical pathology, recent medication and
exercise in TB racehorses

J.E. Haughan®¥, L. Pittman’, D. Stefanovskd, J.E. Tomlinson! and M.A. Robinson’?

IUniversity of Pennsylvania, School of Veterinary Medicine, Department of Clinical Studies, New Bolton
Center 382 West Street Road, Kennett Square, PA 19348, USA; 2PA Equine Toxicology & Research
Laboratory, Laboratory 220 East Rosedale Avenue, West Chester, PA 19382, USA; *jhaughan@vet.upenn.edu

High gamma-glutamyl transferase (HGGT), reportedly linked to reduced performance in Thoroughbred racehorses,
remains poorly understood. This study aimed to investigate associations of HGGT, clinical pathology, administered
medications and recent workload. Thoroughbreds (n = 76) in training were sampled 1-9 times each, 1-4 hours post-
workout, across the 2019-2022 racing seasons, yielding 297 venous blood samples. Age, sex, days since last raced
(DLR), maximum morning (WLAM) and weekly (WLWK) training workload (none [0], walk [1], jog [2], gallop [3]
or breezed/raced [4]) were recorded. Haematology, serum biochemistry, and liquid chromatography—mass spec-
trometry drug screening were performed on samples categorised as HGGT (GGT z1.5x upper limit of normal [ULN];
268 U/l) or controls (GGT <ULN; <45 U/l), matched by trainer and collection date. Statistical comparisons used
Wilcoxon rank-sum or chi-square tests (P < 0.05). Thirty-six HGGT samples (median 82, range 68-142 U/]) and 54
control samples (37, 21-45 U/]) were identified. Age did not differ significantly (P = 0.088), but males were over-
represented in the HGGT group (61% vs 33%, P = 0.009). HGGT horses showed mildly increased total CO2 (31.9,
27.9-35.2 mmol/l; ULN: 31.0), total bilirubin (2.4, 1.2-5.5 mg/dL; ULN: 1.9), and haematocrit (41.8, 33.8-50.9%; ULN:
38.0) relative to controls (31.1, 28.4-35.4 mmol/l, P = 0.021;2.1,1.0-5.8 mg/dL, P = 0.003; 38.9, 30.6-47.8%, P = 0.007,
respectively); longer DLR and higher WEWK (151, 6-325 days; and 4, 3-4) than controls (30, 5-366 days, P = 0.008;
and 4, 0-4, P = 0.005 respectively) but no difference in presence or number of drugs. Relevance of increased CO,,
bilirubin, haematocrit and workload to performance and effect on GGT, warrants further investigation.
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Exercise-induced intestinal barrier dysfunction and LPS translocation in
endurance horses
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Costanzo 4, 06126 Perugia, Italy; 3University of Camerino, Via Raffaele Fidanza 15, 62024 Matelica, Italy;
*francesca.beccati@unipg.it

Previous studies in endurance horses without overt metabolic dysfunction have demonstrated a progressive
increase in circulating endotoxin-related biomarkers during and after exercise. This preliminary study aimed to
investigate circulating biomarkers of ischemic intestinal injury in horses with histologically confirmed colonic
damage and to assess their relationship with findings in endurance horses eliminated for metabolic reasons. In
phase one, 24 horses admitted for colic torsion (COLIC group) underwent serum sampling and full-thickness
colonic biopsy during laparotomy. In phase two, blood samples were collected under field conditions from 24
endurance horses eliminated for metabolic reasons (METABOLIC group) and from 4 horses that successfully com-
pleted competition (ENDURANCE FIT group). Colonic biopsies were evaluated by routine histology, whereas serum
lipopolysaccharide (LPS), ischemia-modified albumin (IMA), and intestinal fatty acid-binding protein (i-FABP)
were measured by ELISA. Data were analysed using one-way ANOVA with post hoc correction (P < 0.05). Histology
confirmed severe mucosal damage in COLIC horses, including >60% epithelial loss in 20% of samples and necrosis
or fibrin deposition in 25%. Serum LPS concentrations (EU/ml) differed significantly among groups (P < 0.001):
METABOLIC group (160.5 + 47.3); COLIC group (123.1 + 40.5; P < 0.05); ENDURANCE FIT group (31.4 + 13.5;
P < 0.001). IMA and i-FABP did not differ significantly among groups (P = 0.91; P = 0.18), although i-FABP values
were higher in COLIC (9,031.70 + 2,061.40), compared with METABOLIC (5,479.00 + 910.70) and ENDURANCE FIT
(6,465.90 = 2,277.30). Elevated LPS levels in horses eliminated for metabolic causes compared to colic torsion cases
suggest exercise-induced endotoxemia and functional impairment of the intestinal barrier; limitation includes the
lack of pre-exercise blood sample.
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Exercise increases undercarboxylated osteocalcin concentrations in
Standardbred horses
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Studies of mice and other species have shown a clear mechanistic exercise-induced increase in serum undercar-
boxylated osteocalcin concentration (uOCN), and bioactive osteocalcin signalling, which increases muscle derived
IL-6, and regulates myofiber adaptation to exercise. To date we are unaware of any published reports of the uOCN
response to exercise in horses. Thus, we performed an experiment to test the hypothesis that acute intense exercise
would alter serum uOCN in the horse. For this experiment, elite Standardbred racehorses (7 geldings, and 8 mares,
aged 2-4 years) training at Gaitway Farm in New Jersey were used. Serum was collected before (-1 min) and after
intense training composed of 1 mile warm-up, 4 min mile run, and a 1 mile cool down. Concentrations of uOCN
were determined by using a human polyclonal ELISA adapted for use with horse serum Samples with concentra-
tions below the detection limit, which all came from the same horse, were excluded. Data were analysed by paired
t-test. We found a significant increase in uOCN concentrations from pre to post exercise (P = 0.039, n = 14, mean
increase = 25%). This is the first study to show that uOCN increases with exercise in horses. Future studies may
investigate osteocalcin’s effects on regulating myofiber exercise adaptations and IL-6 signalling in horses.
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Proper evaluation of erythrocyte osmotic fragility during exercise in horses
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Erythrocyte osmotic fragility (EOF) evaluates exercise stress. High-intensity exercise increases EOF due to decreased
blood pH; however, the elevation of body temperature during exercise suppresses it. Traditionally, EOF has been
determined by measuring the rate of haemolysis when erythrocytes are exposed to hypotonic NaCl solutions at
non-physiological temperatures. However, this method may overestimate EOF because erythrocyte volume regula-
tory capacity is not fully exerted regarding processing temperature and ionic composition. Furthermore, separating
pH and temperature effects in blood from exercising individuals is difficult. To clarify the effect of exercise-induced
body temperature elevation on EOF, we examined four Thoroughbreds showing individual differences in the 50%
haemolysis NaCl concentration (50HL) obtained using the conventional method at 4 °C: 0.53, 0.54, 0.55 and 0.56%.
Using a HEPES-buffered cell culture medium with excellent physiological pH buffering capacity, we measured EOF
atrest (37 °C) and during exercise (42 °C). Measurements were repeated five times per horse. Temperature and indi-
vidual differences were analysed using the Bonferroni test. The 50HL values measured at 37 °C were 0.47, 0.47, 0.49
and 0.49% respectively, showing a significant decrease compared to 4 °C. Furthermore, the 50HL values at 42 °C
were 0.43, 0.44, 0.46 and 0.46%, indicating a further significant decrease. In conclusion, the body temperature ele-
vation associated with exercise clearly exerts a suppressive effect on EOF. These findings suggest that conventional
methods may overestimate the exercise-induced increase in EOF in horses, indicating that in vivo mechanisms
suppress EOF.
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Electrolyte supplementation for endurance horses: helpful or potentially
harmful?
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Electrolyte supplementation is a common practice to replace sweat electrolyte losses during prolonged endurance
exercise. Supplementation can increase voluntary drinking during and after endurance exercise but beneficial
effects on thermoregulation or performance have not been documented. Further, when the amount of electrolytes
supplemented is matched to expected sweat losses, hypernatremia and hyperchloremia can develop. We hypoth-
esised that excessive electrolyte supplementation during competition could result in high urine concentrations of
electrolytes. Urine was collected during spontaneous voiding at veterinary checkpoints after 58 km (n = 15), 102 km
(n =17), and 150 km (n = 14) of a 160 km race. Na+, K+, and Cl- were measured with an automated chemistry
analyser. Urine Na+ ranged from 13-319 mmol/l with six samples having Na+ >100 mmol/l and urine Cl- ranged
from 17-373 mmol/l with four samples having Cl- >100 mmol/l. Two of six samples with Na+ >100 mmol/l also had
Cl- >100 mmol/l. Urine K+ ranged from 101-405 mmol/l. Urine specific gravity ranged from 1.023-1.041 and urine
osmolality ranged from 731-1,438 mOsm/kg. With appropriate renal function during exercise, maximal reabsorption
of filtered Na+ and Cl- should occur and urine concentrations of these ions would be expected to be less than
50 mmol/l. Thus, urine concentrations exceeding 100 mmol/l would not be expected and could support excessive
electrolyte supplementation before and during competition.

VOLUME 22, SUPPLEMENT 1 (2026) S1-5216


https://develop.We
mailto:schott@msu.edu

12TH INTERNATIONAL CONFERENCE ON EQUINE EXERCISE PHYSIOLOGY S183

BIOCHEMISTRY, HAEMATOLOGY, ENDOCRINOLOGY AND
THERMOREGULATION IN EXERCISE

Characterising oxidative stress, inflammation, and blood counts in
sedentary and exercised horses
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Regular exercise reduces inflammation and oxidative stress, whereas intensive exercise without adequate recovery
can increase them. To test the hypothesis that inflammation and oxidative stress differ between NRC exercise work-
loads, serum amyloid A (SAA), C-reactive protein (CRP), haptoglobin (Hp), lipid peroxidation (TBARS), and total
antioxidative capacity (TAC) were analysed. Horses (n = 133; 41 breeds; age: 13 + 7.3 years) housed both on pasture
and in stalls had samples taken at rest 1+ hour after a concentrate meal. Inflammatory indices (SII, SIRI, and AISI)
were calculated from complete blood counts. Caretakers reported hours of exercise/week (Ohn=58;2hn=5;3h
n=14;4hn=17,5hn=17,7hn = 9; 9 h n = 13) and which NRC category fit their horses (light n = 21; moder-
ate n = 49; heavy n = 5) or if not exercised (n = 58). Data were analysed using the Kruskal-Wallis test with Dunn’s
post-hoc analysis and Benjamini-Hochberg correction (significance P < 0.05; trends P < 0.1). Nonexercised horses
exhibited higher CRP, Hp, and AISI values compared to horses with 3+ hours of exercise/week (P < 0.04). Nonex-
ercised horses had higher white blood cell, lymphocyte, and monocyte counts compared to horses with 4+ hours of
exercise/week (P < 0.01). A main effect of exercise category and hours of exercise on TBARS was seen (P = 0.04;
P = 0.07) with values higher in moderately exercised horses (P = 0.08) and horses exercising 9 hours/week com-
pared to nonexercised horses (P = 0.03). Regular light exercise may reduce systemic inflammation; caution should
be taken in more frequently exercised horses due to increased lipid peroxidation.
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Cytokine dynamics in Brazilian crioulo horses submitted to low-goal polo
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This study assessed cytokine kinetics in horses during a low-goal polo match (LGPM) in Brazil. A duplicate multiplex
magnetic bead cytokine assay was used. The hypothesis was that LGPM could induce a pro-inflammatory response
in horses. Jugular blood was collected from eight Crioulo horses at six time points: before, immediately after, and
at 6, 12, 24, and 48 hours following a single polo match. Luminex xMAP platform and Milliplex assay were used,
and cytokine data were processed with Belysa analysis software. Median fluorescence intensity (MFI) was plotted
against a five-parameter logistic regression of the standard curve to determine analyte concentrations. Data analysis
included the Shapiro-Wilk normality test, a one-way repeated-measures ANOVA, and Fisher’s LSD test (P < 0.05).
For muscle enzymes, creatine kinase (CK) increased from 159-234 to 257-1270 IU after the match. Aspartate amino-
transferase (AST) rose from 186-396 to 343—384 IU. These findings suggest either muscle fibre membrane damage
or a transient increase in membrane permeability. For inflammatory markers, there were no significant changes in
IL-1a, IL-2, or serum amyloid A, indicating no exacerbated acute inflammatory response. IL-18 exhibited a delayed
elevation, suggesting a role in tissue recovery and remodelling. IL-6 showed the most consistent pattern, increas-
ing after competition and remaining elevated. This supports the role of IL-6 as a myokine, released during muscle
contraction, involved in inflammatory response and metabolic regulation. These findings indicate that the LGPM
induced a subclinical and moderate inflammatory response in Crioulo horses.
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Heat stress during exercise, not post-exercise heat exposure, induces
molecular responses in horses
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Optimising heat acclimation strategies is critical for maintaining performance and preventing heat illness in race-
horses. However, the stimuli required to effectively trigger molecular responses in equine skeletal muscle remain
unclear. This study investigated whether heat stress during exercise, rather than post-exercise heat exposure, is
required to induce transcriptional responses related to heat stress and energy metabolism in equine skeletal muscle.
Eight trained Thoroughbred horses (3 geldings and 5 mares) completed all four experimental conditions in a ran-
domised crossover design: high-intensity exercise (100%VO,max for 3 min) at Wet Bulb Globe Temperature (WBGT)
15 °C (Cool-Run), the same exercise at WBGT 15 °C followed by a 20-min hot water shower (Cool-Run+Shower), the
same exercise at WBGT 30 °C (Hot-Run), and 20-min walking at WBGT 30 °C (Hot-Walk). Middle gluteal muscle
samples were obtained before and 4 h after exercise for real-time PCR analysis. Data were analysed using mixed
models (P < 0.05). Heat shock protein 70 family genes (HSPAIA and HSPA6) increased only after Hot-Run (2.4- and
5.0-fold, respectively), with significant differences compared with Hot-Walk. In contrast, PGC-la mRNA increased
after Cool-Run and Cool-Run+Shower (3.4- and 2.0-fold, respectively), but not after Hot-Run. The hot water shower
produced no additional effects on mRNA responses, and Hot-Walk induced no changes except for PDK4 (2.3-fold).
These results demonstrate that high-intensity exercise under heat stress is the primary stimulus for heat shock-
related transcription in equine skeletal muscle. Post-exercise heat exposure and low-intensity exercise under heat
stress appear insufficient to initiate molecular heat adaptation, providing mechanistic insight into heat acclimation
strategies in racehorses.
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Effects of light training and a Mediterranean-inspired diet on hematologic
parameters in horses

M. Friend* N. Moss, C. Hughes, W. Staniar and D. Smarsh

Pennsylvania State Universtiy, Animal Science, 439 Shortlidge Road, University Park, PA, 16802, USA;
*mmf6157@psu.edu

While acute exercise-induced inflammation supports training adaptation, chronic inflammation can be damag-
ing. This study tested the hypothesis that white blood cell counts and inflammatory indices would be more stable
in horses consuming a Mediterranean-inspired diet (higher fibre/fat, lower non-structural carbohydrates) compared
to a traditional sweet feed diet. Sedentary (not exercised for 6+ months) Standardbred horses (n = 17; age: 6.2 + 3.3
years) were lightly exercised for 50 minutes twice weekly. In this crossover study, horses completed acute exercise
tests before the study (ET1), after 3 weeks on one diet (ET2), then after 3 weeks on the other diet (ET3). All horses had
ad libitum access to grass hay; diets were balanced for caloric needs. Complete blood counts (CBCs) and inflamma-
tory indices (SII, SIRI, and AISI) were calculated. Flow cytometry assessed lymphocyte subpopulations (CD5+, CD8+,
and CD4+) in 10 horses. Data were analysed using linear mixed-effects models with fixed effects of training, diet, and
the interaction of each with acute exercise (pre/post). Mean haematocrit and lactate immediately following ET1
(40% and 1.4 mmol/l) were higher compared to ET2 (35%, 0.5 mmol/l) and ET3 (37%, 0.5 mmol/l; P < 0.01 and
P = 0.05, respectively). Mean heart rate for each ET were 92, 77, and 70 bpm, respectively. No differences between
diets were detected (P > 0.05). CD4+ cells were reduced to a greater extent following ET1 compared to ET3, and
the CD4:8 ratio was greater in ET3 than previous ETs (P = 0.03; P = 0.04). Inflammatory index SII was lowest
prior to ET3 (P < 0.01). These results suggest modest levels of exercise improve resolution of acute exercise-induced
inflammation.
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Biochemical parameters in mules: Pre and post exercise
A. McLean®*, L. Maas? J. Miller3 F. Castro-Dosal* and E. Abdelfattah®

'University of California Davis, Animal Science, 907 3rd St, 95616, Davis, CA, USA; 2Royal Veterinary
College, Hatfield, United Kingdom; 2Association Protection of Animals in Work, Tlaxcala City, Tlaxcala,
Mexico, Mexico; Equitarian Iniatitive, Av. Insurgentes Sure, 14020 Mexico City, Mexico; 5University of
California Davis, 2231 Meyer Hall, 95616, Tulare, CA, USA; *acmclean@ucdavis.edu

Biochemical profiling is an important diagnostic and prognostic tool in veterinary medicine used to assess muscle
health and physiological adaptation to exercise. Limited research has evaluated biochemical responses to exercise
in mules. The objective was to evaluate changes in mules before and after exercise. Blood samples (10 ml) were
collected via venipuncture from six healthy mules at rest (T0), 3 h post (T1), and 6 h post-exercise (T2) in Zapata,
Tlaxcala, Mexico. Owner consent was obtained prior to sample collection. Biochemical parameters were analysed
using Skyla VBI analyser and a Lactate Scout Vet analyser (SensLab GmbH, Leipzig, Germany). Data normality was
assessed in Stata, and mixed-effects analysis was performed with animal as a random and time point as a fixed
effect. Statistical significance was set at P < 0.05. Alkaline phosphatase (ALP), blood urea nitrogen (BUN), sodium
(Na), chloride (Cl), creatinine (CREA), and gamma-glutamyl transferase (GGT) concentrations were significantly
increased at T2 compared with TO. In contrast, glucose and lactate concentrations were significantly decreased at
T2 (P < 0.001). These findings demonstrate shifts in mules following exercise. Increased BUN and CREA may reflect
alterations in protein metabolism, hydration status, renal perfusion, and muscle metabolism. Elevated sodium and
chloride support exercise-associated changes in fluid and electrolyte balance, while decreased glucose may indicate
increased muscular glucose uptake and glycogen utilisation. This research helps contribute to our understanding of
the biochemical responses of exercise in mules, and continued investigation is warranted to increase understanding
of mule physiology.
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Mitochondrial impairments and reduced NAD™ regeneration precede
fatigue in Thoroughbreds

S.H. White-Springer®*, B.D. Williams?, L.T. Wesolowski', A.N. Disilvestro® and S.E. Johnson?

ITexas A&M University and AgriLife Research, 2471 TAMU, College Station, TX 77843, USA; 2Virginia
Polytechnic Institute and State University, 175 West Campus Dr., Blacksburg, VA 24061, USA;
*s.white@ag.tamu.edu

Evidence suggests fatigue contributes to exercise-induced injury, so mitochondrial health may be pivotal to the
prevention of injury. To test the hypothesis that mitochondrial impairments precede decreased exercise capacity,
ten Thoroughbred geldings performed 3 exercise-to-fatigue tests (SETs) on a high-speed treadmill on dl, 3, 5 before
and after 8 wk of moderate exercise training. Horses were classified as fatigue susceptible (FS) or fatigue resistant
(FR) based changes in run time from SET1 to 3. Gluteus medius muscle collected on d0, 2, and 4 was analysed for
mitochondrial respiratory and H,0, production capacities and by untargeted metabolomics; data were analysed by
two-way ANOVA with fatigue status, day, and their interaction as fixed effects. Compared to FR horses, FS horses
had impaired complex I-linked oxidative phosphorylation capacity of permeabilised muscle fibres on d0, 2, and 4
when normalised to tissue wet weight but only on d4 when normalised to citrate synthase activity as a proxy for
mitochondrial volume density (P < 0.05). In mitochondria isolated from the same muscle sample, H,O, production
during all respiratory states was greater in FS than FR horses on d2 and 4 (P < 0.05). The ratio of dihydroxyacetone
phosphate (DHAP) to glycerol 3 phosphate (G3P) tended to be greater in FS than FR at d4 (P = 0.08), driven by
numerically greater DHAP in FS horses. This may suggest a failure of FS horses to regenerate NAD+ for glycolysis,
which manifests as an inability to maintain exercise capacity. Comparisons of these findings to blood metabolites
may provide attainable biomarkers of fatigue susceptibility.
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Repeated furosemide use may reduce muscle ATP production efficiency in
Thoroughbred horses

S.H. White-Springer:®, A.N. Boonel, L.T. Wesolowski’, L. Amour! and S.L. Denotta?

Texas A&M University and AgriLife Research, 2471 TAMU, College Station, TX 77843, USA; 2University of
Florida College of Veterinary Medicine, 2147 Shealy Dr., Gainesville, FL 32610, USA; *s.white@ag.tamu.edu

Furosemide use remains controversial due to uncertainty over its potential to enhance performance. To test the
hypothesis that repeated furosemide administration would enhance mitochondrial function, mature Thorough-
bred horses were randomly assigned to receive either 250 mg furosemide (FUR; n = 9) or an equal volume of
saline (CON; n = 6) intravenously once weekly for 90d. Horses were enrolled in a moderate intensity exercise
training program throughout the study. Gluteus medius muscle collected after 90 d was analysed for mitochon-
drial respiratory and adenosine triphosphate (ATP) production capacities. Differences between CON and FUR were
determined by Welch’s t test. Regardless of respiratory state and normalisation (relative to tissue wet weight, citrate
synthase activity as a proxy for mitochondrial volume density, or to maximal noncoupled electron transfer capac-
ity), permeabilised fibre oxidative phosphorylation and electron transfer capacities were unaffected by furosemide
treatment (P > 0.25). In mitochondria isolated from the same muscle sample, the efficiency of ATP production rel-
ative to oxygen consumption (P/O) was lesser in FUR than CON horses during maximal oxidative phosphorylation
(P = 0.02) and tended to be lesser in FUR than CON horses during complex II-supported oxidative phosphorylation
(P = 0.09), suggesting a possible reduction in energy production efficiency. Repeated furosemide administration did
not enhance skeletal muscle mitochondrial function or ATP-generating capacity in mature Thoroughbred horses
and therefore does not appear to act as a performance-enhancing agent through this mechanism. This relationship
should be further investigated, especially regarding acute impacts of furosemide on mitochondria.
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Effects of pacing strategy on transcriptomic responses to exercise in equine
skeletal muscle

Y. Kitaoka®* K. Takahashi%? T. Shirai’ Y. Ebisuda3 Y. Takahashi3 F. Sugiyama? and K. Mukai®

IKanagawa University, 3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama, 221-8686, Japan; 2Virginia Tech, 4
Riverside Circle, Roanoke, VA 24016, USA; 3Japan Racing Association, Equine Research Institute, 1400-4,
Shiba, Shimotsuke-shi, Tochigi, 329-0412, Japan; *kitaoka@kanagawa-u.ac.jp

Pacing strategy may affect competition outcomes in athletic events as well as the effectiveness of training. This study
examined the metabolic and transcriptomic responses to two different pacing strategies during two minutes of high-
intensity exercise in Thoroughbreds. Eight Thoroughbred horses (three geldings and five mares) completed two
treadmill exercise sessions in a randomised crossover design. In the positive pacing condition (P), horses exercised
at 110% V02max for 1 min followed by 90% VO2max for 1 min, whereas in the negative pacing condition (N), the
order was reversed. Middle gluteal muscle biopsies were collected before, immediately after, and 4 h after exercise in
each session. Differential gene expression was identified using DESeq2 (false discovery rate <0.05, fold change >1.5).
Immediately after exercise, plasma lactate concentrations were significantly higher and muscle glycogen levels were
significantly lower in P compared with N. RNA sequencing identified 2,829 and 2,303 genes differentially expressed
at 4 h post-exercise compared with pre-exercise in P and N, respectively. Despite these differences in magnitude,
most exercise-responsive genes such as NR4A3 were altered by both conditions. Both pacing strategies regulated
overlapping gene networks related to metabolism, hypoxia signalling, and tissue remodelling. A direct comparison
of the two protocols identified five genes (OLFML2B, POSTN, ANGPTLI1, MAPIA, ZNF554 ) highly expressed in P and
four genes (RPI, MORNS5, and two unannotated equine transcripts) highly expressed in N. These findings demon-
strate that metabolic fluctuations caused by pacing strategies impact skeletal muscle gene expression, suggesting
that pacing patterns are an important aspect when optimising training programs for Thoroughbreds.
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Training improves insulin responsiveness despite reduced GLUT4 & 12
expression in locomotor muscle

M. Willems®* L. De Maré’, B. Boshuizen®? C. De M. D'argenteuil’, D. Deforce3, F. Van Nieuwerburgh?3,
Y. Gansemans3, L. Verdegaal* and C. Delesalle’*

IGhent University, Research Group of Comparative Physiology, Salisburylaan 133, 9820 Merelbeke,
Belgium; ?Wolvega Equine Hospital, Stellingenweg 10, 8474 EA Oldeholtpade, the Netherlands; 3Ghent
University, Laboratory of Pharmaceutical Biotechnology, Ottergemsesteenweg 460, 9000 Ghent, Belgium;
4Adelaide University, Equine Health and Performance Centre, Roseworthy Campus, Mudla Wirra Road,
5371 Roseworthy, South Australia, Australia; *maarten.willems@ugent.be

In humans, aerobic training increases GLUT4 and insulin sensitivity. Training in horses has been associated with
reduced GLUT4 abundance. This study investigated how insulin-dependent glucose transporters (GLUT4 & 12)
relate to training-induced insulin dynamics. Fifteen Standardbred mares completed 8 weeks of harness training. A
standardised exercise test (SET) was performed before and after training. Insulin response was assessed using an
in-feed OGTT and FSIGTT. Vastus lateralis biopsies were obtained before and immediately after SET to quantify
total GLUT4 & 12 by Western blot. Data were analysed using Friedman tests with Dunn’s post hoc comparisons,
paired t or Wilcoxon tests, and Spearman correlations (P < 0.05). Acute exercise reduced GLUT4 in the trained
compared with the untrained state (P = 0.02). Total GLUTI2 decreased following training (P = 0.04) and declined
further after acute exercise in the trained state (P = 0.003). Despite GLUT downregulation, training improved
insulin responsiveness during the OGTT, reflected by lower peak insulin (PI) (P = 0.005), reduced insulin AUC
(P = 0.0015), and prolonged time-to-peak insulin (TTP_ins) (P = 0.034). FSIGTT indices remained unchanged. In
untrained horses, acute GLUTI2 expression positively correlated with PI and insulin AUC (p = 0.66). After training,
exercise-induced GLUT12 downregulation correlated negatively with TTP_ins (p = -0.61). These findings indicate a
training-induced shift from carbohydrate reliance to alternative fuels.
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Intraindividual comparisons of equine sEMG show gait differences in
frequency and relative amplitude

R.R. Zsoldos? H. Kang’, A. Sole Guitart!, |.B. Gaughan! and TF. Licka®*

The University of Queensland, Via Warrego Highway, 4343 Gatton, Australia; 2Swedish University of
Agricultural Sciences, Box 190, 234 22 Lomma, Sweden; 3University of Veterinary Medicine Vienna,
Veterinaerplatz 1., 1210 Vienna, Austria; “theresia.licka@vetmeduni.ac.at

Understanding muscle activation during walk, trot and canter could provide insight into neuromuscular coordina-
tion and potential injury risk. This study aimed to characterise muscle activity and test the hypothesis that gaits
produce specific, consistent, muscle-specific signature patterns in surface electromyographic (SEMG) activity. Five
clinically sound horses (four Standardbreds, one Thoroughbred; 9.6 + 2.9 years; 518 + 16 kg) were used. Bilateral
sEMG (Delsys Trigno Avanti, 1,259 Hz) was recorded from gluteus medius (GM), longissimus dorsi (LD), and sple-
nius (SPL) muscles. Horses exercised for 10 min on a treadmill at walk, trot, and canter (1.5-9 m/s), resulting total
of 534 motion cycles. SEMG envelopes were derived and peak amplitudes were normalised to the third quartile
(Q3) of the initial post-transition strides (%Q3) and mean frequency was calculated. Parameters were compared
between gaits. Statistically significant effect of gait on SEMG envelope amplitude were found in LD and SPL (x2 =
8.40, P = 0.015, for both), but not in GM (x2 = 2.80, P = 0.247). Median amplitude values for GM increased from
walk to canter [186 to 294%], whereas LD decreased across gaits [207 to 166%]. SPL showed reduced activation
from walk to trot [210 to 181%], with a slight increase at canter [189%]. Mean EMG frequency differed significantly
across gaits only in SPL (2 =10.0, P = 0.007), showing consistent decrease from walk to trot to canter (-5 to -6 Hz).
These findings indicate that in each gait at each speed, muscle-specific activation patterns exist, with some variation
between horses. This approach may support future assessment of neuromuscular coordination and dysfunction in
horses, with transition between gaits and speeds yet to be studied.
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Activity-temperature coupling and modulation of muscle recruitment in
treadmill-exercised horses
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Agricultural Sciences, Box 190, 234 22 Lomma, Sweden; 3University of Veterinary Medicine Vienna,
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Active skeletal muscle temperature increases during exercise, potentially affecting contractile properties due to
thermoregulatory constraints. This study investigated the correlation between intramuscular temperature and mus-
cle activation in treadmill-exercised horses over a submaximal exercise test of walk, trot and canter (1.5-9 m/s). In
five horses bilateral surface electromyography (sSEMG) and right intramuscular temperatures (ITM) were obtained
from gluteus medius (GM) and splenius (SPL) muscles. Signals were processed to linear envelopes and segmented
into motion cycles (MC) from acceleration data. For each trial, MC-level peak activation was normalised to %Q3.
Heart rate (HR), ITMs and central venous temperatures (CVT) were recorded at 30 s intervals, and correlations with
SEMG parameters %Q3 were assessed calculating Spearman’s Rho values. With exercise intensity IMTs increased
to 39-40 °C. Left and right SEMG parameters were not significantly different, despite the sensor presence on the
right. For GM, %Q3 values showed a significant positive correlation with its IMT (p = 0.18, P = 0.014), CVT (p = 0.34,
P < 0.001) and HR (p = 0.53, P < 0.001). For SPL, %Q3 values showed a significant negative correlation with its IMT
CVT (p =-0.17, P = 0.025), CVT (p = -0.21, P = 0.015) and HR (p = -0.18, P = 0.026). Within the limited tempera-
ture range studied, weak, muscle-specific relationships were observed between sEMG amplitude and physiological
parameters during submaximal exercise. With cardiovascular and thermal load, the activity of the locomotory mus-
cle GM increased, while it decreased for the postural muscle SPL, showing the relevance of differing functional
roles.
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Quantifying thoraco-lumbo muscle activity in Quarter Horses across
different surfaces
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University of Calgary, Veterinary Medicine, 2500 University Dr NW, Calgary, Canada, AB T2N 1N4, Canada;
2University of Calgary, Kinesiology, 2500 University Dr NW, Calgary, Canada, AB T2N 1N4, Canada;
*karelhia.garcial@ucalgary.ca

Understanding the dynamics of the equine thoracolumbar region and its adaptations to different working con-
ditions, e.g. different surfaces, is important for evidence-based diagnostics and rehabilitation, given that different
surfaces are frequently used in clinical locomotor examinations. The purpose of this study is to describe the effects
of surface type on Longissimus Dorsi (LD) muscle activity. We hypothesise that LD muscle activity differs within
gait on different surfaces. Five Quarter Horses were trotted in a straight line, on soft and hard surfaces, with surface
Electromyography (SEMG) recorded using four wireless SEMG sensors (Trigno™, Delsys Inc.), positioned bilaterally
to the 16th thoracic and Ist lumbar vertebrae. Preliminary descriptive analysis of normalised LD activation (%ARV)
during the trotting trials on straight, showed a mean LD activation of 13.23% ARV, SD 6.54 on soft and 13.66%, SD
5.70, on hard footing for the Thoracic region; and on Lumbar, 17.05%, SD 8.85, for soft and 17.41%, SD 9.27 on hard
footing. Due to the small sample size and non-normal distribution of the data, Wilcoxon signed-rank tests were used
to assess differences in ARV. No significant differences were found between soft and hard surfaces (P = 0.721) or
between thoracic and lumbar regions (P = 0.799), indicating comparable LD activation across surfaces and thora-
columbar location during trot. Current high p-values suggest that a larger sample size would not change this result
to become significant. As the horses included in this study were clinically normal, the findings likely reflect typical
patterns of LD activation during trot on hard and soft surfaces.
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Metabolomic indicators of fatigue resistance in equine skeletal muscle
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Virginia Polytechnic Institute and State University, School of Animal Sciences, 3070 Litton Reaves,
Blacksburg, VA 24061-0001, USA; 2Texas A&M University and Texas A&M AgriLife ResearchTexas A&M
University, Department of Animal Science, 249D Kleburg, College Station, TX 77843, USA; 3Texas A&M
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Exercise performance is coupled to the efficient production of ATP by skeletal muscle. Disrupted energy metabolism
may provoke delayed muscle recovery post-exercise posing a risk to soft tissue and skeleton damage. The hypothesis
that multiple bouts of intense exercise causes cumulative deficits in skeletal muscle metabolism was tested using
adult Thoroughbred geldings. Horses completed incremental standardised exercise tests (SETs) to exhaustion on d1,
d3 and d5 with gluteus medius (GM) biopsy retrieval on d0, d2 and d4 before and after an 8-wk moderate intensity
exercise conditioning program. The slope of gallop time vs day was calculated and used to classify observations
as fatigue susceptible (FS, n = 11, m=-25 + 5) or fatigue resistant (FR, n = 11, m = 11 + 6). Training status did not
affect (P = 0.68) classification. Muscle samples were analysed by GC-MS for relative content of 114 compounds
predictive of fatty acid, protein and carbohydrate metabolism. Data was analysed as a mixed effects model with
Tukey’s posthoc mean comparison of day, fatigue class and their interaction effects. Results demonstrated FR GM
contained 60% more taurine (P = 0.03) and 17% more histamine (P = 0.04) than FS. The TCA cycle intermediates,
fumarate and itaconate, were greater (P < 0.05) at d4 in FR than FS, with aconitate tending (P = 0.10) toward
greater content in FR. All horses contained less (P < 0.05) glyceraldehyde 3-phosphate, 3-phosphoglycerate, glycerol
3-phosphate and lactate at d2 than dO which remained low (P < 0.05) at d4 for glycerol 3-phosphate and lactate.
In summary, multiple bouts of strenuous exercise alters the GM metabolome with FR muscle likely exhibiting fewer
deficits in energy production.
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Muscle bioadaptation in trained Standardbreds after aleurone
supplementation

B. Boshuizen®*, L. De Maré, M. Willems?’, J.E. De Oliveira® G. Hosotani? Y. Gansemans’, F. Van Nieuwerburgh’,
D. Deforce’, E. Verdegaal® and C. Delesalle’

IGhent University, Salisburylaan 133, 9820 Merelbeke, Belgium; 2Cargill R&D Centre Europe, Havenstraat
84, 1800 Vilvoorde, Belgium; *bboshuizen@paardenkliniekwolvega.nl

Previous studies have shown beneficial effects of aleurone on glucose—insulin dynamics and gut microbiome in
horses. This study investigated the effects of aleurone supplementation and training on muscle metabolism and
gene expression in Standardbreds. Sixteen untrained mares completed two 8-week training periods in a cross-over
design, separated by 8 weeks of washout and rest. Training (4 days/week) consisted of a 10-minute warm-up fol-
lowed by aerobic exercise (3x/week; ~25 km/h, HR ~150 BPM, 90% LMS) or interval training (1x/week; 3x3 min at
130% LMS, ~35 km/h, HR ~190 BPM). Horses received either 200 g/day aleurone or a control diet. Vastus lateralis
biopsies were collected before (resting) and after an incremental standardised exercise test to fatigue (acute), pre-
(week 0) and post-training (week 8), during aleurone (A) and control (WA) periods. RNA-seq showed upregulation
of genes related to mitochondrial biogenesis (PGC-1a, FDR = 0.018) and fatty acid oxidation (CPTIA, FDR = 0.022)
after training (resting, WA, week 8). Aleurone further increased expression of genes involved in BCAA metabolism,
including BCKDH (FDR = 0.027). Acute exercise biopsies showed downregulation of HSPAIA (FDR = 0.0029) and
THBSI (FDR = 0.0000), indicating reduced cellular stress (acute, week 8, WA). Metabolomics revealed increased TCA
intermediates and p-hydroxybutyrate pre-exercise and reduced lactate and glycolytic intermediates post-exercise
(week 8, WA), suggesting a training-induced shift toward oxidative metabolism. Aleurone amplified these adapta-
tions, improving metabolic flexibility and muscle efficiency. Aleurone supplementation in trained horses enhances
oxidative metabolism, BCAA and lipid utilisation, which shows improved metabolic flexibility and muscle effi-
ciency.
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