Journal of Equine Veterinary Science 149 (2025) 105567

FI. SEVIER

Contents lists available at ScienceDirect
Journal of Equine Veterinary Science

journal homepage: www.elsevier.com/locate/jevs

Review Article

Check for

The application of the pyramidal training model for conditioning

thoroughbred horses

Allan Davie ?, Rosalind Beavers ", Joshua Denham “%"

2 Australian Equine Racing and Research Centre, Ballina, New South Wales, 2478, Australia

b Faculty of Health Sciences, Southern Cross University, East Lismore, New South Wales, 2480, Australia
€ School of Health and Medical Sciences, University of Southern Queensland, Ipswich,4305, Queensland, Australia

d Centre for Health Research, Toowoomba, Queensland, 4350, Australia

ARTICLE INFO ABSTRACT

Keywords:
Aerobic training
Blood lactate
Performance
Periodization
Racehorse

The purpose of this review was to analyze the scientific background and practical application of a very successful
human training methodology, the pyramidal training model, to the Thoroughbred racehorse. Despite years of
research and accumulated knowledge on human training methods to enhance endurance performance, Thor-
oughbred training programs have lacked significant change. This review introduces the pyramidal training
model, explains the science that underpins this training concept and outlines one approach to translate this

science into the equine field. It also discusses the importance of training load and provides insight into the
monitoring of the load and psychophysiological stress level of the horse during training. The use of heart rate and
blood lactate responses to exercise is encouraged to guide exercise training sessions. These responses are the best
indices of internal load, and the most accurate measure of effort in horses. Applying this information can help
provide the desired training stimulus and overall training workload to maximize endurance performance.

1. Introduction

Despite years of research and accumulated knowledge now available
from a data-driven world, the horseracing industry has been slow to
embrace technologies that have already become mainstream in many
sports [1,2]. The technology to monitor horses’ training workloads
(heart rate, GPS data and lactate) is widely available for trainers, yet the
evidence-based scientific application of these methods is underutilized.

The purpose of this review was to introduce the pyramidal training
model (PTM) and encourage this method for exercise training Thor-
oughbred racehorses. Although the PTM could be successfully applied to
other breeds and racing formats, a comprehensive review on the science
and how the PTM could be applied to all breeds of horses would be
outside the scope of this work. This work explains the science that un-
derpins this training concept and outlines one approach to translate this
science into Thoroughbred racing. It is also anticipated that the article
encourages others to examine the utility of the PTM in other equine
athletes (i.e., Arabian, Quarter horses, etc.) and competitive events.

Exercise involves repetitive muscle contractions that provoke phys-
iological responses and ultimately adaptations following repeated bouts
of training. The nature and magnitude of training adaptations are a
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culmination of many factors including: the structure of the training
protocol (i.e., stimulus), the recovery period and an adaptive phase in
which the muscle regains homeostasis [3]. This return to homeostasis is
governed by both physiological and other biological factors occurring at
different rates, depending on the training history, exercise load and
environmental circumstances (e.g., heat, humidity, simulated altitude
[hypoxia], etc.).

The PTM has gained popularity among elite endurance and middle-
distance human athletes and is a training method aimed at maximizing
adaptations and endurance performance. The PTM dictates that the
majority of training is conducted at low intensity (70-80 % of total
volume of work), while 20-30 % of the total training volume is per-
formed at moderate to high intensities [4-6] with more completed at the
moderate than the highest intensity (Fig. 1). The training stimulus that is
applied is a combination of the intensity, duration and frequency of the
training stimuli, which results in the desired physiological adaptations
to enhance endurance performance.

Research has highlighted the importance of the prescribed training
workload as a key factor in stimulation of adaptations [7]. The training
workload is the physiological and psychological stress that the body
experiences in response to a training stimulus, which is a combination of
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the frequency, intensity and duration of the exercise (i.e., stimulus) that
can include intermittent recovery periods between intervals. The
workload can be broken down into an external and internal component
[8]. The external component encompasses volume and intensity, which
is the distance covered and the speed at which it is covered. The internal
load is the psychophysiological response that the load initiates to cope
with the external load [7] and is considered the major gauge of adap-
tation. Heart rate (HR) and blood lactate (BLa) responses to exercise
training are considered the best indices of internal load and are the most
accurate measures of effort used to guide exercise prescription [8,9].
Although determining the psychological impact of training remains
challenging in the horse, measuring the internal training load (i.e., HR
and BLa) during each exercise training session and applying that infor-
mation to elicit the desired overall training workload, is arguably a
critical component of exercise prescription. Indeed, different training
models, including PTM, polarized and lactate threshold, that use HR and
BLa to monitor training, have been successfully adopted in elite
endurance runners and cyclists for decades [7,10].

2. The scientific foundations supporting the utility of the PTM

Research has shown that following the PTM guidelines during
training leads to a sustained increase in cardiac output over a prolonged
period of time, ultimately resulting in physiological adaptations that
improve oxygen delivery and increase the capacity for oxidative meta-
bolism [7]. The increased oxidative capacity of the working muscles is
correlated to increased mitochondrial biogenesis (i.e., content) and
function, and capillarization in type I (slow-twitch fatigue-resistant)
skeletal muscle fibres [11].

The process of mitochondrial biogenesis requires coordinated regu-
lation of encoded genes from the nuclear and mitochondrial genomes.
Indeed, peroxisome proliferator-activated receptor gamma coactivator
1-alpha (PPARGC1A) is capable of co-activating the nuclear and mito-
chondrial genes required for mitochondrial synthesis. The encoded
protein, PGC-1a, is the widely accepted “master regulator” of mito-
chondrial biogenesis induced in skeletal muscle in the hours following a
single bout of exercise [12]. In skeletal muscle the two primary signaling
pathways for PGC-la activation and mitochondrial proliferation are
calcium signaling and adenosine monophosphate (AMP)-activated pro-
tein kinase (AMPK) [13]. While the calcium signal is more likely used
with lower intensity high-volume training, the AMPK pathway is stim-
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AMP levels are reduced and increased, respectively. The adaptive po-
tential of the calcium signaling pathway is much larger than that of the
AMPK signaling pathway. Coyle (1984) [14] proposed that the magni-
tude of the increase in mitochondria is influenced by the duration of the
exercise or training session, which has been supported by more recent
work by Bishop et al. (2019) [11] who also demonstrated that the vol-
ume of training is more important than intensity for increasing mito-
chondrial content. This does not distract from the importance of
intensity, as it has been proposed that intensity also stimulates im-
provements in mitochondrial function [15]. There is, however, not a
direct linear relationship, as with additional training this factor becomes
less critical.

In the equine field, Tyler et al. (1998) [16] reported that the mito-
chondrial volume/density continued to increase over 34 weeks of
training and paralleled the increase in VOypax in two groups of horses
(control and overload training). The overload trained horses exercised at
higher intensities but did not differ from control horses in mitochondrial
density or other skeletal muscle adaptations following 34 weeks of
training. This study supports the research in humans that longer mod-
erate intensity exercise is the key stimulus for development of oxidative
capacity and muscle physiological adaptations to exercise [16]. Mito-
chondrial density and metabolic efficiency are important components of
stamina, both of which were reported to increase in parallel with VOgyax
improvements, which supports the concept of reducing the volume of
high intensity work. A reduction in high intensity work, as described in
the PTM, may also decrease the risk of orthopedic injuries, as excessive
use of high-speed ‘fast days’ is a major risk factor of catastrophic
musculoskeletal injuries in racehorses [17]. This finding encourages the
sparing use of fast days (i.e., exercise performed in zone 3), particularly
in close succession without adequate recovery with low intensity
training — consistent with the PTM.

Homeostatic disturbances and high physiological stress can interfere
with adaptation and may lead to failure of the muscle to respond
favourably to the training [10], which reinforces the need for training to
be closely monitored. This state can lead to overreaching or overtraining
syndrome, which if the situation progresses can be associated with a
sustained decreased in performance [18,19]. Overreaching and over-
training occur due to excessive exercise or stress and/or inadequate
recovery. Overreaching has been described as functional and
non-functional states [20], with functional being a short term state and
non-functional resulting in extended periods of impaired performance.

ulated with high-intensity training, as adenosine triphosphate (ATP) and Overtraining, however, is considered severe non-functional
— 20-30%
Overall
training — Zone 2: Moderate
volume*
~ 70—-80%
Zone 1: Easy or slow

—J

Fig. 1. Diagram illustrating the Pyramidal training model adapted for the equine athlete in which the overall training volume is divided into three training zones
based on heart rate and blood lactate responses to training and recovery periods. Zone 3 is used sparingly, as this zone equates to high-speed or fast work which is 600
m and 800 m gallops at differing speeds. Most training (70-80 %) is reserved for slow to moderate intensity efforts (Zone 1 and 2) comprised of controlled treadmill
gallops plus walking, trotting and cantering. *The overall training volume relates either to the weekly training volume or daily exercise training volume.
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overreaching that results in a prolonged performance decrement and
more severe symptoms that impede performance and requires an
extended recovery period [20].

Inflammatory responses and slow autonomic recovery following
high intensity training have been related to a failure to adapt [21,22].
The measure of the internal load (HR and BLa) is one indicator of
physiological stress. Seiler et al. (2006) [10] considered that the adap-
tation in response to exercise is very much influenced by the level of
physiological adjustment to the demands of the exercise or stress
generated, and that the physiological adjustments are an attempt to
restore homeostasis. Therefore, the physiological adjustments reflect the
physiological stress. Importantly, physiological stress must be carefully
monitored and controlled. An ideal amount of stress can instigate
desirable adaptations to the muscle or body systems. Conversely, too
much stress negatively affects the muscle’s capacity to adapt and ex-
tends recovery time. While controlling the physiological stress level is
paramount to any training, it is crucial following high intensity training,
typical in Thoroughbred training. Importantly, the level of recovery
between high intensity gallops is critical to the capacity of the muscle to
respond to the next gallop.

Heart rate and BLa responses provide a comprehensive assessment of
post-exercise recovery, as they reflect both cardiovascular and meta-
bolic responses. Human studies suggest that faster HR and BLa recovery
after the cessation of exercise demonstrates superior exercise perfor-
mance and cardiorespiratory fitness [23,24]. The use of HR measure-
ments for predicting performance and training adaptations is based on a
linear relationship between HR and workload up until VOopax. The
major advantage of using HR rate as a predictor of endurance perfor-
mance is that it is relatively cheap, and easy to administer (e.g., via a HR
girth belt) and continuously monitor (e.g., via a trainer wrist-worn
watch or smart phone). Further, as with any measure, it is essential
that the methodology and equipment used are standardized, as well as
valid and reliable.

The mechanisms controlling HR changes at the start, during and
following exercise are well documented and their value in the assess-
ment of physiological adaptations from different training regimens has
been realized in both human and equine athletes [25]. The Thorough-
bred racehorse competes in events ranging from 1000 m to 4000 m plus,
and must sustain a high oxygen delivery to the working muscles,
including both locomotive and respiratory. This is achieved predomi-
nantly by their ability to increase cardiac output from resting levels of
around 32-49 L'min~! to approximately 300 L'min~}, and achieve a
relative VOgnax in the range of 154 rnL'kg_l'min_1 during maximal ef-
forts [26].

All parameters of cardiac function, including HR, conduction, force
of contraction and relaxation, reflect the net balance between an
inhibitory parasympathetic influence and an excitatory sympathetic
influence [27]. Therefore, cardiac parasympathetic reactivation could
be considered the principal determinant of the immediate fall in HR
when exercise ceases or intensity drops. Horses’ recovery HRs (HR;ec)
decrease in a bi-exponential manner, with a faster initial and a slower
secondary decrease [28]. An athletes’ HRy,. is normally measured dur-
ing the immediate recovery period following a bout of exercise or
training interval (e.g., the first few minutes after the cessation of
training), and is often expressed as the difference between peak exercise
HR and HR at specific time intervals during recovery [29]. The HR;¢. can
be influenced by the exercise intensity, duration, and individual
cardiorespiratory fitness level. A faster HR,.. following high-intensity
exercise may indicate an efficient autonomic nervous system func-
tioning (e.g., vagal tone) and cardiorespiratory fitness [30]. Horses with
quicker HR,.. may be capable of sustained efforts and quicker recovery
between bouts of exercise [31]. Slower HR;.c may suggest prolonged
sympathetic activation or inadequate cardiovascular adaptation to the
exercise stress. Thus, combining HR;e, with other recovery markers,
such as BLa concentrations, provides a simple and effective means to
assess post training recovery.
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Post exercise BLa concentrations reflect muscle metabolic activity,
recovery and performance. In humans, the relationship between BLa
concentration and exercise has been extensively studied, and it is
commonly used in training [32,33]. The lactate inflection point (LIP) or
lactate threshold represents the point when muscle lactate production
exceeds its removal, leading to a rapid increase in BLa concentration
[34]. Notably, LIP is a strong indicator of one’s ability to sustain
high-intensity exercise and endurance performance in human and
equine athletes, such that higher running speeds at LIP reflect superior
endurance performance. Studies have demonstrated correlations be-
tween HRye., LIP, and performance in horses [35,36]. Horses with su-
perior HRyec and higher LIP tend to exhibit superior endurance
capabilities and overall performance in disciplines requiring sustained
effort, such as long-distance racing (50-100 km) and eventing [37,38].

Therefore, monitoring and interpreting these physiological markers
has the potential to help tailor individualized training programs to
improve cardiorespiratory fitness in horses. It is reasonable to suggest
that equine training programs aimed at improving HR;¢. and raising the
speed corresponding to the LIP would enhance horses’ endurance per-
formance. Although HR;.. and LIP can provide valuable insights into
performance potential, they only form part of the complete composite of
factors that underpin endurance and race performance (e.g., nutrition,
recovery, overall health, etc.).

3. Background and a potential method for the application of the
pyramidal training model for the Thoroughbred horse

The application of the PTM requires the organization of training into
separate zones. Specifically, exercise is performed below the lactate
threshold intensity for 70-80 % of the weekly training volume (time or
training distance) (zones 1 and 2), and above the lactate threshold in-
tensity for the remaining 20-30 % of the weekly training volume (zone
3). Although organizing the training intensity continuum into specific
zones is common in humans, it may prove more problematic in horses. In
humans, the zones are arranged by physiological variables such as a
percentage of maximum HR or VOsp,4x, BLa concentrations or ventila-
tory thresholds. Low intensity training ‘zone 1’ is considered at BLa
concentrations of 1-2 mmolL!, moderate intensity ‘zone 2' at 2-4
mmol'L"! and high intensity training (zone 3) at > 4 mmolL?! [5,39]. To
date, the application of lactate guided training has been applied spar-
ingly to the equine field, yet studies suggest that a lactate-guided con-
ditioning program can significantly enhance endurance performance
[40-43].

Accordingly, measuring internal training load (i.e., HR and BLa) and
using this information to control the relative training intensity (i.e.,
speed) and for adjusting the frequency, duration and number of in-
tervals, may optimize the desired training stimulus. To establish a
training workload or stimulus for Thoroughbred horses that is repre-
sentative of a similar stress level used by humans in the PTM, the
maximum lactate steady state (MLSS) data from athletes was compared
to Thoroughbred studies. The MLSS is defined as the highest BLa con-
centration that can be maintained over an extended period of time
without a continual increase in BLa concentration [44]. In humans, a
close relationship between endurance performance and MLSS has been
reported [45]. However, the MLSS determination method is not easy to
implement in the racehorse’s training schedule, as MLSS protocols
require three constant-velocity exercise sessions of approximately 30
min on separate days. Therefore, a more appropriate procedure, which
require a single exercise session, such as the D-max or a modified version
of the MLSS, the lactate minimum speed test (LMS) [46,47] could be
more appropriate for MLSS prediction in equine athletes. The D-max
(see description in text) is an accurate and reliable measure of the MLSS
and endurance performance in human athletes [48]. The LMS test is also
a valuable test for predicting performance and designing individualized
training programs. Ramos et al. (2024) [43] described a treadmill
version of the LMS test as having three steps, a hyperlactatemia
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induction step, active recovery and an incremental exercise test. The
hyperlactatemia step involves working on the treadmill on a 6 % incline
and a speed of 10 m's™* for 120 s. Following the gallop, the horse has an
active recovery with the treadmill in a horizontal position at a speed of
1.7 m's™! for 120 s. The horse then performs an incremental exercise test
at a 6 % incline with an initial speed of 3.0 m's™ for 4 min and 27 s. Each
subsequent increase in speed is 0.5 m's™?. The time periods at each speed
are adjusted to ensure every stage is 800 m. For example, 3.5 m's™ for 3
min and 49 s; 4.0 m's™! for 3 min and 20 s; 4.5 m's™! for 2 min and 58 s;
5.0 m's'for 2 min and 40 s; 5.5 m's™* for 2 min and 26 s; 6.0 m's™ for 2
min and 13s; 6.5 m's™! for 2 min and 35; 7.0 m's’! for 1 min and 54 s; and
7.5 m's! for 1 min and 47 s. To determine BLa concentrations and speed
representative of LMS a second order polynomial curve is fitted to the
BLa versus speed data. Speeds at the LMS test range from 4.7 to 6 ms?!
[43] and approximately 7 m's’! [47] for Arabians and Standardbreds
respectively.

Although the utility of the D-max method has not been examined in
horses, the concept can be applied to any lactate curve, provided stan-
dardized testing protocols are followed to determine the LIP. The D-max
method simply involves measuring the lactate responses to an incre-
mental exercise treadmill test, and representing lactate response as a
second-order polynomial regression curve. The D-max is defined as the
point on the regression curve that yields the maximal distance to the
straight line formed by the two end points of the curve.

In Fig. 2, the incremental exercise test protocol involved horses
exercising for 2 mins at 4 m's’!, after which the treadmill speed was
increased by 1 m's? every 60 secs, until a predetermined fixed set end
point or until the horse could no longer maintain their speed safely. The
D-max method was applied to the average results of a group of Thor-
oughbred horses that completed an incremental treadmill test. The D-
max point occurred at a lactate concentration of approximately 3
mmol'L! which was represented by a treadmill speed of approximately 8
m's™ at 6° incline. The speed of 8 m's™? for Thoroughbred racehorses is
aligned with that reported for Arabian horses of 4.7 to 6 ms! [43,49]
and Standardbreds of approximately 7 m's™ [47].

Therefore, the application of the PTM to Thoroughbred training
seems viable using the equine treadmill, as speed, intensity and work-
load can be controlled to provide the desired BLa concentration. Gallop
distance, speeds and grade can be set based on LMS or p-Max results, to
generate BLa levels representative of the LMS or p-max point. Based on
the PTM, these gallops would be repeated twice per week (to represent
the 70-80 % of training in zone 1 and 2), with a third gallop conducted
on the racetrack at speeds close to 70-80 % of maximum or ‘race speed’
(to represent the 20-30 % of training in zone 3). The use of HR monitors
during gallops and assessing HR;e. and BLa concentrations post gallop,
enables monitoring of stress levels during training, and allows the
trainer to adjust treadmill speed and grade in line with improvements in
the horse’s cardiorespiratory fitness.

4. Conclusion

With the volume of effective, evidence-based training methods suc-
cessfully used for enhancing endurance performance in human athletes
(e.g., PTM) and the translatability of the science that underpins this
training concept to the equine athlete, translation of the PTM into the
equine field is warranted. The application of the evidence-based training
methods to Thoroughbred training seems viable via the treadmill, as
speed, intensity and workload can be controlled to provide the desired
BLa or HR targets. Technology also permits the monitoring of internal
and external training stress and recovery between training sessions. This
effective training system is not only designed to tailor exercise training
programs to the animal, but also may prevent over-reaching/
overtraining and maximize endurance performance in Thoroughbred
racehorses.
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Fig. 2. The D-max method for determining maximum blood lactate (BLa)
steady state involves measuring the lactate responses to an incremental exercise
treadmill test, and representing the BLa response as a second-order polynomial
regression curve. The D-max is defined at the point on the regression curve that
yields the maximal distance to the straight line (dotted line) formed by joining
the two end points of the curve (in this case 8 m's™).
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