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Summary

Horses have always been used because of the huge potential of their musculoskeletal system and associated locomotor performance. Con-
sequently, disorders of the musculoskeletal system rank first in causes of wastage. Within these musculoskeletal disorders problems related
to articular cartilage and (flexor) tendons are of special importance, because of the notorious bad healing capacity of these tissues in ma-
ture individuals. There is increasing evidence for an important role of exercise in the juvenile phase in the conditioning of tissues and hen-
ce physical capacities and injury resistance of the horse (as in humans), including articular cartilage and (to a lesser extent) tendons. It is
likely, therefore, that husbandry systems that limit the possibility to exercise at young age are detrimental for the development of a strong,
injury-resistant musculoskeletal system whereas promoting physical exercise at young age can be expected to have a protective effect and
hence may be an effective way to prevent musculoskeletal injury later in life. 
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Die mögliche Rolle von Trainingsprogrammen zur Verringerung von Verletzungen

Pferde wurden aufgrund ihres immensen Vermögens des Bewegungsapparates immer genutzt. Dieses Vermögen ist mit einer lokomotori-
schen Leistungsfähigkeit assoziiert. Somit stellen Erkrankungen des Bewegungsapparates die Hauptursache für die Ausscheidung aus dem
Sport dar. Im Rahmen dieser Erkrankungen sind Läsionen des Gelenkknorpels und der Beugesehnen von besonderer Wichtigkeit, da die-
se Gewebe beim adulten Tier eine schlechte Heilungskapazität besitzen. Es gibt zunehmend Anhaltspunkte, dass die Bewegung des Jung-
tieres eine wichtige Rolle bei der Konditionierung der Gewebe spielt und somit auch für die physikalische Kapazität und die Verletzungsre-
sistenz einschließlich für den Gelenkknorpel und in geringerem Maße für die Sehnen der Pferde(ähnlich dem Menschen) verantwortlich ist.
Es ist somit wahrscheinlich, dass Haltungsbedingungen, welche die Möglichkeit der Bewegung im jungen Alter begrenzen für die Entwik-
klung eines starken Verletzungs- resistenten Bewegungsapparates schädlich sind, wogegen erwartet werden kann, dass das Fördern von
Bewegung im jungen Alter eine protektive Wirkung besitzt und somit die Möglichkeit besteht Verletzungen des Bewegungsapparates zu
einem späteren Lebenszeitpunkt zu verhindern 

Schlüsselwörter: Training / Pferd / Verletzung / Risiko / Gelenk / Knorpel

Introduction

Unlike almost all other domesticated species, the horse was
domesticated for its athletic potential and the species has ser-
ved mankind for millennia in warfare, transport and agricultu-
re thanks to its sheer power, speed, agility and stamina (Dun-
lop and Williams 1996). The role of the horse in society has
changed dramatically over the past 60 or 70 years, but also
in its present-day use as a sports and leisure animal those
same characteristics decide whether the horse will be success-
ful or not. It may not be surprising, therefore, that injuries of
the musculoskeletal system are by far most important in terms
of wastage in equine athletes. This applies to the racing indu-
stry (Rossdale et al. 1984, Williams et al. 2001), but equally
to other equestrian disciplines, such as dressage, show jum-
ping, eventing and endurance (Sloet et al. 2010). The most
important affected tissues are articular cartilage, tendons and
bone (the latter tissue more in the racing industry than in other
equestrian disciplines). Both articular cartilage and tendon are
known to have extremely limited regenerative capacity in
mature individuals, which makes severe lesions of these tissues
often career-ending in performance horses.

There are no historical epidemiological data on the horse
and even modern epidemiological studies are scarce and
focussing almost invariably on racehorses, but the impression
exists that musculoskeletal disorders have certainly not de-

creased in prevalence in recent times. This may have to do
with the fact that the exigencies of modern top-level eque-
strian sports may be even tougher than those for former uses
of the horse. However, there may be another factor too
which is the way many horses are kept in today’s strongly
urbanised world where space is a rare and expensive com-
modity. Many horses, whose ancestors have evolved as
animals free-roaming the vast steppes and plains of the
Eurasian and North American continents, are now during
most of the day confined to stables, or at the best to relati-
vely small enclosures. The differences between domestica-
ted horses and feral horses may be substantial. Hampson et
al. (2010) observed that Australian wild horses (including
new-born foals) travel on average 16 km per day (range 8-
28), which is much more than the daily exercise of the ave-
rage domesticated horse. The wish to have “early foals” (i.e.
foals born as close as possible to their administrative birth
date, which is January 1st in the Northern hemisphere and
August 1st in the Southern) results in most parts of the tem-
perate zones in stall confinement for young foals as well,
because of harsh climatic conditions outside. 

The influence of early exercise 

In terms of conditioning, early exercise may have effects on
either neuromuscular functioning, i.e. the co-ordination and
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technical execution of activities, or on the biological charac-
teristics of musculoskeletal tissues, which can theoretically be
broken down into biomechanics, extracellular matrix bioche-
mistry and cellular performance. The biological characteri-
stics have been researched more heavily and will be discus-
sed here. 

The responsiveness of certain musculoskeletal tissues and
especially bone to exercise, also in mature individuals, has
been known for long. Bone is not a homogeneous tissue with
respect to biochemical composition and structure, but adapts
to the amount and direction of the loads it is subjected to.
This principle, known as Wolff’s law, was discovered more
than a century ago (Wolff 1892). The insight that this princi-
ple applies to more tissues than bone alone, is from a much
more recent date. 

Articular cartilage

In 1999 Brama et al. published a first report on site (and age)
related differences in the biochemical characterisation of the
collagen network at two sites of the proximal articular surfa-
ce of the first phalanx (Brama et al. 1999). They showed a
significantly higher collagen content at the dorsal rim of the
articular surface than in the central fovea. Numbers of cross-
links were higher too. In a more extensive study into the topo-
graphical heterogeneity of the same articular surface, in
which 12 sites were sampled and proteoglycan content was
determined as well, it was demonstrated that there was a
distinct and consistent topographical variation for all para-
meters determined: water, DNA, glycosaminoglycans, colla-
gen, hydroxylysylpyridinoline (HP) cross-links and degree of
lysyl hydoxylation (Brama et al. 2000a). The findings corre-
sponded neatly with the load distribution in the joint as deter-
mined using pressure-sensitive films in an in vitro setting and
applying loads occurring during activities such as standing,
walking, trotting, cantering and jumping (Brama et al. 2001),
showing that in the mature individual there is normally a
match between loading and tissue characteristics, i.e. bet-
ween the resistance of the tissue and the demands placed
upon it.

Little and Ghosh (1997) were the first to provide some evi-
dence that these topographical differences in extracellular
matrix composition may be not yet present at birth as they
demonstrated that in neonatal ovine articular cartilage, in
contrast to tissue from mature individuals, there was neither
heterogeneity in proteoglycan biochemistry nor in chondrocy-
te metabolism. This brought them to the hypothesis that the
regional chondrocyte phenotype of adult ovine cartilage
resulted from factors imposed on the joint after birth, i.e.
weight bearing and articulation. A first investigation to verify
whether the situation in the horse was comparable to that in
sheep showed that there were indeed no differences for all
biochemical parameters of neonatal equine articular cartila-
ge between the two sites that are most different in the mature
animal (Brama et al. 2000b). This was true for all parameters
that were investigated, including those related to collagen.
Site-specific differences had developed at the age of 5
months for DNA, GAGs, collagen and lysyl hydroxylation, but
were still absent for water and HP cross-linking at age 11
months. The picture became complete when these data were

combined with data from older animals: the ratios between
the two sites for these parameters became significantly diffe-
rent from zero in the age span of 1-4 years (Brama et al.
2002). It is interesting to note that most of the topographical
heterogeneity takes shape in the first 5 months of life, which
therefore seems to be a crucial period. Important evidence
that loading (and hence exercise) plays a crucial role in this
development came from a large-scale investigation into the
influence of exercise on the development of the equine
musculoskeletal system in general and on osteochondrosis in
particular, the so-called EXOC study (van Weeren and Bar-
neveld 1999). In this study 3 groups of foals were compared
that had been reared under different exercise regimens from
0-5 months of age (box-rest only, box-rest with short bouts of
high-intensity exercise and pasture exercise). At the age of 5
months, 24 (8 from each group) of the original 43 foals were
euthanased and their musculoskeletal tissues were harvested
for analysis. The remaining 19 foals were joined in a single
group that underwent a moderate exercise regimen. These

animals were sacrificed at the age of 11 months to see if any
differences encountered at age 5 months persisted or not.
The overall conclusion from the EXOC-study was that pastu-
re exercise came by far out as best for an optimal conditio-
ning of the musculoskeletal tissues. Box-rest led to a clear
retardation of the normal maturation process (fig. 1), and the
combination of box-rest with additional short bouts of high-
intensity exercise appeared to have negative effects, among
others on chondrocyte viability (Barneveld and van Weeren
1999, van den Hoogen et al. 1999).

Building forth on the data from the EXOC-project that
unequivocally showed the modulating influence of early
exercise on musculoskeletal tissues (van Weeren et al.
2000), a new large experiment was set up by an internatio-
nal consortium with as major goal to investigate the possibi-
lity of strengthening the equine musculoskeletal system by
conditioning it via an increase of the workload on top of the

Fig. 1 The overall importance of early exercise is nicely illustrated
by the response of bone. Bone mineral density development remain-
ed clearly and significantly behind in the foals from the EXOC expe-
riment that were kept in box stalls for 24 hours per day, compared to
foals that received either free (pasture) exercise, or foals that were
kept in box stalls but received short bouts of high-intensity exercise.
The common (light) exercise protocol the remaining 19 foals recei-
ved was apparently sufficient to make the foals from he original box
rest group to recover completely. At 11 months foals from all former
exercise groups have comparable bone mineral density (right side of
picture). BMDv: Bone mineral density by volume (in grams per cubic
centimetre). 
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normal amount of exercise foals will have when moving free-
ly at pasture (McIlwraith 2000). The so-called GEXA-trial was
carried out in New Zealand and comprised two groups of
Thoroughbred foals (Rogers et al. 2008a). The groups were
raised under identical circumstances at pasture from birth
until breaking in at 18 months, but one of the groups (CON-
DEX) were subjected to an additional exercise regimen  that
increased the total workload in comparison to the untrained
group (PASTEX) with about 30%. Applying specific exercise
regimens to young (suckling) foals may pose some technical
problems (fig. 2). 

Workload was measured using a specially developed Cumu-
lative Workload Index (CWI) (Rogers and Firth 2004). It is
important to note that no detrimental effects of the imposed
exercise regimen could be noted (Rogers et al. 2008a,b).
There was no exercise effect on proteoglycan content, indica-
ting that the exercise level had not been strenuous and con-
firming the work by Nugent et al. (2004) and Kawcak et al.

(2010) on full-thickness cartilage, but a detailed analysis of
the various layers of the articular cartilage from the surface
down to the calcified cartilage showed that there was an
accelerating effect on normal development of cartilage. In the
CONDEX animals, hydroxylysine, HP cross-links and pentosi-
dine cross-links were all higher, all indicative of advancement
of the normal process of functional adaptation (van Weeren
et al. 2008). Other evidence for the difference in maturation
rate came from ultrastructural studies. Polarised light micro-
scopy techniques were used to investigate the spatial arran-
gement of the fibrils of the collagen network throughout the
depth of the cartilage, measured as parallelism index (PI, a
measure of the degree to which the collagen fibrils are alig-
ned to each other) and orientation index (OI, a measure of
the average angle of collagen fibrils with respect to the arti-
cular surface). Parallelism index was higher in CONDEX
animals, again indicating advanced maturation (Brama et al.
2009). 

With respect to the cellular component of the cartilage it was
shown that the conditioned animals had higher viability sco-
res for chondrocytes than the animals that had not received
additional exercise (Dykgraaf et al. 2008).  

Tendons

Of the disorders of the musculoskeletal system tendon disor-
ders rank first or second to articular cartilage problems,
depending on breed or equestrian activity involved (Rossdale
et al. 1985, Todhunter 1992). The effect of exercise on ten-
dons depends on the type of tendon involved. Woo et al.
(1982) showed in pigs that exercise led to an increase in
cross-sectional area (CSA) in extensor tendons (which are so-
called positional tendons that only transmit force between the
muscle and the site of bony attachment), but not in flexor ten-
dons (which are more elastic and also have an energy-storing
function). There may be a good biological reason behind this:
if the CSA of flexor tendons would increase considerably with
unchanged material properties, this would imply an increase
in stiffness and hence a decrease in elasticity. There are some
indications, however, that the exercise level may affect the
development of the flexor tendons too in the early juvenile
period. In material from the EXOC-study cited above it was

shown that the pasture-exercised foals had a larger CSA of
the superficial digital flexor tendon (SDFT) and the tendons
ruptured at a higher load with less tissue stiffness than in the
other two groups (Cherdchutham et al. 2001a) (fig. 3). The-
re were also differences in collagen fibril diameter distribution
(Cherdchutham et al. 2001b) and biochemical composition
(Cherdchutham et al. 1999) between these groups of foals
with higher cellularity and higher levels of polysulphated gly-
cosaminoglycans (PSGAG) and hyaluronic acid (HA) in the
pastured animals compared to the box-rested foals. Inter-
estingly, in the foals that originated from the exercise groups
and were joined in a single group to be euthanased at 11
months the differences in the abovementioned biochemical
parameters between foals that had been box-rested respecti-
vely pastured during the first 5 months had disappeared.
However, animals that had originally been subjected to the
combination of box-rest and heavy exercise showed a signifi-
cantly lower PSGAG/DNA ratio, which was interpreted as a
negative long-term effect of that specific exercise regimen. 
In a study (the JRA-study) in which Thoroughbred foals were

Fig. 2 Specific training of young foals can only be done if the
mare is exercised. It may be necessary to create specific conditions
to achieve this. In the EXOC-trial mares and foals were chased be-
tween two helpers, in the GEXA-trial, mares and foals were exercised
over a custom-built oval track between farmbikes

Fig. 3 Force-strain curves of the superficial digital flexor tendons
of foals from the EXOC-experiment at age 5 months. Tendons were
loaded until rupture. Tendons from the pasture-raised foals ruptured
at a higher force than those from the foals that had been box-rested,
or that had been box-rested in combination with bouts of short-term
exercise. (From: Cherdchutham et al. 2001a).
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trained on a treadmill (in addition to a regimen of box-rest
with limited access to pasture) and in which SDFT CSA was
monitored ultrasonographically Kasashima et al. (2002)
found significant differences in certain episodes only. SDFT
CSA was larger in the exercised foals at around age 5
months, but there was no significant difference over the enti-
re monitoring period. Biochemical parameters were not
determined in that study. 

In the GERA study that has been mentioned earlier (Rogers et
al. 2008a,b) there was no difference in SDFT CSA between
the trained CONDEX and the untrained (but pasture exerci-
sed) PASTEX animals after an experimental period lasting
from age 3 weeks to age 18 months, although there was a
trend (p=0.058) towards a larger CSA in the CONDEX
group (Moffat et al. 2008). 

Conclusion

In man there is increasing recognition of the importance of
early exercise (USDHHS 1996), with even a clear effect of
exercise during childhood on the risk of depression later in
life (Jacko et al. 2011). Of the latter effect little is known in
the horse, but in the equine species there is also ample evi-
dence now that exercise in early life has a moulding influen-
ce on the extracellular matrix of articular cartilage and pos-
sibly also tendon. As articular cartilage in adult animals
should have a composition that is matched to the loads it is
subjected to and is known to have virtually no regenerative
capacity, the first few months of life may be crucial to create
a tissue with optimal biomechanical properties and hence
maximal injury resistance. It has been shown that withholding
of exercise during this early juvenile period will result in a
retardation of the normal development that, in the case of
the collagen matrix, cannot be compensated for and thus
will lead to an inferior ECM. It is also known that a combi-
nation of inactivity with short bouts of heavy exercise has
deleterious effects. Thus far free pasture exercise comes out
best and it can now be said that there is compelling eviden-
ce to state that foals should always be raised in a way that
they are subjected to a work-load that is at least equal to
what they would be having if moving freely at pasture. Addi-
tional exercise to this basic workload will induce further
changes in the speed of maturation of the ECM and in final
biochemical make-up, but it is not clear yet whether this
leads to a better injury resistance. It can be expected that in
the future more research will be done on the effect of exer-
cise at early age on musculoskeletal development. Specific
exercise guidelines for optimal conditioning of the musculo-
skeletal system in the horse will emerge at some stage,
making rearing and training of horses a little more into a
science-based activity than the art that is entirely based on
tradition and empiricism it is at present. 
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