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Simple Summary: Skeletal injuries are common in athletic horses. This literature review covers
over three decades of research focused on preventing bone-related injuries and demonstrates how
research develops over time. In an initial study evaluating the role dietary silicon can play in
racehorse injuries, an observation of mineral loss from the cannon bone was observed after the
commencement of training. Subsequent work revealed the loss was associated with horses being
removed from pasture and placed into stalls, resulting in decreased mechanical loading on the
skeleton. As bone responds to the load placed upon it, continued research focused on housing and
exercise requirements to prevent such bone loss. Only short sprints are needed to maintain or increase
bone strength. Conversely, endurance exercise, without high-speed exercise, fails to cause bone to
become stronger. Exercise can be either forced or voluntary but having free access to exercise does
not guarantee that animals will perform it. Thus, horse behavior needs to be taken into consideration.
While proper nutrition is critical for bone health, it does not guarantee it without appropriate exercise.
Pharmaceuticals impact various factors associated with bone health. Many items influencing equine
bone health can also be applied to humans.

Abstract: Much research has been conducted in an attempt to decrease skeletal injuries in athletic
horses. The objective of this literature review is to compile the findings of over three decades of
research in this area, make practical recommendations, and describe how research can develop over
the years. An initial study investigating the role of bioavailable silicon in the diets of horses in race
training produced the unexpected finding of decreased bone mineral content of the third metacarpus
subsequent to the onset of training. Further studies revealed this decrease to be associated with stall
housing eliminating high-speed exercise, leading to disuse osteopenia. Only relatively short sprints
(between 50 and 82 m) were necessary to maintain bone strength and as few as one sprint per week
provided the needed stimuli. Endurance exercise without speed fails to elicit the same benefits to
bone. Proper nutrition is also required for optimal bone health, but without the right exercise, strong
bone cannot be maintained. Several pharmaceuticals may have unintended consequences capable of
impairing bone health. Many of the factors influencing bone health in horses also exist in humans
including a sedentary lifestyle, improper nutrition, and pharmaceutical side-effects.

Keywords: equine; horse; bone; skeleton; exercise; injury; sprint; confinement; silicon; nutrition

1. Introduction

For many decades, the high incidence rate of dorsal metacarpal disease (commonly
known as bucked shins [1]) has been of concern to those in the horse racing industry, with
70% of two-year-old Thoroughbreds developing the problem, as reported by Norwood [2].
This ailment is similar to shin splints which has commonly plagued human athletes, and,
in particular, runners [3]. In 1989, as an exercise rider of racing Thoroughbreds, the author
often engaged in conversations with the trainer for whom he rode about the latest research
into how to prevent bucked shins. At that time, there was limited research into how equine
bone responds to training, with some of the most prominent work being presented by Dr.
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David Nunamaker of the New Bolton Center. His research provided some guidance and
understanding on how training techniques affect this problem [4].

In October of 1990, during the running of the Breeders’ Cup Distaff, the catastrophic
breakdown of the filly “Go For Wand” in front of the grandstands at Belmont Park in New
York emphasized the need for greater research into preventing bone-related injuries [5].
Coincidentally, that same month, the author had commenced research for his graduate
work at Texas A&M University focused on trying to find ways to strengthen bone and
prevent skeletal injuries in performance horses. The following is a review of over 30 years
of that research. Besides demonstrating how research evolves and how one project can lead
to another, the three decades of research provides recommendations, supported by science,
in how to decrease injuries in athletic horses, with implications for humans as well.

2. Bioavailable Silicon

The initial project began with the examination as to whether supplementing a bioavail-
able source of silicon (Si) could decrease injury rates in equine athletes [6]. The work was
inspired by earlier reports on the essentiality of dietary Si and the implications for new
bone development [7–10]. With 53 Quarter Horses in race training in the blinded and
placebo-controlled study, benefits from supplementing sodium aluminosilicate (SZA), the
Si source, were documented [6]. First, all three supplemented groups (low, medium, and
high dosages) had more horses complete the required race program (nine races scheduled
two weeks apart) than were injured compared to the control group which had more horses
injured than were able to complete the study without injury. (It should be noted, injuries
were not of catastrophic nature but simply were injuries that required the horses to miss
days of training.) Further, the medium and high dosage groups completed substantially
greater distances in training before experiencing an injury or completing the project if no
injury occurred (90 and 83 km, respectively) compared to the control group (50 km). Finally,
the medium treatment group had a faster average race time (20.3 s) than the control and low
Si groups (20.7 s) at the race distance of 320 m. While supplementation was not believed to
make horses faster, it was concluded that faster individuals within the medium treatment
group were able to better withstand the rigors of race training without experiencing injury,
contributing to the faster overall race time of that group compared to the control and low
Si groups.

The specific mode of action for the benefits reported in that study could not be
determined. Thus, several future studies used markers of bone turnover not readily
available at the time of the initial study [6] to elicit possible reasons for the decrease in
injury rates. Lang et al. found that supplemented yearling horses had decreased markers
of bone resorption compared to unsupplemented controls [11]. Likewise, with broodmares,
trends (p < 0.10) for altered bone resorption were observed in postpartum supplemented
mares compared to controls [12]. Combined, the two studies by Lang and colleagues
suggest that an altered rate of bone turnover may have influenced injury rates by allowing
for a more rapid rate of bone repair that would prevent subclinical issues from becoming
clinical. This was supported, to some degree, by work from Turner et al., who used
20 calves beginning at three days of age to test whether Si supplementation could impact
their skeleton [13]. No differences in bone architecture or mechanical properties could be
detected, but the rate of bone turnover again appeared to be altered. While the change
in bone turnover could be deemed positive, there was an accompanying increase in the
aluminum (Al) content of cortical bone and articular cartilage. The Si concentration was
increased in the aorta, spleen, lung, muscle, and kidney of Si-supplemented calves, but Al
was also increased in all tissues [14].

Only benefits from Si supplementation were noted in the prior studies with horses,
but there were concerns about the amount of Al that was present in the SZA supplement
(up to 130 g/kg). This prompted the evaluation of another bioavailable Si source without
Al; that being oligomeric orthosilicic acid (OSA) [15]. Both SZA and OSA altered calcium
(Ca) retention and boron metabolism compared to controls, but only OSA was able to alter
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Si retention, digestibility, and plasma concentration. Thus, it appeared to be a viable option
to provide dietary bioavailable Si without adding substantial amounts of Al to the equine
diet. Another option may be a mineral supplement from a marine source that was tested
against limestone (to provide a similar amount of Ca). In that study, yearling horses given
the marine mineral supplement had enhanced bone turnover. Perhaps not coincidentally,
that mineral supplement also provided a similar amount of Si as did SZA, suggesting the
benefits may have come from Si [16].

With the prospect of bioavailable Si aiding in bone health, products claiming to contain
bioavailable Si became available commercially. While research had shown some benefits,
anecdotally people made claims that providing sources of bioavailable Si also aided in
resorption of certain joint lesions. As work by Reynolds and colleagues had previously
documented spontaneous resorption of lesions without any outside intervention in young,
growing horses [17], skepticism accompanied these claims. To investigate this, 44 two-year-
old Standardbreds were radiographed to identify osteochondrotic defects in the fetlock
and hock joints [18]. From that group, eight horses met the inclusion criteria and were
pair-matched and assigned to a control group (receiving a placebo) or a treatment group
(receiving 200 g of a bioavailable Si source). Horses were kept on their respective treatment
for 120 days at which point they were radiographed again. No treatment differences were
observed, though it was acknowledged that the number of horses completing the project
was small, limiting the ability to conclusively say treatment had no effect. However, no
findings in the study supported the anecdotal reports of lesion regression with supplemen-
tation. It was acknowledged that supplementation may need to occur at a younger age to
prevent the development of osteochondrosis.

The concern regarding age of horse when supplementing was echoed by Pritchard
et al. Retired Standardbred racehorses were supplemented with a source of bioavailable
Si to examine whether it could affect lameness, particularly through its potential role in
collagen synthesis [19]. In this 84-day study, 10 horses were pair-matched and assigned to
a Si-supplemented group or control. No treatment differences in lameness examination
scores, radiographic scores of joints, or other indices of collagen degradation or synthesis
were observed. With the mean age of horses being over 10 years, this study questioned
whether supplementation provides little benefit in the aged animal. It also questioned
whether the dosage provided in a commercially available form (0.3 g supplement/100 kg
BW per d) was insufficient to elicit a response. Pritchard et al. also examined supple-
mentation in broilers supplemented from day 1 after hatching until 42 days of age [20].
No differences were seen in bone density, morphology, and strength measures between
treatments, though supplementation altered serum mineral concentrations. Like with the
previous Standardbred study [19], the dosage recommended by the manufacturer was
below the intakes previously utilized in studies that reported positive influences on bone.
Combined, these studies suggest the importance of careful scrutiny of commercial products
that make claims based on studies that were not performed on their products, or that
recommend dosages not shown to produce benefits in published research.

3. Bone Loss in Early Training Associated with Stall-Housing

In an attempt to find a dietary supplement that can prevent skeletal injuries, arguably
a more important finding occurred by happenstance. In the initial study utilizing 53 horses
in race training, radiographs were taken of the third metacarpus throughout the study. This
was done to examine differences in bone mineral content using radiographic photodensito-
metry measured in radiographic bone Al equivalences (RBAE) [21]. This technique allows
the optical density of the various steps of an Al stepwedge penetrometer attached to the
radiographic cassette to be equated to the peak optical density of each cortex of the third
metacarpal (reported in mm Al) [22]. The bone optical density is influenced by both the
thickness of the bone and the density of the bone. This technique was later refined to allow
the total bone mineral content of a cross-section of the third metacarpus to be assessed [23].
While not as precise as techniques such as computed tomography [24], which has been
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shown to be strongly correlated to bone ash weight [25], it is a non-invasive technique
that has the advantage of not requiring sedation and being relatively inexpensive to use.
In recent years, this technique has been modified for use with digital radiographs [26]
and, when used with digital radiographs, the need to use unprocessed images has been
recognized [27].

Using this technique, the initial racehorse study revealed a surprising result. When
horses commenced race training, the RBAE (again, an estimate of bone mineral content)
had decreased by day 62 of training (Figure 1) [21]. The RBAE remained low through day
104 of the study but had begun to increase by the conclusion of the study at day 244. These
findings were surprising as most physiological systems are typically believed to increase in
strength when athletic training commences (cardiovascular, muscular, respiratory). Thus,
to find the skeletal system losing bone mass was confusing and alarming. Further, it should
be noted that most bone-related injuries happened between days 60 and 120 of training
when the bone mass was at its lowest. Accompanying this, horses began racing during
week 9 of the study. While it was surprising that horses were losing bone mass during the
initial stages of training, it was not surprising that the greatest injury rates were occurring at
the time when bone was the weakest and horses were beginning to race. The combination
of fast speeds and weak bones logically results in injuries.

Animals 2022, 12, x FOR PEER REVIEW 4 of 13 
 

influenced by both the thickness of the bone and the density of the bone. This technique 
was later refined to allow the total bone mineral content of a cross-section of the third 
metacarpus to be assessed [23]. While not as precise as techniques such as computed to-
mography [24], which has been shown to be strongly correlated to bone ash weight [25], 
it is a non-invasive technique that has the advantage of not requiring sedation and being 
relatively inexpensive to use. In recent years, this technique has been modified for use 
with digital radiographs [26] and, when used with digital radiographs, the need to use 
unprocessed images has been recognized [27].  

Using this technique, the initial racehorse study revealed a surprising result. When 
horses commenced race training, the RBAE (again, an estimate of bone mineral content) 
had decreased by day 62 of training (Figure 1) [21]. The RBAE remained low through day 
104 of the study but had begun to increase by the conclusion of the study at day 244. These 
findings were surprising as most physiological systems are typically believed to increase 
in strength when athletic training commences (cardiovascular, muscular, respiratory). 
Thus, to find the skeletal system losing bone mass was confusing and alarming. Further, 
it should be noted that most bone-related injuries happened between days 60 and 120 of 
training when the bone mass was at its lowest. Accompanying this, horses began racing 
during week 9 of the study. While it was surprising that horses were losing bone mass 
during the initial stages of training, it was not surprising that the greatest injury rates were 
occurring at the time when bone was the weakest and horses were beginning to race. The 
combination of fast speeds and weak bones logically results in injuries. 

 
Figure 1. Total radiographic bone Al equivalences (RBAEs) of all horses and periods during which 
bone-related injuries occurred [21]. a,b,c Days lacking a common superscript differ (p < 0.05). 

At the time of the study, most discussions about modifications of equine bone fo-
cused on bone remodeling—the process by which old or damaged bone is replaced by 
new bone [28]. In theory, the loss of bone at the start of training could be explained if 
equine bone was not sufficiently strong to withstand the rigors of training resulting in 
damaged bone that needed to be removed to allow new bone to replace it. If that were to 
occur, it raised the question as to whether the amount of dietary mineral recommended 
by the 1989 Horse NRC [29] would be sufficient once new bone began to be deposited. 
Given that shin soreness in humans had been linked with low Ca intake [30], there was 
concern that insufficient Ca in the diet might leave horses susceptible to bone-related in-
juries. 

To address this, 10 previously untrained Quarter Horses were put into race training 
for 112 days [31]. They were fed diets balanced to meet NRC requirements [29]. Radio-
graphs revealed a decrease in bone mineral content of the third metacarpus by day 56 of 
training, prior to the initiation of speedwork being introduced during the second half of 
the study. This decrease in bone mass was similar to the decrease seen in the prior study 
using 53 horses. In the second half of the study, bone mass increased, and was 

650

700

750

800

850

 T
ot

al
 R

BA
E 

(m
m

2  
A

l)

-120 -60 0 60 120 180 240
Day of Training

Total RBAE (mm 2 Al)

60

50

40

30

20

10

0

Frequency of H
orses Experiencing

Bone-R
elated Injuries, %

Frequency of Horses Experiencing
Bone-Related Injuries, %

a

b b

c

c

Figure 1. Total radiographic bone Al equivalences (RBAEs) of all horses and periods during which
bone-related injuries occurred [21]. a,b,c Days lacking a common superscript differ (p < 0.05).

At the time of the study, most discussions about modifications of equine bone focused
on bone remodeling—the process by which old or damaged bone is replaced by new
bone [28]. In theory, the loss of bone at the start of training could be explained if equine
bone was not sufficiently strong to withstand the rigors of training resulting in damaged
bone that needed to be removed to allow new bone to replace it. If that were to occur, it
raised the question as to whether the amount of dietary mineral recommended by the 1989
Horse NRC [29] would be sufficient once new bone began to be deposited. Given that
shin soreness in humans had been linked with low Ca intake [30], there was concern that
insufficient Ca in the diet might leave horses susceptible to bone-related injuries.

To address this, 10 previously untrained Quarter Horses were put into race training for
112 days [31]. They were fed diets balanced to meet NRC requirements [29]. Radiographs
revealed a decrease in bone mineral content of the third metacarpus by day 56 of training,
prior to the initiation of speedwork being introduced during the second half of the study.
This decrease in bone mass was similar to the decrease seen in the prior study using
53 horses. In the second half of the study, bone mass increased, and was accompanied
by greater Ca retention. This inspired a follow-up study using 12 previously untrained
horses, divided into one group that received Ca and P similar to the NRC recommended
concentrations [29] and another group that received them at higher concentrations [32]. Of
note, in the study utilizing only 10 horses, there was an adaptation period of 19 days in
which horses were walked on a mechanical walker for one hour per day. In contrast, in
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the later study using 12 horses, the adaptation period was decreased to 9 days and horses
were walked on a mechanical walker twice a day. This was done to minimize potential
changes associated with a decrease in load being placed on the skeletal system due to stall
confinement prior to training as there was increasing evidence that restriction of activity
could be associated with loss of bone mass [33].

While the increased allocation of dietary mineral did result in increased Ca retention
for young horses in training, another observation was that the changes in RBAE of the third
metacarpal did not appear as great in the study with the shortened adaptation period [32]
as they did in the study with the longer adaptation period [31].

Reflecting on the initial study in which bone loss had been observed in the 53 horses
in race training [21], it was noted that prior to entering race training, the young horses had
been moved from pasture housing and placed into box stalls. By eliminating access to free
exercise and having no fast exercise during the early part of training, it was hypothesized
that the loss of bone may have been caused by the lack of loading on the skeleton. At the
time, it was not commonly believed among horsemen that confinement had anything to do
with bone loss. Fortuitously, one of the researchers in the latter two studies [31,32] had no
previous horse experience that could bias her, though she had extensive experience with
bone loss in human bed-rest patients. When the idea was presented to her, she responded
that it was logical. Lacking horse experience kept her from having any preconceived
notions based upon how things have traditionally been done with horses.

To test the hypothesis that stalling of horses with no access to high-speed exercise was
responsible for bone loss, 16 Arabian yearlings, previously housed together on pasture,
were randomly divided into two groups [34]. Half of the horses remained on pasture
while the other half were moved into box-stall housing with one hour of walking daily
on a mechanical walker. By day 28 of the study, the RBAE of the third metacarpus of
box-stalled horses had decreased and remained low throughout the 140-day study. Even
when horses were started under saddle and began race training after 12 weeks on the
study, no increase in bone mass was seen in the stalled horses during 8 weeks of slow
racetrack training without speed. The concentration of serum osteocalcin (a marker of bone
formation) was lower and urinary deoxypyridinoline (a marker of bone resorption) was
higher in the confined horses at days 14 and 28, respectively, compared with the pastured
horses, and both markers subsequently returned to baseline in the confined horses. Those
alterations suggest bone formation decreased and bone resorption increased in the confined
horses, thus, explaining the loss of bone. With this study closely mirroring how yearling
racehorses are managed while being prepared for sales and during the early training, it was
concerning to note that horses kept in stalls had lower bone mass at the end of the nearly
five-month study than they did when they started it. The results suggested a probable
cause for the high injury rates observed in young horses managed in that fashion.

At the same time, a study examined bone mineral content of the third metacarpus
in 11 mature Arabian horses (ages 4 to 7 years) that had been previously conditioned but
were then placed into box stalls for 12 weeks [35]. Despite being walked on a mechanical
walker daily in two 30 min exercise bouts, and being fed dietary Ca at twice the 1997
NRC-recommended amounts [29], horses lost bone mass.

While those studies showed that having horses housed in box stalls without access to
high-speed exercise (either forced or voluntary if housed on pasture) resulted in bone loss, it
raised the question as to whether having horses housed on pasture completely (as opposed
to partially) was necessary to avoid bone loss. To test this, 17 weanling Arabian horses
were randomly assigned to three treatment groups: (1) housed on pasture, (2) housed in
stalls, and (3) housed in stalls for 12 h per day and housed on pasture for 12 h per day [36].
After 56 days, greater increases in bone mass of the third metacarpal were observed in both
groups allowed access to pasture, as opposed to the group confined completely to stalls.
Thus, it appeared that even partial turnout could prevent bone loss associated with disuse.

At the end of that study, all weanlings were returned to pasture housing. Close to a
year later, horses were radiographed again as part of a follow-up study [37]. Being returned
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to pasture allowed the horses subjected to complete stalling to have a similar bone mineral
content of their third metacarpus as did their counterparts that had pasture housing. The
results of that study suggest that short-term stall housing of young horses does not doom
them to lower bone mass throughout life, assuming the return to pasture occurs while the
horses are young and experiencing relatively fast bone growth. However, this study did not
answer whether the same holds true for mature horses. A later study that included mature
horses was able to detect alterations in bone metabolism markers indicative of enhanced
bone formation when stalled horses were returned to pasture after 4 weeks though it is
unclear if these alterations would result in fully restoring any bone lost due to stalling [38].

4. Role of Exercise in Bone Development

While it was assumed that the differences in bone associated with pasture- versus
stall-housing were due to lack of high-speed exercise experienced by the stalled horses,
other factors could have played a role including such things as differences in nutrition or
exposure to sunlight. To determine if stalling caused disuse osteopenia (the loss of bone
associated with lack of mechanical loading), exercise needed to be the sole factor that was
altered in a research study. To test this, 18 juvenile bull calves were used to allow for a
terminal study in which actual bone strength could be tested, as opposed to only using an
indirect measure of bone mineral content [39]. They were assigned to one of three treatment
groups: (1) group-housed, (2) confined with no exercise, and (3) confined with exercise
consisting of running 50 m on a concrete surface once daily, 5 d/week for the duration of
the six-week study. At the conclusion of the study, calves were humanely sacrificed, and the
third and fourth metacarpal bone was scanned using computed tomography to determine
cross-sectional geometry and bone mineral density. The bones were then subjected to a
three-point bending test to failure. Exercised calves had increased cortical thickness and
decreased medullary cavity area, as well as increased cortical bone density. There was
also a trend for higher fracture force compared to the confined calves. The changes were
considered quite remarkable given they were the result of running a cumulative distance
of only 1500 m during the six-week study.

Despite the obvious benefit such a small amount of sprinting produced on bone, it was
recognized that individuals in the horse industry might be reluctant to believe the results,
obtained with calves, could be applicable to horses. Thus, we also performed a study
utilizing 18 weanlings divided into three groups: (1) group-housed, (2) box stall-confined
with no exercise, and (3) box stall-confined with a daily sprint of 82 m, 5 d/week for
the duration of the 8-week study [40]. Using the RBAE technique [22,23], increased bone
mineral content and altered bone geometry were noted in the confined horses that were
allowed to sprint short distances (a cumulative distance of 3280 m over 8 weeks), compared
to the confined horses that experienced no sprinting.

Exercise also produced beneficial changes in exercising swine [41]. Gestating gilts
were divided into treatment groups receiving (1) no exercise, (2) low exercise (122 m/d,
5 d/week), or (3) high exercise (122 m two d/week and 427 m three d/week). All animals
were stall housed during gestation and the study took place between d 35 and 110 of
gestation. Bone density and breaking force were greater in the exercised gilts compared
to the gilts receiving no exercise, with the additional benefits of exercise being shown in
piglet survivability.

While both of those studies evaluated the response of bone to exercise performed five
days per week [39–41], the question remained as to whether that frequency was needed,
or whether fewer times per week would result in the same benefits. To examine this,
24 juvenile bull calves were divided into four groups: a control group receiving no exercise,
or groups receiving a 71 m sprint either once, three times, or five times per week for the
duration of the six-week study [42]. Calves were humanely euthanized and the left fused
third and fourth metacarpal bones were scanned using computed tomography and tested
for fracture force using four-point bending. All exercised groups had greater dorsal cortical
widths compared to control animals and the fracture force was greater for all exercised
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groups than the control group. There were no differences between exercised groups,
indicating that only one short sprint per week was required to enhance bone strength. With
one 71 m sprint per week conducted over six weeks, the cumulative distance sprinted in a
month and a half was 426 m, resulting in over a 20% increase in bone strength compared
to calves that received no sprinting. This dramatic difference, brought about by such a
small amount of high-speed exercise, should be alarming to those in the horse industry that
do not afford any opportunity for their horses to run at speed and, are thus, developing
weakened bone.

5. Speed (Load) versus Strides (Cycles)

It should be noted that not all exercise produces similar benefits. As bone responds to
mechanical loading, any alterations in how strides are taken can impact bone formation. For
instance, circular exercise such as lunging is commonly done with horses. While believed
to be detrimental to joint health, various bone parameters have been shown to be altered
between inside and outside legs of juvenile bull calves exercised in only one direction five
days per week in a study lasting seven weeks [43].

Further, bone responds more to mechanical strain (the amount of bending) than it
does the number of times it is bent [44]. This means the force which is exerted on the
bone has more influence than does the number of cycles of bending or, for instance, strides
the animal takes. In rats, just 36 cycles of bending three times per week was sufficient to
prevent disuse osteopenia associated with immobilization [45]. In an avian model, it was
determined that only four consecutive cycles prevented bone loss, and 36 cycles increased
new bone formation [46]. Increasing the number of cycles from 36 to 1800 resulted in no
additional strengthening of bone.

With bone responding to the magnitude of strain (how much it bends) as opposed
to how often it bends, it was not surprising that, during a conditioning study lasting
78 days, carrying weight (progressively increasing the amount of weight carried up to
45 kg) resulted in increased RBAE in young horses exercised in a walker compared to
control horses that were exercised similarly, but without carrying supplemental weight [47].
Prior to entering the conditioning period, all horses were stall-confined for 108 days, during
which time they had lost bone mineral content of the third metacarpal, also reaffirming the
detrimental effects that stalling without access to proper exercise has on bone.

Likewise, while it has long been believed that months of slow training will increase
bone strength and prevent injuries [48], science does not support this. Using 11 two-year-
old Arabians that were split into two groups, the influence endurance exercise has on bone
mineral content of the third metacarpus was examined [49]. One group was trained on a
high-speed treadmill for 90 days, with training consisting of walking (1.6 m/s), trotting
(4 m/s), and cantering (8 m/s) at increasing distances until the target of 60 km/d was
met. Starting on day 90, the exercised horses were placed on a regular exercise schedule
including a 60 km endurance test every three weeks. The other group served as controls
and lived on pasture without any forced exercise. Radiographs of the third metacarpal
were taken at the start of the study and at day 162. No differences were seen between
treatments in RBAE, suggesting endurance exercise does little to alter bone optical density
compared with free-choice exercise on pasture. However, it would be interesting to repeat
this study with greater numbers. The total RBAE of the endurance-exercised group was
493 ± 48 mm Al2 at the start of the study and finished at 424 ± 44 mm Al2. The total RBAE
of the control group (pasture-housed with no forced exercise) started at 394 ± 48 mm Al2

and finished at 429 ± 48 mm Al2. In previous studies [39,40], it was noted that although
animals had access to exercise because they were group-housed, it did not guarantee they
did any sprinting. In the endurance study [49], it is likely that after the horses had their
daily endurance training bouts and were returned to a group-housed setting, they likely
opted to eat, drink, and rest as opposed to doing any additional fast exercise. By contrast,
those in the control group likely occasionally played, including sprinting, which would
have a greater impact on bone strength than would the endurance exercise.
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Similarly, no treatment differences in RBAE and biomarkers of cartilage turnover were
reported between yearling horses conditioned at a walk on an aquatic treadmill, on a dry
treadmill, and those receiving no forced exercise [50]. However, all horses had access to
turnout for about 10 h per day where voluntary exercise was allowed, and it was believed
that this access to turnout had a greater effect on bone and cartilage than did the forced
exercise at a slow speed.

Voluntary activity can play an important role in maintaining or increasing bone
strength if the opportunity is allowed and if the animal takes advantage of such. Given that
some of the previous studies have suggested group-housed animals allowed free access to
exercise (as opposed to confinement-housed animals not allowed to exercise at speed) do
not always take advantage of this opportunity, it is critical for horse caretakers to take horse
behavior into consideration. In a recent study, the impact of weather was investigated on
activity of horses while on pasture [51]. An interesting finding was a difference in activity
between horses housed on farms located 3.5 km apart. That suggested that factors other
than weather played an important role. The farm reporting greatest activity had horses
primarily bred for racing. However, one of the horses in that group was a 33-year-old
Spotted American Saddle Horse with pituitary pars intermedia dysfunction. Despite her
age, disease status, and breed, it is likely her increased activity was due to being kept with
horses bred for racing and who often ran. When they ran, she did also. The desire to be with
other horses is strong and has been reported before [52]. This can increase the frequency of
sprinting if kept with other horses inclined to sprint or can decrease the frequency if kept
with horses not inclined to do so.

Thus, housing horses on pasture does not guarantee they will perform exercise nec-
essary to enhance bone strength, but it does increase the likelihood of it. By contrast, if
confined to a stall and never afforded the opportunity to run, it can be assured that skeletal
strength will be compromised.

6. Pharmaceutical Factors

Besides nutritional and biomechanical influences on bone, pharmaceutical influences
also exist, some with unintended consequences. In recent years, there has been growing
concern regarding the use of bisphosphonates. Approved in 2014 to treat navicular disease
in horses over the age of four years, bisphosphonates have also been used extra-label for
other skeletal issues. With bisphosphonates inhibiting osteoclasts, whose function is to
resorb bone, there is concern regarding whether this will impair bone healing, leaving
horses, particularly young horses in training, more susceptible to injury [53]. In humans,
long-term use has been linked to increased risks of some types of fractures.

Furosemide is commonly given to racehorses in North America in an attempt to de-
crease the incidence of exercise-induced pulmonary hemorrhage. As the usage of such has
been shown to negatively impact Ca balance for several days after administration, concern
existed as to whether it could have detrimental effects on bone if this effect persisted beyond
that. Using a crossover design with ten horses, serving as both controls and furosemide-
treated, during two 8-day periods of total collection of urine and feces, it was shown that
Ca balance returned to baseline in three days after furosemide administration and does not
present much risk to bone, particularly since there seemed to be a compensatory effect on
of having lower fecal Ca loss in treated horses by the end of the collection period [54].

Likewise, omeprazole has been commonly provided to aid in healing or preventing
gastric ulcers in horses, but concerns have existed whether the suppression of gastric acid
may inhibit absorption of Ca and thus impair skeletal health. Using a preventative dose
(1 mg/kg BW daily) for up to two months provided no indication of such [55]. Usage
for longer periods or at the treatment dose (4 mg/kg BW daily) could still pose a risk.
Incidental findings of alterations in markers of bone formation, likely associated with the
stalling of horses near the end of the study, reaffirm the concern with stalling of horses.
In particular, many athletic horses are stalled, and these would often be the same horses
that have a greater propensity to develop ulcers. These findings reaffirm the concern
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surrounding the stalling of horses without access to exercise capable of supporting optimal
skeletal health.

7. Conclusions

Many without research experience believe solutions to problems can often be achieved
through a single study. By contrast, this paper highlights how it can sometimes take
decades, utilizing dozens of studies, to be able to make solid, research-based recommenda-
tions. Often a single study will inspire other studies to answer new questions that arise.
Additionally, sometimes research provides incidental findings that may prove to be more
important than are the findings for which the study was designed.

While originally looking for a nutritional approach to preventing skeletal injuries, a
loss of bone mass of the third metacarpal of horses in race training was shown. Trying to
find ways to prevent that bone loss led to the realization that the loss was due to stalling
of horses without access to speed. Future studies showed that pasture turnout prevented
that bone loss and as little as one short sprint per week made dramatic differences in bone
strength. Failure to provide athletic horses with such an opportunity would seemingly put
them at increased risk of injury—particularly once high-speed work resumes.

Exploring whether stalling of horses caused the loss of bone mass was inspired by
a mentor who had no horse experience and, thus, was not biased by how things have
traditionally been done in the horse industry. Currently, many in the horse industry
believe that training of young, growing horses is detrimental and should not be done.
However, scientists working in this area realize that is not the case [56]. Bone modeling, the
process by which changes in the size, shape, and strength of bone occur, happens primarily
in the juvenile animal. Once skeletally mature, changes primarily occur through bone
remodeling—the process which involves simply replacing old or damaged bone. Thus,
little change in size, shape, and strength can occur once skeletal maturation is complete.

Nutrition does play an important role in bone health. Having the necessary nutrients
in proper balance is crucial to bone development, particularly in the growing horse [57].
However, examining studies using markers of bone metabolism to detect treatment dif-
ferences, those studies involving changes in nutrition usually failed to show differences,
whereas studies involving altering exercise usually resulted in significant differences in
those biochemical markers [58]. Likewise, in young female humans, only childhood physi-
cal activity had a significant positive on bone density, as opposed to nutritional and other
lifestyle factors that had no influence [59]. Granted, this is based upon the assumption of
adequate Ca intake and other nutrients, and this is especially true after menopause [60].
These studies emphasize the benefit of an active lifestyle on the skeletal system, particularly
when young and growing to achieve a higher peak bone mass upon maturity. However,
activity is still crucial when older as a sedentary lifestyle hastens bone loss and is permissive
to osteoporosis, regardless of diet. These findings do not lessen the importance of proper
nutrition on bone health, it simply suggests that once requirements are met, providing
additional nutrients cannot assure good bone health. It also suggests it is not possible
to have optimal bone health if no exercise, or the wrong type of exercise, is provided,
regardless of what is consumed through the diet. While the temptation by some is to fault
nutrition for skeletal injuries, more often it is improper training, management, or lifestyle
that is to blame.

Research also suggests caution be taken when providing pharmaceuticals that may
inhibit mineral absorption or enhance mineral loss, though proper exercise and nutrition
may mitigate potential negative effects. More concerning are pharmaceuticals that inhibit
normal bone metabolism, such as by reducing osteoclastic activity, as this can impair normal
bone healing [53]. Additionally, potential analgesic effects should be of great concern
whether with pharmaceuticals such as bisphosphonates or corticosteroids [61]. Masking
pain when an injury is still present increases the chance for greater injury, potentially even
catastrophic in nature, to occur.



Animals 2023, 13, 789 10 of 12

Though the intent of much of the afore-mentioned research was to improve the lives,
health, and well-being of horses, implications also exist for humans. A sedentary lifestyle,
without sufficient mechanical loading of bone, will lead to a weakened skeleton. With
the lifespan of humans being longer than horses, failure to strengthen the skeleton when
young, and failure to maintain skeletal strength when mature, likely will increase the
risk of skeletal injury throughout life and increase the chance of developing osteoporosis
when older. Improper nutrition will increase the risk, though proper nutrition, without the
correct form of exercise, will not prevent it. Fortunately, as with horses, the proper exercise
does not require long bouts of exercise. Short bouts (only about 20 cycles) of bone-centric
exercise can increase bone strength without the damage that repeated cycles can cause [62].
Again, like with horses, having a skeleton adapted for high load requires loading while
young, continuing through maturity. Attempts to improve skeletal health once mature is
more difficult to accomplish and much greater care needs to be given to managing loads
placed upon it and preventing bone loss when aging.

With both horses and humans, many of the skeletal injuries that develop are the result
of bone being ill-prepared for high loads due to sedentary periods without loading. As
quoted by Dr. Gary D. Potter, the author’s major professor in graduate school at Texas A&M
University, when an old horse trainer was asked what he believed to be the major cause of
injuries in his racehorses, his answer was respiratory problems. The trainer claimed he did
not know why, but it seemed like every time one of his horses became sick and needed to
be rested for a while, it became injured when he put it back in training. With decades of
research to support it, the answer is clear.
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