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Athletes need to pay more attention to their bone health, in the short term, to reduce the risk of injury, and in the long term when they have retired
from the sport.
The general diet required by the athlete to support bone health is not markedly different from the general population.
However, it is unclear whether dietary recommendations for the general population are sufficient to offset any deficiency or insufficiency in the
athlete. For example, it is not known what the optimal intakes of various micronutrients might be to support the athlete through hard training and
competition.
If athletes do not achieve sufficient intake of certain nutrients important for bone health, or if food preferences and/or intolerances prevent or limit
the intake of nutrients, athletes and practitioners could consider fortified foods or supplements (fully considering the safety aspects of doing so).
There are some specific issues that are pertinent to the athlete including, but not necessarily limited to, energy availability, low carbohydrate
availability, protein intake, vitamin D intake, and dermal calcium and sodium losses. Additional athlete specific research is, however, needed.

INTRODUCTION
What is “bone health” for the athlete? Generally, this relates to two main
factors, with the primary factor in the minds of athletes and/or coaches
being the avoidance of a bone injury, largely because this is the
immediate danger to performance outcomes. Stress fractures are the
most common bone injuries suffered by athletes; occurring relatively
regularly in many sports, being caused by the rhythmic and repeated
application of mechanical loading in a subthreshold manner (McBryde,
1985). Since they are overuse injuries, high-volume high-intensity
training where the athlete is body-weight loaded significantly increases
the risk of developing a stress fracture (Fredericson et al., 2007). These
are significant injuries, and training time lost as a result can be
prolonged (Ranson et al., 2010). The pathophysiology of stress fracture
injuries is complex and not completely understood, but some have
suggested that nutritional inadequacies could be considered a risk
factor (Moran et al., 2012).
In addition to the risk of injury, there is, at least for some sports, a
longer-term risk to bone health and the avoidance of osteopenia and
osteoporosis becomes a consideration, particularly when bone mass is
already recorded as being low in the athlete during early adulthood.
This is particularly pertinent given that around 90% of peak bone mass
is attained during the athlete’s early 20s. In fact, the amount of bone
mass (often also referred to as bone mineral density, BMD) attained by
the time an athlete is 30 years of age is about the highest they will have
across the lifespan. That said, it would be erroneous to only consider
bone heath in these terms. It is not only bone mass that is important but
also the strength of the bone (which relates to the ability to resist the
strain placed upon it), including its geometry and microarchitectural
structure (relating independently to the cortical and trabecular structure
of the bone). The consequences of poor bone health in later life are
significant and, across Europe, the rates of osteoporotic fractures are

high (Hernlund et al., 2013). Osteoporosis significantly affects not only
the quality of one’s life but also quantity; for example, one-fifth of
individuals requiring hospitalization for fragility fractures die within a
six-month period (National Institute for Health and Clinical Excellence,
2012).
Determining long-term bone health in athletes is not necessarily
straightforward, as there are no comprehensive data relating to the
number of ex-athletes suffering from osteopenia or osteoporosis in
older age. In addition, one could question whether it makes sense to
compare athlete data to normal population data, using the T-score (that
compares how much one’s bone mass deviates from the bone mass of
the average healthy 30-year-old adult) or the Z-score (that compares
average bone mass to people of the same age and gender). The reason
for this is that many athletes would be considered smaller (e.g.,
marathon runners and jockeys), or larger (e.g., rugby prop forwards),
than the average individual and so these general population comparisons
might be misleading.

NUTRITION AND BONE HEALTH
It is clear that bone can be influenced by diet and nutrition across the
lifespan (Mitchell et al., 2015), as bone turnover tends to be reduced
with feeding when compared to fasting (Clowes et al., 2002). When
individuals are fed, both bone formation (gain) and, likely to a greater
extent, bone resorption (loss) rates decrease acutely (for a good
resource on this topic see: Walsh and Henriksen, 2010). This might be
explained by the fact that feeding influences a number of hormones
(such as calciotropic hormones, incretin hormones, growth hormone
and cortisol) that in turn help to regulate bone turnover.
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While it is important to know that the bone tissue can be influenced by
feeding or fasting, it is just as important from a practical view to know
which nutrients support the skeleton and whether athletes have bonenutrition demands that differ from non-athletes. It stands to reason that
the nutritional needs for the growing and aging skeleton of athletes will
not be that different from those of the general population. Table 1
highlights some of the key nutrients to support healthy bone development
(briefly summarized by Palacios, 2006). What remains to be determined
is whether the hard and prolonged exercise training, often undertaken
by many athletes, increases the requirement of certain nutrients over
and above the amounts recommended for the general population (for
examples, see the guidelines from the European Food Safety Authority,
National Health and Medical Research Council, and the National
Academy of Medicine). Of further consideration for the athlete, coach
and practitioner is the fact that the recommended intakes are focused
on making sure that the majority of the population are not deficient in a
particular nutrient rather than trying to optimize function, which is one
of the main concerns for the athlete (Larson-Meyer et al., 2018).
As such, some consultation with a qualified performance nutritionist or
sports dietitian is advisable in order to gather a well-conducted dietary
assessment related to bone health. More specifically, particular
attention should be paid to the intake of dairy, fish, fruits and vegetables
(particularly of the green leafy kind), since these are the most commonly
cited nutrients in supporting bone health. The athlete, just like the rest
of the population, will have food preferences and intolerances that
might prevent or limit the intake of certain nutrients that are important
for bone health. Under these circumstances, the athlete (with specialist
practitioner advice and input) should consider fortified foods or
supplements, particularly where a deficiency or insufficiency might also
have been identified through screening.

Nutrient

Protein

Role in bone
Part of the organic matrix of
bone for collagen structure.
Role in the production of
hormones and growth
factors that modulate bone
synthesis. Protein might
have an indirect effect on the
bone through its support for
muscle mass and function
but also via the increase in
circulating levels of insulinlike growth factor-1 (IGF-1),
which has an anabolic effect
on bone.

Nutrient

Role in bone

Some Possible Sources

Calcium

A major bone-forming
mineral. Bone stores 99%
of the body’s calcium.
Conversely, low calcium
levels in the diet can
contribute to a catabolic
effect on the bone through
the activation of parathyroid
hormone (PTH).

Dairy (milk, cheese and
yogurt), spinach, kale, okra,
collards, soybeans, white
beans.

Phosphorus

Phosphorous plays an
integral role in bone
formation as it is an
essential constituent for
the mineralization of bone,
and low phosphorus levels
contribute to an impairment
in bone mineralization.
Equally, there are issues with
diets that are very high in
phosphorus, particularly if
combined with a low intake
of dietary calcium, which can
lead to increased PTH and a
catabolic effect on bone.

Dairy (milk, yogurt), meats,
poultry, fish, nuts, beans.

Vitamin D

An important direct and/or
indirect mediator of bone,
that is certainly important
for intestinal calcium and
phosphorous absorption
via vitamin D (1,25(OH)2D)
stimulation, which is
subsequently related to PTH
secretion and activity.

Fatty fish (tuna, mackerel,
salmon), cheese, egg yolks,
fortified foods.

Magnesium

More than half of the body’s
store of magnesium is in
the bone and it plays an
important role in organic
matrix bone synthesis. The
controlled regulation of
magnesium homeostasis is
suggested to be important
for bone health, due to the
fact that there might be
harmful effects of both a
deficiency and an excess
of magnesium. Magnesium
deficiency contributes
directly to poor bone health
(due to its importance
for both osteoblasts and
osteoclasts) and indirectly
by impacting on vitamin D
and calcium to influence
PTH secretion and activity.
Conversely, high magnesium
levels have also been
associated with bone
mineralization defects.

Whole grains, spinach,
nuts (almonds, cashews,
peanuts), quinoa, avocado,
dairy.

Zinc

Plays an important role in
the mineralization of bone
tissue and organic matrix
bone synthesis, as such,
zinc status can be directly
linked to bone turnover.
Might also be important for
the physiological action of
vitamin D on calcium, thus
potentially also indirectly
influencing PTH secretion.

Meats, shellfish, nuts, seeds,
legumes.

Some Possible Sources

Meats, dairy (milk, yogurt,
cheese), eggs, fish, nuts,
beans, pulses.

Table 1. Some key nutrients to support bone health. For further information
on recommended amounts and sources, the reader could refer to — Europe:
European Food Safety Authority, Australia and New Zealand: National Health and
Medical Research Council, US: Institute of Medicine.

Table 1. Some key nutrients to support bone health. For further information
on recommended amounts and sources, the reader could refer to — Europe:
European Food Safety Authority, Australia and New Zealand: National Health and
Medical Research Council, US: Institute of Medicine.
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Nutrient

Copper

Boron

Manganese

Role in bone
Its direct physiological action
on bone is not as clear as
for some other nutrients,
although it is needed for
enzyme activity to increase
the cross-linking of collagen
and elastin molecules. There
is some suggestion that
bone mineralization might
be affected in those with low
copper intakes.

Nuts, shellfish, offal.

The physiological action
of boron on bone remains
unclear, although indirect
effects through actions on
vitamin D and estrogen and
through improved calcium
and magnesium retention by
the kidneys is possible.

Fruits (raisins, prunes), nuts
(almonds, hazelnuts, brazil
nuts, walnuts, cashews),
beans, lentils, wine.

Deficiency has been
associated with reduced
bone mass, potentially due
to its role in the formation of
bone regulatory hormones
and some enzymes involved
in bone metabolism.

Potassium

High potassium intakes
have been associated with
increased bone mass. Much
of the effect of potassium
on bone might be indirect
and due to the protection
provided against a high
acid load that can influence
the resorption of bone to
release calcium. Indeed, the
intake of potassium salts
has been shown to reduce
bone resorption and urinary
calcium excretion.

Iron

Has important roles in
vitamin D metabolism
and collagen synthesis.
Those with disorders of
iron metabolism have
been suggested to have
lower bone mass and an
increased risk of suffering
an osteoporotic bone
fracture. Interestingly, a very
high intake of iron might
also be bad for the bone,
most probably due to the
increased oxidative stress
and inflammatory response.

Vitamin K

Some Possible Sources

Low intakes have been
associated with osteopenia
and increased fracture risk.
Physiologically, vitamin K has
also been linked to undercarboxylation of osteocalcin,
whereas supplementation
with vitamin K might reduce
bone turnover and improve
bone strength.

Nutrient

Role in bone

Some Possible Sources

Vitamin C

Vitamin C deficiency leading
to scurvy has long been
reported to result in bone
pain. Vitamin C is important
for collagen synthesis and
is also a known antioxidant,
which might explain both
direct and indirect effects on
the bone.

Fruits (oranges, orange juice,
strawberries, blackcurrants),
peppers, broccoli, brussels
sprouts, potatoes.

Vitamin A

Perhaps one of the more
controversial nutrients with
regard to a link to bone.
There are suggestions that
a high dietary intake of
vitamin A is associated with
a greater risk of osteoporosis
and hip fracture. Conversely,
intakes of some of the
carotenoids, which are
precursors of vitamin A, have
been associated with higher
bone mass. More research
is required to determine
optimal intakes of vitamin A
for bone health.

Liver and liver products (not
during pregnancy), dairy
(cheese, milk, yogurt), eggs,
oily fish.

B Vitamins

An association between
the intake of vitamins
B2, B6, folate and B12
and a reduction in the
risk of osteoporosis and
associated hip fracture has
been suggested. Similarly,
lower intakes of the B
vitamins have been shown
in patients with hip fracture.
Mechanistic explanations for
a link between the B vitamins
and the bone would include
a positive effect on collagen
cross-link formation and
increased bone resorptive
activity when vitamin B
deficient.

Dairy (milk, cheese), eggs,
fish, fresh and dried fruits,
meats, vegetables.

Silica

Deficiency is associated with
poor skeletal development,
probably due to its
importance in the initiation
of bone mineralization,
although its physiological
role here is still poorly
understood.

Bananas, beer, green beans,
bread, rice, carrots, cereals.

Tea, bread and cereals, nuts,
green vegetables.

Bananas, broccoli, parsnips,
brussels sprouts, nuts and
seeds, fish and shellfish,
meats.

Liver (not during pregnancy),
meats, beans, nuts, whole
grains, dried fruits, green
leafy vegetables.

Table 1. Some key nutrients to support bone health. For further information
on recommended amounts and sources, the reader could refer to — Europe:
European Food Safety Authority, Australia and New Zealand: National Health and
Medical Research Council, US: Institute of Medicine.
Green leafy vegetables,
vegetable oils, cereal grains.

Table 1. Some key nutrients to support bone health. For further information
on recommended amounts and sources, the reader could refer to — Europe:
European Food Safety Authority, Australia and New Zealand: National Health and
Medical Research Council, US: Institute of Medicine.

ISSUES SPECIFIC TO THE ATHLETE
Despite the fact that many of the dietary requirements underpinning
bone health during growth and aging would be similar in the athlete to
the general population, there are some dietary/nutrition challenges
specific to the athlete. These include energy availability, low
carbohydrate availability, protein intake, vitamin D intake, and dermal
calcium and sodium losses. We currently consider these to be the main
issues pertinent to the athlete, but the list is by no means exhaustive
and further research might well identify further issues.
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Figure 1. The relationship between energy intake (EI) and energy expenditure (EE) contributing to energy balance.

Energy Availability
Both energy balance and energy availability have been used to identify
energy deficiency in physically active individuals. Energy balance is
simply defined as total energy expenditure minus dietary energy intake
(Figure 1), with energy availability defined as dietary energy intake
minus exercise energy expenditure adjusted for muscle mass. As such,
the two differ slightly in the following ways: a) the estimation of total
energy expenditure, required for the determination of energy balance,
may introduce more sources of errors compared to solely the
measurement of exercise energy expenditure; b) energy balance
assumes that bodily systems are functioning normally (but increases in
exercise energy expenditure may suppress bodily functions). Therefore,
in theory, individuals may be in energy balance but experience low
energy availability (Papageorgiou et al., 2017).
While the link between continuous/long-term low energy availability
and bone health is fairly clear and well described, particularly in female
athletes, as part of the Female Athlete Triad (Nattiv et al., 2007; De
Souza et al., 2014), it remains unclear whether or not the bone health
of males suffers as much from the effects of low energy availability as
females (Papageorgiou et al., 2017). A similar syndrome has been
proposed in male athletes (Tenforde et al., 2016), which mirrors the
suggestions made relating to the occurrence of impaired bone health as
a result of low energy availability, by the relative energy deficiency in
sport (RED-S) syndrome (Mountjoy et al., 2014; 2018).
While being in a very low energy availability state in the long term is
clearly bad for bone health, it is less clear whether or not there is a level
above which bone health is protected, even if this level falls below
energy balance at 45 kcal·kg lean body mass (LBM)-1·d-1. There is some
suggestion from the work of Ihle and Loucks (2004) that bone formation
(gain) is significantly reduced at an energy availability of 30 kcal·kg

LBM-1·d-1, although at this level there seems to be no increase in the
amount of bone resorption (loss). It is also unclear whether there is a
particular duration of low energy availability that negatively influences
bone health and whether it matters if the low energy availability is
continuously or intermittently applied. Of course, all of this might be
very dependent upon the individual athlete. Further research is needed
in this area.
Low Carbohydrate Availability
There has been an increase in the popularity of low carbohydrate diets,
or low carbohydrate-high fat diets, adopted by athletic populations in
recent years. This might be, at least in part, due to the reported benefits
for body composition or because it might help drive the endurance
phenotype. This remains a matter of contention, given that typically
carbohydrate intake provides the largest contribution to energy intake in
the athlete’s diet. Furthermore, there is concern that these dietary
approaches could increase the risk of a low energy availability state,
which adversely affects bone health and potentially increases injury
risk. There are some recent data to suggest that low carbohydrate
availability might even act negatively on the bone independently of
energy availability (Hammond et al., 2019), although further research is
required to confirm these early findings. While no studies have examined
the effects of low carbohydrate diets on bone health in athletes,
Bjarnason et al. (2002) showed a reduction of ~50% in bone resorption
following an oral glucose tolerance test. The provision of carbohydrate
has been shown to attenuate the bone resorption response to acute
exercise in athletes completing eight days of overloaded endurance
training (de Sousa et al., 2014). In addition, Sale et al. (2015) have
shown a post-exercise reduction in bone turnover following carbohydrate
feeding during a 120 min treadmill run in recreationally active individuals.
Taken together, these studies suggest that feeding carbohydrate before,
during or after exercise might be a useful way to modify the bone
response to hard exercise and training in the athlete, although further
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research is required to confirm findings. Evidence from animal models
suggests that low carbohydrate diets could negatively affect bone
health, particularly when followed alongside a high fat diet (Bielohuby et
al., 2010). In the study by Bielohuby et al. (2010) bone mass and
mechanical properties were all impaired by low-carbohydrate/high-fat
diets, potentially mediated by reductions in insulin-like growth factor-1.
Conversely, in humans, albeit osteoarthritis patients and not athletes,
there was no effect on bone turnover when patients were fed less than
20 g/carbohydrate per day for one month and then less than 40 g/
carbohydrate per day for the next two months (Carter et al., 2006).
Protein Intake
Athletes are often recommended to consume more protein than is
recommended for the general population, in order to support the
additional demands of athletic training (Morton et al., 2018). This
presents an interesting issue in relation to bone health since it has been
suggested that higher protein intakes may have an adverse effect on
bone health (for a more detailed review see Dolan and Sale, 2018). In
brief, the “acid-ash hypothesis” proposed that animal proteins are
acidic and, as such, provide a significant challenge to the maintenance
of acid-base balance in the body (Fenton et al., 2008). To protect itself,
the body increases the availability of alkaline minerals, such as calcium,
most of which are stored in bone (~99% in the case of calcium). This
would necessitate the breakdown of bone tissue to release calcium into
the circulation to counteract the effects of the increased acidity, with
any excess calcium release also being lost via the urine. Over time, this
process would increase the rate of bone loss and lead to a reduction in
BMD (Macdonald et al., 2005). If the acid-ash hypothesis were correct,
an athlete consuming a high animal-based protein diet would be at risk
of negatively affecting their bone health.
The acid-ash hypothesis does not, however, provide a balanced account
of the potential influence of a high protein intake on bone. Kerstetter et
al. (2005) have shown that higher protein intakes result in an increase
in the amount of calcium that is absorbed from foods and, as such, the
increased urinary calcium levels with high animal protein intake might
well come from increased calcium availability instead. Furthermore, an
increased dietary acid load could just as easily occur as a result of
reduced intake of alkaline foods (e.g., fruits and vegetables) as by an
increase in the intake of acidic foods such as animal proteins. The flip
side is that protein intake might be beneficial for the bone, given that it
forms an important part of the bone structure (Zimmerman et al.,
2015), and protein ingestion increases the production of a number of
hormones and growth factors involved in bone formation.
Overall, it seems unlikely that higher animal protein intakes, in the
amounts recommended to athletes, are harmful to bone health and,
indeed, athletes might need to consume more protein than the general
population to support the increased rate of bone turnover caused by
athletic training. It would seem sensible to make sure that the athlete’s

diet contains sufficient calcium during periods of higher protein
consumption to reduce the potential for negative effects on the bone.
Vitamin D Intake
A number of studies over the last decade have identified athlete groups
who have deficient or insufficient levels of circulating vitamin D (see
Owens et al., 2015). Given the well-identified link between low vitamin
D levels (serum 25-hydroxyvitamin D [25OHD] levels below 25 nmol·L-1)
and bone, where it plays an important role in calcium and phosphorus
regulation in the body, it is highly likely that athletes who are deficient in
vitamin D will be at a greater risk of low bone mass (Holick, 2007) and
bone injuries, such as stress fractures. A direct relationship between
serum vitamin D levels and musculoskeletal outcomes is relatively clear
(Scientific Advisory Committee on Nutrition, 2016) and, as such,
avoiding vitamin D deficiency and insufficiency is important for the
athlete to protect bone health.
Dermal Calcium Losses
Athletes who undertake a high volume of prolonged exercise might be
at risk of losing calcium through sweating, which could in some
circumstances reach a level that might cause a decline in serum
calcium concentrations. Should this happen, a resultant increase in
parathyroid hormone (PTH) secretion occurs, that would promote the
breakdown of bone to release calcium into the circulation to defend the
serum calcium level (Figure 2). Barry et al. (2011) suggested that
supplementing with calcium before or during exercise might compensate
for dermal calcium losses and defend the serum calcium level, meaning
that there would be no concomitant increase in PTH release or bone
resorption (Figure 2). In this study, Barry et al. (2011) showed that PTH
release was less during a subsequent exercise bout when 1000 mg of
calcium was ingested before exercise commenced.
Subsequent research from the Australian Institute of Sport (Haakonssen
et al., 2015) has also shown that providing a calcium rich pre-exercise
meal (~1350 mg) was sufficient to reduce both the PTH and bone
resorption responses to a subsequent 90 min cycling bout in competitive
female cyclists. Recent data have, however, suggested that dermal
calcium losses are not likely to be a major cause of the increases in
parathyroid hormone and bone resorption during shorter-term exercise
(Kohrt et al., 2019). It is likely that the amount of dermal calcium lost in
the sweat would only be significant enough to cause a disruption to
calcium homeostasis and hence bone metabolism in endurance or
ultra-endurance activities. It might also be of relevance for the weight
making athlete using dehydration strategies to “make weight,” although
this has yet to be explored.
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Figure 2. Suggested contribution of dermal calcium losses to an increase in bone resorption (left hand side) and the potential impact of oral calcium supplementation to prevent the impact
of these dermal calcium losses on bone resorption. Ca, calcium; PTH, parathyroid hormone. Adapted from Barry et al. (2011).

PRACTICAL APPLICATIONS
It is difficult to provide specific practical recommendations for the
effects of diet on bone health in athletes. This is because the detailed
evidence base, upon which to make recommendations, does not exist.
Below are some “best guesses,” based upon the interpretation of the
information currently available:
1. Athletes should consider a well-conducted nutritional assessment of
their dietary intake to identify whether or not they are consuming the
required amounts of the key nutrients to underpin bone health, although
this is fraught with difficulty in itself.
2. Where food preferences and/or intolerances prevent or limit the
intake of nutrients important for bone health, athletes and practitioners
could consider fortified foods or supplements (fully considering the
safety aspects of doing so).

that a serum vitamin D level of above 50 nmol·L-1 (20 ng·mL-1) is
achieved (Institute of Medicine, 2010), although a definitive target for
vitamin D in bone injury prevention remains unknown.
7. Dermal calcium loss might be an important consideration for some
ultra-endurance athletes, who might wish to consider increasing
calcium intake before exercise.

WHAT MORE DO WE NEED TO KNOW?
1. There is still a requirement to clearly define which types of athletes
are, and are not, at risk of longer-term bone health issues, such as
osteopenia and osteoporosis.
2. Further research is needed to determine the wider implications of
reduced energy availability, beyond bone, as suggested by the RED-S
syndrome as currently these are not well researched.

3. Energy availability of ≥ 45 kcal·kg LBM-1·d-1 is ideal to support bone
health in the athlete, although this is an unrealistic target for many.
Current knowledge would suggest trying to achieve an energy availability
above 30 kcal·kgLBM-1·d-1 to minimize negative effects on the bone.

3. It remains to be clearly established whether there is a male athlete
triad and whether the bone health implications of reduced energy
availability are seen at the same level as in females or whether males
are more resistant to the effects of low energy availability.

4. Low carbohydrate diets (acutely, chronically or even periodically)
might negatively influence athlete’s bone health, however, there are no
studies available to provide a direct evidence base for practitioners to
work from.

4. It remains to be determined whether there is or is not a threshold
beyond which lower energy availabilities (lower than 45 kcal·kg LBM1 -1
·d ) do not result in reduced bone formation.

5. Athletes often consume 2-3 times more protein than recommended
daily amounts for the general population, which is now thought to have
no negative effects on bone health (and possibly beneficial effects),
assuming adequate dietary calcium intake (> 800 mg·d-1; also
considering point 6 below).
6. If an athlete is vitamin D deficient or insufficient, it is recommended

5. Further research is required into the periodization of low energy
availabilities in endurance athletes, such that they can benefit from the
positive effects of calorie restriction on the endurance phenotype but
without putting their bone health at risk.
6. More work is required in athletes to determine the effects of nutrient
availability (particularly of carbohydrate) separately from energy
availability on bone health.
6
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7. Although there are data available to suggest that pre-exercise
calcium consumption and/or supplementation can reduce the bone
resorption response to endurance exercise, the chronic effects of this
strategy on bone mass and strength are not yet known.
8. The amounts of calcium lost during training in endurance and ultraendurance athletes are still not well known. Also, the amount of calcium
lost during more passive sweating, particularly in hot environments,
which might be performed by weight-making athletes is also not well
known.
9. Longer-term studies are needed to determine whether the shorter
term or acute responses of bone metabolism to feeding are positive for
bone health. These studies should also determine whether feeding
should be periodized around hard training blocks rather than constant,
so as not to reduce the potential adaptation of the bone to exercise
training.
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