
 

 

 

 

 

Factors affecting Bone Health in Horses 
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Musculoskeletal injuries are the most common cause of poor performance and wastage in the equine 

industry.  This article reviews some of the literature describing the effect of nutrition and exercise on 

bone strength and development. 

 

 

Summary: 

 
➢ The bone mineral content (which is a measure of the amount of mineral in a bone) is an important 

determinant of bone strength during the development phase of an animal’s life.  Two of the most 

important factors thought to have an important bearing on the bone mineral content, and therefore 

bone strength are exercise and nutrition.  

➢ Exercise training should stimulate bone modeling, improve skeletal strength and in theory reduce 

the probability of exercise associated skeletal injuries.   
➢ Confining horses to stables may also affect bone strength, with studies describing decreases in 

bone mineral content in horses kept stabled.   
➢ Long breaks from training either voluntarily or forced by an injury will lead to a decrease in bone 

mass and strength.  The longer the spell, the more gradual the increase in the volume and intensity 

needed to minimise the risk of excessive strain on bone. 
➢ Studies indicate that confinement of foals up to five months of age may result in retardation of 

normal development.   
➢ Supplemental calcium (above current recommendations) has been shown to improve bone mineral 

density in horses in training.    Supplementation of calcium has not been shown to be effective in 

preventing a decrease in bone mineral content during deconditioning or resting.  It is therefore the 

combination of calcium supplementation and exercise that is important in improving bone mineral 

density. 
➢ Other factors which affect bone strength may include growth, gender, aging, genetics, infection 

and immunity, hormones and cytokines. 

 

Studies indicate that through strategic nutritional manipulations and management practices, it may be 

possible to increase or preserve bone mass and to maintain bone strength.  
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Bone - structure and function 

 

Bone is a dynamic tissue that is constantly undergoing change in an attempt to maximise its strength in 

the face of changing demands.  The basic structure of the bone includes three types of cells and an 

extracellular matrix which is the material that resides outside the cells and gives bone its overall strength.   

 

The three cell types are: 

➢ Osteoblasts – these direct the formation and 

hardening (mineralisation) of the bone; 

➢ Osteoclasts – have an opposite function to 

osteoblasts, they break down or reabsorb bone; 

➢ Osteocytes appear to control the level of osteoblast 

and osteoclast activity – these cells can sense 

changes in bone loading and initiate an appropriate 

modeling or remodeling response. 

 

Bone modeling is the term given to the growth (lengthwise) 

and shaping of bones.  This process allows bone to 

maintain its shape and proportions as it grows.  Modeling 

is important as the bone adapts to an increase in functional 

demands such as exercise.   

 

Bone remodeling is a repair process that occurs on a continual basis.  Remodeling first involves the 

removal of some bone over the bone surface, followed at the same site by the formation of new bone.    

This new bone is eventually mineralised, or strengthened by the addition of calcium and phosphorus.  

Remodeling also occurs during a fracture repair.  More than 5% of total bone mass is “turned over” each 

year by the process of remodeling. 

 

The relative balance of activity by osteoblasts and osteoclasts will govern whether there is a net gain or 

loss in bone mass – i.e. whether there is a balance in bone modeling/remodeling.  Imbalances in bone 

modeling/remodeling may result in chip fractures, shin soreness and stress fractures. 

 

Bone strength 

 

Bone strength is the toughness or ability to endure stress; therefore is related to the ultimate load or stress 

at which bone will break.  Because bone mineralisation provides compressional strength to bone, the bone 

mineral content (which is a measure of the amount of mineral in a bone) is an important determinant of 

bone strength during the development phase of an animals life [1, 2].  In humans, bone having the highest 

percentage mineral content with a large cortical area were shown to have the greatest strength [3].   

 

In rapidly growing horses, bone development and maturity fail to keep pace with overall growth, thereby 

generating excess physical load and predisposing bone to deformity and fragility.  Two of the most 

important factors thought to have an important bearing on the bone mineral content, and therefore bone 

strength are exercise and nutrition.  

From: 

http://cellbio.utmb.edu/microanatomy/bone/cartilage_and_bone

_cells.htm 
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Effect of exercise on bone strength 

 

Bone adapts to changes in physical loading and activities by modeling and remodeling. An increased load 

or strain is reported to increase the bone mass as modeling results in the addition of new bone.  The 

reverse is also true; a decreased load will result in a reduction in bone mass.   

 

Training 

 

Appropriate exercise training should stimulate bone modeling, improve skeletal strength and in theory 

reduce the probability of exercise associated skeletal injuries.  Currently, an incremental training program 

that gradually increases the length, speed and repetition of galloping is recommended for enhancement of 

bone strength. 

 

Stabling 

 

Confining horses to stables may also affect bone strength, with studies describing decreases in bone 

mineral content in horses kept stabled.  Confining yearlings to stables with limited daily exercise results 

in a decrease in the mineral content of the cannon bone compared to yearlings kept at pasture.  

Interestingly, this difference in bone mineral content was maintained when both groups of horses were 

subsequently conditioned for eight weeks (trot and gallop exercise five days per week). 

 

In one study, horses were subjected to intense conditioning (exercised on a high speed treadmill) for 12 

weeks during which time bone mineral content was found to increase by 1.1% per week [4].  Horses were 

then reduced to minimal conditioning to maintain fitness for 28 weeks (exercising on the treadmill for 20 

min 2d/wk, and walking at 1.1m/s for 30min/d for an additional 2d/wk) during which time the bone 

mineral content remained unchanged.  Next they were subjected to stable rest deconditioning (horses 

were walked at 1.1m/s for 60min/d in two 30min sessions 7d/wk) for 12 weeks, during which the bone 

mineral content decreased linearly by 0.45% per week.  In another study, immobilisation of the left 

forelimb of horses for 8 weeks resulted in a decreased bone mineral content in both front limbs [5].  

These progressive decreases in bone mineral content are most likely associated with decreases in 

mechanical stimulation.   

 

Spelling 

 

Long breaks from training either voluntarily or forced by an injury will lead to a decrease in bone mass 

and strength.  Long spells could result in a substantial decrease in bone mineral content (and strength) that 

must be gradually regained during subsequent conditioning.  The longer the spell, the more gradual the 

increase in the volume and intensity needed to minimise the risk of excessive strain on bone.  In 

thoroughbred racehorses, spells of greater than two months have been associated with an increased 

frequency of fractures of the humerus shortly after return to racing [6].  These studies further emphasise 

the need to caution and care during resumption of training following spells. 

 

Exercise and growing foals 

 

Studies indicate that confinement of foals up to five months of age may result in retardation of normal 

development.  In one study, the cross sectional area of the third metacarpal bone of warmblood foals was 

significantly larger in foals reared on pasture compared to foals boxed-reared [7].  In another study, five-

month-old weanlings confined in stalls and subjected to 82 m per day sprinting for five days per week for 

eight weeks appeared to have greater third metacarpal bone cortical size and mineral content than did 

foals confined in stalls or yarded [8].  However other studies have suggested that sprinting may lead to an 

overstimulation of bone, resulting in less active mineral deposition in the longer term [9].   
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Nutritional factors affecting bone health 

 

Calcium and phosphorus 

 

Calcium and phosphorus comprise 70% of the mineral content of bone and an adequate supply of these 

minerals is critical for maintenance of bone mineral content and strength.   

 

Current National Research Council (NRC) recommendations for dietary calcium are 0.3% for 

maintenance and 0.32% for very heavy work (i.e. racing requirements) [10].  Supplementation of calcium 

has not been shown to be effective in preventing a decrease in bone mineral content during 

deconditioning or resting [11].  However, bone mineral content did increase in horses supplemented with 

additional calcium during conditioning, compared to horses fed a control diet (i.e. those levels 

recommended by the NRC). Thus, calcium supplementation above currently recommended levels 

increased bone mineral content in conjunction with conditioning but not in the absence of conditioning.  

 

These studies indicate that younger horses in training undergoing more bone modeling than mature horses 

might be more sensitive to an inadequate supply of calcium or phosphorus, or a calcium:phosphorus 

(Ca:P) imbalance and that further supplementation of calcium may be a useful measure for improving 

bone mineral content during conditioning.  This work has been supported by other studies in women, 

which describe the positive effect of a combination of exercise training and calcium supplementation on 

bone mineral content [12, 13]. 

 

Cereal grains are typically low in calcium and fairly high in phosphorus, brans are very high in 

phosphorus and lucerne hay is around 1.0 – 2.0% calcium while grass hays are 0.3 – 0.4% calcium.  

Commercially available feeds and supplements vary widely in their calcium and phosphorus levels.   

 

At a time of increased bone modeling and remodeling, it is possible that added dietary calcium might 

allow for great bone mineralisation and strength. It is important to consider all the components of the 

ration to ensure the diet not only provides adequate calcium, but that it also provides an optimal ratio of 

calcium to phosphorus, particularly in young horses. 

 

Other nutrients of importance 

 

Vitamin D plays a vital role in the regulation of calcium and phosphorus metabolism and has a major 

regulatory role in bone metabolism and strength.  Several studies in humans have shown vitamin D and 

calcium supplementation to significantly reduce fracture rates and bone loss [14, 15].  Aside from vitamin 

D, vitamins B6, C and K have been shown to be integral to bone health because of their involvement in 

the synthesis of matrix constituents such as collagen and osteocalcin and formation of collagen crosslinks 

[16].  Nutrient intakes of potassium, protein and lutein were also found to be significantly associated with 

bone mineral density [17] and a deficiency of copper has been shown to decrease collagen crosslink 

formation and to lower mineralisation [18]. 

 

Supplemental protein and carbohydrate as energy sources are also important for bone health.  There are 

however some reports in humans that excess protein intake can produce a negative calcium balance and 

stunt bone growth [19].  This further supports the requirement for supplementation of calcium to maintain 

optimal calcium balance and bone health.   
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Other factors which may affect bone strength include: 

 

Growth, Gender, Aging 

➢ Bone mass increases with growth and bone strength is proportional to its mass [2, 20]. 

➢ Researchers found that by one year of age, on average horses achieve approximately 76% of the 

maximum bone mineral content and about 85% of maximum strength [2].  In this study, 

maximum bone mineral content and breaking strength was reached at six years of age, peaking 

after most race horses have completed their careers.   

➢ Size differences, as well as hormonal differences may result in differences in growth and bone 

strength between sexes [21]. 

 

Genetics 

➢ In a number of studies of humans and other mammalian species, bone density has been shown to 

be a heritable trait [22]. 

 

Infection and Immunity 

➢ Infection and stress can be risk factors for bone integrity leading to bone weakness [21]. 

 

Hormones and cytokines 

➢ Growth hormone facilitates cortical bone growth, whereas steroid hormones affect cancellous 

bone formation [23].  Other hormones and cytokines have a profound effect on bone metabolism, 

growth and remodeling and therefore are consequential to their strength [21]. 

 

Nutrition is central to the maintenance of skeletal health.  Studies reported here indicate that through 

strategic nutritional manipulations and management practices, it may be possible to increase or preserve 

bone mass and to maintain bone strength.  

 

References 
1. Shorafa, W.M., J.P. Feaster, and E.A. Ott, Horse metacarpal bone: age, ash content, cortical area and failure stress interrelationships. Journal of 

Animal Science, 1979. 49: p. 979-982. 
2. Lawrence, L.A., et al., The mechanical properties of equine third metacarpals as affected by age. Journal of Animal Science, 1994. 72: p. 2617-

2623. 

3. Rockoff, S.D., G. Sweet, and J. Pleustein, The relative contribution of trabecular and cortical bone to the strength of human lumbar vertebrae. 
Calcified Tissue Research, 1969. 3: p. 163. 

4. Porr, C.A., et al., Diet and conditioning influence bone remodeling. Proceedings of the Equine Nutritional and Physiological Society Symposium, 

1997. 15: p. 248-249. 
5. Buckingham, S.H.W. and L.B. Jeffcott, Osteopenic effects of forelimb immobilisation in horses. Veterinary Record, 1991. 128: p. 370-373. 

6. Carrier, T.K., et al., Lay up is associated with complete humeral but not pelvic fracture in California Thoroughbred racehorses. Proceedings of the 

American Association of Equine Practitioners, 1997. 43: p. 271-272. 
7. van Weeren, P.R. and A. Barneveld, Study design to evaluate the influence of exercise on the development of the musculoskeletal system of foals up 

to age 11 months. Equine Veterinary Journal Supplement., 1999. 31: p. 4-8. 

8. Hiney, K.M., B.D. Nielsen, and D. Rosenstein, Short-duration exercise and confinement alters bone mineral content and shape in weanling horses. 
Journal of Animal Science, 2004. 82: p. 2313-2320. 

9. Firth, E., The response of bone, articular cartilage and tendon to exercise in the horse. Journal of Anatomy, 2006. 208: p. 513-526. 

10. NRC, Nutrient Requirements of Horses, 6th rev. ed. Washington, DC.  National Academy Press. 2007. 
11. Porr, C.A., et al., Deconditioning reduces mineral content of the third metacarpal bone in horses. Journal of Animal Science, 1998. 76: p. 1875-

1879. 

12. Lohman, T., et al., Effects of resistance training on regional and total bone mineral density in premenopausal women. Journal of Bone Mineral 
Research, 1995. 10: p. 1015-1024. 

13. Prince, R., et al., The effects of calcium supplementation (milk powder or tablets) and exercise on bone density in postmenopausal women. Journal 
of Bone Mineral Research, 1995. 1: p. 1068-1075. 

14. New, S.A., Bone health: The Role of Micronutrients. British Medical Bulletin, 1999. 55: p. 619-633. 

15. Chapuy, M.C., M.E. Arlot, and F.e.a. Duboeuf, Vitamin D and calcium to prevent hip fractures in elderly women. New England Journal of 
Medicine, 1992. 327: p. 1637-1642. 

16. Weber, P., The role of vitamins in the prevention of osteoporosis.  A brief status report. International Journal of Vitamin Nutrition Research, 1999. 

69: p. 194-197. 
17. Stone, K.L., T. Blackwell, and E.S.e.a. Orwell, The relationship between diet and bone mineral density in older men. Journal of Bone Mineral 

Research, 2001. 16 (Suppl 1): p. S388. 

18. Osphal, W., et al., Role of copper in collagen-linking and its influence on selected mechanical properties of chick bone and tendon. Journal of 
Nutrition, 1982. 12: p. 708-716. 

19. Heaney, R.P., Excess dietary protein may not adversely affect bone. Journal of Nutrition, 1998. 128: p. 1054-1057. 

20. Frost, H.M., Obesity and bone strength, and mass: a tutorial based on insight from new paradigm. Bone, 1997. 21: p. 211-214. 
21. Rath, N.C., et al., Factors regulating bone maturity and strength in poultry. Poultry Science, 2000. 79: p. 1024-1032. 

22. Boskey, A.L., T.M. Wright, and R.D. Blank, Collagen and bone strength. Journal of Bone Mineral Research, 1999. 14: p. 330-335. 

23. Brook, C.G.D., Editorial: Strong bones do not break. Journal of Clinical Endocrinology and Metabolism, 1995. 80: p. 10. 

mailto:info@equineconsultingservices.com.au
http://www.equineconsultingservices.com.au/

