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The 2016 Summer Olympics, also known as the Games of the 31st Olympiad concluded last month with the 2016 Paralympics set to begin in early September. Advancements in
training techniques, clothing and footwear continue to contribute to the establishment of new
records at the Summer Olympics. Likewise, advancements have been made for Paralympic athletes in both prosthetics- and wheelchairs. However, a key factor in the performance of all athletes is body composition, but the development of accurate field methods for measuring body
composition for disabled athletes lags behind comparable measures for able-bodied athletes.
Body composition is a primary component of physical fitness1 and individuals with
disabilities are faced with an even greater amount of imposed sedentary time than their ablebodied counterparts. A physical disability that results in the individual using a wheelchair is associated with changes in body composition, specifically in the lower limb area. These changes
can be due to immobilization and decreased movement and activity levels2 and must be taken
into consideration when assessing factors such as fat mass (FM), fat-free mass (FFM), body
density (BD) and percentage of body fat (%BF) within disabled populations.3-5 Hydrostatic
weighing can be awkward for paraplegics, therefore, anthropometry (skinfolds, circumferences, and diameters), which was developed in normal populations, has been viewed as an alternative. But body composition differences such as the loss of lean tissue in the lower extremities,
changes in bone mineral density, and fluid shifts affect the primary assumptions made regarding
density of mineral, protein, and fat when converting body density to percent body fat.6 The unusual upper body development of the paraplegic athlete and the decreased bone mineral density
in the lower limbs result in an underestimation of fat mass in these subjects.7
The most common field testing methods of body composition in individuals with disabilities are body mass index (BMI),8 skinfolds,6 and bioelectrical impedance analysis.4 BMI
can be calculated quickly from measured or reported height and weight (kg/m2) and has been
used as a measure of adiposity to predict disease risk, including in patients with a spinal cord
injury (SCI).9,10 Body weight comprises lean tissue, fat tissue and bone mass; so, if BMI is the
only measure, adiposity may not be accurately identified. However, Jones, Legge and Goulding,8 determined that many individuals with SCI do not appear obese, have a healthy BMI, yet,
carry large amounts of fat tissue as determined by dual-energy x-ray absorptiometry (DXA).
This finding supports the need to develop reliable field methods of determining FM and FFM
in individuals with disabilities
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Bioelectrical impedance analysis (BIA) is a simple, non-invasive procedure that has
been widely used in clinical settings to estimate total body water and fat free mass of ablebodied populations. It measures the impedance to the flow of a low-level electrical current
throughout the body. This measurement assumes that the impedance within the tissues will be
constant for all body segments. However, SCI-related changes in the lower body, may alter the
tissue impedance due to changes in protein and mineral content of the paralyzed extremities.
Measurement of the impedance of body segments may provide more accurate information.11,12
Given the limitations of current field testing, it is imperative that researchers further
refine body composition testing for disabled athletes. The development of reference measures
to accurately quantify the constituents of the fat free body in the wheelchair population might
be a place to start. Kocina4 suggests using laboratory-based methods such as hydrometry for toPage e3
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tal body water, DXA for bone mineral content, bone mineral density and lean tissue mass to establish the reference measures. Then,
skinfold and BIA equations may be developed to accurately estimate body composition. However, the continued challenge will be
the varying degrees of impairment with those with SCI or paraplegia from other causes.
REFERENCES

1. Clark BR, White ML, Royer NK, et al. Obesity and aerobic fitness among urban public school students in elementary, middle, and
high school. Plos One. 2015; 10(9): e0138175. doi: 10.1371/journal.pone.0138175
2. Zanardi MC, Tagliabue A, Orcesi S, et al. Body composition and energy expenditure in Duchenne muscular dystrophy. Eur J Clin
Nutr. 2003; 57(2): 273-278. doi: 10.1038/sj.ejcn.1601524
3. Clasey JL, Gater DR Jr. A comparison of hydrostatic weighing and air displacement plethysmography in adults with spinal cord
injury. Arch Phys Med Rehabil. 2005; 86(11): 2106-2113. doi: 10.1016/j.apmr.2005.06.013
4. Kocina P. Body composition of spinal cord injured adults. Sports Med. 1997; 23(1): 48-60. doi: 10.2165/00007256-19972301000005
5. Mojtahedi MC, Valentine RJ, Evans EM. Body composition assessment in athletes with spinal cord injury: comparison of field
methods with dual-energy X-ray absorptiometry. Spinal Cord. 2009; 47(9): 698-704. doi: 10.1038/sc.2009.20
6. Bulbulian R, Johnson RE, Gruber JJ, et al. Body composition in paraplegic male athletes. Med Sci Sports Exerc. 1987; 19(3):
195-201. Web site. http://europepmc.org/abstract/med/3600232. Accessed September 5, 2016
7. Maggioni M, Bertoli S, Margonato V, et al. Body composition assessment in spinal cord injury subjects. Acta Diabetol. 2003;
40(Suppl 1): S183-S186. doi: 10.1007/s00592-003-0061-7
8. Jones LM, Legge M, Goulding A. Healthy body mass index values often underestimate body fat in men with spinal cord injury.
Arch Phys Med Rehabil. 2003; 84(7): 1068-1071. doi: 10.1016/S0003-9993(03)00045-5
9. Bauman WA, Spungen AM, Raza M, et al. Coronary artery disease: metabolic risk factors and latent disease in individuals with
paraplegia. Mt Sinai J Med. 1992; 59(2): 163-168. Web site. http://europepmc.org/abstract/med/1574072. Accessed September 5,
2016
10. Dallmeijer AJ, Hopman MT, van der Woude LH. Lipid, lipoprotein, and apolipoprotein profiles in active and sedentary men with
tetraplegia. Arch Phys Med Rehabil. 1997; 78(11): 1173-1176. doi: 10.1016/S0003-9993(97)90327-0
11. Baumgartner RN, Chumlea WC, Roche AF. Bioelectric impedance phase angle and body composition. Am J Clin Nutr. 1988;
48(1): 16-23. Web site. http://ajcn.nutrition.org/content/48/1/16.long. Accessed September 5, 2016
12. Chumlea WC, Baumgartner RN, Roche AF. Specific resistivity used to estimate fat-free mass from segmental body measures
of bioelectric impedance. Am J Clin Nutr. 1988; 48(1): 7-15. Web site. http://ajcn.nutrition.org/content/48/1/7.long. Accessed September 5, 2016

Sport Exerc Med Open J

Page e4

