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Preface

The human body is a unique machine. Scientists have always been curious about the composition of it. Since last two centuries, researchers are providing enormous information regarding the constituents of human body. Chemical science entered into this field as early as 18th century. It is apparent that human body depends on chemical normality to maintain its homeostasis.

Now the question is that do athletes differ from non-athletes in body composition? Do athletes differ among themselves in this regard? some prerequisites should be considered before explaining these questions. We know that body composition differs between the sexes, it is altered by age and the lean body mass is a function of stature at all ages. Specific type of physique is required for the maximum performance of the athletes in specific sports events. Body composition components control the physique of an individual. So, the study of the body composition of the athletes is utmost for their peak performances and to keep their physical fitness intact.


The present volume contains eight chapters in all.


Chapter –1 introduces the readers with various levels of human body composition, viz. atomic level, cellular level, tissue system level and whole-body level. Elementary composition and various models of human body are also discussed here. Chapter-2 deals with the composition, functions, macroscopic and microscopic

structure and various important aspects of bone, one of the major components of human body composition. Chapter-3 deals with another useful aspect of our body-muscle. General features and structure of skeletal muscles, changes during muscular contraction, types of muscle fibers and many other important aspects of skeletal muscles are discussed in this chapter. Chapter- 4 gives the detail account of fat-its composition, functions, regional distribution, digestion, absorption, metabolism etc. Various methods for assessing the body composition components are discussed in Chapter-5. Chapter-6 deals with the impact of fat-mass and fat-free body mass on physical performance in sports persons. Body composition status of Olympic and Indian athletes is discussed in Chapter-7. In Chapter –8, manipulation of body composition status, viz. weight loss or gain etc. in athletes, is discussed. Recent references are also the strength of this volume. Author is thankful to Mr. Narinder Sharma, Supertek Computer, Amritsar, for his skillful computer designing and careful typing of the manuscript.
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Human Body Composition
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The human body consists of several levels of structural organization. They are associated with one another in various ways. Considering the increasing stages of complexity, five levels of body composition can be envisioned (Wang et al, 1992). Each level is distinct and inclusive and at each level, the sum of the components equals the body mass.

	Atomic level: The fundamenta1 components of the body are included in the atomic level. Though more than 50 different atoms are found in the body, the vast majority located in various tissues and organs are oxygen, carbon, hydrogen, nitrogen, calcium, and phosphorus, which constitute about 98% of body mass.The prime element, oxygen, represents more than 60% of body weight. Rest of the remaining 44 elements, of which the predominant are potassium, sulphur, sodium, chloride, and magnesium, only make up l % of body mass.

	Molecular level: Major eleven elements in the body are incorporated into compounds that


represent the molecular level of body composition. These essential molecules include water, lipid or fat, protein, mineral and glycogen. The molecular level is very much important because it provides the conceptual basis for subsequent levels of organization that follow, and a link with biochemistry and energy metabolism which relate body structure and functions. The molecular level of body composition is given much emphasize, because its components are most frequently measured in studies of physical activity. The classical cadaver analysis reveals five major components of the body viz. fat, water, protein, bone minerals, and non- bone or soft tissue minerals. Although another component glycogen, may be incorporated and, its limited amount precludes its determination.

This molecular model can be further divided into functional components viz. fat and fat-free mass. The fat- free mass, which represents the metabolically active tissue ,is distinct from fat mass because of chemical and physical characteristics. Fat has a lower density (0.900 vs 1.100 g/cc) than the fat-free mass and does not contain water or potassium.The individual components of the fat-free body (water, bone mineral and cell mass) can be determined with appropriate methods.

	Cellular level: The cellular level of body composition accumulates the components of the molecular level into the cells that comprise the human body. Four groups of cells can be characterized as


muscle, nerve, connective and epithelial cells. The connective cells constitute a multi-functional group which includes adipocytes, osteocytes and blood cells. In this compositional model there are also extra cellular components, fluids and solids. The extracellular fluid is the non-metabolizing fluid which surrounds all cells. It contains about 95% water and is distributed between the plasma and the interstitial fluid which are estimated to be about 5 and 20% of body mass, respectively. The extracellular solids also are non- metabolizing components of the body. These include organic compounds, such as collagenous, reticular and elastic fibers, and inorganic compounds, mainly dry bone matrix or calcium hydroxyapatite, magnesium, sodium, citrate, and bicarbonate.

	Tissue-System Level: The combination of cells and extracellular components is responsible to form the tissue and systems levels of body composition. The tissues are commonly categorized as muscular, nervous, connective, and epithelial. In fact, bone, muscle, and adipose tissue constitute more than 75% of body mass. The body contains 11 systems, such as digestive, respiratory, circulatory, integumentary, nervous, muscular, endocrine, lymphatic, skeletal, reproductive and excretory, and the components of different systems, too, possess multiple organs that share an integrated function.

	Whole - body Level: The combination of the components of these four above mentioned levels
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Fig. 1.1: Five Levels of Body Composition
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culminates in the whole -body or the fifth level of body composition. The human body is characterized by size (stature and mass), shape, and its various dimensions (limb and trunk lengths and their circumferences).Importantly, biological and genetic processes have immense influence on all these levels of body composition. Therefore, functional adaptations associated with physical activity have profound impact

in structural changes or alterations in the components at all levels of body composition.

1.2  Elementary Composition of Human Body

Elementary components of our body are as follow

	Oxygen

	65%


	Carbon

	8%


	Hydrogen

	10%


	Nitrogen

	3%


	Calcium

	1.25%


	Phosphorus

	1.00%


	Potassium

	0.35%


	Sulphur

	0.25%


	Chlorine

	0.15%


	Magnesium

	0.05%


	Iron

	0.004%


	Iodine

	0.00004%



Apart from these, copper, zinc, flourine, silicon, cobalt, molybednum etc.are also found in human body.

1.3  Body Composition Models

Direct measurement of body composition in living human is not feasible, so various models for indirect estimation of the constituents of the body have been developed.
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[image: ][image: ]The two component chemical model has been the primary one, used in the study of the relationship between body composition and physical performance. This model divides the body into fat mass (FM) and fat

-free mass (FFM).Fat is a molecular level component, which are cellular and tissue system components of body composition. The terms fat and lipid are often confused and inappropriately interchange (Heymsfield and Wang, 1993).Fat refers to the family of chemical compounds called triglycerides, whereas lipid is the more general term that includes triglycerides and many other compounds e.g., glycerophos/ phatides and sphingolipids (Gurr and Harwood, 1991).In the two component chemical model, the fat component has included all lipids and all other body constituents are included in the fat-free mass. In more complex three or four component chemical models, the FFM is

subdivided into its major constituents viz. water, mineral and protein (Boileau and Lohman, 1977).

The evaluation of body composition allows quantification of the major structural components of the body muscles, bone and fat. Although height- weight tables are still widely used to assess the extent of ‘over weightness’ based on age and ‘frame size’ such tables do not provide reliable information with regard to relative composition or quality of individual body weight (McArdle et al., 1991).The studies on body composition also assess quantitatively the amount or proportions of major fatty tissue, muscular tissue and skeletal tissue.

The total amount of body fat exists in two depots or storage sites. The first depot termed essential fat, is the fat stored in the marrow of bones as well as in the heart, lungs, liver, spleen, kidneys, intestine, muscles and lipid-rich tissues throughout the central nervous system. This fat is required for normal physiologic functioning. In females, essential fat also includes sex specific fat or sex characteristic fat.

The storage fat is that which comprises the adipose tissue or adipocytes. The number of adipocytes generally becomes fixed around 9-12 months after birth of the child. This nutritional reserve includes fatty tissues that protect the various internal organs from trauma and the larger subcutaneous fat volume deposited beneath the skin surface. Although the proportional distribution of storage fat in males and

females is similar (12% in males, 15% in females), the total percentage of essential fat in females, which includes the sex specific fat, is 4 times higher than in males. Women at some stage in their lives may nourish a fetus and then baby from their own reserve. They have to stock energy in the form of fat for child bearing and other hormone related functions.

We have two types of adipose tissue in our body. These are white and brown adipose tissues. In well nourished adults, white adipose tissue makes up 20 to 25% of body weight. It is found between muscle fibers, supporting the kidneys and the eyes, and under the skin where it acts as thermal insulator. Brown adipose tissue is present in relatively small quantities and is situated mainly between the scapular, in the nape of the neek and in the walls of the large blood vessels of the trunk. Brown adipose tissue has a more extensive capillary network than white adipose tissue. When it is metabolized, it produces considerably more heat and less energy, contributing to the maintenance of body temperature.

In the proposed theoretical model of body fatt distributed for Behnke’s (1969) reference female. For woman, as part of the 5-9% sex specific reserve storage fat, the breasts contribute approximately 4.4% of the total mass of body fat, or no more than 12.5% to the quantity of sex specific fat (Katch et al., l980).There are other substantial sex specific depots in the females such as pelvic, buttock and thigh regions that contribute

quantitatively to female body fat stores (Rubeffe Scrive, 1985)

The lean body mass contains a small percentage of essential fat stores (Perhaps as much as 3% ) chiefly within the central nervous system, marrow of bones, and internal organs. In contrast, use of the term “fat- free mass” refers to the body mass devoid of all extractable fat. Behnke (l969) points out that the fat free mass is an in vitro entity, and is the appropriate term with regard to carcass analysis. He once again, views the lean body mass, on the other hand, is an in vivo entity that remains relatively constant throughout the active adult life span with respect to water, organic matter and minerals. In normally hydrated, healthy adults, the only difference between the fat free mass and lean body mass is the “essential” lipid rich stores in bone marrow, brain. spinal cord and internal organs.

Body composition analysis is important in many fields like that of human biology, human genetics, physical anthropology, sports medicine, physiotherapy, occupational health, geriatrics, preventive medicine, physical education, home sciences etc. Measurements of body composition provide sensitive indices of body fatness and therefore a mean of describing relatively subtle changes in energy balance, which may have the potential influence performance or in the longer form of healthy life, excessive amount of body fat is associated with many diseases and disabilities. Researches indicate that overfat individuals are often

hypertensive and have elevated serum lipid level. Mechanical disabilities like flat feet, osteoarthritis of knee, hip, lumber spine, abdominal hernias, diaphragmatic hernias, varicose veins, respiratory infections are associated with obesity. The health risks of obesity also include autonomic and ventricular dysfunction, adult onset diabetes mellitus, renal disease, problems in administering anesthetics during surgery, several types of cancer, menstrual irregularities and enormous psychological burden.

1.4  Distribution of fat in women

One of the major morphological differences between men and women is the greater amount of body fat that women possess. The fat softens the outline of the muscles. This also erases the osseous indicators. While creating characteristic folds and grooves, it rounds out the surfaces.

In hot climate, the fat is localized on the buttock (black Africans) on the hips (Mediterraneans) and around the navel (central Asians). During hot periods, this distribution avoids covering the women with a hot coat of fat that could be difficult to bear and inefficient for thermoregulation. In cold climate, the distribution of fat is more uniform, which provides for better protection during rigorous winters. (Delavier, 2003)

Fat reserved accumulate in very specific areas on the body. Normally the deposition of fat avoids the flexion folds at the joints in order not to interfere with

[image: ]

[image: ][image: ]movement. Fat accumulations are often distributed in the same pattern in both sexes. The main difference is in the greater development of fat on certain areas in women.

1. The Buttocks: In women, the buttock region can be quite prominent. It is almost entirely due to fat that is continued by the gluteal fold. Apart from its rtole as an energy reserve, it also helps make the sitting position more comfortable by cushioning the direct contacts between the bones (ischial tuberosities) and the surface to sit.

2. Low back: This concentration merges with the gluteal area so that the buttock may increase in height until it seems to go up to the waist.

3. Below the trochanter or ‘Riding breaches’: This concentration is frequent in Mediterranean women. It can be quite bulky and is located on the superior part of the lateral thigh just below the depression of the greater trochanter. It blends with the fatty tissue of the anterior surface of the thigh and at the posterior, with the buttocks. When fat deposition havoc in this area, many deep depressions on the surface of the skin, called ‘pitted’ or ‘cottage cheese surface’ are found. This is due to inelastic fibrous tracts that connect the deep surface of the skin to the







1.5  Behnke’s Reference Man and Reference Woman
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