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Evaluation of body composition is essential for an understanding of the growth and deve-
lopment, and various health disorders including malnutrition of human subjects. Human body
consists of three chemically distinct compartments. They are: fat mass ( FM ), fat free mass
(FFM) and total body water (TBW ). Th2 chemical composition of FFM is assumed to be
constant with a density of 1.1 g/mlat 37°C (1), TBW of 72-74% of FFM (2) and FM, stored
as trighycordio, has a density of 0.9 g/ml at 37°C (3). Based on these body compartments
all body composition methods were developed. Research to establish indirect methods for assess-
ing body composition started by Behnke in 1940 (4). Subsequentiy, a variety of methods has
been introduced. Some early review (5-7) give the details of the theory and practice of these
methods. In this review some of these early methods that are tracitionally used for determin-
ing human body composition will bz described briefly with their limitations and later, recently

developed methods will be discussed in detail.

Old Methods (Traditional)

1. Body Mass Index (BM1) :

BMI is is the body weight (in Kg) divided by the power of height in m? (8). Calcula-
tions, based on values for ideal body wsidht, suggest that BM! for normal men should be in
the range of 20 to 25 Kg/m? whil2 for women it should bein rage of 19-24 Kg/m? (9). In
the case of infants and children. BMI changes with age baginning at 13 Kg/m? reaching a peak
of 18 Kg/m? at about 1 year and then a nadir of 16 Kg/m? at about 6 years of age to be
followed by a rise to adult values, as given above, during adolescence (10). Individuals with higher
BM! are considered overweight, even obese. and those with lower indices are classified as un-
dernourished. Although BMI is still widely used to assa2ss thz extent of overweightness or lean-

ness. it is not always an accurate index of body composition. For instance, a human subject may
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weigh much more than the average weight-for-height standards, vet still be underfat in terms
of body's total amount of fat. The extra weight could simply be due to additional muscle
mass.

2. Skinfold Thickne:s

Use of this method is usually utilized for the estimation of human body fatness. The mea-
surement of skinfold thickness is made by grasping the skin and adjacent subcutaneous tissue
between the thumb and forefinger, pulling it away from the cody just for enough to allow the
jaws of a caliper to impinge on the skin. The jaws of the caliper are calibrated to exert a
constant pressure of 10 g/mm?* Measurements are made at several places of a human body,
such as chest, axila, triceps, subscapula, abdomen, thigh and suprailiac. There are several mathe-
matical equations available for the prediction of body fatness, ie. FM, from the skinfold thickness
measurements (11). Since this method is based on the assumption that the thickness of the
subcutaneous acirose tissue reflects a constant proportion of the total body fat and the sites
selected for measurement represent the average thickness of the subuntaneous adipose tissue and
since neither of these assumptions have been proven to be true, the validity of this method
is highly questionable- Moreover, since the distribution of fat in the human body could be
different from one individual to another, the use of skinfold equations to predict body composi-
tion is restricted to populations from Whom th3s2 equations are derived- Furthermore, the preco-
sion of mzasurment of skinfold thickness is dz2pendant upon tha skill of the anthropometrist and
the site measured.

Arm Circumference

Because of the impracticality of using laboratory methods in field studies, upper arm cir-
cumference and triceps skinfold have been used to assess nutritioral status in popolations (12.)
Tlie arm citcumference (C) is made to the nearest millimeter on the left arm midway between
the tip of the acromion and olecranon process with arm relaxed. The triceps skinfold (S) is
measured to the nearest 0.1 mm using a calibrated caliper at the same level as the mid-arm
circumference on the posterior aspzct of the arm. Calculation of fat (F) aad muscle (M) from
these measurements utilizes the following equations.

F~SC/2-1-=8%/4 and M= (C- =S)*/4=
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4. Densitometry

The measurement of body density from the body volume is based on the Archimedes’ prin-

ciple which states that the volume of an object submerged in water equals the volume of
water the object displaced. If one measures weight in air and weight in water, the difference

corrected for the density of the water corresponding to the temperature of water at the
time of underwater weighing, is the apperent body volume, It is also mandatory to deter-
mine the residual lung volume (RV) by nitrogen washout and gastrointestinal gas volume which
is about 0.1 liter. The general equation to determine body density (Db) is:

Wa
Dy = {(Wa-Ww)/Dw}-RV-0.T" where Wa=weight in air Ww=weight in water and Dw=density

of water at a temperature at which the msasurement is maide, The underwater weighing sys-
tem, originally described by Goldman and Buskirk (13) and later modified by Akers and Bus-
kirk (14) has gained widespread use. A common equation for the calculation of per cent
body fat (%F) from body D, is given by Brozek et al (15) as;

oF=( 4570/Dv ) - 442, Another equation developed by Siri (16) is:

o%F=( 4.95/Dv) - 450 which yields higher values for subjects with more than 30% fat
compared to the values given by the equation of Brozek et all (15). Because of the varia-
bility in bone density and hydration states of the FFM an error of 3-4% for predicting body
fatness is expected from the results of densitometry. The result is also dependant on the
cooperation of the participants. This is a laboratory method which, however, cannot be used
for small babies and hospitalised patients,

5. lIsotopic Dilution

The findings that water occupies a relative fixed fraction (72-74%) of FFM (12) have
stimulated the estimation of TBW as an ind:x of human body comwposition. jsotopes of hydro-
gen ('H) such as duaterium (2H) and tritium (3H), are exchanged by the body in a same
manner as water ( 17 ). Therefore, the dilution principle can be used to quantitate TBW by follo-
wing the relationship : C,V1=C;V2, where C,Vi is the amount of isotopic water, i.e. 2H,0 or
3H,0, given as tracer, C, is the final concentration of the tracar and V2 is the volume of TBW,
The use of radioactive ®H has been restricted in research involving children and female of child
bearing age and/or in case of repeated measurements with short period of time. Because of the
availability of new techniques, such as gas chromatography (1€), GCMS (19), IR (20), adjd NMR
increased use of 2H,0 has occured in recent years,

(68)



Bangladesh Journal of Nutrition Vol. 1 No. 1 Dec 1987 Khaled : Human Body Composition

The typical procedure for using isotopic water includes either ingestion or intravenous
injection of a specifizd quantity of tracer, an equilibration period of about 2-4 hours and
sampling, The quantity of tracer givan depends upon the type of tracer administered, analy-
tical system used, and the objective of the research, A dose of 10g of 2H,0 (99.7% purity)
for an adult human subject is sufficient to provide good analytical precision and accuracy by
using I R (20) and NMR (21) methods, In sample collections, although plasma or serum tracer
concentrations have been used, under adequate conditions saliva and urine samples can be used,
Recoantly, the use of oxygen-18, ie. H2150, as a tracer has been proposed to measure TBW

{22), but the implem2ntation of this technique is difficult outside of a specialized research
laboratory.

6. Urinary Creatinine Excretion

Folin (23) first proposed th2 use of urinary creatinine for estimating body composition
and Hoberman et al (24) later dazmonstrated the direct proportionality of the body creatine
to urinaty creatinine output, Creatinine is formed by the non.enzymatic hydrolysis of free
creatine liberated during the dephosphorylations of creatine phosphate which is located mostly
(98%) in skeletal muscle (25). The urinary creatinine excretion is related to FFM and muscle
mass (26). Thz greatest drawback of this method is the large intra-individual variability in daily

urinary excretion of creatinine from ths renal processing  (27). In addition to this, djet can
also eifect the daily creatinine excretion (28).

Modern Methods ( New )

Various problems are associated with all the traditionaj methods as described above, Some
are invaiid, some cannot be used for field studies and most of them are time consuming and
cumbersome. Therefore, the development of msthods that are non-invasive, rapid and accurate
has been the subject of extensive investigations primarily in the USA to-day. Socme of these
modsrn msthods have been dascribed below with their brief theory and practices in the deter.
mination of various body compartments.

1. Bioeslectrical Impedance Analysis ( BIA )

Since FFM is the main reservoir of all body electrolytes, and since body electrolytes
behave like elzctrical condustor, it is therefore, commonly believed that the measurements of
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bioelectrical impendence, of lean tissues should provide an assessment of this bocdy compart-
ment. The fact that the ionized electrolytes are virtually confined to the total volume of water
in the body, it is also possible to derive TBW from BIA measurements. Hoffer et al (29) were
the first to use this impedance method to estimate TBW by assuming the complex geometry
of humam body as a simple cylindrical conductor of length L and area A and modifying the
equation.

Z=rohL/A [1]
where Z is the impedance and is equal to

VR*IX? (R=resistance and X=reactance ). and roh is the resistivity, to
Z=rohL*/V [2]

where V is the volume.

Determinations of resistance and reactance are made by using a tetrapoiar impedance plo-
thysmograph. Such an instrument, model 101, manufactured by RJL Inc. Detroit. Mich, USA,
is shown in Figure 1. The subject, as shown in this figure, lies supine on a cot wearing cloths
but without shoes and socks. Aluminum foil spot electrodes are positioned in the middie of the dorsal
surfaces of hands and feet proximal to the mztacarpal-phalangeal and matatarsal-phalangeal joints respe.
ctively, and also medially between the distal prominances of the radius and the ulna and bet-
ween the medial and lateral malleoli at the ankle. A thin layar of electrolyte gel is applied
to each electrode before application to the skin. An excitation current of 8C0 pA at 50 KHz
is introduced into the subject at the distal electrodes of the hand and foot, and the vcltage
drop is detected by the proximal electrodes (see Fig- 1)- Accotding to Ohm’s law 7 to an
alterating current of a circuite is measured in terms of voltage (E) and current (1) as Z=E/l.
By using phase sensitive electronics one can gquantitate tha geometrical compenents of ZR is
the sum of in-phase vectors and X is the sum of out-of-phase vectors. Determinations of R
and X are made by placing the electrodes on the ipsilateral and contralateral side of tho body.
The impedence value for a subject is usad to calculate conductance (height*/impedance) and to
predict FEM and TBW, The precision of the method is lass than 2% (30,

The BIA method has been used to assess body composition in healthy adults. Lukaski et af
(30,31) have used standard methods to establish models to estimate TBW, FFM and potassium
in healthy human subjects. Kushner and schoeller (32) have damonstrated the validity of the BIA
method to Predict TBW in patients with either inflammatory bowel disease and receiving total
parenteral nutrition and diabetes. However, this method was found to overestimate fatness in
lean males and underestimate it in overwaight subjact comnarad to hydrostatic densitometry (33).
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Recently Khaled et @ (34) corrected the BIA method to estimate body fatness by taking into
consideration of total body weight provided the body electrilyte is not altered. The advantages
of this method are portability, safety ( non-invassive ). convenience, cost and acceptable levels
of reliability and accuracy in thhz asssssment of human body composition.

1. A typical display of the use of a BIA machine, RJL system BIA-101
on a human subject, Please note that two electrodes are attached on right
hand and other two on the right foot forming a tetraporler electrods

system.

2. Total Body Electrical Conductivity ( TOBEC)

The basic principles of the TOBEC is similar to the BIA method. In this method, how-
ever, the excitation current is induced in the tissue by a time varying magnetic field which is
generated by passing a radio frequency (rf) current at 2 to 5 MR, through the coil surround-
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ing the tissue. The TOBEC method actually criginates from electronic meat measuring equipment
( EMME ) manufactured by the Dickey-John Co, Auburn, ILL. USA, for the estimation of lean
content of ground meat packed in a rectangular shaped box. A second generation TOBEC ma-
chine has a circular shaped coil configuration as shown Figure 2. The subject lies supine ona
stretcher on rollers and is passad through the tunnel which has magnetic field of about 80 cm
in diameter and 190 cm long. Movement through this tunnel yields a phase curve representing
the interaction of the magnetic field with the geometric shape and electrolyte, i.e. FFM or TBW
content of the human subject. The Fourier analysls of this phase curve is employed for body
composition analysis. Multiple regression analysis using zero ordzr, first order, and second order
Fourier coefficients as predictor variables of FFM, TBW and total body potassium ( TBK) gave
correlation coefficient, r% of 0.982, 0.961 and 0.891 with SEE of 1.43 Kg, 1.57 L and 11g respec-
tively (35). These results indicate that the second generation TOBEC has the potential for in-
creased predictive accurazy in estimating body composition- Its drawback is the lack of valida-
tion in patients undsrgoing weight or compositional chanjes and in patient with abnormal water
electrolyte distributions.

2. A second generation TOBEC instrument.
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3. Neutron Activation Analysis (NAA)

NAA is an analytical technique based on nuclear reaction with various elements such as calcium
(Ca), sodium (Na). chloride (Cl). phosphorus (P) and nitrogen (N) of human body by creating uns-
table isotopes, e.g. #*Ca and N. In this method a moderated beam Of fast neutrons is delivered to
the subject that creates unstable isotopes. These unstable isotopes revert to stable condition by
emitting one or more gamma rays of characteristic energy. A human subject is placed carefully with
respect to a detector array in a highly shielded facility and the radiation from the subjectis
datected by the gamma radiospectrum of the emissions, The energy level identifies a particular
element while the level of activity indicates its aburdance.

The first application of NAA to the assessment of human body composition was the
determination of total body calcium (TBCa) (36-33). The precision of the repeated TBCa de.
tarmination is 2.5% over a 4-5 year period (39) that makes this method suitable for lontitu-
dinal studies. Specific procedures have also been developed to normalize body calcium levels
in patients with motabolic bone disease (40).

Measurements of total body nitrogen (TBN) by using promtgamma technique (41,42) have
led to the recognition of the clinical usefulness of body nitrogen in body composition
assessmant. This method quantitates TBN absolutely by using body hydrogen as an internal
standard. The procedure requires 20 minute neutron exposure and counting period and has a
calculated whole body radiation dose of 26 mrem. Determinations of absolute TBN values ailow
the estimation of muscle and non-muscle mass and their protein contents by using the ma-
thematical modals of Burkinshaw (43). Use of these data along with bone mineral mass from
the TBCa measurements permits the calculation of total body fat. Most information on the
body composition can be obtained by NAA than any available techniques. Unfortunately, fac-
tors, such as high cost, the need for skilled operator lack of mobility and most of all
the use of ionizing rediation, severely limit the routine application of NAA in body composi-
tional studies,

4. Computerized Tomography (CT)

in this, method & collimated X-ray source and detectors are aligned at opposite poles of
a circular gantry., A human subject, lying on a movable platform, is advanced through the
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control aperature of the gantry. As the X-ray beam is rotated around the designated areas in-
formation about the intensity of the attenuated X-ray beam is recorded and stored. The:
computer then constructs the two-dimensional cross-sectional images. Each CT image is a matrix.
of pixels, each about 1 mm X 1 mm, arranged in rows and columns. The depth of the slice
thickness varies from 1 mm to 10 mm. The magnitude of the X-ray beam attenuation is reflec-
ted in the degree of pixel shading. Lower densities appear black and higher densities are white
with air and bone at the low and high ends of absorption respectively. Thus high image con-
trast can be observed between bone, adipose {fat) and fat free tissues.

various approaches have been tried with this CT method to analyze human body composi-
tion (44). These approaches have been used to assess changes in muscle and adipose tissue
in malnutrition (45) and to describe cross-sectional difference in abdominal fat distribution during
aging (46,47). The adipose and fat free tissues can be determined from the number of pixels
in a slice of CT. However, tomographic pixels derived from an area of adipose tissue represent
not only neutral fat but also protein matrix. Thus the assessment of absolute amount of fat
mass can not be accurate enough. The CT method has been helpful in diagnosing organ tumers
(48), fatty liver (49) and tissue iron content (59). Factors that limit the use of this techuique

are similar to NAA.

5, Nuclear Magnetic Resonance (NMR)

Whereas CT and NAA techniques have inherent radiation problems, a new and sophisticated
method with great potential for the safe, non-invasive and direct assessment of human body
composition is Magnetic Resonance Imaging ( MRl) and Spectroscopy (MRS). Both MRI and
MRS are actually based on the same basic principles of Nuclear Magnetic Resonance (NMR),
Since common people in the western countries are usually afraid of the word ““Nuclear’’, hence
the terminology is MRI/MRS to suit the public sentiment. NMR is basically a form of absorption
spectrescopy based on the properties of nuclei that possess a net spin and associated magnetic
field to precess or resonate at particular frequencies which can be detected with the appropria-
tely positioned magnetic fields and receiving coils (51). The frequency at which a magnetic
nucleus resonates is described by the following equation

v = (gamma)Bo/2= [31

Where v is the resonance frequency, (gamma) is the gyromagnetic ratio for & particular nucleus and
Bo is the magnetic field the nucleus is experiencing. The Bo term is what causes the same
isotope to resonate at different frequencies depending on its local chamical aad magnetic environ-
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ments. Several nuclei of biological importance detectable in MRI/MRS experiments include !H,
*H, 1C, N, *Na, 3!P, 35Cl, 3K and %Ca. Any one of these nuclei, when placed in static
magnetic field. attempts to align with the field. If a radioffequency (rf) wave parturbes this alig-
nment, the axis of the magnetic moment of that nucleus will change its orientation and some of
the energy from the rf source will be absorbed.- When this rf seurce is turned off, the absorbed
energy will be emitted that gives rise the NMR signal and the nucleus or nuclei will relax to
its original orientation. To relax to its equilibrium position, the nucleus takes some time which
is called Relaxation Time (T). There are two relaxation times: 1) Spin-Lattice or Longitudinal
Relaxation Time. Ti, which depends on nuclei's chemical and/or magnetic environments, and 2)
Spin-Spin or Transversal Relaxation Time, T2, which is dominated by the interactions between
two or more nuclei and is usually indicated by the linewidth of a resonance signal-  Basides
these NMR parameters, two other. parameters, namely signal intensity and chemical shift dispersion,
also play major role in monitoring many chemical and biological events. All these parameters
have been used recently to determine TBW in adult human (21) and in baboons (52) non-invassively
and accurately.

In recent years. NMR has developed into a highly sophisticated system that generates two
and three dimensional images (MRI) of human body. The whole-body MRI system is presented
in Figure 3. It consists of a superconducting magnet whose field strength could vary from
0.5 to 2 Tesla, a saddle-shaped rf coil, an interfaced computer system that process data and
display images. The images are generated typically at !H resonace. This is because 1H is most
abundant in biological system in the form of water. Both the relaxation timas (Trand Ty)
and chemical shift dispersion properties of 1H are used to construct images (63). In the
determination of body compositions by MRI, fat and water can be displayed as two quite
distinct entity by virtue of their difference in reiaxation and chemical shift values, Another
important applicntion of MRI/MRS is to seek specific chemical information from selected regions
of the body by using 3P, 13C and !H resonances, Localised 31p and 3C resonances can
provide metabolic information which directly reflects the state of health of the tissue and its

responce to therapy (54).

The optimism of future applications of MRI/MRS in body compositional studies is some-
what reduced by the restricted availability and high cost of the system, Navertheless, the
system is an exciting new method that may have profound influence in estimating body enargy

stores.
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3 An integrated MRI/MRS system that can be housed in a modern sophisticated
res2arch laboratory or clinic,

Summary

Within the formate of a minireview all the commonly used traditional methods for deteras
mining human body copmosition have been dascribed with their possible limitations. The ideal
method for assessing body composition be relatively inexpersive, be operated by unskilied
technicians and yield highly reproducible and accurate resuits. In practice, however, thereis a
compromise belween cost, ease of operation and reliability, Keeping these perspectives in
mind some newly developzd techniques havz been discussed. A method or combination of
methods for determining body composition should bz sslected to maet ‘a particular research
objective.

(76)



Bangladesh Journal of Nutrition Vol 1 No. 1 Dec 1387 Khaled : Human Body Composition

Referances

1. Keys, A.and Brozek, J, Body fat in adult men. Physiol. Rev. 33, 245, 1953,

2. Pac2, N.and Rathburn, E.N. S:udies on body composition, Ill, The body water and chemi-
cally combined nitrogen coantent in relation to fat content, J, Biol. Chem. 158, 685, 1945.

3. Mz2nd2z, J. and Keys, A, Density and composition of mammalian muscle, M3tabolism 9, 184-88,
1950,

4, Behnke, AR, Physiologic studies partaining to deep sea diving and aviation' especially
in relation to the fat content and composition of the body, Harvey Lectures Ser. 37,
198-216, 1941.

5. Brozek, J. ed. Humin Body Composition. Ann, NY Acad, Sci. 110, 1-1018, 1963.

5. Brozek, J., Hanszhel, A, eds. Techniques for Measuring Body Composition, Washington
DC: Nat. Acad. Sci.-Nat. Res, Council, 1963. ‘

7. Reid, J.T.ed. Body Composition in Animals and Man, Washington, DC: Nat, Acad. Sci,, 1969.

8. Keys, A. Fidanza, F, Karvonen, M-J., Kimnra, N, and Taylor, HL., Indicas of relative
weights and obesity. 25, 329.343, 1972,

9. Matropolitan Life Insurance Co., 19€3.

10. Van Wieringen, J.C. Secular changes of growth, Leiden.

11 Lohman, T.G. Skinfolds and body dansity and their relation to body fatness: a review.
Hum, Biol 53, 181-225, 1981.

12. Jelliffe, D.B. The Assessment of the Nutritional Status of the Community. Geneva. World
Health Organization, W H O, Monograph Series No. 563, 1966,

13. Goldman, R.F.. Buskirk, E.R, Body volume measurement by underwater weighing; descrption
of a meothod, In: Brozak, J,, Henschel, A, eds. Techniques for Measuring Body Composi-
tion. Washington, DC: Nat, Acad, Sci,-Nat, Res, Council, P, 78-89, 1961.

14, Akers, R, Buskirk, E.R. An undsrwater weighing system utilizing *force cube” transducers
J. Appl. Physiol. 26, 649-52, 1969.

15 Brezek, J., Grande, F,, Anderson, J.T., Keys, A. Densitometric analysis of body composi-
tior: revision of some quantitative assumptions. Ann, NY Acad. Sci. 1.0, 113-140, 1963,

16. Siri, W.B. The gross composition of the body. In:Tobias CA., Lawrence, J.H,, eds. Advances
in Biological and Madical physics, Vol. 4, New Yok, NW: Academic Press, P, 239.280, 1956,

17. Pinson, E.A, Water exchanges and barriers as studied by the use of hydrogen isotopes.
Physiol, Rev, 32, 123-34, 1952,

18. Mendez, J.. Procop, E,, Picon-Reategui, E., Akers, R, and Buskirk, E,R. Total body water by
D,° dilution using saliva samples and gas chromatography. J. Appl. Physiol, 28, 354.57, 1970,

19 Halliday, D.and Miller, A,G. Precise measurement of totalbody water using trace quantities

of deuterium oxide, Biomed. Mass, Spectrom 4,82-7, 1977,

(77)



Bangladesh Journal of Nutrition, Vol, 1 No. 1 Des 1387 Khaied : Human Body Compositicn

20.

21

22.

23,
24.

25

25.

27.

28.

29,

30.

31

32.

33.

34.

35.

Lukaski, H.C. and Johnson, P.E A simple. inexpensive method of determining total body water
using a tracer dose of D20 and infrarad absorption of biological fluids. Am. J. Clin. Nutr.
41,363-70, 1985.

Khaled, M.A., Lukaski. H.C. and Watkins, C.L., Determination of total body water by Deu-
terium NMR Am. J. Clin. Nutr. 45, 1-6, 1987.

Schoeller, D-A., Van Santern, E.. Peterscn. D W, Dietz, W., Jaspan. J. and Klein, P.D. Total
body water m2asurements in human with 50 and *H labeled water. Am. J. Clin. Nutr. 33,
2686-93. 1980.

Folin, 0. Laws governing the chemical composition of urine. Am. J. Physiol 13,66-115, 1905,
Hoberman, H.D . Sims. E.A H. and Peters, J.H. Creatine and creatinine ms tabolism in the normai
male adult studied with the aid of isotopic nitrogen. J. Biol. Chem. 172, 45-58, 1948,

Borsook. H. and Dubnoff, J.-W. The hydrolysis of phospho-creatine and the origine of urinary
creatinine. J. Biol.- Chem 168, 493-510, 1947.

Cheek, D.B. {Human Growth: Body Composition, Cell Growth, Energy. and Intelligence. Phila-
delphia, PA:Lea and Febiger, 1968,

Materson, B.J. Measurement of glomerular filtration rate. CRC Crit. Rev. Clin. Lab. Sci.
2, 1-44,1971.

Bleiler, R.E. and Schedl. HP. Creatinine excretion: variability and relationships to diet and hody
size. J. Lab. Clin. Med. 59, 945-55, 1962.

Hoffer, E.C., Meader, C.K.and Simpson, D.C. Correlation of whcle bedy impedance, with total
body water. J. Appl physiol. 27 531-4, 1969.

Lukaski, H,C., Johnson, P.E, Bolonchuk, W,W. and Lykken, G.1. Assessment of fat free mass
using bioelectrical impedance measurements of the human body, Am. J. Clin. Nutr. 41,810-17 1985.

Lukaski, H.C., Bolonchuk, W-W., Hall, C.A. and Sider, W.A. Estination of fat free mass ia human
using the bioelectrical impedance method: avalidation study. J. App. Physiol. 60, 1327-32, 1986.

Kushner. R F. and Schoeller. D.A. Estimation of total body water by bioelectrical impedance anealy-
sis, Am. J. Clin. Nutr. 44, 417-24, 1986.

Segal, K.R.. Butin, B., Presta, E, Wang, J. and Van 1talie, T-B. Estimation of human body
composition by electrical impedance methods: a comparative study. J. Appl. Physiol. 58,
1575-71, 1985.

Khaled, M A., McCutcheon, M.J. Reddy, S. Pearman, P.R., Hunter, G R. and Weisier, R L.
Electrical impedance in asszssing human bady composition: The BIA nmethod Am. J. Ciin.
Nutr. 1988 (in press ).

Van Loan, M.and Mayclin, P. A new TOBEC instrument and procedure for the assessment of
body composition: use of Fourier coefficients to predict lean body mass and total body water.
Am. J. Clin Nutr. 45, 131, 1987.



Bangladesh Journal of Nutrition Vol , 1 No, 1 Dec 1987 Khaled : Human Body Composition

38, Chambertain, M.J., Fremlin, J.H., Peters, D K. and Philip, H. Tota body calcium by whole

37,

38

89.

41.

42,

43.

44,

46.

47,

48

body neutron activation: new technique for study of bone disease. Brit, Med. J. 2,5681.92,
1968,

Palmer, H.E., Nelp, W.B., Murane, R, and Rich, C. The feasibility of in vive neutron activa-

tion analysis of total body calcium and other elements of body composition, Phys, Med.
Bioi. 13,269.69, 1978,

Cohn, S.H. Shukla, K-K. Dombrowski, C.S. and Fairchild, R.G. Design and calibration of a

bread beam 238 Pu, Be neutron source for total body neutron activation analysis. J. Nucl.
Med. 13, 487-92, 1472.

Cohn  S.H., Ellis, K.J. and Wallach, J. In vivg neutron activation analysis, Clinical potential
in body composition studies. Am. J. Med. 57, 683.6. 1974,

Chesnut, C,H., Nelp, W.B and Lewellyn, T,K. In: De Luca H.F.. Frost, H.Mm., Jee, WS.S,,

Johnston, C.C., Parfitt, AM, eds. Ostee-porosis-Recent Advances in Pathogenesis and Treat-
ment. Baltimore; University Park Press, 1981.

Cohn, S.H and Dombrowski, C.S. Measurement of total body calcium, sodium, cholins, nitro-

gen, and phosphorus in man by in vive neutron activation analysjs. J. Nuc Med. 12,
499.505, 1971.

Body, K., Holloway, 1, and Elliot, A. A simple facility for total body in vive activation analy-
sis. Int. J. Appl. Radiat. 24,428.30, 1973,

Burkinshaw, L., Hill G.L. and Morgan, D.B. Assessment of the distribution of protein in the
human by in vive neutron activation analysis. Int. Symp. Nuclear Activation Techniques
in Life Sciencss. Vienna: IAEA. Publ. SM 227/39,787-96

Heymsfield, 5.B. Clinical assessment of lean tissues: future directions. In: Roche AF. ed.
Body Composition Assessments in Youths & Adults, Report of the Sixth Ross Conference
on Medical Research. Columbus, OH: Ross Laboratories, P. 53-8, 1985.

Haymsfield, SB., McMannus, C., Smith, J., Stevens, V. and Nixon, D.W. Anthropometric mea-
surement of muscle mass: revised equations for calculating bone-free arm muscle area. Am,.
J. Clin. Nutr. 36, 630-90, 1982.

Borkan, G.A., Gerzof, $,G,, Robbins, A.H., Hults, D.E., Silpert, C.K. and Silbert, J.E. Assessment
of abdominal fat content by computed tomogrphy. Am, J. Clin. Nutr, 36, 172.7, 1982,
Borkan, G.A., Hults, DE Gerzof, S.G. and Robbins, A.H, Comparison of body composition in
middie-aged and elderly males using computed tomography. Am. J. Phys. Anthropol. 66,289-95,
1985.

Haymsfield, S. B. and Noeal, R.A. Radiographiz analysis of body composition by computerized
axial tomography. In: Newel GR. Ellison NM, eds, Nutrition and Cancer: Etiology and Treat-
ment, Progress in Cancer Research and Therapy, Vol. 17 New York, NY: Raven Press, P161.72,
1981.

(79)



Bangladesh Journal of Nutition vol 1. No 1, Dec. 1987 Khaled : Human Body Compositicn

49,

50,

51,

52.

53,

54.

Alperin, M.B, Lawson, T.L.and Foley, W,D,, Focal hepatic masses and fatty infiltration
detected by enhanced dynamic CT, Radiology 158, 45.9, 1986.

Mills, S.R., Doppman, J. and Neihus, A.W . Computed tomography in the diagnosis of disorders
of excessive iron storage of liver, J. Comput. Asstt, Tomogr. 1,101, 1977,

Kaufman, L, Crooks, L.E. and Margulis, A.R,, Nuclear Magnetic Resonance Imaging in Medicine,
Tokyo, Japan: Igaku Shoin, 1981,

Lewis, D.S, Rollwits, W.L, Bertrand, H.A, and Masore, E.J, Use of NMR for measurement of
total body water and estimation of body fat, J Appl. Physiol, 60, 83¢ 40, 1986,

Foster, M.A, Magnetic Resonance in Medicine and Biology, Oxford, England: Pergammon
Press. 1984,

Mallard, J.R, Nuclear magnetic resonance imaging in medicine: medical and biological
applications and problems. Proc, R, Soc, Lond. B. 226, 391.419, 1986.

( 80)



