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Sum mary: Dual-en ergy X-ray absorptiometry (DXA) as a gold stan dard of body
com po si tion as sess ment en ables de vel op ment and cal i bra tion of the anthropometric
equa tions in es ti ma tion of the body com po si tion, as well as the lean body mass (LBM).
Lean body mass can be cal cu lated from height and weight us ing the method of Hume.
The aim of this study was to dis cover the ac cu racy of the Hume’s equa tion in de ter min -
ing LBM.

DXA was per formed in 88 women with mean BMI (28.22±5.12 kg/m2), di vided in
4 groups ac cord ing to their BMI: 1st gr.<25 kg/m2; 2nd gr. 25-29,9 kg/m2; 3rd gr. 30-34,9
kg/m2; and 4th gr. 35-40 kg/m2. Hume’s equa tion cal cu lated LBM (kg), LBM = ª0.29569
x (body weight in kg)º + ª(0.41813 x (height in cm)º - 43.2933, and it was com pared to
the LBM val ues de ter mined by DXA.

Mean lean body mass de ter mined by the method of Hume was 49.42±3.68 kg, and 
it was sig nif i cantly higher com pared to the mean lean body mass (40.59±4.5 kg) de ter -
mined by DXA (p<0.0001). The lean body mass val ues de ter mined by the method of
Hume in the 1st group (41.81±4.1 kg), in the 2nd group (43.53±3.69 kg), in the 3rd group
(46.74±3.69 kg) and in the 4th group (46.74±4.26 kg) were sig nif i cantly higher com -
pared to the cor re spon dent LBM val ues de ter mined by DXA (37.96±4.06 kg) in the 1st

group (p<0.001), (39.25±2.95 kg) in the 2nd group (p<0.0001), (43.1±3.93 kg) in the 3rd

group (p<0.005) and (46.11±3.07 kg) in the 4th group (p<0.042). BMI in crease was as so -
ci ated with sig nif i cant LBM in crease in the 3rd and 4th group com pared to the 1st gr.

Hume’s equa tion over es ti mated lean body mass com pared to DXA, and it could -
n’t be used for lean body mass as sess ment in clin i cal prac tice.
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In tro duc tion

Obe sity is a multi-fac to rial chronic dis ease char ac ter ized with an ac cu mu la tion of 
ex cess fat suf fi cient to harm health. Lean body mass is the mass of the body mi nus the
fat. Body com po si tion is sim ply the ra tio of lean body mass to fat body mass. BMI does
not quantitate body com po si tion (Dencker, 2007), and does not show the dif fer ence
be tween ex cess fat and mus cle. Two peo ple can have the same BMI but dif fer ent body
fat per cent ages. BMI over es ti mates body fat in per sons who are very mus cu lar, and it
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can un der es ti mate body fat in per sons who have lost body mass (e.g. many el derly).
Weight scales can be mis lead ing since body weight is mus cle, fat and bone all added to -
gether (Gallagher, 2000). Stan dard scales can tell a to tal weight, but can’t de ter mine
the lean-to-fat ra tio of that weight. Body com po si tion re fers to the amount of body
that is com posed of fat, ver sus the amount that is com posed of “lean mass” (Heyward,
1998). Nat u rally, the ob jec tive for op ti mum health is to min i mize body fat and max i -
mize lean mass. The study of body com po si tion at tempts to par ti tion and quan tify
body weight or mass into its ba sic com po nents (Heyward, 1998).

There are a num ber of meth ods for de ter min ing the lean body mass. LBM is pre -
dicted by us ing a com plex and im per fect equa tions. One of them is Hume’s equa tion
(Hume, 1966). It is a rapid way of gen er ally ac cess ing lean body mass in in di vid u als
from epidemiologic stud ies. Im ag ing tech nol o gies, mag netic res o nance im ag ing, com -
puter to mog ra phy and DXA, are pre cise and ac cu rate tech niques used to study lean
body mass and ad i pose tis sue dis tri bu tion (Müller, 2002; Shen, 2003). DXA is sen si tive
tech nique of body com po si tion as sess ment, which mea sures whole and seg men tal
body fat and lean body mass. It is a rel a tively new method for re li able and di rect mea -
sure ments of body mass in its three ba sic com po nents: to tal body bone min eral con -
tent, min eral free lean tis sue mass, and fat. To day DXA is con sid ered the gold stan -
dard to as sess bone health and body com po si tion (Ravaglia, 1999; Hunter, 2002;
Salamone, 2000). Us ing DXA to de ter mine the pro por tion of lean body mass (mus cle)
ver sus to tal body fat is a valu able clin i cal tool in the man age ment of long-term health
and fit ness. DXA should be used for the de vel op ment and cal i bra tion of the
anthropometric meth ods, and anthropometric equa tions that are used for body com -
po si tion as sess ment (Lear, 2006).

This study per formed LBM as sess ment in de pend ence on BMI, and ex am ined
the inter-re la tion ship of lean body mass de rived from Hume’s pre dic tion equa tion and
DXA in women. The pur pose of this study was to dis cover the ac cu racy of Hume’s
equa tion in lean body mass assessment.

Ma te ri als and Meth ods

DXA ex am i na tion was per formed on 88 healthy women with mean age
50.79±13.57yr, BMI 28.22±5.12 kg/m2 and BW 71.5±12.5kg. The examinees were di -
vided in 4 groups ac cord ing to their BMI ex pressed in kg/m2: 1st gr with mean BMI
value 22.45±1.86; 2nd gr. 27.38±1.16; 3rd gr 32.04±1.41 and 4th gr 36.86±1.82. The 1st gr
con sisted of 27 pa tients, the 2nd gr 28, the 3rd gr 22 and the 4th gr 11 pa tients. The pa -
tients groups did not dif fer ac cord ing to their age.

BMI was de fined as the weight (in ki lo grams) di vided by the square of the height
in me ters (kg/m2). Height was mea sured by a wall stadiometer in sub jects with out
shoes and weight was mea sured by a dig i tal scale.

Lean body mass in adults can be es ti mated from a pa tient’s gen der, height and
weight with Hume’s equa tion. For men over the age of 16, lean body mass in ki lo grams
= (0.32810 x (body weight in ki lo grams)) + (0.33929 x (height in cen ti me ters)) -
29.5336. For women over the age of 30, lean body mass in ki lo grams = (0.29569 x (body
weight in ki lo grams)) + (0.41813 x (height in cen ti me ters)) - 43.2933.

DXA as sess ment was per formed with Lu nar DPX-NT sys tem which uses en core
10.x Win dows-XP Pro fes sional OS com put ers. For body com po si tion mea sure ments, a 
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DXA scan of the en tire body was per formed. DXA as sess ment of the to tal body and
re gional val ues (arm, leg, trunk, an droid, gynoid) of the tis sue mass (TM) and TM%,
as well as FM, FM%, bone (min eral) free LBM, bone min eral con tent (BMC) and
bone min eral den sity (BMD) was per formed, as well as LBM as a sum of bone free
LBM and BMC. LBM val ues were ex pressed in ki lo grams (kg). DXA lean body mass
val ues were com pared to the Hume’s equation values.

Sta tis ti cal anal y ses were per formed us ing sta tis ti cal soft ware pro gram SPSS for
Win dows, ver sion 14.0. P<0.05 was con sid ered sig nif i cant. Each pa ram e ter was pre -
sented as the mean±SD. Dif fer ences among groups were eval u ated by per form ing an
anal y sis of vari ance (ANOVA) for nor mally dis trib uted pa ram e ters or by the
Kruskal-Wallis test for non-para met ric data. Cor re la tion co ef fi cients were determined 
by Pearson’s product moment.

Re sults

LBM de ter mined with Hume’s equa tion in the 1st group was 41.81±4.1kg, in the
2nd group (43.53±3.69kg), in the 3rd group (46.74±3.69kg), in the 4th group (46.74±4.26kg)
and to tal (49.42±3.68kg). LBM de ter mined with DXA in the 1st group was
37.96±4.06kg, in the 2nd group (39.25±2.95kg), in the 3rd group (43.1±3.93kg), in the 4th

group (46.11±3.07) and to tal (40.59±4.5kg).
The sig nif i cance of the dif fer ence be tween the two meth ods in the 1st gr. was

p<0.001, in the 2nd gr. p<0.0001; in the 3rd gr. p<0.005, in the 4th gr. p<0.042 and to tal
dif fer ence p<0.0001.

There was no sig nif i cant LBM in crease in the 2nd gr. com pared to the 1st gr. There
was sig nif i cant LBM in crease in the 3rd and 4th group com pared to the 1st group that
was dis cov ered by the two meth ods.

LBM val ues de ter mined with Hume’s equa tion cor re lated sig nif i cantly
(p<0.0001) with LBM val ues de ter mined with DXA. They also cor re lated sig nif i cantly
with BMI (p<0.0001), con firm ing LBM in crease re lated to BMI increase.

Discusion

BMI and to tal body weight do not as sess lean vs. fat mass and do not quantitate
body com po si tion. At the same BMI, more body fat tends to have women com pared to
men, and older peo ple com pared to youn ger adults. A bodybuilder with a large mus cle
mass and low per cent age of body fat may have the same BMI as a per son who has more 
body fat. BMI does not pro vide in for ma tion on fat dis tri bu tion, and do not dis tin guish
be tween ex cess fat and mus cle. A per son can have a lot of mus cle, but be con sid ered
“over-weight” by many height/weight charts. The op po site can also be true – a per son
can have a lot of fat and lit tle mus cle and be “over-fat” but not over weight. Be cause
mea sur ing a per son’s body fat is dif fi cult, health care pro vid ers of ten rely on other
means to diagnose obesity (Goh, 2004).

Body com po si tion is sim ply the ra tio of lean body mass (struc tural and func tional 
el e ments in cells, body wa ter, mus cle, bone, heart, liver, kid neys, etc.) to fat body (es -
sen tial and stor age) mass. Body com po si tion, in clud ing fat mass, fat dis tri bu tion and
mus cle mass, grad u ally changes with ag ing, even if the body weight re mains un -
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changed. Lean body mass de creases sig nif i cantly, while fat mass in creases and is pref -
er en tially stored in ab dom i nal tis sues (Srrensen, 2001; Zamboni, 1997).

Mea sure ments of body com po si tion have been used to study how lean body mass
and body fat change dur ing health and dis ease. Nat u rally, the ob jec tive for op ti mum
health is to min i mize body fat and max i mize lean mass. By mea sur ing body com po si -
tion, a per son’s health sta tus can be more ac cu rately as sessed and the ef fects of both di -
etary and phys i cal ac tiv ity pro grams better di rected. Also, mea sure ments of body com -
po si tions have pro vided a re search tool to study the met a bolic ef fects of ag ing, obe sity,
and var i ous wast ing con di tions. Be cause a scale mea sures “body weight,” which in -
cludes fat, mus cles, bones and or gans, it can’t spe cif i cally tell how much fat have been
lost. The only way to mea sure ac tual fat loss is to mea sure “body com po si tion,” not
body weight in weight loss pro grams, and by get ting body com po si tion mea sured, we
will have full knowl edge of how body is de vel op ing - whether for the good or bad.

There are a num ber of meth ods for de ter min ing the lean body mass. Some of
these meth ods re quire spe cial ized equip ment such as un der wa ter weigh ing (hy dro -
static weigh ing), BOD POD (a com put er ized cham ber), and DXA. Other meth ods for
de ter min ing the lean body mass are sim ple such as skin cal i pers and bioelectric
impedance analysis (BIA).

The meth ods are di vided into four gen eral cat e go ries: anthropometric in di ces
and skinfold, body vol ume mea sure ments, body wa ter mea sure ments in clud ing bio -
electrical meth ods, and im ag ing tech niques. Among the new est tech nol o gies are
air-dis place ment plethysmography, three-di men sional photonic scan ning, multifre -
quen cy bioelectrical im ped ance spec tros copy and whole-body to mog ra phy us ing elec -
tri cal im ped ance and mag netic in duc tion. These newer ap proaches are com pared with
the es tab lished ref er ence meth ods. The ad van tages and lim i ta tions of each tech nique
as a field method are pre sented rel a tive to the corresponding concepts of an ideal
method (Ellis, 2001).

In vivo meth ods use equa tions to pre dict per cent age of body fat, fat-free mass,
mus cle, hydration, etc. Us ing a form of sta tis tics known as mul ti ple regressional anal y -
sis, this al lows an un mea sur able com po nent, such as body fat, to be pre dicted from one
or more mea sured vari able, where stud ies have proved there is a cor re la tion. Equa -
tions can be pop u la tion-spe cific (de vel oped for spe cific types of peo ple, in clud ing such
cat e go ries as gen der, age, eth nic ity, fit ness level, dis ease, etc.) or gen er al ized to cover a 
wide range of peo ple types. A given equa tion is val i dated ac cord ing to how well the re -
sults match the re sults of the ref er ence method. It is im por tant to note that re sults of
ref er ence meth ods them selves do not agree 100 per cent. There fore, when com par ing
dif fer ent meth ods or prod ucts, we should con sider which ref er ence method was used
and the ap pro pri ate ness of both the method and particular product for the body type
being analyzed.

DXA de ter mines to tal and re gional body com po si tion. It is con sid ered a gold
stan dard be cause of its re li abil ity, pre ci sion, and the fact that it is based on a
three-com part ment model. DXA method de ter mines to tal body fat mass and FM%,
bone mass and lean mass, and sep a rately their re gional val ues for the arms, legs, head
and trunk (which in cluded ribs, pel vis, tho racic spine, and lum bar spine) (Lear, 2006).

Al though im ag ing tech niques such as com puted to mog ra phy, mag netic res o -
nance im ag ing and DXA pro vide more ac cu rate and pre cise as sess ment of vis ceral ad i -
pos ity, they re quire tech ni cal skill to op er ate, they are ex pen sive, im prac ti cal for rou -
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tine clin i cal use and, in the case of CT, de liver un ac cept able lev els of ra di a tion ex po -
sure (Heymsfield, 1998; Brennan DD, 2005; Müller, 2002). These meth ods, es pe cially
DXA should there fore be used for the de vel op ment and cal i bra tion of anthropometric 
methods and equations.

Hume’s method sig nif i cantly over es ti mated lean body mass as de ter mined by
DXA, and over all, this pre dic tion equa tion was not in ter change able (Eisenmann,
2004). DXA en abled Hume’s equa tion ac cu racy as sess ment. This study dis cov ered
that Hume’s equa tion over es ti mated lean body mass com pared to DXA, and it could -
n’t be used for LBM as sess ment in clinical practice.
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PROCENA LEAN BODY MASS SA DUAL-ENERGY X-RAY
APSORPCIOMETRIJOM I METODOM HUMEA

Izvod

Dual-en ergy X-ray absorptiometry (DXA) kao zlatni stan dard za procenu
telesnog sastava omogu}ava razvoj i kalibraciju antropometrijskih jedna~ina u proceni 
telesnog sastava, a isto tako i lean body mass (LBM). Lean body mass mo`e biti
izra~unat iz visine i te`ine pomo}u Humeovog metoda. Cilj ovog rada je bio da se
doka`e ta~nost Humeove jedna~ine u odre|ivanju LBM.

DXA je bio odre|ivan kod 88 `ena sa prose~nim BMI (28.22±5.12 kg/m2),
podeljenih u 4 grupe prema njihovim BMI: gr.1 <25 kg/m2; gr.2 (25-29,9 kg/m2); gr. 3
(30-34,9 kg/m2) i grupa 4 (35-40 kg/m2). Humeova jedna~ina kalkulira LBM (kg), LBM 
= ª0.29569 x (body weight in kg)º + ª(0.41813 x (height in cm)º - 43.2933, a rezultat je
upore|en sa LBM vrednostima odre|enim DXA metodom.

Prose~ne vrednosti lean body mass odre|ene metodom Humea su bile
49.42±3.68 kg, zna~ajno ve}e u pore|enju sa lean body mass odre|enom DXA
metodom (p<0.0001). Vrednosti lean body mass odre|ene metodom Humea u gr. 1
(41.81±4.1 kg), u gr. 2 (43.53±3.69 kg), u gr. 3 (46.74±3.69 kg) i u grupi 4 (46.74±4.26 kg) 
bile su zna~ajno ve}e u pore|enju sa korespondentnim LBM vrednostima odre|enim 
metodom DXA (37.96±4.06 kg) u gr. 1 (p<0.001), (39.25±2.95 kg) u gr. 2 (p<0.0001),
(43.1±3.93 kg) u gr. 3 (0<0.005) i (46.11±3.07 kg) u gr. 4 (p<0.042). Porast BMI je bio
povezan sa zna~ajnim LBM porastom u tre}oj i ~etvrtoj grupi u pore|enju sa prvom
grupom.

Jedna~ina Humea je precenila lean body mass u pore|enju sa DXA i zato se ne
mo`e koristiti za procenu lean body mass u klini~koj praksi.

Klju~ne re~i: lean body mass, DXA, jedna~ina Humea
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