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P.1i-14, 1997 -A method using segmenizi bicelect-
rical impedance analysis (SBIA) has been evaluat-
ed for measuring segmental boedy composition.
Dusl-energy X-ray absorptiometry(DEXA), anthr-
opornetry and SBIA were conducted simultanecusly
in 144 healthy aduits (M=58, F=86). Muscle mass
of the right arm, trunk, and right leg measured by
DEXA were predicted by using anthropometry and
SBIA metheds. Using enthropometric measurements,
a segmental cross—sectional ‘area of muscle was
calculated by measuring its circumference and skin
~folds thickness. Using SBIA method, segmental
impedance indexes (Heightgﬁ{esistancewmm) were
used for these calculations. DEXA results were ¢l-
osely related with segmental muscle areas by ant-
hropometry in the arm (r=0.750) and leg (r=0.871).
However, Similarly calculated area in abdomen was
not related with DEXA soft lean mass of the trupk
(r=0.253). . The SBIA 'method estimated segmental
muscle better than anthropometry method; r=0.953
(armn), 0.823(trunk), and 0.929(leg).

When the multiple regression techaique was emmpl-
oved, the corelation coefficients were increased; r=
Q.057 (arrm), 0.848(trunk) and 0.925(eg). In conclusion,
the 3BIA method estimated whole body muscle
mass as well as segmental muscle mass accurately,
Tt was found that the distribution of muscle was
significantly different between genders and between
ages, This may indicate that the distribution of lean
mass is related with the physical fitness and body

shape.

Segmental BIA(Bioslectrical Impedance Analysis)

Bioelectrical impedance analysis (BIA) has been
used to determine body compartments in health

individuals (Kushner & Schoeller 1986 ; Lukaski

et al, 1986'; Segal et al,, 1985) and in patients
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{Chertow et al, 1995; Fredrix et al, 1990; Gugli-
elmi et al, 19291). BIA is an electrical method for
estimating total body water in principles (Hoffer,
1969).Multifrequency BiA can also estimate intra-
ant extra~cellular fluid volumes (Cha et al,, 1995
; Kanal et al,, 1983). Assuming that lean body
mass(LBM) is hydrated in a constant and uniform
manner, BIA can be used to estimate [BM By su-
btracting 1LBM from the weight, fat mass (the neo-
nhydrated portion of the body) cau be also calou-
fated.

In traditional BIA methodology, a subject assumes
the supine position and four ECG-type adhesive
electrodes are placed on the right wrist and hand,
and right ankle and back of the foot (Lukaski &
Belonchuk 1988), These electrodes comnect to two
current and two voltage terminals from an imped-
ahee meter, While an gliemating current {often
50Khz, 8004A) is administered across hend and foot
electrodes, the meter reads a voltage difference
across wrist and ankle electrodes, Whole body
resistance between the wrist and ankle is det-
ermined by the applicaiion of Ohm's law, that is
the ratio of the voltage measured to the current
administered. Then height*/resistance Iz proport-
onal to hydrated portion of the ‘budy such as total
body water. Further detsils about these principles
are available elsewhers (Ackmann & Seitz 1970;
Kushner 1992).

The traditional BIA is based on the assumpticn
that the hydrated portion of the body is uniform
cylinder in itz shape. However, body segments
are significantly different in the size. Especially,
the cross-sectional area of the arm is much small-
er than that of the frunk. As a reasult the distal
extremities, with thefr small cross-sectional areas,
contribute disproportionately to whols body resist-
ance and the body shape affects the accuracy of




BIA (Cha et al, 1995; Guglielmi et al., 1991; The-
mpson et al, 1993).

We have evalueted a segmental BIA methed in
which the body is assumed five cylindrical cond-
uctors (amms, trunk and legs), and the cross-sect
ional avez of each segment is relatively constant,
We have tested whether the segeminal BIA npfhod
measures muscie mass of segments accurately and
whether there are differenees in the distribution of
segmental lean and fat tissues between genders and
between ages,

METHODS

Subjects :144 healthy subjects (male=58, female
=36) participated in the present study. This study
was approved by The Yonsei University, College
of Medicine,Youngdong Severance Hospital, Seoul,
Korea. Bach subject submitted writtenr consent.
Anthropomeiric Measurement : The sizes of the
body were measured at various segments of the
body while wearing light gowns. The measureme-
nts includes the height, weight, body circmmferences,
and skin-folds thickness. Height was measured to
the mearest 0.5em by using a linear height scale
and weight was measured to the nearest 0.2Kg by
using an electronic weight scale (150A,Computer
Aided Systems, Seoul, Korea).

The circumferences of the body segments were
measured by a non-extensible flexible linear. scale,
The measurement sites were the mid-upper arm,
waist, hip and mid-thigh. The skin-folds thickness
was measured by an analog skin-fold caliper
{Eiyoken Type, Meikosha Co., Japan).The measur-
ement sites were triceps, abdomen, and mid-thigh.
Segmental BIA: A conductor model of the humas
body was constructed (Fig I). The body was app-
roximated by five conductors; right arm, left arm,
trunk, right leg, and left leg. Their resistances
were Rra, Ria, Rr, Ru, and By, respectively.

A pair of resistances R; and Ra, representing th-
umb and palm, branched cut distally from the
wrist at the end of each arm resistance (Rra, Riak
Another pair of resistances Ry and Ry, representing
heel and front foot, branched out distally fom the
ankle at the end of each leg resistance (Rapr, Riu).
When reasuring a subject, the individual stood
upright stepping onto the fost electrodes and loo-
sely gripping the hand electrodes, with his / her
arms held vertically. The eight factile electrodes
were made of stainless steel. A hand electrode co-
nsisted of thumb (E2, E4) and palm (El, E3) ele-
ctrodes.

085 R2, Raa, Ria and R2.
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Figl. A conductor model of the body: The body was
approximated hy five cylindrical conductors. Ras, Rua, B
Rar, 2nd Ry were segmental resistances for right arm,
left army, tunk, right leg and left leg, respectively. Resi~
stances(R1-R4) of thumhb, palm, heel, and from foot wers
branched out distally from the end of each lmb resistance.

Palm elocirodes were made of pipes which were
10 em long and 2.5 cm in diameter. Thumb elec-
trodes were made of cylinders of 2.5 cm in
diameter with a 45° cut face. A foot glectrode
consisted of two pisces of metal plates 2 mm th-
ick; fromt sole (E5, E7) and rear sole (E6, E8)
electrodes. Rear sole electrodes were 6.6X4.3 ¢m
rectangle plates. Front sole electrodes were 6.6 X
13.5 cm rectangle plates. These electrodss were
connected to current and voltage temminals from
an jmpedance meter via electronic on-off swilches,
which were regulated by a microprocessor.

By regulating the switches in the appropriate on
ot off position, a target segment could selectively
be measured. In order 1o measure Rpa, cumrent
terminals were connected to E1 and ES, and valt-
age terminals were connected to E2 and E4.
While the current passed through R1, Rea, Rr,
Rre and R3, voltage difference was measured acr-
In this way, only the
voltage drop occurring in the right arm was mea-
sured, where both current pathway and voliage
defection circuits were overlapped.

The magnitudes of the peripheral resisiances R1 -
R4 did not affect segmenta] resistance measurem-
ent as input impedances of voltage pick up termi-




nals were relatively hizh with respect to body re-
sistances,indicafing contact resistance changes did
not affect the measurements.

While currant terminals connected the same electr-
odes as for Rea, voltage terminals were connected
to B4 and ES for Ry, and between E6 and ES for
R, For the left side of the limbs, current termi-
nals were connected between E3 and E7, voltage
differences were measured similarly as the measi-
rements for the right side of the body.

While a subject remained in the measurement po-
sture, segmental measurements were made serially-
one after another by changing the on-off switches
automatically.

 Segmental impedance was measured by a segmen-
tal impedance analyzer (InBody 2.0, Biospace Co.
Ltd, Seoul, Korea). After explaining the measure-
ment posture to the subjects, the individual stood
onta the sole electrodes and gripped the hand ele~
ctrodes, the microprocessor-controlled switches and
impedance analyzer were started 10 measure seg-
mental resistances of right arm, trunk and right leg.
Axn alternpating corrent at 100 ¢z A in the magnitude
and 30 Khrz in the frequency were used.

These results were stored on a personal computer
and also printed cn a data sheet, The trunk resis-
tance showed slight fluctuations with respiratory
and cardiac functions. Thus the mean of 1] serial
resistances measured every second was used 1o d-
etermine frupk resistance,

DEXA Measurement: Dual Energy X-ray Asoptio-
mefry (DEXA) was used to determine the compo-
sitton of the body segements. When the subjects
were supine, whole body scanns were made by a
commercial DEXA machine {Lunar, Lunar Radiat-
ion Co., Wisconcin, USA). The results were prin-
ted out, including segmental fai, segmentsl soft
fean, and segmental bone mass.

Calculations and Data Analysis: Impedance index
representing conductive volume was defined as Ht
*/R, where Ht was height(cm) and R(8) was res-
Istance. Assuming that the length of segmental b-
ody comductor was proportional to Ht, segmental
indexes were thme, Ht*/Ry, HtYRao for the ri-
ght arm, trunk and right leg, respectively. Using
anthropometric measurements, muscle cross-sectio-
nal areas of body segments wers estimated by se-
gmental cross-sectional area subtracting the subeu-

- taneous fat area.

Muscle circumnference {Sm)
= Circumference - 7 X skin-fold thickness

Sk

Muscle area { A, )= P
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Segmental muscle masses defermined by DEXA
were predicted by segmental impedance indexes
and muscle cross-sectional area of segments.
Statistical analysis were assessed by using SPSS/P
C+ (SPSS Inc, Chicago, IL). One-way ANGVA
(Duncan) was used to assess the significance of
body characteristics between genders.

P-values < 0.05 were considered significant and
data were expressed as mean and standard deviat-
ien(8D), Comrelation of coefficient(r} and standard
error of estimation (SEE} were caleulated in the
prediction of LBM by DEXA with segmental im-
pedance indexes and anthropometric measurements.

RESULTS

The characteristics of subjects, the anthropomet-
ric data, bady compartments by DEXA, and seg-
mental resistance measurements are shown on Ta-
ble 1.

Table 1. Subject Characteristics(MEAN £58B)

Male Female
(N=58) (N=86f)

Age (Y1) 336%14.1 | 4281140
Weight (Kg) 668405 | 564168
Height (cm) 1704261 | 158053
BMI (Kg/m* ) 230430 | 226+29
FAT (Kg) 13.3%59 | 172 i5.3
Muscle {Kg) 51348 | 355%28
Bone Mass (Kg) 2.94%043 1-2.3320.28
Percent Body Fat (%) 163%65 | 208%62

Haa 208.5429.5) 378.7+45.9

Ria 0713114 38181478
Ry 241=x3.7 2641286

Br. 24352240 27212310

 Ru PAB5E246] 27305293
Circumference arm 283427 | 271£27
Circumference zbdomen| 781%86 | 787197
Circumference hip 521£50 | 91.9%50
Circumiference thigh | 50.0%39 | 475135
Skin~folds triceps 156246 | 220%46
Skin-folds abdomen | 246411001 Z295%80
Skin~folds thigh 16.8+63 | 27525686

BMI indicated that mean of the body size was
approximately standard in both genders
Compositional differences between genders were
similar to those previcusly described. Weight, hei-
ght, and LBM were much greater in males, and
fat mass and percent body fat were greater in
femazles when compared to the other gender (P
<0.05).



Table 2. Begmentat Distribution of Muscle and Fat by DEXA

Ht Wi Muscle (kg) - Fat {kg)
Whole I Arm l Lez l Truok Whele i Arm i Jea ] Trunk
Diafe
725 | mel 613 522 315 858 4.5 10.9 €58 1.80 53
N=31 {78.5%} (4.7%) | (135%) [ (36.8%) | 052%) | (0.8%) (2.32%) 1 (T.4%)
049y { o] g | 311 3.13 854 2435 122 0.61 178 65
MN=i3 - {16.1%%) {4.7%) {12.7%} (36.5%) (17.9%) {6.9%) (2.63%) {9.5%)
50-63Y | cea | gag | 496 | 293 7.97 245 - | -089 164 6.3
Ne=L4 176.7%) | 6%y 1 (123%) | [37.9%) 1 0073%) | 0e%) | 250%) | (4%
Female _
17295 { jag | 51z | 363 136 642 17.2 14.1 0.75 272 6.0
N3 ) N {67.3%:) {3.23%7%) (10.9%) [32.0%] {25.5%) {1.35%0) {5.0%) (E0.7%)
4 Y | e | sen | 355 1.90 592 17.3 16.8 .90 285 80
N=39 (63.6%) | (3.38%) 1 {10.62%) | (31.0%) f {292%) | (135%) | (5.0%) | {13.9%)
5065y | 1oio | sy 35.8 191 .60 174 ] 195 111 287 | 104
N=29 ) b ie0.5%) | 330%) 1 (0.68%) | (301%) | 32%) | (88%) | @oewy | (170%)
I all body segments, segmental body resistances dramatically in female than in males. The fat inc-

were ]ower_ in males than in females. While body  rement in females was mainly occured in the trunk
circumferences on variops body segments were si- and in the arm.
milar in both genders, skin-folds thicknesses were
e grses in fenles o )
Muscle mass measured by DEXA (DEXA muscle) (b} leg, and () trunk, i '
was closely related to the cross-sectional muscle
areas calcufated by anthropometric. measurements
and segmenial impedance indexes in each segment
as shown FigZ. DEXA muscle of the right arm was
related to the muscle area of the right mid-upper
arm (r=0.750) and to impedance index of the right
arm, Hr/Rp. (7=0.953). DEXA muscle of the right
leg was related to the muscle area of the mid th-
igh {r=0.871) and to impedance index of t-he right ! z 3 . 5
leg, HYRay (r=0.929). DEXA muscle of the mmli DEXA muscle arm (kg
was related to impedance index of the trunk, Ht/
- Ry {=0.823). However similarly calculated area of
the abdomen was not related to DEXA muscle of
the frunk (=0.233). Muscle mass of a segment can
be estimated more accurately by the sezmental bi-
oimpedance method than by anthropometric meas-
urements,
When the regression using HtRea+RetRat) was
imployed for the measurement of whole body ‘
muscle mass, 1 was 0.940 and SEE was 2.76 kg. 3 : : E
The resubts indicate that the impedance method can DEXA muscle Jog {kg)
estimate segmental muscle mass as accurately as o
whale body muscle mass..
Table 2 shows segmental distribution of muscle
mass and fat mass measured by DEXA.
In order o compare compositional differences, The
subjects were divided into 6 groups according to
their gender and sge. In general, whole body mu-
scle mass decreased and fat mass increased in old
er subjects. Arm muscle decreased in male but inc- 1 -
reagsed in fernales, Fat mass was increased move SEXA n‘mscm trunk (ke)
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N=144
i R2~D.816
EEE=D.215 kg

-

SBIA muscle arm (kg}

L
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H2-0.863 ELg Yt
| sEE-g.623 Ky T

SHIA muscie lag [kg)

Neids
A2-0,999
| SEE-1.333 kg

b

SBIA muscle trunk (kg




DISCUSSION

This paper preséents a segmental bioelecirical imp-
edance method for measuring the distribution of

muscle mass. In comparison with the conventional
method, segmental resistance measurements were
made with this new method rather than simply relyi-

ng ont one whole body measurement. Another ch-

aracteristic of this method was the ability of the
subject to assume an upright postive with B-tactile
electrodes rather than be measured in the supine
position with relving on four electrodes a fixed to
the skin with adhesiva,

Since BIA has been introduced for body composi-
tion analysis in 1969(Hoffer et al,1969), BIA has
been proven to be accurate in the estimation of
lean body mass or total body water in health su-

bjects (Kushner & Schoeller 1986; Lukaski et al,

1986; Segal et al, 1985), The present study sho-
wed that the SBIA method could measure segme-
mtal muscle mass as accurately as the whele body
muscle mass,

Among the body segments, the trunk showed fhe
lower comrelation coefficients. This may reflect the
technical difficulties in measuring the impedance
of the trunk, Because of resperation and cardiac
functions, the impedance of the frunk with a rela-
tively small resistance was fluctuating significantly
during measursments. When multiple regression
technique was imployed, using impedance index
and weight, the cormrelation coefficient increased in
the trunk (r=0.948).

Before the introduction of this methodology, seg-
mental resistance measurements have been inaccu-
rate. In a semental measuremeni method, measu-
rements require the use of multiple electrodes and.
the manual connections and disconnections of ca-
bles for each segment (Chumles et al, 1988).

As a result, there has heen a poor precision in
repeated measurements. The present electrode meth-
od minimized these more cumbersome procedures
and technical problems. Measurements with uprig-
ht pesture were made quickly without the concemn
of fluid redistribution which has been observed
with supine measurements (Kuoshner et al, 1956).
In conclusion, a new segmental BIA method was
utilized, which was extremely reproducible and
accurate, Furthermore this technique had maltiple
advantages; it saves time, measures body segments
convenizatly and allows the subjects to make their
own measurements. Further studies require to apply
the results of segmental lean and fal distributions
in clinical fields.
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