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ABSTRACT

A new bioelectrical impedance method has been developed and evaluated. The electrodes
were made of stainless steel and electrical interfaces were created by an upright subject gripping
hand electrodes and stepping onto foot electrodes. Eight tactile electrodes were in contact with
surfaces of both hands and feet : thumb, palm and fingers, front sole, and rear sole. Automatic
on-off switches were used to change current pathways and to measure voltage differences for
target segments. Segmental body resistances and whole body resistance(Rypors) were measured
in 60 healthy subjects. Segmental resistances of right arm (Rga), left arm(Ry,), trunk(Ry), right
leg(Rg;) and left leg(Ri;) were 310.0+61.682, 316.9+64.62, 25.1+3482, 236.8+31.28
and 237.6+304%, respectively. Individual segmental impedance indexes(Ht’/Rg,, Ht’/Ry,
and Ht®/R;,) were closely related to lean body mass(LBM) as measured by densitometry
ranged from r=0.925 to 0.960. Ht' /(Rga+ Ry +R.4) predicted LBM slightly better(r=0.969)
than the traditional index, Ht'/Rymnows(r=0.964), supporting the accuracy of the segmental
measurement. A multiple regression equation utilizing Ht'/Rgs, Ht'/R; and Ht'/Ry
predicted LBM with r=0.971. Ht? /Ry, term of the regression contributed to more than 40%
of the LBM prediction, indicating that lean mass of arm represented whole body LBM more
closely than other body segments. The new bioimpedance method was characterized by
upright posture, eight tactile electrodes, segmental measurements and utilization of electronic
switches in comparison with the traditional method. The measurement with this new method
was extremely reproducible, quick and easy to use. (Korean J Community Nutrition 2(2) : 179~
186, 1997)

KEY WORDS : segmental bioelectrical impedance analysis(SBIA) - lean body mass(LBM) -
Body Fat.
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Fig. 1. Electrical model of the human body : The human
body consists of five cylindrical conductors ; right
arm, left arm, trunk, right leg, left leg. Rea Ria Ry Rar,
and Ru are segmental resistances of these segments.
Thumb, palm, front sole, and rear sole resistances
of the hand and foot(R1-R4) are distally branched
out from the wrist and ankie.
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Fig. 2. Measurement posture : A subject stands uprightly,
gripping hand electrodes and stepping onto foot
electrodes. Eight tactile electrodes are in contact
with surfaces of both hands and feet ; thumb, palm
and fingers, front sole, and rear sole. The thumb
electrode is stainless cylinder with 45°cut face and
palm electrode is 25mm cylinder. A foot electrode
consists of front sole and rear sole electrodes.
These electrodes are 2mm thick stainless plates
with 5 cm apart.
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Fig. 3. Segmental impedance measurement : In order to
measure right arm resistance, current terminals (i)
are connected to right palm electrode and right
front sole electrode, and voltage pick-up terminals
(v) are connected to right thumb electrode and left
thumb electrode. Electrical connections are made
by automatic switches for each segment.
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Table 1. Anthropometric data(Mean+Standard Devia-

tion)
Male(N=33) €M pyapyes
(N=27)
Age(Year) 264+ 47 216+ 2.3 0.0000
Weight(Kg) 74.2+17.2 57.3+10.9 0.0001
Height(cm) 172.8+ 7.7 161.4+ 6.1 0.0000
BMiI(Kg/m?) 246+ 43 219+ 3.7 0.0154
Fat Mass(Kg) 149+ 75 153+ 6.1 0.8081
LBM(Kg) 59.4+10.9 420+ 5.3 0.0000

Percent Body Fat(%) 19.0+ 6.0 259+ 5.1 0.0000
Arm Length(cm) 785+ 4.2 73.0f 3.5 0.0000
Leg Lengthicm) 90.7+ 49 842+ 39 0.0000
Sit Height(cm) 95,5+ 3.9 87.6+ 3.5 0.0000

Table 2. Segmental body impedance and whole body

impedance

Resistance

at 50KHzZ Male (N=33) female (N=27)
Rea 266.0+32.4 363.9+43.4
Ria 271.2+34.8 372.7+46.3
Ry 232+ 2.8 274+ 24
R 219.7+25.7 257.8+23.6
Ry, 221.24+255 257.7+23.1
RwiioLe 466.8 +56.1 612.2+58.3
Ria+ Rr+Rpy 508.8+57.4 649.0£63.3

Rka : right arm resistance, Rix : left arm resistance,
Ry : trunk resistance, R : right leg resistance,
Ry : left leg resistance

Table 3. LBM predicted by various Impedance Indexes

Impedance Index r SEE(kg)
HE/Rza 0.959 3.58
Ht*/R+ 0.946 4.07
HE/Re, 0.938 437
La*/Rea 0.960 3.53
Li'/Re 0.945 412
L*/Res 0.925 475
HE/Rwione 0.964 3.33
HE/(Rea+ R:+Re) 0.969 3.12
HE/Rga, HE/R:, HE/Re 0.971 3.03
LRAZ/RRN LTz/RT/ L /Rew 0.973 2.97
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A7 Aol il AAAS A3 Table 10,
2opdE v gt 9 AN YA AL Table 200

Rwrowe © Whole body resistance measured by traditional
BIA method

Run+ Rr+Re : sum of segmental resistance

Ht/Rea, HE/R:, HE/Re : multiple regression using seg-
mental impedance index(height as segmental length)

Lea’/Rin, L', Lei’/Re - multiple regression using segmental
impedance index(measured segmental length)
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