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Abstract 
Recently, bio-impednace method is used widely to 
estimate human body component analysis. So, many 
people study bio-impedance method. There are 
several ways to measure one's biological impedance. 
So many devices use one's wrist-to-wrist path, wrist-
to-ankle path, foot-to-foot path, and their 
combinations as electrical current paths. But they 
have some problems such that the acquired data 
cannot show us impedances from his trunk as a big 
part. So, we propose another way to measure human 
impedances, especially concentrated on his trunk by 
skipping human arms and legs. And, non-
invasiveness is another advantage of our way. 

 
 

Introduction 
 
The measurement of human body composition by 

instrumentation of electrical impedances under some 
frequencies is a good way to assess one’s health. The 
impedance per unit area and unit length varies due to its 
material. In case of human body, impedance on adipose 
tissue differs a lot from other tissues. So, we can 
calculate the fat tissue’s ratio from the whole body. 

Applications of bioelectrical impedance analysis 
(BIA) methods are some of measuring human fatness. 
To measure and monitor one’s body fat, foot-to-foot 
path, wrist-to-wrist path, wrist-to-ankle path and their 
combinations are commonly used. But, one’s arms and 
calves have much bigger impedance values than his 
trunk has, and one’s health is much more related in 
trunk’s body fat than arms and legs’ one. They say that 
the data from wrist-to-ankle path contain little amount 
of body fat from trunk, only about 5-10% to the total 
impedance [1]. So we propose one’s thigh-to-thigh path 
to bypass the high impedance parts of the body. When 
the thigh-to-thigh path is chosen, it can be possible to 
measure one’s body impedance without the arm and 
leg’s effects to the whole body impedance. 

And, we setup this device on bidet in restroom. So, 
we can measure the body impedance while the subject is 
going to the restroom and the body impedance is 
measured with no consciousness about this 

measurement. It enables our method to have non-
invasive property. 

 
 

Materials and Methods 
 

The study design was an analysis of data obtained 
from 9 healthy male persons, the crew of my laboratory. 
These people underwent some assessments that weight, 
height, girth of waist and hip and impedances with 
thigh-to-thigh (TT), wrist-to-ankle (hand-to-foot: HF), 
foot-to-foot (FF) current paths under 100uA, 
logarithmically chosen 61 frequencies from 10 kHz to 1 
MHz on our impedance system. In this picture at Figure 
1 (a), two lower tapes with copper are current-injecting 
electrodes, and two upper tapes are voltage-sensing 
electrodes. These are attached on the seat of the bidet in 
restroom, so we can measure the body impedance while 
the subject goes to the bathroom. 

 

 
Figure 1: Electrodes on Our Toilet Seat 

the whole figure of the bidet seat(a), electrode made 
of copper tapes on the skin-contact side(b), on the 

bottom side(c) 
 
At every frequency, the data is measured in 1 second 

and average it. So, we can keep off from some noises. 
This system is calibrated like this way. We subtract 

the resistance value from a resistor that we know its 
exact magnitude out of the measured body impedance 
value and then add the resistor’s impedance value on 
every frequency. So we can eliminate the effects what 
our system has and any other environment does. This 
process is summarized on the Function 1. 
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Function 1:  formulas for calibration 

 
We calculate correlation coefficients of the data from 

our measurements and body mass index (BMI index), 
data and the waist/hip ratio (W/H ratio). The BMI index 
is calculated like this: 

 
1. Measure one’s weight and height. 
2. Calculate the BMI index by dividing the 

weight [kg] into the square of the height [m]. 
 
And we can calculate the W/H ratio like this: 

1. Measure one’s girth of waist and hip. 
2. Calculate the W/H ratio by dividing the 

circumference of waist into the 
circumference of hip. 

 
 
Results 
 

Figure 2 shows the impedance data with thigh-to-
thigh path from our experiments. According to this data, 
the data has about 20 ~ 100 ohm range at 10 kHz ~ 1 
MHz frequency range. 

 

 
Figure 2: Thigh-to-thigh Data (TT) from our System 
 

Figure 3 shows the impedance data with wrist-to-
ankle path from our system. This data has about 300 ~ 
700 ohm range (frequency: 10 kHz ~ 1 MHz), much 
bigger than the data with thigh-to-thigh path. 
 

 
Figure 3: Wrist-to-ankle Data (HF) from our System 

 
Figure 4 shows the impedance data with foot-to-foot 

current path from our system. This data also has 250 ~ 
700 ohm range (frequency: 10 kHz ~ 1 MHz), similar to 
the data with wrist-to-ankle path. 
 

 
Figure 4: Foot-to-foot Data (FF) from our System 
 
Figure 5 shows correlations between the Body Mass 

Index (BMI) and impedance data with the three current 
paths on every frequency. The correlation is calculated 
under this function: 
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Figure 5: Correlation between BMI and Impedances 
at each frequency: thigh-to-thigh (-*-), wrist-to-ankle 

( - - - ) and foot-to-foot(——) paths 
 
Figure 6 shows correlations between W/H ratio and 

the impedance data with the three current paths on every 
frequency.  
 

 
Figure 6: Correlation between W/H ratio and 

Impedances at each frequency: thigh-to-thigh (-*-), 
wrist-to-ankle ( - - - ) and foot-to-foot(——) paths 
 
 

Discussion 
 
Figure 2 shows impedances with the thigh-to-thigh 

path from our system on every frequency. According to 
this graph, the impedance value decreases while the 
frequency becomes high. And on the high-frequency 
area, it increases so rapidly. This data has 20 ~ 100 ohm 
range. At slightly more than 100MHz frequency, 
measured impedance from one subject looks an error. 
We think it’s because the subject slightly changes his 
posture. So, his thigh – electrode contact is changed and 
then returns immediately. 

Figure 3 and figure 4 show impedance data with the 
wrist-to-ankle (Figure 3) and the foot-to-foot (Figure 4) 
current paths. They have 300 ~ 700 and 250 ~ 700 ohm 
ranges, in contrast to the data from thigh-to-thigh path. 

The reason of these differences between the data with 
wrist-to-ankle, foot-to-foot path and the data with thigh-
to-thigh path is whether the current flows through arms 
and legs, the high-impedance terms. 

Figure 5 shows that the correlation between 
impedance data with thigh-to-thigh path and BMI index 
at each frequency under 40 kHz is not so far beneath the 
data from other traditional current paths and the 
correlation is bigger than 0.7 when the frequency is 
lower than 100 kHz. So, as the correlations with BMI 
index, the thigh-to-thigh current path is as much to 
monitor one’s obesity as the wrist-to-ankle path and 
foot-to-foot path below 40 kHz, and is available to 
calculate subject’s body fat when the frequency is below 
100 kHz. 

Figure 6 shows correlations between the waist-hip 
ratio (W/H ratio) and impedances on every frequency at 
the three current paths. It shows that the impedance data 
with the thigh-to-thigh path has higher correlation to the 
W/H ratio than the data with other paths have. 
Both of the BMI and the W/H ratio show the amount of 
body fatness, but the BMI is related to one’s whole 
body, including his arms and legs, while the W/H ratio 
is mainly related to his abdominal area because it is 
calculated with parameters about one’s waist and hip. 
So, it can be said that in concerning about one’s 
abdominal fatness, the thigh-to-thigh path is better than 
other current paths. 
 
 
Conclusions 
 

This result shows that measuring body impedance 
with the thigh-to-thigh path enables to measure the 
impedance on the trunk, especially on the abdomen 
without influences from arms and legs. In this paper, we 
propose a new current path to assess body impedance. 
Measuring body impedance with this proposed current 
pathway, we can bypass the higher terms, so concentrate 
the trunk impedance more than other methods. 
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