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Fig.1 Four-layer skin model
It shows a complete four-layer model of the skin, from top to bottom:

stratum corneum, epidermis, dermis, and subcutaneous tissue.
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Table 1 Basic parameters of skin model

Component Parameter Normal tissue Skin tumor tissue
Stratum corneum e, 1x1077 1x1077
o 86 86
h,/um 20 20
Epidermis e, 1130.6 1130.6
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ho/um 61 61
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hy/mm 1.0 1.0
Subcutaneous tissue &, 10853 1085.3
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Electrode L xD/mm 15%3 15%3
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Fig. 2 Effect of skin stratum corneum on hindrance of excitation current response

(a) SC-skin bilayer model was established to study the influence of contact impedance; (b) the blocking effect of stratum corneum on electric field

mode.
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Fig.3 Simulation results of tumor tissues with different radii

(a) Three-layer skin model after removing stratum corneum; (b) simulation field; (c) Cole-Cole diagram; (d) frequency-impedance imaginary part

diagram.

22 REAREMRSMBALKSEEHAANTME
b Rz L B AR AR DR A SRR Ak Sk R &
&, ZEMFERZRIR AAAH LR, Sk
IR H SIS, Th I R T RE 2S5 | R
R RO KURS: o PRI L g (s i R th AR S
HEMRNEZ — o A SO LM 41 20N
1.75 mm R BEE LABER 0.5 mm 7] [ 12 22 5 %] o 1
TRIERY Cole-Cole &1 (Flda) . 4 Fz Jik g =i e g
(h) =0, 0.5, 1 mmAf, =FHPFHHLEMEIH 5~10
RN, EUR EXMELAX Yy, A IR, Bk
AT R B BIS K 5 AN H T A<l mm (1)
JifrJe ZH 2L AR ARG

M r>1.5 mm FF 4R, Mg 41805 1% 800
Cole-Cole = [B] 1 BLHA i 73 5L, 1] 4 v h=0 B g it 75
WK () =3240Hz, B BT (Zieso)

2.693 8x10° Q, h=1.5 mm B} i ¥ 4 % (f,,) =
3220 Hz, I (Z,0ms) =2.7529%10°Q, h=
2 mm B} gt B A5 %R (f,,) =3 090 Hz, K& & EHL$T
(Ziaen) =3.128 3x10° Q. [HILAE £,,,,=3 240 Hz ik,
Z,,,,<2.693 8x10° Q WY AT AWI A A kA=
THHD, FEf0=3 090 Hz b, Z,....>2.940 6x10° Q
(AT AIEANE Sy e A R A I 1 21

BE2f A A LR 5 mm LAY OFR R IR0 T 8
B h KT 5 mm FRIRIERE © . RORIE RS
fiK, FeHEARE MK, BERFAEARE S R
AR, MEEER, BERFEARK, A
SO AU O B AR W], YR A=2 mm
RIAT AR & 5 X TR, PRIV T Ay
OS5 N o WIS O Tl AR 2 —



<1166+ EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2024; 51 (5)
(@) (®)

3.0 3+ -

250 g

20F 9 3260 Hz

Impedance imaginary part/10° Q

15+ ,
32 x10°Q A\
\
10+ i Z,=2.693 8x10°Q W
i Zp =2.693 8x10°Q) \\
1 Zpe 22,693 8x10°Q i
0.5 i Zpe <2752 9X10°2 by
223128 3x10°Q 2
imag
0 1 1 1 1 1 1
1 2 3 4 5 6
Impedance real part/10° Q

:£,=3 240 Hz "\
/0 =3240 Hz "\
123239 Hz

fh =3220 Hz
7123090 Hz

VL

Impedance imaginary part/10° Q

0
0.001 0.01 0.1 1
f110° Hz

Fig. 4 Simulation results of tumor tissues with different infiltration depths

(a) Cole-Cole diagram; (b) frequency-impedance imaginary part diagram. It contains a schematic diagram of tumor infiltration. Infiltration depth

/<5 mm belongs to micro infiltration and has less harm, which has proved that using BIS method can determine the degree of skin tumor infiltration

in the early stage.
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Fig. 5 Establishment of experimental platform

(a) Experimental platform and simulated tumor tissue immersed in skin tissue. Signal measured by sensor electrode is returned to the impedance

spectrum analyzer and converted into impedance values for subsequent processing on computers. (b) Specific structure, size, electrode material and

compression amount of the sensor.
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Fig. 6 Experimental results of tumor infiltration research

(a) Infiltration depth experimental Cole-Cole diagram; (b) infiltration depth experimental frequency-impedance imaginary part diagram. Tumor

tissues with different infiltration depths are clearly distinguished, and relaxed frequency and imaginary impedance changes are consistent with the

simulation, demonstrating the effectiveness of BIS in detecting skin tumor infiltration.
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Determination coefficient R?and correction determination coefficient R? of the infiltration depth prediction curve is 0.986 7 and 0.946 8, with good

fitting effect.
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Abstract In recent years, with the intensification of environmental issues and the depletion of

ozone layer, incidence of skin tumors has also significantly increased, becoming one of the major threats to

Objective

people’s lives and health. However, due to factors such as high concealment in the early stage of skin tumors,
unclear symptoms, and large human skin area, most cases are detected in the middle to late stage. Early detection
plays a crucial role in postoperative survival of skin tumors, which can significantly improve the treatment and
survival rates of patients. We proposed a rapid non-invasive electrical impedance detection method for early
screening of skin tumors based on bioimpedance spectroscopy (BIS) technology. Methods Firstly, we have
established a complete skin stratification model, including stratum corneum, epidermis, dermis, and subcutaneous
tissue. And the numerical analysis method was used to investigate the effect of dehydrated and dry skin stratum

corneum on contact impedance in BIS measurement. Secondly, differentiation effect of different diameter skin
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tumor tissues was studied using a skin model after removing the stratum corneum. Then, in order to demonstrate
that BIS technology can be used for detecting the microinvasion stage of skin tumors, we conducted a simulation
study on the differentiation effect of skin tumors under different infiltration depths. Finally, in order to verify that
the designed BIS detection system can distinguish between tumor microinvasion periods, we conducted tumor
invasion experiments using hydrogel treated pig skin tissue. Results The simulation results show that a dry and
high impedance stratum corneum will bring about huge contact impedance, which will lead to larger measurement
errors and affect the accuracy of measurement results. We extracted the core evaluation parameter of relaxed
imaginary impedance (Z,,,....,) from the simulation results of the skin tumor model. When the tumor radius (R,,,,.)
and invasion depth (4#)>1.5 mm, the designed BIS detection system can distinguish between tumor tissue and
normal tissue. At the same time, in order to evaluate the degree of canceration in skin tissue, the degree of tissue
lesion (& is the

worse worse

) is defined by the relaxed imaginary impedance (Z,,,,..,) of normal and tumor tissue (&
percentage change in virtual impedance of tumor tissue relative to that of normal tissue), and we fitted a Depth-
7z

imag-relax

quickly determine the infiltration depth of skin tumors after being supplemented with a large amount of clinical

curve using relaxation imaginary impedance data at different infiltration depths, which can be applied to

data in the future. The experimental results proved that when ¢,,.=0.492 0, BIS could identify microinvasive
tumor tissue, and the fitting curve correction coefficient of determination was 0.946 8, with good fitting effect.
The simulation using pig skin tissue correlated the results of real human skin simulation with the experimental
results of pig skin tissue, proving the reliability of this study, and laying the foundation for further clinical
research in the future. Conclusion Our proposed BIS method has the advantages of fast, real-time, and non-
invasive detection, as well as high sensitivity to skin tumors, which can be identified during the stage of tumor

microinvasion.

Key words skin cancer detection, non-invasive/real-time, applications in early tumor screening, bioimpedance
spectroscopy (BIS)
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