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pc%—tz VRV T+ JE—hy(T— Ty)— O, (3.1)

hy = pycywy, (3.2)

2Bl A pe x29 "WXZ(Density of tissue, ke/m’), c= F29 uE
(Specific heat of tissue, J/kg'K), kv 29 94 =%(Thermal conductivity of
tissue, W/m-K), J& A FYE(Current density, A/m’), ET A 7% (Electric
field intensity, V/m), 28l T, ¥ N9 &% (Temperature of blood, 37C=Z 7}

Aotk A (3.2) A hy+= dlF EHE Al (Convective heat transfer coefficient),

ppe A WE(Density of blood, kg/m'), ¢y P Ao HH(Specific heat of

)

blood, J/kg-K), wye d A9 37 (Blood perfusion, 1/s), 2281 @, tHALEA(

Metabolic heat source)©] t}.
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Part N
art ame (ke/m)  (J/ke'K)  (Wm'K)  (S/m) 8
Electrode 6450 840 18 1e8& 0
Dermis 1116 3800 0.293 0.015 200
Subcutaneous 850 2300 0.23 0.02 5

fat
Subcutaneous 1040 3800 05 0.41 800

tissue
Blood 1000 4180 0543 0.667 0

« o= AA dAdg HAAA Job Egkol #8E® A7 A =8 (Electrical
conductivity, S/M)
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ABSTRACT

A study for development and evaluation of non-invasive
system for stimulator of subcutaneous tissue using

finite element method

Cho, Young Kuen
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Therapies applied to therapies not commonly included in main current
medicine typically are promoted research on various procedures for healing and
health care for used instead of main current treatment. Terms of the therapies
have repeatedly changed over time. The shifting language is exemplified by
the creation about a couple of decades ago of the National Institutes of
Health(NIH) Office of Alternative Medicine, which, in 1999, was renamed the
National Center for Complementary and Alternative Medicine(NCCAM).
Current, terminology favors Complementary and Alternative Medicine(CAM).
Moxibustion therapy is considered to be important field in CAM. Moxibustion
has been a part of acupuncture practice for thousands of years.

Moxibustion is conducted via 2 main methods of stimulation: indirect and
direct. Indirect moxibustion produces mild heat stimulation through conduction

or radiation of heat. Conversely, direct moxibustion is one of the traditional



ways, in which moxa sticks are burned at acupuncture points on the skin.
However, it often caused burns at the moxibustion site. Hence it was
demanded increasing efficiency of heat transfer of moxibustion with eradication
or improvement of side effects for focused stimulation on acupuncture in deep
skin. Currently, with development of medical science, the treatments by using
radio-frequency energy has begun to receive increased attention as an effective
minimally invasive approach for treatment of patients. To date, these
techniques have been used to treat tumor located inside the human body with
high frequency(200-1200kHz) alternating current voltage source. Current
passing through tissue from the active electrode leads to ion agitation, which
is converted by means of friction into heat.

In this study, evaluation of non-invasive focused depth skin stimulation
system for possibility decision was performed which was using heat energy by
the ion agitation. Results of an in vitro experiment obtained with application of
moxibustion for quantitative analysis were investigated difficulties which heat
energy hardly focused on deep tissue, and intensity adjustment of the heat
energy. A complement of these issue, input pulse generated from high
frequency stimulator was analyzed by using finite element analysis. Results of
effect analysis were also obtained on the outer surface of the tissue model to
present like as effect of moxibustion thus pulse combination 1 and 2 was
developed. The combinations induced thermal changes on the surface of the
tissue like as the effect of moxibustion as well as focused on deep inside of
tissue.

This study suggested high frequency pulse combinations for non-invasive

depth skin stimulation for alternative method of moxibustion and attempted as



a pilot study for a development of this system.

Key words @ Radio—frequency stimulation, Finite element analysis, Bioheat

equation
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