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Abstract

In this paper, a novel system is proposed to measure skin hydration using the susceptance method. This system largely consists of a
low-voltage (+2.6 V) driven circuit and minimized electrodes of size (5 x 5 mm?). To evaluate the accuracy of the novel system in measuring
skin hydration, skin hydration values from105 subjects are measured by the proposed system. The measurements are then compared to those
obtained by the golden reference device based on the capacitance method in terms of Intraclass Correlation Coefficient(ICC) and correlation
coefficient. All measurements are performed on 7 sites, which are forehead, Crow’s foot, cheek, chin, volar forearm, dorsal forearm, and
back of the hand, in a room where the temperature and humidity are maintained at an uniform level of 22 + 2C and 50 + 5%, respectively.
ICC values are above 0.9 (p =0.001), signifying that the skin hydration values measured by the two methods show a good level of reliability.
Correlation coefficient between the two methods is also 0.562 (p =0.001). Based on these results, it is expected that the proposed system may

be applicable in a variety of clinical or cosmetic areas.

Key words : Skin Hydration, Stratum Corneum, Susecptance Method

I.ME

© otET TR Hnte] Ve, ALdz)
Az M e ¥RIENARE vepdct olEy o
L.900] 2K filaggrin) ©]/d7} 3] 7152 o]
=0l it Siv1]. wl=te] A B 17%017%3
o °}°]%°l O}E«q HEES 7 3L gler 708 o) % F49]
F7Feta lvhar vk B3 W AQ 548 7R 3 gle od]
AR 7B A vl 8o g A2 % B g P ER 0|73} ¥

i 3ick

I35 g 7)ol @ QAo et e} el A o] F4
F2 1A, A 24 BA 5ol Fas 98
E3] 244 % (Stratum

Y,
fo PN
NE
4

WA, A
W Aol

A
x:j,k
B

ﬁﬁ‘lr&o

tum Corneum, SC)2l =583k 1

Corresponding Authior : 21219
{133-7911 ME ESA| ST YO T 175X TRYOIE Hi2olei 213
Tei: +82-2-2291-1713 ] Fax © +82—-2-2220-4949

E~mail : iykim@hanyong.ac kr

S i A s wddhs b 08 AN FER FE
o] glojobst g eh-g J&s] & ¢ vk Hgdelw AFEt
o Zpoj = gom, o3 Kl aclef mebr e ol Mg} At
frotel B Az g @ A ) 5HE E e Fu
9% 3he 2 )7 glel e @ vt E & et & < 9l

0] 48+ 2% H(Nova DPM 9003, Skicon 200, Corneometer
CM 825), 71A1g &3 =74 (Dia-Stron DTM Torque Meter),
335249 (Fourier-Transform Infrared Spectroscopy, Nuclear
Magnetic Resonance Spectroscopy, Transient Thermal Transfer),
27 oln)z] &34 m(Magnetlc Resonance Imaging) F°] sltt,
%i‘é’éﬂ WHoll M= MRI 55 o] &3 2 A ojv]A) 24
o] 7p 723§Jr6‘ 3171 opef 2 BRI W14 Sl &

EE_CL

v 29 | December, 2008 493



Development and Evalugtion of skin Hydration Measure System using the Suscepance Method

AR 3RS Ve 3 V1A & el Jbg B gt &
2] ok, AU AA 2 B R A S5 3 Sl AL
HE WY AREA FH6A Y] & HAH BHEE FAl
2T dAE A7 S0l 71 Bol ALE sl gt
[3,4]. 22 7P gsitin € < e A71d o EAste
Hel AHER % 22 H9] FHo| 9~13mme] 3 Z0]7} 11em
ojn] kol Al2H7 4o 2AFH0 gl Feloloj M Foi&
o2 AHgol FEth A4 S 2A EHstaA)t she A7
2 £/l 2kCapacitance ', Conductance "%, Susceptance
W For UNlol A A 4714 B4 S Es] gt gz o
Azl Aol7t JIth4-10]). @4 A& T Yt goR
Capacitance #'Ho] 71 Bo| AHe Ha 9leh, aF95E o] &
Shz o] 4 el sl Fokr B4 A ERT 4L R
9 R G Bt ARE Ve §= glrhs x| F o] gl

olBE TS Bestua dd R AFIAFE Algsld
susceptance S 574 5k W o] tro 2 A s 1 Qvh{11,12).
g Capacitance 2] 452 Micro @92 7247 el &
4 73 glen ZE o] 1o 27 9mm), Susceptance
WHY A A4 BmmE Y T2E3NY Ao eg 3
HE 2FstE f23 Aoz wedn.

olel], & Aol = Susceptance Wil thaled 24 A&
olgisli, FHES AHE- AU E AW TEI 2(22.6V)
S} AFALo)| 28 223} (5 x S(mm’) T W3 24 o2
W 8llc). 75 A R AlA Alo] 27h Wiste Au)e &4 e
2 SEH G A7t e 5 ok 2, QAo 9 R Eie
23 g2 gk vlart o H 3, A Bgol A g 3 A B
G AL YTk olof] £ AFM e A Al awle] 2 F
ek st B AP L APgion, ol AT BN &

rio

2

Susceptances73 W3} CapacitanceZ7d 42 Hla AH3
71 13e] T wiel] v gt ] 2 5498 v wallth. Capacitance
273 W2 capacitor?] Y2l & o] &3t} &, 1] 2o HEE A

P oo FE3 T AGES ket FRAFT MR e
FEE &3t e 95 4259 E T v 74

] HA3LA =1 o]of whel A atako] WMEho 24 capacitance”} %
33}, o] o] WStE A7t WE AR WslE S45td] HFH
22 Z}E 2 3B FEFE fFAU s ol

24418 A8 &% capacitor W A8} ZE Delectric flux
density)& 213} 2t}

. &9

D=¢ggyx E (])

A19] eep= S35 (dielectric constanct)E B+ A E o
ol 2e A7) ojn| gt 21014 Hols A3 2o capacitor
Ash SF U A2 183 ki) A A7)l v)E
3lA Btk capacitance CE 4] 2¢} 2t}

C=V/Q=reeox S/d @)

2120] Ve A o] [ehE Qe ATIAIY U R AstakE 9f

ulgith, TA] o] 42 A= FRF(S)T AF HF(d)Fe] BAR
Aelgr}. o] Y3 capacitorrte] 2 tellAl FAA)7} WahH
C/HHATEAE L+ Itk &, 0| & Fal Al|2E S e
TH FIE )R FE T g AYEE N T Ak
431 BA A dAE A7 H &S R 44 E SRS
of] w}2} capacitance’} W aHA| 51 0] & 9 FRGo 2 243}

Y3 I S3E 23471719 7Hs S Bolegn, A 9= Ao,
I (8C2 AC
{sCeipC admittance ¥ )
XNy 88)

(SCE AC

conductuance ¥4E)

GroL

Yool

=]

o Ceor

(sC& AC
susceptance &)

H {Dermis2|
DC MY 8=E)

I8 1, HRe NN 2HEY
Fig, 1. Electrical modeling for the skin
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E 2, 5% A X=2N=105]
Table 2. Descriptive statisticsjN=105)

-Method Mean StD Med. Min. Max.
Capacitance 48.20 10.28 47.33 22.00 77.00
Forehead
Susceptance 44.16 14.36 42.22 15.71 90.92
Capacitance 62.86 10.27 63.67 37.67 90.00
Crow's foot
Susceptance 50.37 11.48 49.52 22.76 84.70
Capacitance 44,97 11.80 44.67 17.33 71.33
Cheek
Susceptance 38.99 10.69 37.97 17.96 69.37
chi Capacitance 44.23 9.24 44.33 18.67 67.67
in
Susceptance 40.53 11.35 39.17 21.15 91.47
Capacitance 27.97 5.80 28.00 14.67 50.67
Volar forearm
Susceptance 33.55 9.15 32.57 14.77 69.04
Capacitance 29.29 6.70 29.00 15.67 46.33
Dorsal forearm
Susceptance 33.70 10.53 32.84 14.50 81.23
Capacitance 29.26 617 29.33 13.33 61.00
Back of hand
Susceptance 30.16 9.78 28.23 13.42 71.15
AR A td SH /S F71l7] Aste] 5l ARASICC: B. B¢ Aeo] o2 24 AF= ¥}
Intraclass Correlation Coefficient)E H 7} &t} A =2 1} 1) HAe] walo] sl 234t
B ICC kol BE H-91014 0.9(p<0.001)0] A 0.2 -2 A5 TX 3383 23S skl om, 2714 v 25l A] 24|
] hya . = -
85 HATHES). A} 94 EETOAN F2l2HE 0.05 o512 P L g2k A

o2 el om =R datad] EA X = E49) 2}

B3, MRESE

Table 3. Confidence level

- Method N icc sig.

Capacitance 105% x 3% 0.995 0.000"
Forehead

Susceptance 105% X 3% 0.991 0.000"

Capacitance 105% x 3% 0.995 0.000"
Crow’s foot .

Susceptance 105 x 3% 0.980 0.000

Capacitance 105% x 3% 0.996 0.000"
Cheek

Susceptance 105% X 3% 0.983 0.000"
ch Capacitance 105% x 33 0.994 0.000"

in

Susceptance 1058 %X 3% 0.985 0.000"

Capacitance 1058 X 3% 0.995 0.000"
Volar forearm

Susceptance 105% X 3% 0.985 0.000"

Capacitance 1059 x 3% 0.995 0.000"
Dorsal forearm

Susceptance 105% x 3%] 0.986 0.000"

Capacitance 105% X 3% 0.992 0.000"
Back of hand

Susceptance 1058 x 3% 0.987 0.000"

* p < 0.05
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¥ 4, EXdata2| SH | 7t
Table 4, Descriptive statistics

N : ,Mean SiD ICC, e
Glycerin 40 X 3 i 57.61 ’17.10 0.998
Capacitance Urea 40 X 3 40.16 14.49 0.996 0.000"
Control 40 X 3 26.66 5.36 0.995 0.000"
Clycerin 40 X 3 75.84 11.82 0.971 0.000
Susceptance Urea 40 X 3 49.81 16.17 0.992 0.000"
Control 40 x 3 37.63 10.41 0.985 0.000"

* p < 0.05
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