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2R ATE T FS5HE WAYUSES ded 2o AlEdd F5EH= T
© 2Aede] FAUATE AR S AIE 22 Yl =gk Al
sz EFZcgole] 33 AR F (ytochrome coxydaseZ} A
dog g wS wolsdrth. =ugdt FxE AlES ROS(Reactive
Oxygen Species)®t ATP(Adenosine triphosphate) $$AS Z7MA7]a
Nitric OxideE &A1, A4 Aty F7]2 Ao oo 3 <
H2Q AL Wl Astst vkgom o] XA Ho] HwHAQl tiA} ZF o
| o] Folx AEe] A} Aol F 4TS 8t o7 4HA 3
A 0 2 390 mmoll A 1,100 nm Alole] wpe] HlS AL = HAR X
AbghTh. A QD oA A e m e EF A= (fluence) 9t A E
=& AF8-stch(AlGhamdi, Kumar, & Moussa, 2012). U9 A& &3 &
H7b dvkar Sl A=Y FAE Ve oln] A E de] 2ola
UHH(EL, 2). Ao m 7H Hel $8HE Foks AT 3R w=3hiA
AHg-E Tt 045% At AR EE3"
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Ady &4, &= Ast 5o T4 7 dEhded, O]E Ao R
el A, v Ao 84 A, JF g 9F Tol €9
ojn] W2 ATE Tl wiole XEYA 7\/\}7} Aol QS =4
o] w35 WA F= TS vk dHA AT FES 7] 7678
o 830 nm I}7(55 mW/cm 66 J/cm)¥} 633 nm3I}EH(105
9 =(Light Emitting Diode, LED)E %3+ %
= AR & JReEs dad APEY, ZR3AY 5 Sl 3714
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Z7HAY 19%) 2 < f‘cﬂoﬂ‘ﬂr(Lee et al., 2007). o] Qo X 450 ZA A
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A 34,08, 12, 185, 6719 2 1271€o] AA H7=E R
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= 873F =AY, 1 A3} VSS (Vancouver Scar Scale) ¥ 7}01]/\1 o) =
TolAE 71 6.10£2.86014 A& F 5.88+2.722 Ao}, AF
A B F 4.68+2.05% thEtol Hla] =LA
it @ﬂ@gi 19708 F8 = 17717 e84 &35 gl
UH(Gaida et al., 2004). A=8 FX 7 7)<o] 2t =A% g37}
Utts A77F TEEAT. 7= FDAZF &17F gk HairMax Lasercomb®$] 4|
EE o1 9 3009 skt A A TS Al
ATt /\13.% 34%‘3%}%% TR 30 mEF s SR F s
= -
o

=
=

it
ol
ol
1
T
=
Z
o

= 3= WAoo IgEQer. AupFow AA AE=EH FA B
E e Az5o] 7R wFlowg AgE e Fxto] Hld|
g Ate] g3E B9t (Jimenez et al., 2014). ©]

<] A
TolM AEY FAR 7lwol ER 9 Y QA madt dEs 4T

=]

g Aol ZAF ZEAAY W T Amel a3V el 9
ATt (Branco & Naeser, 1999; Okuni et al., 2012; Ozkan, Altan,
Bingol, Akln, & Yurtkuran, 2004). Zo x|, &5, £71gd o2& &5
of A&¥ FAR 7Iso] ol J=A FRIsH] fste] 9 ol T
= 7HAa = 9ol A 1599 oS AR -8 stk 1000



mi Tl wre] #olA s|7&E F 23], deyhe]
ok @7F e VASE o] &3St Ao

(visual analog scale) 59.2+12.99|4 A} 3 33.1+12.
47t -95HA) EdAAES gestgtr. =, 1000 mW

5t %7
2 /)%l BEA, £5 0 £t Wy F3o] mdbHoleh AR &

O

’

?fi%H A7 7% 7] FRAsEerl A fad e ddeze o
ol ¢} wFriol o =7} Eﬂﬁﬂolﬁ‘r. golA = wFE= FHrt Fob 54
Holo HFHow wgo] 7hssitt AT ool =3 Eost oA
W ase] YRS " Aok AT Yol FEEel o dlel F

o

238 2AEYS A
hqon R AN AL W Aol B 298, GUE Aew o
3 4 ol B Feme] /% ge] st 44L a9

t}(Chung et al., 2012; Hashmi et al., 2010; Jin-cheol, 2016). w2}
237 FAR 7|sdTFAA HolAE FE AMEITH, HTole At
o

PN
R Mm Ao 74%% B ol g Aut A g A Ao
olgHATH. AseA A8 A ThAs WS od 7]t Y
Bhdth, 5454, oux Wk, AR 2 As So] Fad ujpus

ik
2} =, 54 FopdA o W Ao Wy MEgS FAbsh
= Aol 7HE Festt. A% SAHGko]l wow Amayrt vobAa 1
2AH(Posten et al., 2005). whepr] F-zH8-S
statr] fleix = Fda HE&%e] H44dE A9

o] ural wojo dhr}, wF gule] 4AH AL FANFE Fasj),
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43 W wy 2S5 i)
_ _ 9% T 17%H°] A% .
3}y 670 nm, 400 mW, 4J/cm human 7H/§_% 1ol ° (Gaida et al., 2004)
830 nm, 1000 mW, 650 mW/cm E5Ts M 2 A5s
HHdEF ’ ' human (Okuni et al., 2012)
=% 201 Jer 71 o] A&
12k © 680 nm, 5 mW, CW Ao ATPE7F % (Branco & Naeser,
e human
22} 904 nm, 10 W, CW FSHE, FeEA 1999)
27 $EGE R, %
IOQ E X
<5 6% (GaAs laser human Zaan folsA @ (Ozkan et al., 2004)
gu 655 nm, 4 mm, 11 min hman A2 Eg W me mEn (Jimenez et al.,
635 nm, 8 min 2014)
B o = x] :‘ﬂl—;ﬂoﬂ »]Eoﬂ g
810 mnm, 5 mW/crt &-& 50 mi/cit he s ot _
= o _ Ao} AR F (Castano et al.,
#Add 3 J/ewr & 30 J/cw, CW mode rat . N N
) Q% wiyiRESrE 2 S5 2007)
1, 10 or 100 min o1 0
AT

e W7l 0 (), A W), AEEE=@V/ar), AGAA), AUA D= /af), ASEZEQN) S22 d2(Hz), =

3 A7) (err), ZHAIZH(min)
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3 3. F(LED)S AETH Ay

e
=

23 e g AEdE 32 a2y

r

633 nm, 105mW/cr', 126 J/c - _ }
=3} human Gl A FE2 dA T

830 nm, 55ml/cii, 66 J/cu
R H ST e

630 nm, 830 nm % F Ao %
F 74~ 2 (Lee et al., 2007)

=3} 590 nm, 0.1 J/cnf, 2 Hz, 4 week human (Weiss et al., 2005)

B 660 nm , 890 nm, =% " Z7] F2F =4 % 90~100% A+  (Debora G. Minatel,
uman
° 500 mW, 100 mi/cnt = 2009)
. AP A ASHE JS
A== 420 nm, 660 nm, 2 min human Aa w TZX]Z_ 713]_; ° " (H.H. Kwon, 2013)

e W7l 0 (), A W), AEPE=@V/ar), ATAA), AUA D= /af), ASEZECN) S22 d2(Hz), =

3 A7) (er), ZHAIZH(min)
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2. A= 2 WY

of sl QuEsg 2ARE Zgstel £3

B AT 87 By =
Rolol o EFEFES WA bsslse Add 2ol el A u
F e Agstel Agony 4% Ant HFSHES k. o
Hd~ 77 9 A3 SAHS 8k 100mVe] Agilent E4980 20Hz ~1MHz 7
W LR meter® AM§3lel, 100Hz ~ W29 79452 2= A Als

2.1.2, YT S =T o] §7 F A}

23 3 A2HHS 9% LED 7|9 #x TREEYS &3 17], 27
Aol % - F7] @A AAe ALgE k. A 20 mW / cm2
(LED4D067, ThorlabsInc., Newton, NewJersey, UnitedStates)®] &3 2%
660 nm= ZAMEAG @ AR T AEHe & AuA "WEE 3]/
em20] Tk, #@olA FX e BE w7 HEE Tablelol A A# &19ith.
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2.1.3. AXE 9%

H Ao in vitro Aol A AFEE = cell line2 ATCCEHEH &EF 7+
of Al oyt NA AL Fo] Q= NIH/3T3 CellS AFg3sle] 4
A= Altisle] A& Ao gA wjgatSlct.

1%

AERYLS 10% FBS (GIBCO), 1% L-glutamine (GIBCO),
penicillin-strptomycin & DMEM (GIBCO) wjA]& A}-8-3}%t}.
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F 4. "ol XEYA FA O] AT

Parameter [unit] Value

Center wavelength [nm] 660
Output mode Cont inue

Average radiant power [mW] 1000
Spot area [cm’] 20
Irradiance at aperture [mW/cm?] 20

Beam profile Round
Beam divergence 90
Spectral bandwidth [nm] 25

s 7S 0 3 (m), AHE(mW), AHE L =(mW/er), B2(z), 23 37](ar),
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2.2, A =

2.2.1. 32k3t a5 A3 (DPPH assay):

izt a5S ASE S Al DPPH assaye= €Al 7 & U+
Sigma-Aldrich & AFgate] 50 % wlghLol] &3] 660 nm LEDS] 413}
24 AYsienh,

otz =2 NIARE DPPH &-ofell A o
20mW / cit)E 10 57 ZASE T =4 519

st B 515 mlA FYES) 4AaE FHFORA AN HAc.

S
KU
it
™
>
off

T2 Aegskar, LED

)

2.2.2. AFAEH A AT &l

A A} Abglol] o] A AFsF LDL (Low Density Lipo—protein)®] A3}
A 2F-8-S TBA (Thiobarbituric acid) WHS o] &3 433 tt.

A HdN 10l 2ug /LDL 10ml, 150pm sodium chloride 47040,
100um copper sulfate 105 9T, x2S HA oAl 1002 DMSOE

gar, FAYELE AN gl FFHF 1I0E Yo o] e fae 50010

NI 5 AA
7F HEE st TFEojzl whg 89S vortex mixer® SA| £3skal 3
AlZE &Sk 37T AFHlolH Al A wigstitk. Zhzbe] Hbg 8-S 4000

F &l 15x0 Fro| ol 4% BHT ethanol solution 2500E FF3sle] 43}
E AAXAZlI 5 0.5M sulfuric acidol =< 10% phosphotungsinic acid
500 ¢+ 0.7% thiobarbituric acid 2505 Yal vp/lE @oF 95% &%
o Al 60+ F<F 7}%‘3}“‘:}. 52+ EoA A% ¥ n-butanolS 1Imd¥ ¥
o] 585k vortex 3 F 5000rpmel] A 15%7F YA EE] o] HE5AS F
&l 535 nmoll X =4,
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E Inflammatory cells E aaiiie LLLT o _apsaitiiiincatas,, . faimssansassas

: Epithelial cells 1 i ONOO- : » OH+NOy % Celltoxicity :
: Fibroblasts : aaa T S T
 Cyokine : Endothelial cells ) F no ® L

Teansagast / i

SEEsssmsEsssnnEnannnnn

Hyperoxida

§ Endogenous toxins
,:, Cigrette smoke

: Fibers

SEsEEEmsssEmEnnE,
.

: Radiation

: Ozone

: Carcinogens
: Drugs

y
i
~
&
L=
S
‘5
7 &

CuZnSOD
MnSOD
ECSOD

(@]
b

&

g
3

O 2, ARSI AEY 2R w2 AE &4 7] A

-
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2.2.3. XEY o] 93 AH X5 F2l(in vitro):

2 Ao A= vk melanoma cell line$l B16-F1 A& 3x105
cells/well®] HXE= 24-well plate (Becton Dickinson, San Jose, CA)oll
sttt Al dES Hols W 1000 pl tipe® Ho] AAHE W
S PBSE 2¥1 AlH3ste] WolXl AlxES AASSIT.

Al 2 (rhVEGF, anti-human VEGF Ab, sFIt-1,SU5416)7} <3%+%¥ 1% FBS DMEM

HiA S Ao YolF & 2~3d47F wjdadar, wjd A2 w2 A
3 T, Hjge] E 5 3 dAnjF(x100) .2 AV AFEHE AR
= A#3A .

22,4, XIE of o3 dAPFH =3 3% &9l

w A gelM= HVECE 1% FBS7) sl M199 A= nA|ste] 6417 &
o} starvation Al7]al, 24-well plateo] ice-cold Matrigel (BD
Bioscience)S 250 pl® Y2 3 37CoA 30837 =3},

Starvation®] % o 1x105 cells/wellZ MXE9 F=E 9331, A
S (rhVEGF, anti-human VEGF Ab, sFIt-1,SU5416)7} &3%% 1% FBS M199 Hj|
A5 GoFAT. 1247 &<k v ke st dAnA(X100) o= ¥ FA

s HEH.

mm

_19_



Ak 2oz AMSE AF 250~300g €l 8F-9
T Atole] 47 3F Rat(Sprague-Dawley) 12v}2]E o= &F3it).

Rat Ahzo E3% o4 TFowow AN ¥ Rad] 5 RE WE
g o3, Veet ARAYL ol §dtel AW & F 1 HEES 14omig o ¢
42 7 WA Fol A 4AS A,

Ratel %5 3ol Lomilg SFES 347 Zhste] 207 Fmel £33 fu

_20_
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2.2.7. d¥RA SAHS $F £ A

ofglole] Z AFE Alo] st=dofol] o3 YA o AYEo Hd= A
olo] How ¥ ¥ AL 7}53E A )l PythonoZ & AR
A Qe AxEgol= Alo] studlolet Falste] A wAR AT &S
Aelslar FAlo] LR WEE Ao g,

Aol e A AEES deg,

Qe dolels FA, AxY AW % Alo] AsE Bua AMgHE
AL Ao WMILAB 23YE 282 ALgste] BAstAY. 4% dsus
S B AF GRS R R 8% 9 Axdae o) =
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Vel gk FHa dole] Ak Aols, AWHE AHE BNC (Bayonet
Neill-Councelman) 174 2 2r5d Ao} st=gofo] mol= FH A3t Holo}
= 2 2R VlEs Yo HAsslu.

AA olgle]lE Aol A&, A ool s A FF st dae Bx
I 20 yeob dsdn. gk &9 dUdE A5A Adds A AEE)
A ZEAIE ool BE fo] Fob wjde Zh M=ol A
(SignaGel A= 7, Parker Laboratories Inc.)& Aoz Hgst 4

A7 BH3A e

—

2.2.8. LEDEZ o] &3 #FzA}:

#S FAVEE 71715 Thorlabs®l DC41042 o] 83811l LEDEALY] AE
E2o]E LED4D231 RES ARSI TH 1Y 3). DC4104E AF AAS =3
29H 9 ¥y 2Ho] rhesta 22 fxr bl Hojval
ol Am ¥zt ;& T dHE It shsety] wiiol] FARE AREE A7
Sith. LED4D067 0 CH-H 40 TColA Zseo] 7bsst™ A7]= Wol 164

m, %°] 150 mm, % 57 mmo]t}. A= 1.6 kgo|t}.
Ao AFE=E 660 nm T Ag- HA =Y 997F 210 o, Hd A
F7F 1200 mA, =W AF 2.5V, d9F2 25 molth. 2 AP A= A

H 7bsgh & 470(365 nm, 455 nm, 545 nm, 660 mm)e] IFS o] -&3Fo] Al

A ATE sk, Axe] 54& HA @i AEFHE frste <A
o d G 660 s skt webx 2 ATl AE 660 m THFE

A}839 A, AFE 500 mAR A A ).

_23_



3.4 3

st a5 A5 AF
J

A = °
shelet. EEYZo] o gabsh wE el A3 660 o] LEDE FAke)
o

Ascorbic acid®} DPPH 418 A&-3te] 660 nm LEDS] 4tsl S48 A
T}, Ascorbic acid® HXE7F 10, 30 % 100 uM <1 Z-$, DPPH &A%
Z+7y 14.5, 42.8 2 80.7 %X t}. LED7} 660 nmol| A ZAFEHAS wf, o &
Qe 747t 21.0, 48.0 2 85.5 %= =7}glth. 660 nm LEDS] &Aiksl g4
10 pMelA 6.5 %, 30 pMellA 5.2 %, 100 pM o}~ F= HliAbo| A 4.8 %
< 7F ;. Butylated hydroxytoluene (BHT)%: 10, 30, 100 pM 5%== A}
4 3tk BHTS DPPH AlA EA4-20] sl 747F 6.9, 13.4 2 28.1 %
o]aL, 660nm LED ZFAMA] 17.6, 21.2 2 30.9 %o, &4 10 pMelA
10.7 %, 30 uMelA 7.8 %, 660 nm LED 33 ZAF=Z 100 uM BTHol Al 2.8 %
<7
o] A3}= 660nm LED7} Ascorbic acid®} BTHe] H4itsl 285 S A
As Heta dow, 2 Ao &4kst positive AEEE ARE
Ascorbic acid(AS, ®]EFIC)S} BHTE o] &3t ditsl AgoA LEY
A gt Aol Fakst &Ade] ¥ A UEue As 25t

I 5)

sl

[Py U
rlr

il

~~
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=

DPPH activity (% of contol)

o8 &

2

4 2 2 8 8

=R
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The Development of a Skin Patch Bio—-photonic Sensor Using
Impedance Elasticity for Simultaneous Diagnosis and

Treatment of Pressure Ulcers

Park, Eun Bin

Department of Bio Medical Engineering
School of Medicine

Keimyung University

(Supervised by Professor Lee, Jong-Ha)

(Abstract)

Recently, aging population has been growing continuously, and the
proportion of the population 1is increasing. Due to these trends,
sheltered housings for the elderly such as hospitals for the elderly
1s 1increasing, and many workers are added to manage the elderly
patients. The most commonly occurring disease in such facilities 1is
the bedsore(decubitus ulcer). Complications developed by bedsore have
brought about many 1issues 1including rising cost for social
management . Pressure ulcers occur in older people who have to spend
long periods in bed. The disease is caused by cell death and pressure
due to the obstructed blood flow and refusion to the tissue, resulted
from long-term pressure applied to the body. Pressure ulcers are
difficult to be prevented as well as checked visually before being
developed to the middle and late stage which cause serious
impairments. Additionally, the period which starts to cause damage to
skin tissue 1s different depending on each patient. In most cases,
inner skin 1s deeply damaged by Pressure ulcers, which can trigger

additional diseases such as pneumonia caused by secondary infections.
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However, Pressure ulcers have been diagnosed visually by doctors up
to now, not based on the quantitative measurements, and the diagnosis
1s highly differentiated depending on the doctor's proficiency in
diagnosis. In this regard, this study aimed at developing methods to
diagnose and treat the Pressure ulcers which are difficult to be
discerned by eyes.

This study developed a method to treat the affected area instantly
using bio-photonics depending on the features of the area, based on
the correct diagnosis utilizing the impedance change in the measured
area. To measure the stage of the bedsore, we developed a new censor
to measure the 1impedance at intervals of 1mm. If there were
difference in the value of the 1impedance, the affected area 1is
diagnosed as a bedsore. Also, we developed a bio-photonics patch
which can generate Near Infrared spectrum for treatment as well as
diagnosis of the affected area. To verify the validity of the
diagnosis and treatment method, we diagnosed the disease based on the
impedance value in the affected area and implemented experimental
treatments using the bio—photonics by triggering the disease over
rats. As a result, the diagnosis was verified through the clear
difference of 70% in the impedance value over the bedsore-triggered
group and the normal group. Also, the treatment was verified through
difference in the 1mpedance value according to the photonics
processing.

This study presented a scientific and quantitative method for early
diagnosis of Pressure ulcers based on the impedance value, along with
a new treatment suggestion which can enhance and displace the
existing treatment through optical wavelength according to the stage

of the bedsore. With the instant diagnosis and treatment from
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application of the presented methods, the specialized bed for
Pressure ulcers can be developed, which can prevent the complications

triggered by secondary infections.
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