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AKTUALITATE

*  Adas mitrums = tdens tilpuma dala adas virsgjos slanos (atkatigs no dziluma ada);
* Komerciali pieejamas ierices balstas uz elektriskajam ipasibam (vaditspéja, pretestiba);
*  Merkis — izpétit optisko metozu potencialu neinvazivai adas mitruma notetksanai;

* DPielietojums — kosmeétiska industrija, krému iedarbibas novértésana u.c.

Rokas augsdelms Rokas apaksdelma volara virsma

Udens tilpuma dala [%0]
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Egawa M., Hirao T., Takahashi M. “In vivo Estimation of Stratum Corneum Thickness from Water Concentration Profiles Obtained with Raman Spectroscopy.” Acta. Derm.
Venereol. 87, 4-8 (2007).



GALVENIE VIRZIENI

* Atstarotas gaismas spektroskopija tuvaja infrasarkanaja spektra diapazona:
— punkta mérfjums;
— kontakta metode;
* Atteélosana tuvaja infrasarkanaja spektra diapazona:
— lespéja iegut plasa adas apgabala attélu uzreiz;
— lespéja kartét apgabalus ar dazadam udens tilpuma dalam;
—  bezkontakta metode;

Montekarlo simulacijas tuvaja infrasarkanaja spektra diapazona optisko parametru ietekmes uz
atstarotas gaismas spektru 1zpétel.

Tuva infrasarkana spektra
diapazona attéli (1950 nm), ieguti
(a) 15 minutes péc mazgasanas un
(b) tulit pec adas parklasanas ar
mitrinosu emulsiju.

H. Arimoto and M. Egawa, “Water content distribution imaging of skin tissue using near-infrared camera and measurement depth analysis,” vol. 8587, p. 85871T, Feb. 2013.



UDENS ABSORBCIJAS SPEKTRS
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Palmer, K.F., Williams, D., "Optical properties of water in the near infrared," Journal of the Optical Society of America 64(8) 1107-1110 (1974).



MAKETIERICE, IZMANTOJOT ATTELOSANU TUVAJA
INFRASARKANAJA SPEKTRA DIAPAZONA

TUVA INFRASARKANA
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Eksperimenta shéma adas mitruma novértéjumam, izmantojot Filtru caurlaidibas Iiknes salidzinajuma ar

attélosanu tuvaja infrasarkanaja spektra diapazona udens absorbcijas spektru



EKSPERIMENTALA APROBACIJA
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DIFFUZI ATSTAROTAS GAISMAS ATTELI,
IZMANTOJOT DAZADUS FILTRUS
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MAKETIERICE, IZMANTOJOT DIFUZI ATSTAROTAS
GAISMAS SPEKTROSKOPIJAS METODI

HALOGENA
GAISMAS AVOTS

a

Y TIPA OPTISKO
SKIEDRU ZONDE

NIR

SPEKTROMETRS
Ocean Optics
NirQuest 512

DATORS

UZGALIS

5 MM
INTERESEJOSAIS

ADAS APGABALS

I. Saknite, ]. Spigulis, “Determination of in vivo skin moisture level by near—infrared reflectance spectroscopy,” Proc. SPIE, 9332, 93320Y (2015).
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ADAS UN UDENS
ABSORBCIJAS SPEKTRU SALIDZINAJUMS
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EKSPERIMENTALA APROBACIJA

Tika uznemtas OD spektra izmainas laika (ik pa 10 sekundém) uzreiz péc mitrinosa roku kréma
(Neutrogena fast absorbing hand cream, light texture) uzklasanas uz rokas apaksdelma (siev,, 26 g., II adas

tips)

OD vertiba 1420 nm maksimumam
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KLINISKA APROBACIJA

2016. gada janvari un februari prof. J. Kisa klinika (F. Sadovnikova iela 20, Riga) sadarbiba ar arstiem

dermatologiem;

Péttjuma piedalijas 39 brivpratigie (sievietes vecuma no 25—55 gadiem, II adas tips);

Divi mérijumi:
— 1. mérfjums — janvari (pétfjuma sakuma);
— 2. mérfjums — februari (1 ménesi velak);
Divas ierices:

—  izstradata maketierice adas mitruma novértéjumam,
izmantojot atstarotas gaismas spektroskopijas metodi;

—  komerciala ierice DermalLab, balstita uz vaditspejas izmainam ada;
Tris mérfjumu grupas:

— labas rokas (kontroles) grupa;

—  kreisas rokas kréma grupa;

—  kreisas rokas seruma grupa.

Katrai grupai veikti tris mérfjumi, no kuriem aprékinata vidéja veértiba.

Laba roka
(Kontroles grupa)

Kreisa roka

Serums



I[EGUTIE DATI UN TO APSTRADE

Iegutas absorbciju raksturojosas veértibas: OD(A) = logllo(%)
Talak aplukota OD vertiba tikai pie 1450 nm: OD1450 nm [rel.v]
Parametrs adas mitruma raksturosanai: M = 10°P [relv]

Iegutie rezultati ar abam iericém, visu mérijumu rezultatu skala:

Izstradata maketierice, parametrs M: | | Ierice Dermal ab, parametrs D:
30 ... 70 30 ... 300
[rel. v] [uS]



REZULTATU ANALIZE

Sakuma 1 meénesi velak
* Labas rokas (kontroles) grupa * Labas rokas (kontroles) grupa
* Kreisas rokas kréma grupa * Kreisas rokas kréma grupa
* Kreisas rokas seruma grupa * Kreisas rokas seruma grupa
Two sample T Test
IR NAV

statistiski butiska atskiriba  statistiski butiska atskiriba
starp abam grupam starp abam grupam



REZULTATU ANALIZE

Videéja vertiba visiem brivpratigajiem 1 ménesi velak minus vidéja
veértiba visiem brivpratigajiem sakuma: V;

Standartnovirze (rezultatu izkliede visu brivpratigo gadijuma
vienas grupas ietvaros) no ieprieks apréekinatas vertibas: ST Dy;

Standarta kluda: SEy = S? , kur N ir brivpratigo skaits.



REZULTATI KONTROLES GRUPAI

Maketierice, M [rel.v.]

NAV statistiski butiska atskiriba

starp abam grupam

V=20
STD = 4
SE =1
N = 38

Izstradata maketierice, parametrs M:

30 ... 70 [rel. v]

Dermalab, P [pS]

IR statistiski butiska atskiriba

starp abam grupam

V=18
STD = 43
SE =7
N = 36

letice Dermal ab, parametrs D:

30 ... 300 [uS]



REZULTATI KREMA GRUPAI

Maketierice, M [rel.v.]

NAV statistiski butiska atskiriba

starp abam grupam

V=-1
STD =6
SE =1
N = 38

Izstradata maketierice, parametrs M:

30 ... 70 [rel. v]

Dermalab, P [pS]

IR statistiski butiska atskiriba

starp abam grupam

V=61
STD = 49
SE =8
N = 36

letice Dermal ab, parametrs D:

30 ... 300 [uS]



REZULTATI SERUMA GRUPAI

Maketierice, M [rel.v.]

IR statistiski butiska atskiriba

starp abam grupam

V=2
STD =5
SE =1
N = 38

Izstradata maketierice, parametrs M:

30 ... 70 [rel. v]

Dermalab, P [pS]

IR statistiski butiska atskiriba

starp abam grupam

V=35
STD = 47
SE =8
N = 36

letice Dermal ab, parametrs D:

30 ... 300 [uS]



SECINAJUMI

Kontroles grupas gadijuma tika sagaidits, ka nebus atSkiribas starp abam
grupam — ar maketierici tika 1eguti atbilstosi rezultati, savukart ar Dermal ab —
ne;

Tika sagaidits, ka kréma grupas gadijuma vajadzétu but statistiski butiskam
uzlabojumam — ar Dermal ab tadi rezultati ar1 tika ieguti, bet ar 1zstradato
maketierici sanaca, ka ir neliels pasliktinajums;

Tika sagaidits, ka seruma grupas gadijuma vajadzetu but statistiski butiskam
uzlabojumam — ar abam 1ericém sads rezultats tika ieguts;

Salidzinot kréma un seruma grupu Dermal_ab ierices gadijuma, tika secinats, ka
uzlabojums kréma grupai ir apméram 2 reizes lielaks (V = 61) ka seruma
grupai (V' = 35);

Redzams, ka pie mazam adas mitruma izmainam ar Dermal ab ierici 1eguto

adas mitruma parametru vertiba ir pieaugusi daudz straujak, salidzinot ar
maketierices rezultatiem.



MONTEKARLO SIMULACIJU PROGRAMMA

Number of photons

300000

Number of layers

2

Bin size and bin amount

Number of bins

7 axis 100
r axis 100
a axis 100

Refractive index [-]

Medium above

Medium below

Create input file

Run Monte Carlo simulation(s)

Read output file(s)

Refractive index [-]
1.5

Scattering coefficient [1/cm]

coefficient
22 - p
Anisotropy [-]
o 0.85
Bin size [cm]
0.001 Layer depth [cm]
0.002
0.001
Layer &
Absorbtion coefficient [1/cm]
Volume fraction [0:1]
1 x [ water
1 x |:| Oxy-hemoglobin
1 x |:| Deoxy-hemoglokin
1 x [ Melanin
1 x [ other
Refractive index [-]
Scattering coefficient [1/cm]
coefficient
= 1

Anisotropy [-]

Layer depth [cm]

Auto-simulations

rn
PT&S
General input parameters Layer 1 Layer 2
Range [nm] Select range Absorbtion coefficient [1/cm] Absorbtion coefficient [1/cm]
From 1150 1000170, ~ Volume fraction [0:1] Volume fraction [0:1]
0.4 x Water 0.60 x Water
To 1800 Scat. coeff. type 1 x |:| Oxy-hemoglobin 1 x |:| Oxy-hemoglobin
Constant - 1 x |:| Deoxy-hemoglokin 1 x |:| Deoxy-hemoglokin
Spectral rezolution [nm]
1 x  [] Melanin 1 x  [] Melanin
g
1 ®x [ other 1 ®x [ other

Refractive index [-]

1.4
Scattering coefficient [1/cm]
coefficient
22 x 1
Anisotropy [-]
0.8
Layer depth [cm]
0.05
Layer 7
Absorbtion coefficient [1/cm]
Volume fraction [0:1]
1 x  [] water
1 x |:| Oxy-hemoglobin
1 x |:| Deoxy-hemoglokin
1 x [ melanin
1 x [ other
Refractive index [-]
Scattering coefficient [1/cm]
coefficient
x 1

Anisotropy [-]

Layer depth [cm]




MONTEKARLO SIMULACIJAS

dy =0,02mm;d, = 0,50 mm; g, =0,02mm

ny =15;n, =14;
g1 =085;9, =0,9;
s =22 cm™1

300 000 fotoni;

Spektralais diapazons: 1150—1600 nm;

Udens tilpuma dala:
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Montekarlo simulacijas
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GALVENIE REZULTATI

Izveidota maketierice adas mitruma novertéjumam, izmantojot atstarotas gaismas spektroskopiju
tuvaja infrasarkanaja spektra diapazona;

Izveidota maketierice apgabalu ar paaugstinatu udens tilpuma dalu attélosanai tuvaja
infrasarkanaja spektra diapazona;

Veikta eksperimentala abu maketiericu aprobacija laboratorija;

Veikta kliniska aprobacija, izmantojot atstarotas gaismas spektroskopijas maketierici, salidzinot
rezultatus 39 pacientiem ar komercialu adas mitruma novertésanas ierici, kuras darbibas princips
balstits uz vaditspéjas izmainam ada udens ietekmeé;

Izveidota lietotajam érti izmantojama programma Montekarlo simulaciju veikSanai plasa spektra
diapazona 400-1700 nm, ieklaujot dazadas ada eso$as hromoforas, t.sk. udeni, taukus,
hemoglobinu u.c.



PUBLICITATE

Prezentacijas:

I.Saknite, ].Spigulis “Determination of in vivo skin moisture level by near-infrared reflectance spectroscopy”; stenda referats
konferencé “Photonics West 2015 7.-12. februari (2015) Sanfrancisko, ASV;

G.Tunéns, 1.Saknite, J.Spigulis “Modelling diffuse reflectance spectrum of skin in the near-infrared spectral range by Monte
Carlo simulations”; stenda referats starptautiskaja studentu konferencé “Developments in Optics and Communications 2015” 8.-
10. aprili (2015) Riga, Latvija;

I.Saknite, G. Tunéns, J.Spigulis “Study on near-infrared reflectance spectroscopy of skin for noninvasive determination of skin
hydration”, stenda referats Biofotonikas vasaras skola 6.-13. junija Venas sala, Zviedrija;

G. Tunens, 1. Saknite, J. Spigulis. Modelling skin diffuse reflectance spectra in the near-infrared and visible range. DOC, Riga,
March 2016;

R. Janovskis, I. Saknite, ]. Spigulis. Infrared spectroscopy and imaging for estimation of skin hydration". Developments in Optics
and Communications, Riga, March 2016.

Raksti:

I. Saknite and J. Spigulis, “Determination of in vivo skin moisture level by near-infrared reflectance spectroscopy,” Proc. SPIE,
9332, 93320Y (2015).

I. Saknite, G. Tunens, J. Spigulis, “Study on near-infrared reflectance spectroscopy of skin for noninvasive determination of skin
hydration” (Ziesniegts publicésanai Journal of Biomedical Optics).
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