
Near-infrared (NIR) spectroscopy has a potential for noninvasive determination of skin moisture level due to high
water absorption. Near-infrared reflectance spectroscopy can be used for estimation of skin hydration (water
content in skin) due to high water absorption in this spectral range [1–3]. However, there is still no golden
standard technique for estimation of skin hydration by optical methods. Currently there are commercially
available devices based on electrical properties of skin (mostly, conductance, capacitance) that are widely used by
dermatologists and cosmetic industry for estimation of skin hydration but they are not considered to be the most
reliable.Near-infrared light penetrates deeper in tissue than visible light. In the spectral range of 900 nm to 1700
nm, light can penetrate 1 up to 3 mm deep into the skin [6]. Thus, the diffuse reflected light brings information
from different layers of skin. The penetration depth is dependent on water concentration in skin.
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In this study, a near-infrared reflectance spectroscopy method was developed for estimation of skin hydration. A
clinical study was performed to compare skin moisture measurements of a total of 40 healthy volunteers by using
two different methods: the developed near-infrared reflectance spectroscopy method and a commercially
available skin hydration measurement device DermaLab by Cortex Technology. Skin moisture was measured at 3
spots on face and 9 spots on volar aspect of both arms for each of the volunteers. A comparison between results
by optical and conductance basedmeasurement systems is presented.
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FIG.1 THE FIVE LAYERSOF EPIDERMIS [1]

Skin has its own natural moisturizing mechanism that
keeps it moist. At the SG, keratinocytes are transformed
into corneocytes that are the building blocks of SC. In this
process, natural body lipids are released, and they are the
main barrier that protects water passing out through the
SC. On most body sites, SC consists of 12 to 16 cell layers,
but it can vary from 9 cell layers at eyelids to more than 50
cell layers at soles [2]. There are three main processes how
skin moisturizers work in order to help skin when its
natural barrier has been irritated: attract water from dermis
and bound it in the SC (glycerin), provide a physical barrier
to reduce water loss (zinc oxide), provide occlusivity and
smooth flaky skin cells (petrolatum) [4,5].

FIG.5 ABSORPTION SPECTRUMOF WATER [7]

Experimental setup consisted of a near-infrared spectrometer (Ocean Optics, NirQuest 512) in the spectral range
of 900 nm – 1700 nm, Y-type water free (WF) optical fiber probe, and a tungsten-halogen light source Thorlabs
SLS201/M with illumination spectrum between 300 and 2600 nm . Optical fiber probe consisted of 6 illumination
fibers in a circle around 1 detection fiber in the middle. During measurements, room temperature was kept at
temperature of 23°C.

[1] De Rigal, J., Losch, M. J., Bazin, R., Camus, C., Sturelle, C., Descamps, V. and Leveque, J. L., "Near-infrared spectroscopy: A
new approach to the characterization ofdry skin," J. Soc.Cosmet.Chem. 44, 197-209 (1993).
[2] Wickett, R. R., Visscher, M. O., "Structure and function of the epidermal barrier," American Journal of Infection Control
34(10), S98-S110 (2006).
[3] M. Egawa, T. Hirao, and M. Takahashi, “In vivo estimation of stratum corneum thickness from water
concentration profiles obtained with raman spectroscopy,” Acta Derm. Venereol., vol. 87, no. 1, pp. 4–8,
2007.
[4] Dobos, K., “How Do Skin Moisturizers Work?” Chemists Corner, 3 April 2014, <http://chemistscorner.com/how-do-skin-
moisturizers-work/> (5 January 2015).
[5] “emollients - topical”, MedicineNet, 16 April 2014, <http://www.medicinenet.com/emollients-topical/article.htm>
(5 January 2015).
[6] Bashkatov, A. N., Genina, E. A., Kochubey, V. I., Tuchin, V.V., "Optical properties of human skin, subcutaneous and mucous
tissues in the wavelength range from 400 to 2000 nm," J. Phys. D: Appl. Phys. 38, 2543-2555 (2005).
[7] 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).

INGA.SAKNITE@LU.LV
This work has been supported by Latvian National Research Programme “Cyber-
physical systems, ontologies and Biophotonics for safe & smart city and society”
(SOPHIS) under grant agreement #10-4/VPP-4/11.

1200	nm

980	nm

Skin is the human body’s largest organ that has many
important functions to protect the body. One of them is
the prevention of water loss. Skin consists of two main
structural layers: epidermis and dermis. Epidermis consists
of 5 sublayers (Figure 1), the outer of which, stratum
corneum (SC), is the main barrier that protects the body
from dehydration, as well as from other molecules (e.g.
irritants) entering into the skin [1,2,3]. Skin water volume
fraction depends on the depth in skin (Figure 2) [3].

FIG.2 WATER VOLUME FRACTION PROFILES DEPENDING
ON DEPTH IN UPPER ARM SKIN FOR 15	VOLUNTEERS [3]
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FIG.3 EXPERIMENTAL SETUP

The goal of this study was to test long-term effect of a moisturizing cream X and serum Y on skin moisture level.
Participants of this study were using the moisturizing cream X on the proximal part of volar aspect of the left arm
(closer to the elbow), and the moisturizing serum Y on the dorsal part of volar aspect of the left arm (closer to the
palm) every day for one month. On the contrary, they were asked not to use any cream or serum on the volar
aspect of the right arm for the whole month.
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FIG.4	LEFT:	COMPARISON OF OD	SPECTRUM OF SKIN WITHWATER ABSORPTION SPECTRUM;	
RIGHT:	CHANGE IN OD	VALUE AT DIFFERENT WATER ABSORPTION MAXIMA AFTER APPLICATION OF A MOISTURIZING CREAMON SKIN.
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At each of the three regions of interest (dorsal part of left arm, proximal part of left
arm, and right arm) 3 separate measurements were performed to calculate the
average value at each of the three regions of interest. Measurements were performed
in the beginning of January and in the beginning of February – one month later, to
compare the effect of the cream X and serum Y on skin moisture level. Average
moisture level values in the beginning and one month later of each of the three
regions of interest were compared.
Measurements were performed by two different devices – the developed device for
estimation of skin moisture level by near-infrared spectroscopy, and a commercial
device DermaLab (by Cortex Technology) which estimates skin moisture level based
on changes in skin conductance (with increased water volume fraction in skin, there is
an increase in electrical conductance of skin).

In conclusion, we can observe that DermaLab is more sensitive to small changes in skin moisture than the
developed near-infrared spectroscopy device, and it is possible to evaluate the effect of cream and serum on skin
moisture level 1 month after using them. However, by using DermaLab we also got results that we did not really
expect – there was a statistically significant improvement also for the control (right arm) group. Maybe it is due to
the fact that some volunteers actually used moisturizing creams or lotions on the right arm even though they
were asked not to, or maybe there were other factors affecting those results, for example, the outside
temperature, physiological aspects etc.

In total, results were divided in 5 groups for each
device (10 groups in total), where each group consisted
of skin moisture values for all 39 volunteers:
• Right arm (control) group in the beginning;
• Right arm (control) group 1 month later;
• Left arm group in the beginning;
• Left arm cream group 1month later;
• Left arm serum group 1month later.

The following values were obtained for analysis of
the results:
• Average value of skin moisture level for all

volunteers 1 month after minus average value
of skin moisture level for all volunteers in the
beginning: 𝑉;

• Standard deviation (the distribution of all
results in one group): 𝑆𝑇𝐷/
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