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----------------- Synopsis 
In this review the potential application of near-infrared spectroscopy for the in vitro and in vivo cha
racterization of skin is presented. The near-infrared attenuated reflectance spectroscopy allows the 
determination of the overall skin water content as well as of the various components constituting the 
skin, i.e., stratum corneum, epidermis and dermis. This technique provides the possibility to di rectly 
determine the changes in the various types of water (free, bulk, and protein-bound water), which are 
present in the various skin layers. The assessment of the scattering effects in skin is also possible by 
means of near-infrared spectroscopy. This method achieves an objective, precise, sensitive, reprodu
cible, non-invasive tool for the examination of the effect of humidity on the different types of water. 
The in vivo evaluation of the biologica! effectiveness of various dermatologica! or cosmetic prepa
rations is now possible by near-infrared attenuated tota! reflectance measurements. 

Riassunto 
In questo articolo si passano in rassegna le potenziali applicazioni in campo cosmetico della spettro
scopia nel vicino infrarosso per la caratterizzazione sia in vitro che in vivo della pelle. La spettro
scopia in riflettanza attenuata nel vicino infrarosso permette la determinazione sia del contenuto di 
acqua totale nella pelle che quello nei singoli componenti che costituiscono la pelle (lo strato cor
neo, l'epidermide ed il derma). Questa tecnica offre la possibilità di determinare direttamente i cam
biamenti che si hanno nei vari tipi di acqua (acqua libera, di sistema o legata a proteine), presenti 
nei vari strati della pelle. La spettroscopia nel vicino infrarosso permette inoltre la valutazione degli 
effetti di diffrazione della luce sulla pelle. La tecnica qui riportata rappresenta un metodo oggettivo, 
preciso, sensibile, riproducibile e non-invasivo per determinare in maniera d iretta gli effetti 
dell'umidità sui diversi tipi di acqua. É quindi possibile la determinazione in vivo dell'efficacia bio
logica di vari preparati dermatologici e/o cosmetici per mezzo di semplici misure di riflettanza nel 
vicino infrarosso. 
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INTRODUCTION 
Skin dryness is one of the main problems in der
mato logy and cosmetology. Although there are 
numerous descriptions of dry skin, the causes of 
this phenomenon are stili poorly understood. It 
is worth noting that when the skin is characteri
zed as dry it is not necessarily lacking in moi
sture, rather it is often considered to present a 
rough, uneven surface that scatters light, leading 
to a dry and matte appearance ( 1-2). A number 
of components, besides the water content, play a 
fundamental rote in determining the physica l 
properties and structure of the stratum corneum. 
In particular, the lipid components of the skin 
are able to modify the light diffusion patterns, 
the reflection and transmission characteristics, 
and to influence the surface properties of the 
skin, providing smooth and rough feeling. 
The ex ternai layer of the skin is the stratum cor
neum, which has a thickness of 10-20 µm and is 
made up of partially dehydrated cells located in 
a lipid matrix. The particular architecture of the 
stratum corneum is responsible of the skin bar
rier function. Under this layer, there are the epi
dermis and the dermis, which present a thick
ness of 0.1 -0.2 mm and 2-4 mm, respectively. 
The skin water content increases as the layer 
deepens; namely, the most hydrated zone is the 
dermis. 
As reported by Obata and Tagami, skin softness 
and pliability are mainly controlled by the water 
content in the stratum corneum (3). The effect 
of humidity on the stratum corneum characteri
stics and, in particular, on the strength and num
ber of water-bind ing sites in the stratum cor
neum was extensively reported (for review see 
ref. 4). Normally, increasing relative humidity 
causes an increase in tissue hydration, the rate 
of which is greater at higher values of humid ity. 
It was demonstrated (5) by nuclear magnetic re
sonance and infrared spectroscopy that the con
tent and nature of water present in the stratum 
comeum was different as a function of the rela
tive humidi ty. Tight bonds between the water 
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molecules and the potar sites of the skin pro
teins were observed at a water content below 
10%. Increasing the water content, in the range 
from 10% to 40%, less tightly bound water was 
detected, suggesting the formation of hydrogen
bonds with the protein-bound water. Beyond a 
water content of 50%, the water resembled the 
bulk liquid. 
A number of analytical techn iques are available 
to determine and characterize in vivo the state 
of the skin (6). Although the knowledge about 
the skin 's functional properties are always in
creasing (7), little is really known about its pre
cise nature, especially as concems lipid content, 
whose variations are only minor (8-9). The prin
cipal matter is whether or not dry skin is really 
dehydrated. In fact, the controversia! data are 
due to the unsui table noninvasive methods used 
for the description of skin conditions and for the 
determination of the effectiveness of various co
smetic preparations. These techniques are based 
on the measurements of physical parameters 
that are dependent on skin conditions, e.g. pre
sence of water, lipid content, other components. 
Furthermore, these physical parameters used in 
the determination of skin moisture are not stric
tly related to the differences in water content, 
thus they are not appropriate in this kind of in
vestigation. 

Analytical method 
Tests normally used to determine the skin status 
are based on indirect measurement of hydrat ion 
and include high frequency electrical conducti
vity, transepidermal water loss (TEWL), bioche
mical measurements, and clinica! evaluations. 
Ali these are affected by low precision and not 
well -understood relationship to water content. 
Spectroscopic assays due to the absorption band 
of the hydroxyl moieties are directly related to 
the water content, fo llowing Lambert & Beer's 
Law. Thus, the absorbance (optical density) of a 
sample is proportional to both concentration of 
the absorbing species and the path length of the 



sample through which the detection light beam 
goes. 
Infrared spectroscopy may be able to give preci
se information about the water content of the 
skin ( I 0), even if the water IR spectrum is wide 
and poorly defined. In the mid-infrared, in order 
to determine the water content of the skin in 
vivo the attenuated tota! reflectance (ATR) tech
nique was carried out. In particular, the ratio of 
the amide I to the amide II band of skin protein 
was used as a measure of water content by ex
ploiting the overlap of the water-bending mode 
with the amide I band (11 ), assuming (unproven 
assumption) that neither amide I nor amide II 
bands are affected by water content. The use of 
the 2 100 cm-' combination band of water has the 
advantage of being poorly influenced by the 
bands arising from skin and products (12) . 
However, ATR measurements have some draw
backs: (i) the requirement of skin occlusion may 
significantly affect the water content, (ii) the de
gree of contact between the skin and the reflec
tance element is not constant especially after the 
treatment of skin with a lotion or other product 
capable of affecting the skin 's refractive index, 
thus influencing the radiation penetration depth. 
Recently (2,13-14), the near-infrared reflectance 
(NIR) spectroscopy (1100-2500 nm) has been 
used to determine skin water content in vivo. 
NIR provides severa! advantages over mid-in
frared spectroscopy: (i) it presents higher sensi
tivity to hydrogen-bonding difference, since wa
ter bands are precise; (ii) possibility of discrimi
nating between the different types of water; (iii) 
the scattering effects can be used to evaluate 
changes in the character of the skin surface; (iv) 
non-occlusive measurements are catTied out. 
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Experimental apparatus 
A pioneering paper on diffu se-reflection 
infrared spectroscopy appeared in 1965 (15) and 
since then has attracted great interest, conside
ring that this rapid noninvasive method can be 
eas ily used to obtain spectra of solid, opaque 
samples. It was largely used in the agro-alimen
tary field for in v itro analysis of water, lipids, 
protein, sugars, and their derivatives (15). Seve
ra! applications in cosmetology, e.g., the asses
sment of hydration and the effectiveness of moi
sturizing agents, involve in vivo measurements. 
The possibility of using NIR fo r this purpose 
was previously demonstrated (14). In particular, 
the coupling of a IO-foot optic fiber cable to the 
spectrometer made it possible to collect spectra 
on the skin of legs treated with moisturizer. The 
presence of optic fi bers in the NIR setup does 
not endanger obtaining suitabl e and reliable in 
vivo results. In fact, improved NIR resolution 
witho ut optic fi bers allowed us to distinguish 
between different types of water (2). Fundamen
tally, two types of apparatus are required: (i) an 
infrared sensor, (ii) a data analyzer. 
In order to make more precise and routine the 
NIR measurements, allowing the registration of 
spectra at any skin site, the optical elements of 
an integrating sphere of a near-infrared spec
trophotometer were totally modified (13). The 
apparatus cons isted of an integrating sphere 
spectrophotometer (Infra-Alyser 500) equipped 
with a PC AT microcomputer. An external in
tegrating sphere was added in order to collect a 
full energy spectrum and to optimize signal-to
noise ratio, without modifying the basic func
ti on. The connection between the internal and 
external integrating spheres was realized by 
two special optic fibers, that presented a very 
low attenuation coefficient ( <0.5 db/m) throu
ghout the investigated NIR spectrum (Fig. I) . 
It was reported that these modifications caused 
no wavelength shift or change of the absorp
tion spectra of test materiai, allowing precise 
and sensitive measurements in the range 900-
2500 nm. 
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Infrared spectra of biologica! specimens (e.g., 
skin) frequently contain overlapping bands that 
are instrumentally unresolvable. Overlapping lR 
bands are a particula rly common problem in the 
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Figure 1 - Schemotizotion of the modificotion corried out 
by on lnfro-Alyser 500 spectrophotometer to obtoin in 
vivo meosurements of body skin sites. The apparotus is 
essentiolly an externol lntegrating sphere connected to 
the spectrophotometer by bundles of op tic fibers. 

infrared spectra of condensed phase samples be
cause the widths of individuai absorption bands 
are usually greater than the separation be tween 
neighboring bands. The enhancement of instru
mental resolution poorly resolved overlapping 
bands. In th is case, mathematical methods are 
needed and, in particular, curve-fitting ( 16), de
rivative spectroscopy ( 17), Fourie r deconvolu
tion ( 18-22). Of these techniques, Fourier tran
sform provides the most valici information on 
band structure, especiall y when the individuai 
component bandwidths are si milar. With the 
correct choice of both the spectral and the de
convolution parameters, an optimum resolution 
increase occurs (for a review see ref. 23). Expe
rimentally, Fourie r transform infrared (FTIR) 
spectrometers measure inteiferograms by means 
of an optical dev ice known as an interferometer, 
which is based upon the Michelson interferome
ter (24-26), whose basic and schematic repre
sentation is shown in Fig. 2. Therefore, the ap
plication of FflR spectroscopy to skin investi-
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gation may be of great interest, considering the 
JR spectral complexities arising from the various 
contributions of the skin components, besides the 
presence of de1matological or cosmetic agents. 

Data treatment 
In quantitative analysis of the skin water con
tent, the recorded spectra should be converted to 
apparent absorbance (log I /R), where R is re
fl ectance. When a wide investigation is requi
red, an average procedure on JR data over ali 
the subjects for each product at each time point 
is carried out, minimizing, in this manner, the 
effecr of individuai va riation by limiting rhe in
fluen ce of o utli ers . No rm a ll y, t he averaged 
spectra within a study should undergo a multi 
pl icative scatter correction (MSC) to adjust the 
changes in apparent absorpt ion due to scatte
ring. In thi s way MSC corrects each spectrum or 
average spectrum to an ideai spectrum (27-29). 
MSC assumes a constant scattering coeffic ient 
over the wavelength interval used and only mi
nor changes in concentration. The NIR wave
length interval normally used is 2500-11 00 11111. 

In th is range, the scattering coeffic ient of the 
skin has been demonstrated to be fair ly constant 
(30-3 1 ), and the variation in spectral intensity is 
small. The concentration changes can be deter
mined from the MSC-corrected data; whereas 
the changes in scattering can be evaluated from 
the difference between the orig inai and MSC
corrected spectra. The resulting spectral in tensi
ties follow Beer 's Law and, hence, the skin wa-

Figure 2 - Essential components of a Miche/son interfero
meter. During an infrared scon, the interferometer carries 
out the following: (i) splits the light coming from the IR 
source into two beams (beam splitter), (ii) chonges the 
optica/ poth of one beam using mirror movements, (iii) 
creotes optico/ interference by recombining the two 
beams, (iv) passes the IR light through the sample far 
meosurement of o single beam spectrum. The ratio of 
the single-beam spectra with and without the somp/e in 
the light path yields a sample spectrum in percentage 
tronsmittance, further detoils are available in ref. 23. 

Figure 3 - In vitro skin study. Near-infrared absorption 
spectra of dermis, epidermis and both (tota/ skin) (perso
na/ data). 
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ter content is possible to be determined. 

Water content in skin 
In vitro studies ( 13) bave demonstra ted that the 
absorbance of the dermis is greater than that of 
rhe total skin (Fig. 3), the difference, i.e . the 
spectrum of the epiderm is, showing the two 
characteristic wate r peaks (Fig. 4 ) . The inten
sity of the skin spectrum increases when the 
ep idermis i s remo ve d. Thi s be havio u r i s 
mainly due to the fo llowing factors: (i) the re 
moval of the last-hydra ted layer (stratum cor
neum); (ii ) an inc rease in the volume ana lyzed 
owing to an enhanced penetration of the infra
red light beams. l t was possible to determine 
hydration grade of the s tratum corneum by cor
re lating the difference in absorbance at 1936 
nm and 1100 nm to the water content of the 
stratum corne um (the linear regressio n was 
0.98). In fact, the difference in the absorbance 
at the waveleng ths increased with water con
tent, as dici the band near 1930 nm (for further 
details see reference 13). 
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figure 4 - In vivo absorbance near-infrared spectra (A) 
and their second derivative spectra (8) of water and skin 
in the water combination region (persona/ data in 
agreement with ref. 2). 

Band assignments 
The apparent absorbance (log I /R) spectra of 
skin and water are shown in Fig. 4. Two distinct 
bands are present. One band is centered at 1450 
nm and the other at 1920 nm, corresponding to 
the first overtone of the OH stre tch in water and 
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the combination mode of the OH stretch and 
H20 bend in water, respectively. The skin spec
trum also presents two not well resolved bands 
near 1730 nm and 1750 nm probably due to li 
pids. The second derivatives were able to enhan
ce the features in the water combination region, 
as shown for both water and skin in Fig. 4. The 
second derivative spectrum of water showed the 
presence of a major band a t 1892 nm and 
weaker bands at l 906 and 1924 nm. As previou
s ly reported (2, 32), the different bands ar ise 
from the contribution of the different kind of 

Summary of the assignment of the various bands observed in the second derivative of the skin 
NIR-spectra and aris ing from the contribution of the different types of water in combination 
with the skin . 

........ ............... ~~~.~ .. ~~.Y.~~.~~.g~~ .. (~.~>. ......... ......... ....... ~~~.~r..~Y.P.~ .. ~~~!g~.~~~~ .................. .............................. . 
1879 Free water 
1890 B ulk water 
1909 Protein-bound water 
1927 Protein-bound water 
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of water. Generally, longer wavelengths indicate 
greater hydrogen bonding, corresponding to un
bonded (free) water and water with one or two 
hydrogen bonds, respectively (32). The same 
characteri stic three bands appear in the skin 
(different relative intensities), in addition to a 
stronger band at 1879 nm. The latter is probably 
due to poorly bonded water (free water) giving 
rise to the evaporation flu x across the stratum 
corneum (2) . The other bands seen in the se
cond derivative spectra of skin arose from the 
following types of water: (i) the 1890 nm band 
corresponds to the strongest band of liquid wa
ter and is referred to as bulk water, (ii) the 1909 
nm and 1927 nm bands are mainly due to more 
tightly bound water, coming from the water
protein association. As concerns the tissue d i
stributi on of these various types of water, it was 
reported that the free and protein-bou nd water 
are expected to be found within the stratum cor
neum, whi le bulk water and a certain amount of 
protein-bound water are expected to be found in 
the epidermal layer just be low the stratum cor
neum. Table I summarizes the various contribu
tions arising from the different types of water. 

lnfluence of humidity on 
skin water conteni 
As recently demonstrated by NIR-spectroscopy 
(2), the grade of relative humidi ty influenced 
the NIR spectra of the skin and, hence, the con
tent and the type of water present in the skin. 
Particularly, a shift towards higher wavelengths 
(stronger hydrogen bonding) of the bands near 
1879 nm, l 909 nm, and 1927 11111 at values of 
relative humidity around 19%, compared to the 
spectrum obtained at 42% relative humidity was 
reported (2). At lower values of relative humi
dity, these bands become also less intense, no 
shift was detected for the band at 1890 nm (bulk 
water), but there was an enhancement of its in
tensity. These data show that the molecules of 
free and protein-bound water are somehow 
more tightly hydrogen-bonded. 

M. Fresta, R. Pignatello and G.Puglisi 

1200 

1100 

:i A 
.è 1000 

.a-·u; 
e 900 

$ 
.!: 800 
CD 
> 
~ 700 
> ·;: ., 
-e 600 
-e 
e 
o 

500 " CD 

"' 400 

300 
o 3 5 9 10 

Absolute humidity (g/m3) 

Figure 5 

600 

550 

:i B 

.è 500 
.a-
Cii 
e 

~ 
450 

CD 
> 400 :g 
> ·;: 

350 CD 
-e 
-e 
e 

300 o 
" ., 
"' 250 

200 
o 2 3 4 6 7 B 9 10 11 

Absolute humidity (g/m3) 
Figure Sb 

Figure 5 - A - Correlation of the second derivative inten
sity ot the near-infrared band near 1879 nm (free 
water:•) and 1890 nm (bulk water: • ) with absolute hu
midity. B - Correlation of bound water os 1909 nm band 
(•) and 1927 nm band(• ) with abso/ute humidity (data 
from ref. 2). 

The intensity of the band near 1879 nm increa
ses proportionally to humidity, showing an 
enhancement in the concentration of free water 
(Fig. 5). This trend is in agreement with the as
signment that this band is related to the water 
transported across the skin barrier (water flux 
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through the straturn corneum). It is wonh noting 
that Potts (4) observed an increase in the stratum 
corneum thickness, as a function o f hydration . 
which provides a more substantial baiTier to the 
water loss. The increase in more tightly bound 
water ( 1909 nm and 1927 nm) as a function of 
humid ity is shown in Fig. 5. As proposed by 
Martin (2), these bands parallel the increase ob
served for free water (band at 1879 nm). sugge
sting that there may be free exchange between 
the two types of water. As shown in Fig. 5, the 
band intensity at 1890 nm (bulk water) decrea es 
with increasing humidity. The bulk water was de
fined as the water pool placed below the stratum 
corneum, which should be constant. The detected 
decrease may be due to a reduction of the infra
red beam penetration be low the s tratum corneum. 
This phenomenon could be ascribed, as observed 
by Potts (4), to the thickening of the stratum cor
neum caused by humidity. Thus, the longer resul
ting path length for N JR radiation though the 
stratum corneum reduces the penetration (shorter 
path length) into the deepest layers of epidermis. 
In thi s way, the stra tum corneum appears to 
plump out as hurnidity inc reases. However, the 
humidity-induced hydration does not cause a si
gnificant increase in the tota! path length of NIR
radiation into skin. There is no major change ap
parent in the net depth of radiation penetration or 
significane change in the re fractive index in this 
region with hydration (33-35). 
NIR reflectance represents a superfic ial rneasure
ment at 1879 nm since free water should be fra
med in the s tratum corneum. The presence of 
bulk water demonstrates the penetration into the 
epidermis of some portion of the reflected radia
tion. The radiation pathway through the epider
mis is likely to be sho11, otherwise the intensity 
of the bulk water band overwhelms the spectrum. 

Evaluation of dry skin in vivo 
In order to assess the dryness of the skin , a cli
ni ca I approach is normall y used , a lth ough 
subjectivity of the assay frequen tly affects the 
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results and the possibi lity of data comparison. 
In particular, cl inica! scores. which evaluate the 
appearance of the skin. are routinely employed. 
The aspect of the skin was evaluated by a trai
ned expert on the basis of the following c rite
ria: 
l. "papyracé .. state of the skin ("cigarette pa
per" aspect) 
2. roughness (tactile evaluation) 
3. presence of squames 
4. presence of scales ("snakeskin ., aspect) 
5. irritation (subclinical inflammation: redness) 
According to the gravity of the phenomenon. 
each criterion was scored from O to 4: the use 
of ha lf points was allowed. The average of the 
five criteria represent the ove ra ll score b y 
means of which the individuai skin dryness is 
evaluated. 
NIR analys is a llowed not only the evaluation of 
the water content in skin but also the possibility 
of a more precise, sensit ive, reproduc ible (both 
in terms of inter- and intraday assay) and com
parable method to characterize, in an objective 
way, dry skin in vivo. In fact, as shown in Fig. 
6, the absorbance va lues fe ll gradually and pro
portionally with the increase in the clinica! sco
re. This phenomenon was more evident for the 
bands near 1450 nm and 1930 nm than in the 
wavelength range 2000-2500 nm. Fig. 7 shows 
the very good corre lation between the overall 
cl inica! score and the decrease in the intensity 
of the NIR !'Pectra of the skin. Other techn i
ques, such as the electric conductance measure
ment, were able to correlate with the cl inica! 
score but only up to a overall score va lue of 2.5 
(13, 36). 
These data show that dry skin is really dehydra
ted, confirmin g that the stratum corne um of 
very dry skin is almost two times less e lastic 
than that o f normai skin (7). In fact, the NIR 
absorption method , applicable in vivo to a li 
skin sites. strong ly correlated with the c linica! 
scores. and the obtained data can be d irectly 
correlated and in terpreted in te rms of water 
content. an achievement not possible with other 
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Figure 6 - Near-infrared absorption spectra of skin pre
senting different dryness scores: from 1to4 (data from 
ref. 13). 

Figure 7 - Correlation between the near-infrared absor
bance ( detected at 1936-1100 nm) and the globo I score 
(data from ref. 13). 

meas urement method s. These observations 
form the basis for a more rationale investigation 
on the phenomena leading to abnormal keratini
zation and, hence, for the realization of more ef
fective moisturizing preparations (37-38). 
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Product app/ication: 
effectiveness evaluafion 
The NIR spectroscopy on slci n may also be ap
plied for determining in vivo the effectiveness 
of various moistu rizing formulations. After 
treatment of the skin with these kinds of pro
ducts, a significant increase in the NIR spectra 
absorbance throughout the wavelen gth range 
1400-2200 nm (Fig. 8), coupled with a baseline 
offset enhancement, was observed (2). The re
duced scattering of the NIR radiation and a pro
bable increase in the water content of the stra
tum co rne um may mos t likely ex plain thi s 
event. A g loss ier appearance fo r treated sk in 
was observed under visible light by means of 
subjective analysis, showing a reduction of the 

1.25 

1.00 

.. 0.75 
u e 

€ 
o 
1l 
<( 0.50 

1400 1600 180-0 2000 2200 

Wavelength (nm) 

Figure 8 

Figure 8 - Near-infrared absorbance spectra before and 
after moisturizing product application (persona! data). 
The product was prepared according to re ference 2. 

scatter phenomenon (2). In this case it is neces
sary to carry out spectra correction in order to 
extinguish absorbance increase due to scattering 
phenomena and to enhance the effects arising 
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from the changes in water content (27-3 1 ). In 
this way, the determination of the effective wa
te r content change due to the application of co
smetic products is possible. 
Normally, the presence of a plasticizer in co
smetic formulations causes the follow ing ef
fects: (i) a reduction of the levels of free (band 
at 1879 nm) and prote in -bound wate r (bands 
near J 909 nm and 1927 nm), (i i) an increase of 
the amount of bulk water (band at 1890 nm). 
The decrease in free water was explained ( 13) in 
terms of increased flux through the skin surface, 
probably resulting in less water trapped within 
the stratum corneum, or of a reduction of the 
stratum corneum thickness. S imilar behaviour 
was shown by the prote in-bound wate r. On the 
other hand, the increase in 1890 nm band (bulk 
water) showed a most like ly enhancement of the 
penetration depth of the NIR radiation into the 
epidermis, as a consequence of the reduction in 
the stratum corneum th ickness. Therefore, the 
treatment of the skin w ith cosmetic products 
would cause an opposite effect on the stratum 
corneum thi ckness compared to the humidity. 
The stratum corneum thinning may be caused 
by the compact ing of the tissue or by removal o f 
the driest , o ute r portion of this Iayer. Thus , 
maintenance of moderate humidity values and 
application of moisturizing agents can both be 
beneficiai to skin through d ifferent mechanisms: 
increased s kin hydration (humidity) and skin 
smoothness (moisturizers). 

Concluding remarks 
The validity of employing NlR spectroscopy for 
evaluating the skin conditions depends on both 
the depth from which the detected radiation is co
ming and the degree of change at this depth as a 
function of product application. In order to eva
luate moisturizing products, the NIR radiation 
penetration should be limited to the stratum cor
neum, as deeper penetration would result in a hi
gher apparent water content, owing to the greater 
degree of hydration of deeper layers of the skin. 
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Figure 9 

Figure 9 - Schematization of the various phenomena 
which could occur as a consequence of rodiotion-skin 
interoction: o) specular reflectonce: b) diffuse reflec
tance: e) obsorption: d) multiple internal scattering. 

The penetration level of the NIR rad iation is a 
function of various factors. After the interaction 
skin- radiation , diffe rent phenomenon may be 
observed (Fig. 9): (i) regular (specular or mi r
ror-like) reflection, (ii) absorption, (iii) internal 
scattering , (iv) diffuse reflectance. The contribu
tion of each phenomenon depends on the struc
ture, refractive index, absorptivity and scattering 
coefficient of the substrate. In particular, single 
scattering or multiple internal scattering are the 
main phenomena for radiation that do not pene
trate the stratum corneum. In fact, the stratified 
layers of fl attened cells, which constitu te the 
stratum corneum, provide severa! opportunities 
for inte rnal scattering (3 1 ). A parti al absorption 
of the NIR radiation into the deeper tissues may 
a lso be possible. lt was shown (33) that the part 
of the IR radiation that is not absorbed or scatte
red by the stratum corneum, is absorbed by the 
first layer of viable cells present in the epider
mis. In this case, the deeper penetration into tis
sue skin would not allow the return of the radia
tion to the surface and, hence, its detection and 



determination. Changes in penetration depth of 
NIR radiation depend strongly on the refractive 
index and skin surface morphology(33-34, 39-
40). 
In conclusion, NIR reflectance appears to show 
a potential as a method for evaluating funda
mental parameters to cosmetology, i.e., skin wa
ter content and smoothness. Fu11hermore, NIR 
may also offer a means for determining the 
thickness of the stratum corneum by the free 
water/bulk water intensities. 

M. Fresta. R. Pignatello and G.Puglisi 
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