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Optical coherence tomography (OCT) technique 
based on low coherence interferometry is a dynamically 
developing technique for noninvasive diagnosis of 
biological tissues. This method enables physicians to 
image internal structure of the biotissue under study to 
the depths up to 2 mm with a resolution down to tens of 
micrometers by registering radiation scattered back by 
biotissue optical inhomogeneities. Probing of the object 
is performed using near IR.

In the cross-polarization modification of OCT (CP OCT) 
[1], employed in this work probing is performed by linearly 
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Management of biotissue optical properties using cross-polarization optical coherence tomography (CP OCT) enables to acquire additional 
data on objects under study and can be achieved by applying mechanical compression due to different mechanical and elastic properties of 
various biotissue  layers.

The aim of the investigation was to study the effect of mechanical compression on the formation of in vivo human thin skin CP OCT-images 
acquired in registered parallel and orthogonal polarizations in relation to initial polarization.

Materials and Methods. In vivo human thin skin was chosen as test object. A series of experiments was carried out to study the effect of 
skin compression caused by OCT-probe end pressure on contrast of CP OCT-images acquired in parallel and orthogonal polarizations. A group 
consisted of 7 male volunteers aged 20–50 years with normal skin type, with no pathological changes.

The experiment was performed using an optical coherence tomograph developed by Institute of Applied Physics of the Russian 
Academy of Sciences (Nizhny Novgorod). Central wavelength of probing radiation was 910 nm, longitudinal resolution — 20 µm, transverse 
resolution  — 25 µm. probe design enabled to control the force on biotissue at compression using a conjugate dynamometer. A probe 
diameter was 2.7 mm.

Results. The experiments showed the boundary contrast between layers on CP OCT-images of skin to increase from 3 to 12 dB in parallel 
and orthogonal polarizations, and from 5 to 12 dB — in orthogonal polarization. Contrast difference at reference time might be related to linear 
polarization of probing radiation, due to which epidermal and dermal signals are poorly depolarized in relation to initial radiation. In compression, 
there is a concentration increase of scattering centers in derma resulting in the enhancement of this layer signal and boundary contrast increase, 
as well as probing radiation depolarization increase due to scattering in this layer, which, in its turn, leads to equalization of contrast values on 
CP OCT-images in parallel and orthogonal polarizations.

The findings should be taken into consideration when developing the techniques of OCT-diagnosis and interpretation of diagnostic images.

Key words: cross-polarization optical coherence tomography; CP OCT; mechanical compression.

polarized radiation while registered scattered radiation 
is divided into two components, which polarizations are 
parallel and orthogonal to the polarization of the probing 
radiation (initial polarization). Such signal registration 
allows us to obtain additional information on the structures 
of the investigated tissues, for example, on presence of 
ordered or birefringence structures.

Control of the biotissue optical properties makes 
it possible to obtain additional information about 
investigated objects and may be implemented with the 
help of contrasting [2, 3] or clearing agents [4–12], by 
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changing biotissue temperature conditions [13–18], 
or by its mechanical compression [19–24]. In the 
studies of the effect of mechanical compression on the 
biotissue optical properties, the pressures from 0.1 to 2 
MPa are commonly used [25–29], with a painful effect 
corresponding to pressures above 1.1 MPa [26, 27].

From papers by different research groups [20–24] , it 
is known that compression can essentially change optical 
(mainly scattering) properties of the biological tissues 
being examined. When soft tissues are compressed, 
intercellular fluid is forced out from the region acted upon, 
which results in the increase of concentration of scattering 
centers. The increase of concentration, in its turn, raises 
the level of the back-scattering signal and depolarization 
of the probing radiation, and, correspondingly, brightness 
of the layer on CP OCT-images, obtained in parallel and 
orthogonal polarization. However, when concentration 
of the scatterers is essentially high, a reverse effect 
connected with a dense package of the scatterers, 
may be observed. Another mechanism of changes in 
the biotissue optical properties under compression is 
the reduction of blood flow in the region of action, that 
leads to the decrease of absorption coefficient and 
enhancement of OCT-signal in the corresponding area. 
Compression also results in reduction of the thickness 
of the object under study, which allows to observe the 
layers of biotissue at greater depth.

Study of the compression effect on optical properties 
of biotissues was conducted ex vivo and reported in 
the work [20]. Samples of human skin, aortas, scleras 
of the cattle and pigs were used for examination. In 
the majority of cases decrease of diffuse reflection (a 
fraction of probing radiation reflected at various angles 
to the rear half-space ) of the sample under compression 
was observed, while diffuse transmission (a fraction 
of probing radiation, passed to the front half-space) 
and the reduced scattering coefficient μS(1–g) (μS is 
scattering coefficient of object, and g is the mean cosine 
of scattering angle) grew.

The work [21] is devoted to revealing possibilities of 
increasing the optical radiation probing depth in different 
biological media. Propagation of radiation through turbid 
media was studied experimentally for layers of the model 
scattering media and human biotissues, the thickness of 
which significantly exceeds the free path of photon in the 
media. A sharp rise of the sample diffuse transmission 
occurred when a soft scattering tissue was compressed. 
A relaxation effect of biotissue optical clearing was 
also noted: after compression the clearing effect did 
not disappear immediately, but the compressed area 
remained cleared for 1–3 s.

In papers [22, 23] the depth of OCT visualization was 
used as a criterion of biotissue clearing degree. In these 
studies an OCT-system, enabling to obtain OCT-images 
without a direct contact of the probe with a sample, 
was used. A grid composed of the optically transparent 
needles was applied for biotissue compression. The 

grid was hermetically pressed to the examined sample, 
followed by  further compression of the sample with a 
vacuum pump. Comparison of visualization depth of the 
biotissue areas under the “needles” and under a free 
space showed the rise of the visualization depth in case 
of biotissue compression. The assessment of changes 
in relationship of the biotissue refraction index and water 
content index in time course from the start of action was 
also given. The experiments were conducted for one 
volunteer and several samples ex vivo.

In previous studies the efficiency of the biotissue 
mechanical compression was investigated in order to 
improve differentiation of the pathological changes in the 
mucous membrane structures in diagnosing by traditional 
OCT, where selection of the registered radiation by 
polarizations is absent [24]. Experiments were designed 
to study the effect of the compression on the images of 
rectum ex vivo in case of inflammation and carcinoma, 
obtained by OCT technique. It was shown that 
compression in some cases helps to differentiate these 
pathologic changes. The work also describes the results 
of numeric simulations of the OCT images of rectum 
area with inflammation at different compression degrees 
by Monte-Carlo method. The results of simulations 
qualitatively agree with the experimental ones.

Later the authors presented the pilot results of their 
study of the influence of mechanical compression on 
the formation of OCT-images of thin human skin [30]. 
Volunteers of three different ages (23, 29, 49 years 
old) participated in this study, and strong (0.35 MPa) 
and weak (0.07 MPa) compression was applied. It was 
estimated that during 3–5 min after the beginning of 
the exposure increase of contrast by 8–10 dB was 
observed. It was shown, that there was no substantial 
difference between the obtained time dependences of 
contrast for different ages, and this difference becomes 
less with the increase of compression force. However, 
these studies considered only a parallel component of 
the backscattered radiation, whereas its orthogonal 
component is also informative.

The aim of the investigation is to compare the results 
of studying the effect of mechanical compression on the 
formation of thin human skin image in vivo in the parallel 
and orthogonal channels of the cross-polarization OCT-
system.

Materials and methods
The object of investigation. Dermatology is one of the 

main fields of OCT application in the diagnostic studies 
nowadays. It may be explained by the accessibility of the 
skin and sufficient depth of OCT visualization. However, 
when contact fiber-optic OCT-probes are employed, it 
should be taken into account that their interaction with the 
examined biotissue may affect formation of the image.

A thin human skin in vivo has been chosen as an object 
of investigation in this work. A series of experiments 
on the study of the effect of skin compression, caused 
by OCT-probe end pressure, on the contrast of OCT-
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images involved a group of 7 male volunteers aged from 
20 to 50 years with a normal type of the skin without 
pathological changes.

The investigation complied with the Declaration of 
Helsinki (thy Declaration was passed in June, 1984 
(Helsinki, Finland) and revised in October, 2000 
(Edinburgh, Scotland), and was performed following 
approval by the Ethics committee of Nizhny Novgorod 
State Medical Academy. Informed consent was obtained 
from every patient.

Methods of investigation. The experiment was made 
using a unique cross-polarization optical coherence 
tomography developed by the Institute of Applied 
Physics of the Russian Academy of Sciencies [31, 32]. 
Probing is performed by linearly polarized radiation. The 
central wavelength is 910 nm, spectral width — 50 nm, 
longitudinal resolution — 20 μm, transverse resolution — 
25 μm. The registered CP OCT-signal was divided into 
two channels, in which radiation, backscattered from 
the object, with polarizations parallel and orthogonal 
to the initial polarization of the probing radiation was 
registered. The design of the fiber-optic probe allows one 
to control the force of pressure on the biotissue during 
compression with the help of the coupled dynamometer. 
The probe diameter was 2.7 mm.

The CP OCT-probe coupled with the dynamometer 
measuring the force of pressing the probe to the sample, 
was placed perpendicularly to the sample surface with 
the force of 0.35±0.04 MPa (fig. 1). The compression 
force was chosen to provide full contact of the probe 
with the skin and cause insignificant discomfort. Such 
compression is a noninvasive action, all changes are 
reversible, and their consequences resolve during 
20 min after the exposure stops. Further increase in the 
pressure force may cause hematoma, which may be 
classified as an invasive action [24].

A skin area underwent continuous CP OCT-monitoring 
for 7 min (CP OCT-images were obtained with the 
frequency of 0.2 Hz).The experiment was conducted 
at the room temperature (20°C). During the process of 

measurement a force pressing the CP OCT-probe to the 
biotissue surface was maintained at a constant level for 
the whole time of observation.

After CP OCT-monitoring, the images obtained were 
digitally processed, and according to this data time 
dependence of the contrast of the border between the 
epidermal and dermal layers (further–contrast) starting 
from the beginning of exposure was determined. Images, 
obtained in the parallel and orthogonal polarizations 
were considered separately.

Methods of determining contrast on OCT-images.  

Fig. 2. Schematic picture of the human skin with structural 
elements, distinguishable on CP OCT-images: 1 — stratum 
corneum, 2 — cellular layers of epidermis, 3 — dermis, 4 — hair 
follicle

Fig. 1. CP OCT-monitoring of the skin area compression
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Fig. 3. CP OCT-image of a thin skin: a — a white dotted line marks the area of transverse averaging; b — averaged depth dependence 
of CP OCT-signal intensity. Grey horizontal lines outline the levels of CP OCT-signal in the epidermal layer and dermis. Numerals denote: 
1 — corneous layer of epidermis; 2 — cellular layers of epidermis; 3 — dermis
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A term of structural element contrast (layer borders — in 
this study) in the OCT-image was used as a qualitative 
characteristic of the effect of compression on CP OCT 
images. A homogenous area was selected along the 
transverse coordinate in the CP OCT image (fig. 3, a) 
and the OCT-signal was averaged within the selected 
area along the transverse coordinate. The relation of 
CP OCT-signal intensity to the depth (averaged A-
scan) obtained as a result of averaging was used to 
determine the intensity of OCT-signal from the examined 
layers, designated in decibels (fig. 3, b). The difference 
between signal intensities corresponds to the relation of 
these intensities, designated in decibels

Results and discussion. OCT-images of a thin 
human skin have a stratified arrangement corresponding 
to the anatomical skin structure: corneous layer, cellular 
layers of epidermis, papillary and reticular dermis. 
Brighter regions correspond to strongly scattering layers, 
while darker areas are related to the weakly scattering 
or strongly absorbing layers or structural elements, such 
as, for example, the ducts of sebaceous or sweat glands, 
capillaries, hair follicles. As there were no significant 
changes on CP OCT-images from 5 to 7th minute after 
the beginning of exposure, typical CP OCT-images of the 
skin, obtained in the parallel and orthogonal polarizations 
immediately after and in 5 min after its beginning (fig. 4), 
were selected.

Averaged A-scans for parallel and orthogonal 
polarization (fig. 5) show that OCT-signal from the 
dermis in 5 min after the beginning of exposure is 
higher both in parallel and orthogonal channels. At the 

same time, a signal from the cellular layers of epidermis 
did not change significantly. Thus, mechanical 
compression enables to increase the border contrast 
of these layers.

The presented images illustrate, that in 5 min after 
the beginning of exposure a significant enhancement 
of CP OCT-signal from the dermis occurs, which 
results in the growth of the border contrast of this 
layer in CP OCT-images, obtained in parallel as well 
as in orthogonal polarizations. This effect is likely to 
be connected with displacement of intracellular fluid 
from the area of action [24]. Reduction of capillary 
bloodstream can also influence the effect, which leads 
to the decrease of the local coefficient of absorption, 
and, consequently to the rise of OCT-signal from 
this area. Contrast difference on CP OCT-images, 
obtained in parallel and orthogonal polarizations is 
connected with the fact that linearly-polarized probing 
radiation is weakly depolarized in epidermis, therefore 
backscattering from epidermis and dermis contributes 
mainly to the image in the parallel channel. In dermis, in 
its turn, strong depolarization of the signal takes place, 
making the levels of CP OCT-signals from these layers 
in the parallel and orthogonal polarization comparable. 
In compression increase of scatterer concentration 
occurs, which causes stronger depolarization of the 
probing radiation, and, therefore, equalization of the 
contrast value in both polarizations.

After data analysis on CP OCT-images, the value 
of contrast was calculated (using the described 
methodology) at each moment of the time, then the 

Fig. 4. CP OCT-image of the thin human skin in the parallel (a, b) and orthogonal (c, d) channels immediately 
after exposure (a, c) and in 5 minutes after its beginning (b, d). 1 — corneous layer of epidermis; 2 — 
cellular layers of epidermis; 3 — derma
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values were averaged for all 
volunteers. The obtained time 
dependencies of contrast star-
ting from the beginning of 
compression for parallel and 
orthogonal polarizations (fig. 6) 
confirm the suggestions, made 
previously, on the influence of 
compression on the degree of 
depolarization of the probing 
radiation. Both dependencies 
are of the monotonous growing 
character. The contrast in parallel 
polarization at the starting 
moment of time exceeds that in 
the orthogonal one, however, the 
contrast values become equal 
with time (in parallel polarization 
it grows from 3 to 12 dB, while 
in the orthogonal one — from 5 
to 12 dB). Thus, in the long-term 
compression the level of the 
signal in orthogonal polarization 
is comparable with the signal 
level in the parallel polarization. 
The difference of contrasts at the 
starting moment of time is connected with the fact, that 
because of the weak signal depolarization in epidermis, 
the CP OCT-signal, received from it, is polarized chiefly 
parallel to the initial polarization of the probing radiation. 
The basic radiation depolarization takes place in the 
dermis, which is caused by greater concentration of 
scatterers in this layer, as well as by their birefringence 
properties. An increase of the concentration of scattering 
centers occurs in the dermis under compression, the 
signal from the area grows, leading to the enhancement 

Fig. 5. Averaged A-scans of CP OCT-image immediately after the exposure and in 5 min after its beginning 
in parallel (a) and orthogonal (b) channels
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Fig. 6. Contrast to time relations on OCT-images in parallel and orthogonal polarizations. 
Vertical lines designate error of the mean

of the border contrast. Besides, depolarization of the 
probing radiation goes on more effectively, resulting to 
the leveling of contrast values in parallel and orthogonal 
polarizations.

Conclusion. We report on the study of the effect of 
mechanical compression, caused by 0.35±0.04 MPa 
pressure on the surface of the biotissue during 7 min, 
on the contrast of the border between the cellular layers 
of epidermis and papillary dermis in CP OCT images. 
Probing by linearly-polarized radiation with simultaneous 
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detection of the OCT-signal in parallel and orthogonal 
reference polarizations was employed. The results 
indicate that in developing the guidelines of CP OCT 
diagnosis, the compression technique may be applied 
for obtaining supplemental information on the structure. 
However, when contact CP OCT-probes are used, 
compression of the examined biotissue gives distorted 
CP OCT-images and changes contrast and absolute 
brightness of the layers in both polarizations, which will 
depend on the pressure force and time of measurement. 
In this connection, while investigating dynamic processes 
in biotissues by CP OCT technique using contact probes, 
it is necessary to perform a control measurement similar 
in duration and acting force to the basic one, which may 
serve as a reference when analyzing the results.
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