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Abstract. We report the results of the experimental study of optical immersion clearing 
of laboratory animals skin in vivo with preliminary laser ablation of epidermis. It is 
shown that the ablation of the skin surface leads to the local edema that reduces the 
optical detection depth immediately after the impact. However, the water evaporation 
from the damaged epidermis causes the optical clearing of skin, comparable with that 
caused by polyethylene glycol in intact skin. It is shown that the preliminary ablation of 
the skin surface before the application of immersion agent does not lead to significant 
increase of the optical detection depth as compared to the sole effect of ablation or 
immersion. © 2017 Journal of Biomedical Photonics & Engineering. 
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1 Introduction 

Skin has a complex inhomogeneous structure causing a 

strong light scattering, which limits the optical methods 

applicability to the diagnostics and treatment of various 

diseases [1, 2]. The development of methods enhancing 

the optical clearing of skin is an urgent problem that has 

been a subject of multiple studies [3, 4]. However, the 

diffusion of immersion agents into the skin is hindered 

by the existence of epidermal barrier. To overcome the 

barrier function of the epidermis, different methods are 

used, including the chemical dissolving of the lipid 
layer [5, 6], the mechanical damages [7], the effect of 

ultrasound [6-9], etc. Among these methods, the laser 

microablation of epidermis can be used to solve the 

problem. In the literature, the results of applying 

microablation to enhance the skin permeability for 

different medical preparations and particles are 

presented [10, 11]. However, the effect of the epidermis 

microablation on the optical detection depth in the case 

of monitoring the process of skin optical clearing using 

the optical coherence tomography (OCT) is studied 

insufficiently. 
OCT is widely used to study the skin optical 

clearing, since it is a relatively simple and convenient 

instrument for monitoring the changes of optical 

probing depth and attenuation coefficient in the process 

of the immersion agent penetration into the skin [9,     

12-14]. 

The aim of the present work is to study the effect of 

the epidermis ablation in vivo on the optical detection 

depth using OCT in the process of skin immersion 

optical clearing. The paper presents the results of the 

comparative study of the immersion clearing of the 

intact skin and the skin with preliminary ablation of the 
surface epidermis layer. 

2 Methods and Materials 

As a source of radiation for skin ablation we used the 

erbium laser Palomar Lux2940 (Palomar Medical 

Technologies Inc., Burlington, MA, USA) generating 

single-spike pulses at the wavelength 2940 nm with the 

energy of 1 J, the pulse duration being 5 ms, and the 
spike duration being 200 µs. In the experiments, we 

used the regime of ablation of the upper layer of skin 

using a wide beam at the area 6×6 mm2 to the depth not 

exceeding 50 µm. As an illustration, Fig. 1 shows a 

fragment of skin with the epidermis ablation. 

As an optical clearing agent, we used polyethylene 

glycol 300 (PEG-300, the molecular weight 300 dalton, 

Sigma-Aldrich, Germany). The refractive index of PEG-

300 at the wavelength 930 nm is equal to 1.456. The 

measurements were carried out using the multiwave 

Abbe refractometer DR-M2/1550 (ATAGO, Japan). 
The studies were performed in vivo in 15 laboratory 

albino rats, divided into three groups of 5 animals in 

each: group I – laser ablation alone, group II – 

application of PEG-300 alone, and group III – ablation 

followed by PEG application. The age of the animals 

was 1 year; the mass was 200-300 g. The animals were 

subjected to anaesthesia by the intramuscular injection 

https://doi.org/10.1117/1.3432750
https://doi.org/10.1117/1.3432750
https://doi.org/10.1117/1.3432750
https://doi.org/10.1517/17425247.2014.885501
https://doi.org/10.1016/s1773-2247(14)50046-9
https://doi.org/10.1016/s1773-2247(14)50046-9
https://doi.org/10.1109/jstqe.2007.912900
https://doi.org/10.1109/jstqe.2007.912900
https://doi.org/10.1117/1.jbo.17.6.066022
https://doi.org/10.1117/1.jbo.17.6.066022
https://doi.org/10.1109/jstqe.2011.2181991
https://doi.org/10.1109/jstqe.2011.2181991
https://doi.org/10.1117/1.2899149
https://doi.org/10.1117/1.2899149
https://doi.org/10.1111/1523-1747.ep12491600
https://doi.org/10.1111/1523-1747.ep12491600
https://doi.org/10.1007/s10103-004-0321-y
https://doi.org/10.1007/s10103-004-0321-y
https://doi.org/10.1117/1.jbo.19.11.118002
https://doi.org/10.1117/1.jbo.19.11.118002
https://doi.org/10.1117/1.jbo.18.11.111406


N.S. Ksenofontova et al.: OCT study of skin optical clearing with … doi: 10.18287/JBPE17.03.020307 

J of Biomedical Photonics & Eng 3(2)  27 Apr 2017 © JBPE 020307-3

of Zoletil 50 (Virbac, France), the dose of 0.18-0.2 ml. 
The hair from the skin surface was removed using the 
depilatory cream «Veet» (Reckitt Benckiser, France). 
The studies were approved by the Ethics Committee of 
V. I. Rasumovsky Saratov State Medical University of 
the Ministry of Health of Russian Federation (protocol 
No. 6 of 01.03.2016). 

 

 
Fig. 1 Photograph of a rat and the magnified image of the skin area 
with the ablated upper layer fragment (pointed by an arrow). 

To monitor the optical detection depth (ODD) we 
used the spectral optical coherence tomograph 
OCP930SR (Thorlabs, USA) having the following 
parameters: the central radiation wavelength 930±5 nm, 
the radiation bandwidth at the half-maximum level 100 
nm, the longitudinal and transverse resolution in air 6.2 
and 9.6 µm, respectively. The tomograms of the 
processed zone were recorded before the ablation, 
immediately after ablation and PEG-300 application, 
and then each 5 minutes during 1.5-2 hours. 

Basing on the analysis of the OCT images at each 
moment of time, the ODD was determined, i.e., the 

optical distance between the skin surface and the lower 
bound of the useful signal, in three regions in the 
ablation zone. The obtained data were averaged over all 
animals in the group. The root-mean-square deviation 
was calculated. 

3 Results and Discussion 
Figure 2 (a-c) shows the typical OCT images of the 
intact rat skin from the group I, in 30 minutes, and 1.5 
hours after the ablation. The rectangle selects the region 
101 pixels wide, which nearly corresponds to 300 µm, 
over which the A-scans were averaged to measure the 
ODD. For the present series of images at the initial 
moment of time the ODD amounted to 520±10 µm (Fig. 
2a), then in 30 minutes it became 468±10 µm (Fig. 2b). 
The reduction of ODD is related to the slight edema in 
the region of ablation due to the diffusion of lymph and 
water from the surrounding interstitial fluid to the site of 
the damage, which is a natural reaction of the organism 
to the skin injury. However, in 1.5 hours, the increase of 
the ODD to 626±10 µm due to the water evaporation 
from the ablation zone and tissue shrinkage was 
observed (Fig. 2c). The arrows point at the epidermis 
layer. One can clearly see that the ablation and 
consequent dehydration of tissue decreases the optical 
thickness of the epidermis. The mean estimated optical 
thickness of the epidermis amounted to 57±5 µm, 30 
minutes later it was 42±6 µm, and in 1.5 hours it was 
36±5 µm. 
 

 

   

A b c 
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Fig. 2 OCT images of the rat skin from the first group: a – before the beginning of experiment, b – in 30 minutes, c – in 1.5 hours after the beginning 
of the experiment. The rectangle selects the zone of averaging A-scans of the OCT signal used to determine the optical detection depth. The arrows 
point at the epidermis layer. The time dependence of the averaged ODD (d). 
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The kinetics of the averaged ODD is presented in 
Fig. 2d. The averaging was performed over 15 skin 
regions in five experimental animals. The vertical 
segments show the root-mean-square deviation. The 
zero abscissa corresponds to the beginning of the ODD 
kinetics measurement after the ablation, and the 
negative abscissa corresponds to the intact skin ODD. In 
the figure, it is clearly seen that at zero time the value of 
ODD is significantly smaller than before the ablation, 
which is a manifestation of sharp growth of light 
scattering by the tissue. The restoration of the ODD 
value to the level, corresponding to the intact skin, 
occurred during 30-40 min, and then the ODD increased 
and reached the maximal value in nearly 50-60 min 
after the ablation. Then up to the end of observation the 
ODD remained practically unchanged, which means 
that no more water is evaporated from the skin surface 
because of the formation of a dense layer in the region 
of damaged tissue. Sufficiently large deviation of ODD 
values within the group is, apparently, due to the high 
sensitivity of the method to insignificant breathing 
movements of the animal during the observation 
process. 

Figure 3 (a-c) presents the typical OCT images of 
the rat skin from group II before the impact, in 30 
minutes, and in 1.5 hours after applying the immersion 
agent. At the initial moment of time the ODD amounted 
to 557±10 µm (Fig. 3a), and 30 minutes later it was 
572±10 µm (Fig. 3b). The increase of ODD occurred at 
the expense of the reduction of the scattering in the 
tissue due to the diffusion of the immersion agent into 
the interstitial space and the matching of the refractive 
indices of the interstitial fluid and collagen and elastin 
fibres of dermis. The ODD growth continued during the 
entire experiment, and in 1.5 hours the ODD reached 
686±10 µm (Fig. 3c). The mean optical thickness of the 
epidermis in this case increased from 87±4 µm to 93±7 
µm, since due to the penetration of propylene glycol 
into the interstitial space, the mean refractive index of 
the epidermis increased. 

Figure 3d presents the kinetics of the mean value of 
the ODD. One can clearly see that the ODD reached its 
maximal value in nearly 70-80 min, and then stayed 
almost unchanged or even decreased. This effect can be 
due to the gradual reduction of the immersion agent 
concentration because of its diffusion to the surrounding 
tissue beyond the observation zone. 
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Fig. 3 OCT image of the rat skin from group II: a – before the beginning of experiment, b – in 30 minutes, c – in 1.5 hours after the beginning of 
experiment. The rectangle selects the zone of A-scans averaging and measuring the optical detection depth. The arrows point at the epidermis layer. 
Time dependence of the averaged ODD (d). 

Figure 4 (a-c) shows the typical OCT images of the 
intact rat skin from group III before the impact, in 30 
minutes, and in 1.5 hours after the ablation and 
application of immersion agent. At the initial moment 
the ODD amounted to 512±10 µm (Fig. 4a), and in 30 

minutes it was 635±10 µm (Fig. 4b). The mechanism of 
optical clearing incorporated two competing processes. 
On the one hand, the scattering increased due to the 
influx of water and lymph from the surrounding 
interstitial fluid to the site of injury. On the other hand, 
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the scattering decreased due to the impact of the 
immersion agent; the growth of its concentration in the 
interstitial fluid matched the refractive indices of the 
interstitial fluid and the collagen fibres of the dermis. As 
a result, in 1.5 hours the ODD increased to 701±10 µm 
(Fig. 4c). The estimated optical thickness, first, 

decreased from 72±6 µm to 63±5 µm because of the 
partial removal of the epidermal layer. Then it gradually 
grew to achieve 78±6 µm (in 1.5 hours) because of the 
increase of the mean refractive index of the tissue due to 
the penetration of polyethylene glycol, like in the group 
II.

 

   

a b c 

 
d 

Fig. 4 OCT image of the rat skin from group III: a – before the beginning of the experiment, b – in 30 minutes, c – in 1.5 hours after the beginning of 
the experiment. The rectangle selects the zone of A-scans averaging and determination of the optical detection depth. The arrows point at the 
epidermis layer. Time dependence of averaged ODD (d). 

The kinetics of the group-averaged ODD presented 
in Fig. 4d shows that, like in the first group, the growth 
of the ODD began from the lower values, as compared 
to the second group, due to the appearance of skin 
edema because of its damage. However, the restoration 
of the ODD to the initial values occurred significantly 
faster (during nearly 15-20 minutes) than in the first 
group. In the present case, no water evaporated from the 
skin surface, since the surface was covered with a layer 
of PEG-300. The ODD growth may be attributed only to 
the reduction of skin scattering because of immersion. 

Figure 5 presents the time dependence of ODD for 
three groups of experimental animals in the process of 
observation, normalised to the skin ODD before the 
ablation and/or the application of PEG-300 (the 
negative abscissa values). The moment of time t = 0 
corresponds to the beginning of the recording of the 
optical clearing kinetics. The deviation of values with 
respect to the normalised mean value is not shown here 
for clarity, since the curves are rather close to each 
other. 

 
Fig. 5 Time dependence of ODD normalised to that of the intact skin. 
The symbols correspond to the experimental data. 

Basing on the presented results one can estimate the 
reduction of the detection depth due to the ablation as 
25-30%, which to our opinion is related to the increased 
light scattering in the skin at the ablation zone due to the 
appearance of edema. From the comparison of curves, 
corresponding to groups I and III it is seen that the 
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application of PEG-300 to the skin surface leads to 
insignificant lowering of the ODD, apparently, related 
to the probe radiation shielding by the layer of 
immersion agent. 

From the comparison of kinetic curves, it also 
follows that the rate of optical clearing in groups I and 
III is higher than in group I, since the slope of the first 
and the third curve in the region from 0 to 
approximately 60 min is greater than that of the curve 
corresponding to the second group. One can explain this 
fact by the protective properties of the epidermis that 
inhibit the penetration of PEG-300 into the skin. It is 
also clearly seen that the slope of the third curve is 
maximal. Besides that, the comparison of the ODD 
variation kinetics shows that nearly in an hour after the 
ablation in the first and the second group the ODD 
becomes stabilised and remains practically unchanged, 
while in the animals of group III the ODD continues to 
increase, which demonstrates the dominant influence of 
PEG-300 on the ODD. 

The increase of skin permeability both for water, 
leaving the skin in the process of evaporation, and for 
the preparations applied to its surface, due to the 
reduction of the epidermis thickness or to the epidermis 
removal by ablation, was reported in Refs. [15-18]. The 
appearance of skin edema in the zone of fractional 
microablation was detected using the backscattering 
spectra [19]. It was noticed that the residual edema 
stayed for 24 hours after the ablation. However, the 
kinetics of measurement of the OCT optical detection 
depth under the simultaneous formation of post-ablation 
edema and tissue immersion is studied in this paper for 
the first time. We have shown that after the ablation of 
the epidermis using a wide beam, the edema arising as a 

protective reaction of the organism to the injury, 
significantly reduces the depth of light penetration into 
the skin. To our opinion, this is due to the increased 
light scattering by dermis, mainly due to the reduction 
of the refractive index of interstitial fluid, i.e., the 
additional mismatch of refractive indices of dermis 
components caused by the influx of the interstitial fluid 
and lymph to the site of injury. 

4 Conclusion 
The results of the study of optical clearing of rat skin in 
vivo based on the kinetics of the OCT optical detection 
depth have shown that the epidermis ablation does not 
increase the ODD during 100-110 minutes. Moreover, 
at the initial stage (30-40 minutes) it even leads to the 
ODD reduction by 25-30%. Thus, although the 
permeability of epidermis for the immersion agent 
increases, the light scattering by dermis increases 
because of the edema, which inhibits the optical 
clearing of skin. This effect does not allow one to use 
the wide-beam ablation to increase the rate of optical 
clearing of skin. The reduction of edema degree and the 
increase of the skin optical clearing rate could be 
possible by using the fractional microablation that 
produces a matrix of microscopic channels in the skin 
[10]. However, this hypothesis requires experimental 
testing. 
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